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Introduction:
The Toy Train Measurement System was developed to allow hobbyists and others
interested to investigate the energy use and efficiency of AC powered toy train
locomotives and motors. The system is more fully described in “Toy Train Measurement
System Operating Instructions.” This document describes how the system can be
constructed.
The Microcontroller Based System and its Software:
The heart of the system is a Freescale MCF51JM128 microcontroller. This
microcontroller is well suited to the application because it supports 32 bit calculations
needed to process signals quickly, which is important for filtering out commutation noise
on the Voltages and currents measured by the system. It also directly supports USB, so
that the system can be plugged into the USB port of a typical Windows 7 PC and draw
power from that port and communicate to the PC through that port. The microcontroller
also includes a 12 bit “Digital to Analog” (D/A) converter suitable for making the needed
measurements.
The Integrated Development Environment (IDE) “Code Warrior for
Microcontrollers” (limited version) is the software development product used for both
developing the software that runs on the microcontroller and, most importantly, for
loading the machine executable code into the individual microcontroller. Under XP one
can use version 6.3 of CodeWarrior that comes in the DEMOJM product, but for
Windows 7 it is necessary to use version 10. Both are available as free downloads from
the Freescale web site.
The Microsoft “Visual Studio 2008” IDE was used for development of the
software application which runs on the PC and communicates with the microcontroller.
This presents no problem since the executable file can be directly started and used with
no need for the development environment.
Getting the microcontroller programmed may well be a more difficult problem
than just building the system hardware. The simplest way of doing that is to ask someone
with the necessary facilities to do the microcontroller programming for you. It’s very
easy if one has the facilities. If you want to do it yourself, you need some special
hardware, either the DEMOJM board described below or some equivalent facility. (The
DEMOJM board is made by “PE Micro, but it is sold by Freescale directly or through
other vendors such as Newark Electronics and other distributors.
Three approaches and issues:
There are three different approaches that can be taken for the construction of the
system. It is assumed that the person endeavoring to construct this system has both the
microcontroller software code and Codewarrior for Microcontrollers installed (version
6.3 for XP or 10 for Windows 7), and has the application and its associated file (in
particular, “Car calibration data.txt”). The three different approaches are discussed
starting with the easiest, which can use a solderless breadboard as an initial prototype.
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DEMOJM based:
The easiest method is to purchase a “DEMOJM” prototyping microcontroller
“demo board” from Freescale Semiconductors, Inc. This product, currently priced at
$100, is intended for engineers interested in the use of that company’s microcontrollers to
have a sample with support to allow testing, prototyping and familiarization. The
additional parts on needs beyond the DEMOJM board amount to about $20, mostly for a
suitable solderless breadboard. One could use perfboard instead for a more permanent
version, probably at about the same price. The advantage of this approach is that the
DEMOJM product includes not only the needed hardware, but also the development
facilities to insert the microcontroller software (sometimes called firmware) into the
microcontroller device on the board. Without having a DEMOJM board, one is faced
with the issue of how to get the software for the Toy Train Measurement System into the
microcontroller. Freescale also sells a tool that is more general than the DEMOJM board
for doing just this, that can be used with most of their microcontroller products, but that
tool costs $100. (So, one might as well use the DEMOJM and get the needed
microcontroller too.) Figure 1 shows a DEMOJM breadboard based system:
The DEMOJM board comes with two different microcontrollers that can be used.
We are using the more powerful “Coldfire” MCF51JM128 microcontroller, so that
processor needs to be substituted for the HCS08JM60 microcontroller that comes
installed. The two microcontrollers are on “daughter cards” that plug into the DEMOJM
board, so it is easy to swap them out. (The MCF51JM128 (red) cards are available as a
separate sale item for $20; the HCS08JM60 (green) cards are not.)
The DEMOJM package comes with a series of “labs” (exercises for the user to
help with initial familiarization). The first two of these use the factory installed
demonstration program “hid-demo” to first emulate a mouse, then emulate a keyboard,
then to emulate a “generic” HID (Human Interface device) interface. These demo labs
need to be done, as part of what needs to happen is the installation of the necessary USB
drivers on the PC. The “generic” demo also has the user open a small application on the
PC that allows one to turn LED’s on the demo board on and off, and sense pushbuttons.
This is very similar to what the Train measurement System does. Indeed, the system was
developed using that demonstration as a departure point. Once the “lab” for the generic
HID interface has been run (and the needed driver installed), using the CodeWarrior for
Microcontroller IDE, open up the project for the microcontroller software. (Currently the
folder is labeled “Mitch-PC-side as mod JBG” and the file to double click on inside
that folder is “hid-led-demo.vcproj”. (These names will probably be changed before
this document goes final.) Once the project is open, find the green arrow pointing to the
right in the Code warrior IDE to “start debugging”. Since the executable is already
compiled, this should just initiate downloading the software into the microcontroller.
When downloading is complete, one can either start the program running by clicking the
green “go” arrow in the debugger window, or simply exit, and hit the reset button on the
DEMOJM board. Or even just disconnect and reconnect the DEMOJM board using the
“debugging” USB cable.
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Figure 1 DEMOJM based Toy Train Measurement System
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There are a lot of details to the process of using the CodeWarrior IDE that will be
omitted here in the interest of brevity (and getting this document done). A more
complete step-by-step description, with troubleshooting help, is needed.
Construction of the needed hardware given the use of the DEMOJM board is
relatively easy. Figure 2 shows the connections to the DEMOJM (using its 60 pin edge
connector). Note that in the prototype pictured in Figure 1, the current measuring resistor
(four 4 Ohm, 5 Watt resistors in parallel) were actually placed on the solderless
breadboard to avoid the need for an external resistor. If this is done, considerable space
should be left between the resistor body and the soft plastic solderless breadboard to
avoid heat damage. The system in Figure 1 also did not have the yellow binding post and
associated circuitry; instead a yellow wire was left connected directly to the DEMOJM
for the Z-Stuff signal, which has an output limited to 5 Volts. For other time measuring
systems the safety of the resistor RS and diodes DS1 and DS2 is a needed protective
measure. Really, most of the circuitry shown is to reduce Voltages to the 0-5 Volt range
and protect the DEMOJM (more specifically, the microcontroller) from dangerous
Voltages outside of that range. Note also that the DEMOJM board can be strapped to
draw power form the mini-USB connector used for the cable that passes data back to the
microcontroller. In that case the other “debugging” cable is not needed once the
microcontroller software is installed.

Figure 2 Toy Train Measurement System built with Freescale / PEMicro DEMOJM
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Daughter Card based (perfboard)
This method of building the system is similar to that for the DEMOJM as
described above, but instead of using the whole DEMOJM, it just uses the Coldfire
daughter card. The daughter card can be purchased for $20, so a system can be
constructed less expensively. However, you still need some method to program the
microcontroller. If that means buying a DEMOJM, you spend more money and have
more to build this way. However, you get a smaller package and can more easily adapt
the physical design to an enclosure of your choice, giving a more polished appearance.
Figure 3 shows an example of the Perfboard system.

Figure 3 Perfboard / Daughter Card based Toy Train Measurement System
The schematic for this approach is given in Figure 4. As shown in both of these
figures, four pushbuttons and eight indicator and one power LED’s were included. All
but one of the pushbuttons and all of the LED’s can be omitted for space and cost
savings.
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Figure 4 Perfboard / Daughter Card based Toy Train Measurement System Schematic
There is a mechanical problem encountered with using perfboard with .1 inch
hole spacing, which is what is usually encountered and needed for this project. The
MCF51JM128 daughter card connectors do not quite correctly align. The top and
bottomconnectors are slightly offset with respect to the side connections. So, when
soldering in the 2x8 pin male connectors to the perfboard, use a daughter card or its
equivalent to bend the pins appropriately. (You can use the unneeded green HCS08JM60
card for this purpose. It is recommended that you ground the soldering iron and board
while doing so to avoid static damage. (If it survives, maybe you can sell the unneeded
HCS08JM60 daughter card.)
In the pictured perfboard system, diodes DS1 and DS2 and resistor RS were
omitted, as for the DEMOJM system pictured earlier. Also not that the current measuring
resistor in this case is external, to help keep the heat away from the microcontroller and
allow flexibility in resistance choice.
For this perfboard based system, the other components were purchased from
Jameco, but many suppliers have these kinds of parts. If you are planning to build a
perfboard based system, you probably already have your favorite sources. Not that a
conventional “B-end” USB connector was used instead of the mini-USB of the
DEMOJM. Program the daughter card in a DEMOJM before installing it.
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