(Estimated Time: 2hours research, 1 hour typed report)

1. a) Problem Statement = Implement a smoothing filter that outputs the averages
of the past four samples appearing at a 12-bit input P. Try to implement a design that
considers both performance and total unit cost as top priorities.

METRICS
The problem statement immediately gives us two design metrics that we
must optimize. that of performance and cost. According to the text Embedded System
Design. performance and cost can be defined as:

Performance: The execution time of the system (pg 5)

Unit Cosi: The monetary cost of manufacturing each copy of the system, excluding
NRE cost. The NRE cost is of course the non-recurring engineering cost, or the one-
time monetary cost of designing the system. (Pg 5)

Two other design metrics immediately follow when thinking about designing a
smoothing filter. They are:

Flexibility: “The ability to change the functionality of the system without incurring
heavy NRE cost.” (pg 5) If for some reason we would want to change the number of
samples to a larger number, we need a system that will be flexible enough to allow for an
easy transition.

Time to Market: “The time required to develop a system to the point that it can be
released and sold to customers. The main contributors are design time. manufacturing
time, and testing time.” (Pg 5) Obviously we want a system that we can put on the
market as soon as possible or we run the risk of not making any money on the product
and/or another competitor beating us to the market.

DESIGN PARAMETERS

Although several design parameters influence the final product, I felt that three
design parameters in particular best influenced how our smoothing filter would run and at
a feasible cost.

Our first design parameter is the one given, the class device we are going to use
for the project. At our disposal is the 8051 micro controller, ARM processor. and a
Xilinx Spartan FPGA board. Our choice here is obviously going to influence all four
design metrics that we wish to optimize.




The second design parameter is the language choice to program the actual device
that we are going to use. Certain people have a better command on different languages as
well as certain languages are better suited for specific applications. Our choices are the
C/C++ language, assembly language. and VHDL. Again. all three of these are going to
influence our metrics.

The last parameter considered is that of how many filters are going to be
produced. By making more, our overall unit cost decreases as we can buy our devices in
bulk. However, this may not be what we need and changes will be made accordingly.
For design purposes, we will limit our choices to less than 1,000 produced (small
production), less than 100,000 produced (medium production), and greater than 100.000
produced (large production). As stated, the major metric this parameter is going to
influence is the total unit cost of the filter.

DESIGN IMPLEMENTATIONS

1. Our first design utilizes the 8051 micro controllers by programming it in the

C/C++ language. and making a small batch (see def. above). Although the C/C++

language is going to provide the programmer with an easy interface to implement

the filter, the 8051 only has an 8-bit processor. thus causing a lot of unnecessary
programming with bit banging routines ( Note the problem statement asks us to
deal with a 12-bit input) This will ultimately lead in an increase in time to market,

a decrease in flexibility due to complex code. and possibly a loss in performance.

However. the 8051 s can be bought at any electronics store, and even be bought

on Ebay.com for under a dollar a piece. For small batches. most electronics stores

online sell 8051 compliant micro controllers for $2.50 or less.

Our second design again utilizes the 8051 micro controllers, but this time we

would program it in Assembly. and make a large batch of them. As stated.

because our sample is a 12-bit input, a lot of unnecessary code is going to have to
be written to manipulate and storc our 12 bit inputs in the 8-bit format. The use of
assembly is not going to help the process, but will lead to a possible increase in
performance. but then also increase our time to market and decrease the flexibility
of our system. Large batches of 8051°s can be purchased for under a dollar on any
electronics site, and even on Ebay.com.

3. The third design utilizes the ARM processor, with the C/C++ programming
language, and a small production line. The ARM offers us the capabilities of a 32-
bit processor. and the C/C++ language provides us with a familiar and easy
construct to take advantage of this general-purpose processor. Because of this.
time to market would be short. and flexibility during production would be high.
The 32 bits offered by the processor also will have significant programming
advantages over the 8051. However. ARM processors run from 14-19 dollars
depending on the marketer, which significantly increases our unit price cost. Also.
as with the 8051. once it is programmed and on market. our filter flexibility is
altered.

4. The fourth design again uses the ARM processor, with the assembly language.
and a large production line. The assembly language will offer us greater
performance at the cost of an increase in time to market. Also flexibility during
production might decrease due to increased complexity in the code. By
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