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A Methodology To Teach Students To Implement Digital
Controllers Using Embedded Systems.

Abstract

Most of the course projects in the Control Systems Area are implemented using high-level
simulation tools and data acquisition boards. This method has yielded excellent results; but it has
the disadvantage of not exposing students to implementing digital controllers directly with
microprocessors. This issue is common to many universities. In this paper we propose a
methodology that will improve student’s understanding on how digital control systems are
implemented in the real world using microcontrollers. Specifically, the proposed methodology
includes a set of workshops to train students in the use of microcontrollers for digital control
purposes and a microcontroller based workstation for implementing the digital controllers. The
effectiveness of this approach, compared to other methods (Simulink, LabVIEW, among others)
was tested with a pedagogical experiment that followed a backward design approach.
Assessment techniques allowed instructors to evaluate course objectives and revealed student
acceptance of the proposed methodology.

Introduction

The Digital Control Systems (DCS) course is highly demanded in our undergraduate electrical
engineering curriculum. The Introduction to Control Systems course, as well as basic knowledge
of electronics and signals and systems, are prerequisites. The topics covered in the Digital
Control Systems course include modeling of discrete-time control systems, using the Z-
Transform to analyze discrete-time systems, stability criteria, and root locus design in the z-
domain. These topics appear commonly in digital control systems textbooks®?34,

There are two main objectives of the digital control systems course. First, to teach the
fundamentals of digital control theory, and second, to teach how to design a discrete-time
controller and implement it in the laboratory using embedded systems and high-level tools
(Simulink, LabVIEW among others). The first objective is accomplished through lectures,
homework assignments, and simulations. Lectures provide the theoretical background of digital
control systems, while homework assignments and simulations are used to reinforce the
theoretical knowledge learned by students.

The second objective is accomplished by following a project-based learning inductive
methodology® referred to as a Term Project. For this project, students are organized in teams of
two or three students and the instructor specifies an assignment to carry out one or more tasks
that lead to the development of a final product. Teams are required to design, simulate, and
implement a digital controller on a Quanser’s Ball and Beam (B&B)® system available in the
Process Instrumentation and Control Laboratory (PICL). The controllers should be implemented
using a microcontroller based system (MCS) as well as with Simulink through Quanser’s
Quarc® tool. Finally, a comparison between both implementations was made. The MCS
workstation uses the Texas Instruments C2000 F28069 Microcontroller, the DRV8833 motor
driver, and a custom made Analog Signal Conditioning Board. The system is enclosed in a box
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with all the ports needed to connect to the Controls Laboratory Experiments. Also, a set of C
language libraries with solutions to the most common control problems was developed.

To document the project, students delivered a work plan, two progress reports and one final
report. The work plan specified how each team completed the tasks assigned and included a time
schedule with the activities needed to complete the project. Progress reports were used to assess
progress and allowed the instructor to provide guidance to the teams accordingly. Teams
presented a demonstration and an oral test to validate these reports. In the final report, students
are expected to apply the theory acquired in lectures and assignments and demonstrate dominion
of it.

Many approaches have been followed in the area of embedded control systems for educational
purposes® 101112 ‘However, most of them lack of formal assessment methods. Also, they do not
define a formal methodology to design and implement the pedagogy used in courses.

Therefore, the objective of the proposed approach is to design and implement a teaching
methodology to teach students in the DCS course to implement digital controllers using a MCS.
The research question that guided this study was: What is the effectiveness of using an MCS to
teach students to implement digital controllers in the Digital Control Systems course? A
backward design approach based on Streveler’s, et al, work was implemented to re-design the
Digital Control Systems course, in which the content, assessment, and pedagogy used to
implement the proposed system are aligned®®. As part of this design, a set of workshops were
developed and were taught alongside the course lectures. In this paper we will focus on the
design and assessment of these workshops.

Research Design

This section describes the methodology that was followed to achieve the educational objectives.
First, we present the participants that were the subjects of the experiments developed in this
research. Second, we present the methodology that was followed to formulate the workshops’
content, assessment, and delivery. Finally, we present the microcontroller based system that was
used as an instrument to implement the workshops.

Participants:

The undergraduate Electrical Engineering Program in the Electrical and Computer Engineering
(ECE) Department consist of 165 credits that should be completed in a period of 5 years. The
curriculum provides students with a general education background in mathematics, science, and
humanities. The program has four areas of emphasis: Applied Electromagnetics,
Communications and Signal Processing, Control Systems, Electronics, and Power. Most students
in the DCS course are in their fourth or fifth year of their course plan and are specializing in the
area of Control Systems.

Some of the students in this course have already taken the microcontrollers course, which is one
of the core courses in the curriculum. At this point, students have basic knowledge on the use of
microcontrollers but they do not have the required skills to create an embedded controller. Due to
this, one of the objectives of this work was to develop a set of workshops to teach the
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fundamentals of an embedded control system regardless whether the students had a solid
background in microcontrollers or not. These workshops support the Digital Control Systems
course project and were taught alongside the class lectures.

Methodology:

Streveler, et al, present an approach combining Outcome Based Education (OBE) and
engineering design methods to align course content (curriculum), assessment (evaluation
methods), and delivery (teaching strategy)®3. In that approach, it is recommended to begin with
the course requirements or specifications, emphasize metrics, and then prepare prototypes that
meet the requirements. This work follows a Backward Design approach as presented by Wiggins
and McTighe’s'**° and the How People Learn framework presented by Bransford, et.al®. In the
following sections we will describe the activities of the backward design approach: content,
delivery, and assessment of the workshops that allowed the successful implementation of the
proposed MCS approach in the DCS course project.

Workshop Content

In this study, the workshop content was designed to assist participants in accomplishing the
ABET student Outcome E of the DCS course”*8 which is expressed as: Implement a digital
controller using a digital computer and software. According to the OBE framework!?, the
content of each workshop was designed in four stages: (1) Desired Outcomes, (2) Curricular
Priorities, and (3) Learning Objectives. The first two stages, provided a baseline to determine the
expected student outcomes and define student’s Learning Objectives that must be accomplished.

Desired Outcomes: Outcomes were established Following Streveler’s OBE methodology*®. The
instructor identified the main requirements for the workshops according to the laboratory
experiments characteristics and the course general objectives. Table 1 shows students’ outcome
analysis that resulted from answering the guiding questions®®.

Table 1 - Student Outcomes Analysis

What do we Students should understand the advantages of implementing a controller
using a Microcontroller based System versus using high level

want implementing tools such as Simulink or Labview.

students Students should identify the basic components in a Microcontroller based
control system.

to know? Students should understand how to use the software developing tools to

program the Microcontroller.

Students should identify the basic structures of the C Code programming
language.

What do we Students must be able to configure the main peripherals of the
want students  \ficrocontroller based control system.

to be able to Students must be able to use C Code sample libraries to implement a
do? digital controller using difference equations.

Who do we Students should be self-learners.

want students Students must be courious about understanding how a microcontroller

to be? based control system work.
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Specifically, student outcomes were focused on the knowledge of microcontroller characteristics
and knowledge about C code language. Additionally, student outcomes should modify students’
behavior by enhancing self-learning skills and curiosity about how digital controllers work in a
real environment.

Curricular Priorities: Once we determined the expected student outcomes of the course
workshops, the next step was to translate these characteristics into curricular priorities!3. We
proposed that the enduring understanding for students was a clearer perspective on what the
main hardware and software characteristics of a microcontroller based control system are.
Important elements to know and do refer to the concepts and skills learned in the implementation
of the controller using an embedded system. Students at the end of the course must be familiar
with the importance of using microcontrollers in the implementation of control systems. Table 2
shows the curricular priorities for the course workshops.

Table 2- Curricular Priorities for the Digital Control Systems Course Workshops

Enduring Implementing a Digital Controller using Microcontrollers (MCU).

Understanding . . .
Configure the main peripherals of the Microcontroller based control system.

Use C Code sample libraries to implement a digital controller from difference equations.

Important Identify the advantages of implementing a controller using a Microcontroller based
Elements to System versus using high level implementing tools such as Simulink or LabVIEW.

How to design a computer program algorithm.

Know & Do :

Employ a user manual to solve a particular problem of any technology.

Understand the working principle of the different sensors in the laboratory experiments.
Worth being The set of tools that ease the programming and debugging process of the Microcontroller.

Familiar With Microcontroller programming.

Main characteristics of the TI1 C2000 microprocessor.

C code main operations and programming structure.

Learning Objectives: Learning objectives were established according to the outcome analysis
and curricular priorities determined in the previous section. The learning objectives were written
following the cognitive domain of Bloom’s Taxonomy*®, which involves knowledge and
development of intellectual skills. This includes the recognition of specific procedural, patterns,
facts, and concepts that serve in the development of intellectual abilities and skills. In the Digital
Control Systems course workshops, students were expected to successfully complete the
following course learning objectives:

1. Identify the main differences between implementing a digital controller using MCU’s and
high level implementing tools (Matlab, Simulink, etc.).

Identify the main components in a MCU based control system.

Identify the main components in a MCU C Code Program.

Explain the working principle of the different sensors in the laboratory experiments.
Develop a C Code program to read and write in the main peripherals of the C2000
microcontroller.

okrwn
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6. Develop a Graphical User Interface to read and write on the memory of the
microcontroller on-the-fly.

7. Synthetize relevant information to develop a C Code program to implement a digital
controller.

8. Test an MCU based digital controller with the Ball & Beam experiment.

Workshop Delivery

Workshops were given in the PICL and were two hours long each. Students were organized in
pairs and were assigned a computer workstation and an MCS workstation. The instructor gave a
tutorial where a step-by-step guidance was given according to the learning objectives of the
session. Workshop content was divided in three different workshops and designed according to
the desired learning objectives:

e The first workshop targeted learning objectives 1, 2, and 3 (the important concepts of
embedded control systems). Students recognized the main differences between
implementing a digital controller using an MCS and using high level tools. Also, in this
workshop students learned basic operations in a C code programming through the use of
the Code Composer Studio Development Software. Finally, students implemented a basic
C Code blinking led program, which allowed them to familiarize with the Code
Composer Studio Environment.

e The second workshop targeted objectives 4, 5, and 6 that relate to the configurations and
a hands-on experience activity with the microcontroller stations. Students learned how to
use the microcontroller peripherals. They were expected to learn about the working
principle of each sensor of a Ball & Beam system and to read them using the
microcontroller. Then, students learned to translate the signals coming from the
peripherals to standard units (meters, radians, volts). Finally, students created a GUI to
view the variables measured by the sensors.

e The third workshop targeted the last two objectives by implementing a real controller
using difference equations and the Texas Instruments GUI Composer. This workshop
synthetized the concepts learned in the previous workshops by implementing a digital
controller using C Code. Specifically, students were expected to learn how to transform a
z-domain transfer function to a difference equations and how to convert this difference
equation into a C Code program to control a servomotor.

Workshop Assessment

Assessment activities were designed according to the learning goals established for each
workshop. To achieve this, we used the predicates in Bloom’s Taxonomy*® to define course
objective, evaluate how each item will be satisfied, and then determined assessment activities for
each course objective. This guaranteed an alignment between course content and objectives®2.
Among the assessment activities are: diagnostic examinations, pre and post-tests, and oral
exams. A description of each assessment activity is presented below. Assessment results are
shown in the Results section.
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Diagnostic Test: The objective of this test was to explore student’s background on
microcontrollers, programming languages, and control systems. It was given before the first
workshop. A sample of the diagnostic test is provided in Appendix A.

Pre-Test and Post Test: Students received a pre-test (before the workshop) and one post-test
(after the workshop) with identical questions. These tests measured the student outcomes
fulfillment on each workshop. The results obtained in pre and post-tests indicated how this
methodology is effective by aligning course content, assessment, and delivery. Examples of the
pre and post-tests are included in Appendix A.

Oral Exam: At the end of the course project, students took an oral exam to assess their
understanding on how they implemented the controller using both methods (Simulink and
Microcontroller). A rubric was designed and used to assess this oral exam. A sample of the
rubric is provided in Appendix B.

Microcontroller Based System (MCS) Workstation:

The MCS workstation integrate the Texas Instruments (T1) C2000 F28069 Microcontroller®, the
DRV8833 motor driver?!, and a custom made Analog Signal Conditioning Board. The MCS is
enclosed in a box with all the ports needed to connect to the PICL experiments. This means that
students do not need an extensive hardware knowledge to handle the MCS. A set of C language
libraries with solutions to the most common control problems was developed. Also, this Tl
microcontroller uses a powerful tool called GUI Composer that helps students to create a
Graphical User Interface (GUI) in a drag-and-drop environment. This GUI allows to watch the
variables of the controller in real time and change the controller parameters on-the-fly if needed.
The development process of the MCS was presented in the SACNAS 2014 Annual Conference??
and is to appear in the IEEE 2015 Frontiers in Education Conference?.

MCS Design

A general system overview of the MCS is shown in Figure 1.The Analog Signal Conditioner is
required to convert the voltage signal levels from the Quanser® analog sensors to a range that
could be read from the microcontroller (0-3.3V). A DC motor driver (DRV8833)?! was
configured and used to drive the B&B system motor from the PWM signals generated by the
microcontroller. The Optical Encoders read the angular position of the motor. Finally, a Timer
Interrupt Unit sends a signal to the CPU indicating when the control action should be performed.

The MCS uses a C2000 F28069 microcontroller. It operates at 80MHz and is equipped 16
Analog-to-Digital Conversion (ADC) channels with a resolution of 12 bits, 2 Quadrature
Encoder read-modules (eQEP), 16 independent 32 bits PWM channels, Floating Point Unit
(FPU), JTAG emulation tool, and other characteristics that make this microcontroller ideal for
high capacity control purposes.
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Figure 1 System Overview

System Assembly

The MCS workstation was packed in an enclosure with all the ports needed to make the
connections with the Quanser® experiments and the power supply. This system should be able to
handle different situations that may appear in practice (Overvoltage, bad connections, etc.). Figure
2 shows the final box assembly. The MCS is organized so that students may visually identify its
main modules and manipulate them with little risk of damage.

Analog Signal
Conditioner

L)

Motor Driver 4

Figure 2. Final box assembly of the stations. Left: External view. Right: Internal View

System Implementation

One of the features of the Texas Instruments C2000 microcontrollers and Code Composer Studio
is the debugging tool. GUI Composer is an extension of this software and allowed developers to
create a Graphical User Interface (GUI) that access directly to the microcontroller memory using
easy-to-use icons. Once student has developed the software, he or she can create a panel where all
the variables can be changed and put a Graphic Panel where the defined variables can be watched
in real time. Three sample GUI’s were created to be used as templates for other projects: SRV-02
Proportional Controller, SRV-02 Lead-Lag Controller, B&B Lead-Lag Controller. The B&B
Lead-Lag controller performance is shown on Figure 3 using GUI Composer. The student is able
to change zeroes and poles and all the controller parameters, also, an “Enable” field was used to
stop the system in case that the motor needs to be stopped.
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Figure 3. Ball & Beam Controller Performance using the MCS. Blue Line: Reference.
Oranae Line: Svstem

Results

Assessment activities were designed considering the learning objectives and the student
outcomes established in the previous analysis to guarantee alignment between the workshop
content and delivery. At the beginning of the semester, students received a diagnostic test that
explored their background in some relevant courses. Also, pre-test and post-test were
administered for each workshop to determine learning gains. Finally, an oral exam was given to
evaluate the student knowledge about the implementation of the controller using the MCS.
Results from these activities are presented in the following sub-sections.

Diagnostic Test

The objective of this test was to explore
student’s background on
microcontrollers, programming
languages, and control systems at the
beginning of each workshop. The
questionnaire is provided in the
appendix. The course started with a
population of 28 students. Figure 4
reveals that although most of students
took the microprocessors course, they

TAKING
34%\

8%

Have you taken the
Microprocessors Course?

Microprocessors Course
Grade

Figure 4. Diagnostic Test. Item 1.

did not get a high grade on it. This indicated that special attention must be paid on the first

workshop.
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Those who already took the microprocessors course were 2.50 228
asked to specify in a scale of five their skills using

microcontroller peripherals Figure 5 shows the diagnostic o _

test results. These values were relatively low and were 1.50

useful to emphasize some of the topics covered in 1.00

workshops. 0.49

0.50

A relevant fact about students is their background in 0.0

programming courses. Figure 6 indicates that all students ADC o PWM Al TIMER

have passed the programming course as a pre-requisite. Figure 5. Diagnostic Test. Item 5
This implies that students were expected to complete the

assigned programming tasks. Programming Course Grades
One of the questions in the diagnostic test was about students’
experience using different programming languages. Students
,were asked to specify in a scale of five their experience using
some of the most important languages used in Electrical
Engineering. The best known programming language was
Matlab, followed by C, and then by Assembly language (see
Figure 7). Figure 6. Diagnostic Test. Item 3

Finally, although most of the students have approved the ==

microprocessors course, they do not have well | 250
understanding on peripheral configuration. Also, all of | ** 208
the students passed the programming course; but they do | 200
not have deep knowledge on the most common | iso

programming languages taught in the department. These |, ,,

results were a baseline to emphasize some of the topics 050 038
covered on workshops. The following subsection shows = [
the results obtained in workshops pre and post-test. O ATAE € Ces CODE ASSEMBLY  JAVA

Figure 7 Diagnostic Test. In a scale of 5, what is
your experience using the following
Pre and Post-Tests programming languages?

Students took three workshops two hours each in the laboratory. They received a pre-test before
and a post-test after each workshop. Please refer to Appendix A for the test items. Tests results
were analyzed by comparing students’ performance before and after taking the workshop to
determine learning gains. Our quantitative variables were the Score Gain (SG), defined as the
mean difference between scores on each question, and the Average Normalized Gain (NG),
defined as: NG = SG/(Q — pre), were Q is the question value and pre is the media score
obtained by the group in the pre-test question®*. A desired NG of 30% was determined using a
predefined value suggested by Hake?®. He defined this value according to a pedagogical study
that involved 6,000 students in 62 courses. Data suggested that a NG of 30% was the lower
bound of what he called “medium normalized gain . Results above this value could be
considered as acceptable.
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Workshop 1 - basic knowledge that students need to know about embedded control systems
(objectives 1, 2, and 3). Table 3 summarizes the mean results obtained from this test; a total of
27 subjects took the workshop. Objectives 1 and 2 were accomplished; however, objective 3
shows a small NG value. This means that although the goal is accomplished, students find it
difficult to understand the main components in an embedded control C code program.

Table 3. Pre and Post-Test analysis for Workshop 1

Question 1 2 \ 3 4
Total
Objective 1 2 3
|
Value 6 4 2 8 20
Pre-Test 2.67 0.58 0.33 2.92 6.5
Post-Test 5.25 2.88 1.54 4.50 14.16
SG 2.58 2.29 1.21 1.58 7.67
NG 78% 67% 73% 31% 57%

Workshop 2 - configuration of the main peripherals of the C2000 microcontrollers (objectives 4,
5, and 6). Students learned the working principle of the Ball & Beam (B&B) sensors, developed
a C code program to read the sensor values, and created a GUI to watch them in an easy-to-use
environment. Table 4 shows the obtained mean results from workshop 2. Questions 1, 2, and 3
covered the working principle of the B&B sensors and the microcontroller peripheral used to
read them, for this reason, these questions evaluated objectives 4 and 5. Questions 4 and 5
assessed objectives 5 and 4 respectively. Results revealed that the goal was accomplished.

Table 4. Pre-Test and Post-Test analysis for Workshop 2

Question 1 ‘ 2 ‘ 3 4 5
Total

Objective 4-5 5 4

|
Value 5 5 2 5 3 20

Pre-Test 2.52 1.26 0.11 0.48 0.26 4.63
Post-Test 3.59 2.70 1.52 1.85 1.11 10.78
SG 1.07 1.44 1.41 1.37 0.85 6.15
NG 43% 39% 75% 30% 31% 40%

Workshop 3 - the use of difference equations in order to create an embedded controller for the
B&B system (objective 7 and 8). A total of sixteen (16) students were evaluated and Table 5
summarizes the obtained results. Objective 7 was assessed in all questions.

Table 5. Pre-Test and Post-Test analysis for Workshop 3

Question 1 | 2] 3 \ 4
Total
Objective 7
|
Pre-Test 2.00 3.25 2.63 2.63 9.88
Post-Test 3.00 3.50 5.63 5.25 17.38
SG 1.00 0.25 3.00 2.63 7.49
NG 50% 33% 89% 78% 74%
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This workshop revealed to be the most effective with a total mean PL value of 74%. Classroom
observations indicated that students were motivated to keep using microcontrollers in future
developments.

Oral Exam

A set of rubrics was developed to evaluate students in the Oral Exam. These rubrics were written
according to the cognitive domain of Bloom’s Taxonomy and ABET criteria?®?’ (See Appendix
B). Objective 6 was evaluated by the instructor when students developed a GUI interface using
Code Composer Studio and GUI Composer. All the students completed the requirements of this
task. Objective 8 was evaluated by the instructor during the oral exam. All students developed
the B&B controller using the MCU and the objective was accomplished.

Concluding Remarks & Implications

In this work we designed and implemented a methodology to integrate embedded systems in a
digital control systems course. To the best of our knowledge, although there have been
approaches in this area that use high level tools to help students in the learning process, there is
no formal methodology to implement the use of embedded controllers in an educational
environment.

A microcontroller based system was developed for the workshops. Experimental results
indicated that the system has the same performance compared to the known classic methods
(Simulink, LabVIEW). Also, the MCS demonstrated to be well designed since it was an effective
tool for implementing the digital controllers of the student projects.

The workshops developed, followed an outcome-based education and a backward design
approach. Pre and post-test revealed that the methodology was effective in aligning course
content, assessment, and delivery.

Workshop experience provided a good understanding of embedded control systems to students.
The process of programming the controller provided students a deeper understanding of how
digital control systems are implemented in real world through embedded systems. Also, using
Texas Instruments® tools helped in the debugging process. In the past, digital controllers were
implemented using microcontrollers, but there were no formal debugging methods for
troubleshooting.

This methodology could be used in the future in other engineering courses. Also, the MCS
represents a multi-purpose platform that can become a commercial product of pedagogical
interest that may be used to improve the learning process in a higher education setting.
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Appendix A: Workshops Tests

Diagnostic Test

1)

2)

3)

4)

5)

Have you taken the Microprocessors | course?

a. Yes

b. No

c. Taking

- If your answer is yes, indicate the grade obtained in this course:

Have you taken the Microprocessors Interfacing course?

a. Yes

b. No

c. Taking

- If your answer is yes, indicate the grade obtained in this course:

Have you taken the Programming Algorithms course?

a. Yes

b. No

c. Taking

- If your answer is yes, indicate the grade obtained in this course:

" ABET Report E1

Being 0 the lowest level of understanding and 5 the highest, indicate your knowledge level

on the following programming languages.
Matlab

C Code

C++ Code

Assembly

Java

®o0 o

Being 0 the lowest level of understanding and 5 the highest, indicate your knowledge level

on the following microcontroller modules.
a. Analog to Digital Converter (ADC)

b. Pulse Width Modulator (PWM)

c. Quadrature Encoder Unit (eQEP)

d. Timer Interrupts

Test 1

1) Indicate 3 differences between implementing a digital controller using a MCU and using

Simulink (6pts).
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2)

3)

4)

Indicate which are the main 4 modules of the microcontroller used in the Ball & Beam
control (4pts).

Besides the microcontroller and power supply, which components are needed to control the
Ball & Beam? (2 pts).

Explain the task done on each of the following sections of a basic C code microcontroller
program (8pts).

General Declarations

Initializations

Infinite Loop

Timer Interrupts

Test 2

1)

2)

3)

4)

5)

Explain the working principle of the sensor that measures the ball position in the Ball &
Beam System. Which microcontroller module should be used to read this signal?

Explain the working principle of the sensor that measures the angle of the motor in the Ball
& Beam system. Which microcontroller module should be used to read this signal?

Explain the working principle of an H Bridge motor driver (DRV8833).

Explain how the microcontroller could be used to generate an analogic output that moves the
motor using an H bridge. Which microcontroller module could be used in this task?

Explain how to make an analog signal conditioning circuit for the sensor that measures the
position of the ball in the Ball & Beam system.

Test 3

1)

2)

3)

4)

In a microcontroller based control program, which peripheral is used to define the sampling
period?

In which part of the microcontroller program should we insert the digital controller
statements to make it work at the defined sampling period?

Explain how to implement the following transfer function in the microcontroller using C
Code language.

_Y(2) _ Z
G(Z) - X(2) T z-1

For the following system:
Y(2) z2+32z+7
CX(z) z3+27z22+12z+1

a) Indicate how many samples of the input should be stored to compute an output signal.
b) Indicate how many samples of the output are needed.

G1'99'9¢ abed



the DCS Project Oral Exam

ing

for Assessi

Rubrics

Appendix B

Page 26.66.16

oy | WIDISAS UOIIBIUSWINIISUI PUB [01JU0 $S9001d & Jo uonejuowa[dwi pue u3isop oy} 103 (- "gOIdSd ‘MHAIAGe] ‘dVILVIN) S[003 Suriooursud uropow asn) | 8
D T0910Jd [eur} syl JNOqe 10031 USHIIM € JO uoijeiedaid A
[o] W3)SAS d00[-PasSO]d a3 JO aduewi04iad ayl ajepife/ q
E) a.Jeny}0s pue Jandwod enbip e Buisn 1ajj0.1u0 [e1bIp e Juswa|dwy] 14
0 “WIB)SAS |y} 104 e11a111 UbISap 8yl BUIASIYJe JO a[qeded 13]]0J3U0J XJeqpasy Indino-a|buls Jndul-a|buls e ubisaqg [

aWoaINO 139V SaW0J3]NQ 3asInod #
spe1o eurq
i _ p (00T-08) “oouewioy1ad
; _ao.e %_Eg sl (62-02) H_w__oES %mewem_ i aup 1301109 [231 AU} PUE PAIBINWIS AU UMY (040 T
uAnsnl Jo sjqeded Jou st Juapnis 8y (4o souewiopiad ayy surejdxs Ajaseq Juspnis sy sarouedalosip ayp UIEIdX® Ueo JuapMs al | SOUEWLIONS .
- - S
(69-0) S1IOM 10U S30p J 10 (62-0L) "191103U020IANA BY} Jojpue (00T-08) "431103U00IAN J13]]0u0D
ulnuais Buisn sjuawiaanbal ubisap ayy 18sw | ayr pue yuinuis Buisn sjuswainbal ubissp |9%0T
3|qeIsuUN SI 13][03U0d pajuawaduw ay L
10U S30P N SYIOM J3[[09U0D pajuawadwl 8y | 8yy S19aW Jajj0iuod paruswajdw uspms ay L
(69-0) "1811013U02 papPPaYLLID (62-0L) *181103u0 [eubip pappaguud (00T-08) "13l1043u0 [euBip pappaguud
ue Jo ssao0.d uonejuswaiduwi ayy ue dojanap 01 WaisAs ayp Jo weibelp 420|q ue dojanap 01 waisAs ayp Jo welbelp 20/q | %9
Buiurejdxa o sjqeded jou st apnis syl | a8y asn 01 moy surejdxa Ajaseq Juspnis ay L 3y pasn ays/ay Moy surejdxa juspnis ay L
(69-0) "Jal10U00 (62-01) (00T-08) "Jalj011u09 pauisap uoneyuawadw
paubisap ayp swuoylad yeys weabosd | "Sioaid yum Jgjj01uod paubisap ayy swuopad | ayp swuoyiad yeyy weiboid apod O e dojanap | %/ 14 JOI011UO 14
apoD D e dojanap Jou pip Juspms ayl | 1eyr weiboud apoD O e padojanap uspnis YL | 03 suoienba adualayIp pash uspNIS ay L l103U6D
(69-0) (62-02) (oot
SUINWIS Uo Jajjoiuod paubisap S319BIN2BUI BLUOS YU UIINWIS UO J3[[0J1U0d t08)  dJend-yulinuis uo Ajaniioas Jajjonuod| 94/
3y uawaduwi Jou pIp JuspnIs 8y | pauBisap ay) parusialdwi Juapns ay L pauBisap ayy pajuswiajdwi Juspms ay L
(69-0)"ssa204d uonEINLUIS pue (6.-00) (001-08) SwawaAnba)
sjuawaunbal uBIsap 8y} 10U 10 S}8aW 13[|01IU0D ubisap 8y} 10U IO S}93W J3J|0IUO Y} %0T
ubisap ayy urejdxa jouues Juspns ay |
ay1 Jayraym surejdxa Ajateq yuspns ayl Jaypeym Bunuredxa Jo djqede s| Juapnis ay L g suonenwIS e
(62-02) "$20]q UoIeINYES (00T-08) ) :
(69-0) s49)j0.0u02 pasodoud ayy .
SN 10U PIP INQ YUNWIS Ul S19|0AU0D $5/90]q UOIYeINYeS BUISN SUIINWIS Ul S19]|0U0d| 040 T
Jo Aue ayejnuuIs Jou S0P JUsPNIS By |
pauBisap ay JO BWIOS PaYeNLLIS JU3PNIS YL pauBisap ay) paregnuuIs Juspms ay |
(69-0) (62-02) (00T-08)
*$19]10.U02 paubisap ayr sourwoyiad $19]]0.0U02 paubisap ay Jo aouewloylad $19]]0.3U02 paubisap %0T
Bunenjens Jo sjgeded Jou si JuspmS a3l Jo uonrenjeAs anBea e aneb Juspnis U Jo aouewopad ayr parenjeas Juspms e SE][[e2ili[e}g)] z
"(00T-08) Jo ubisag
-0) ubisap 19]j0.3U02 -0/) S19]|0HU0D . . o :
Jeury me>mw S.c mwou__E%Em ayL 10 sadfy M,mwhow wumcm__wmu JuspnIs ay L (be1-pea ‘Be ‘pea ‘aid 'Id *d) siajonu0d| %07
. : 10 sadA) Juaiapip paubisap Wwapnls ay L
(69-0)
(6-02) (001-08)
. ) Ajrenoun
HOM Jau/siy Bupian|ap noLpim "a1e] Aep auo 1iodas 8y} sjuasald Juapnis ay | awin uo uodal sy syuasald uspns ayL %0c L HEMoUNnd 1
sAep alow 1o oM} Sey Juapms ay |
[e1o] [swuiod s I191yNsu| 3|qe1daddy pooo % | 8awooINQO wial| #
:91eq aweN :dnouo




