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Abstract — The purpose of this document is to discuss
the design of our muscle fiber stimulation sensor and data
logger, which detects electromyogram, electrocardiogram
signals. The signals will be detected with the use of surface
electrodes which will be processed by a microcontroller. The
sensor circuit will also be used for angle detection, so that the
progress made can be displayed graphically. The project
utilizes instrumentation amplifiers to obtain the EMG/EKG
signals, an triple axis accelerometer for angle detection, a
microcontroller to do analog to digital conversion as well as
package and interpret the data for storage on an SD card,
and Linx RF/TX for wireless communication. This article
briefly explains how this group integrated the different
technologies.
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I. INTRODUCTION

Workout Buddy was designed with average weightlifters
in mind. The device simplifies keeping track of the users
workout, and eliminates the need for the user to bring a
pen and paper to the gym. This project was chosen
because it explores different areas of electrical
engineering  including,  wireless = communication,
processing data by the use of microcontrollers, analog
signal detection on the micro-V range, and angle
detection by the use of an accelerometer.

This device was designed and developed so that amateur
weightlifters could track the progress of their workouts
electronically, as well as being user friendly. Amateur
weightlifters get the most benefit when they keep track of
their exercises, the weights lifted, the number of
repetitions and sets on a regular basis. When progress is
tracked, additional motivation is gained and areas of
improvement are more easily assessed. Workout buddy
will automatically track all of this over time, as well as
rate the intensity of each repetition, set, and workout
session against previous efforts. The design will include a
user friendly interface. The body builder will be able
select the workout from the menu, enter the weight in
pounds to be used, specify the number of sets to be

attempted, and the number of repetitions to be completed
per set.

II. SYSTEM COMPONENTS

To describe the system, an overview of the individual
components is described below.

A) Atmel Atmega328

B) MMA7260Q

C) RXM-900-HP3

D) TXM-900-HP3

E) Color LCD 128x128 Nokia Clone
F) INA122 Instrumentation Amp

G) SD Card and Storage

A. Atmel Atmega328

The design included two microcontrollers that were the
same make and model, the Atmega328. The group
decided to use the same microcontroller for each unit so
they can be programmed in the same environment. The
Atmega328 was chosen for its sufficient memory to store.
This microcontroller was chosen for its sufficient memory
to store the projects code and external components. It
contains 32kB of program memory, 2048 bytes of ram,
and 1024 bytes of non volatile memory, and 28 digital
input/output pins. In the groups design, each unit has its
own microcontroller. The sensor units microcontroller
processes and packages the information coming from the
accelerometer and sensor, and the control units
microcontroller interfaces with the SD, and the LCD
screen. By using two microcontrollers there was
sufficient memory to perform all functions and store all
needed code.

The ADC on the Atmega328 has a 10 bit resolution so
that between OV and 5V.

Vin *1024
VREF

ADC = (1)

On the input pin an approximate resolution of 4.9 mV
can be realized. The ADC is slightly slower than the
processor and can be operated in either interrupt driven
mode or in continuously free running mode. The free
running mode allows the control unit to continuously
update the voltage received off the sensor and provide the
user with a measurable output of intensity.

For the device to count exercise repetitions, a threshold
voltage of some value with be determined on a per
exercise basis and used to determine whether to update
the rep counter. This information is then displayed on the
LCD screen. For the device to count exercise sets, the
control unit will look for a specific time interval during



which the threshold voltage on the ADC pin is not
reached. This time interval value (5 sec, 10, sec, etc) is
programmed by the user. If the threshold voltage is not
reached during the interval, meaning no repetition has
been reached, then the device will increment its set
counter until the number of sets programmed by the user
for their workout for the specific exercise is reached.
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Figure 1: This image shows the timing diagram for the
Atmega328 ADC in free running mode.

The ADC requires that the clock frequency be between 50
kHz and 200 kHz. This prescaler frequency is arrived at
by taking the frequency of the external oscillator 16 MHz,
dividing by 200 kHz, and then selecting the next higher
pre-scaling division factor, which in this case is 128.
Using Equation 1 above, this sets the ADC at the highest
possible sampling frequency, 125kHz.In the ADC free
running mode, as seen in Figure 1, new conversions are
started immediately after the last conversion completes,
on the next clock cycle, and the ADSC (ADC start
conversion bit) stays high. One conversion takes 13 clock
cycles. [1]

B. MMA7260Q

The accelerometer MMA7260Q was also chosen for the
sensor circuit, being a very popular device for angle
detection in electronic devices such as the apple i-phone
and i-touch. The accelerometer detects the different
angles through a 2 or 3 axis sensor located inside the
device as well as gravitational forces and any other force
disturbances. The sensor varies the voltage on each axis
with the use of a floating capacitor that is placed between
two other capacitors. Figure 2 displays the capacitors

involved in varying the voltages. The voltages generated
can be converted into a digital signal and with the use of
some simple algorithms it can be determined which angle
the accelerometer is positioned at.

Acceleration —»

—

Figure 2: This image displays the capacitors inside the
MMA7260Q which vary the voltage supplied.

The accelerometer that was researched was the
MMA7260Q. As shown in Figure 3, the sensor is very
small. Even with the breakout board, the sensor is only
slightly bigger than a quarter. Therefore, the group
decided that if the part were to be ordered, it should be
ordered already attached to the breakout board for testing
and possibly for the final product as well. This was
decided for the fact that the mems device would be very
difficult to test without it being in dip form as well as the
possibility of damaging the device if the group attempted
soldering it to their own circuit. Since the sensor circuit
only has one major component, the group did not see any
potential problems with ordering it.

Figure 3: This image was used to show the compact
circuit that contains the accelerometer.

Among the many qualities that were found in the
MMA7260Q, the power requirements were especially
appealing. With a supply voltage between 2.2 v and 3.6 v
and a current supply of 0.5 pa, the accelerometer can
operate effectively and efficiently while conserving the
battery’s stored power [2]. This works perfectly with the
desired voltage that has been planned for this part of the
circuit. If the energy saving device were to be coupled
with an energy efficient electrode circuit, the battery used
to power the sensor circuit could possibly last for a month



or longer depending on the number and length of each of
the workout sessions.

The MMA7260Q is also equipped with a selectable
sensitivity that can range from 1.5 g to 6 g forces [3].
This could be useful if the device were to be used to
measure how fast the arm or leg moves for each
repetition. The idea of measuring the speed of a
movement could be considered for determining the
repetition or set that the user becomes tired. This moment
of fatigue or weakness would be seen through the
movement becoming slower than normal. This data could
be useful when the user decides to optimize their workout
by limiting or adding to the exercise routine. By doing
this, the user could effectively lengthen their workout
session by selecting a different area or muscle group to
focus on while the over exerted muscles are resting.

For the placement of the accelerometer, the group decided
that it would be best to fit the sensor on a part of the body
that would be moving or traveling the furthest in angle
during selected exercises. One location, thought to be an
idea place, was on the forearm near the elbow. This
would be measuring repetitions for curls, triceps
extension (skull crushers), and dips. The other prime
location would be placed on the lower leg area nearest to
the knee. The exact placement has not been decided upon
as of yet. However, the best location in theory would be
above the calf muscle on the back of the leg. In that
position, the sensor would be less likely to come in
contact with equipment used during an exercise. The
exercises that would be measured in this area could be
squats, leg curls, leg extensions, and the leg press.

All things considered, the MMA7260Q accelerometer
seemed to be the best sensor for detecting the angle
changes during an exercise. It met all specifications and a
requirement set by the group, and was a very affordable
sensor to utilize. The only negative aspect of the
accelerometer was the need for more than one output. To
measure the angles, there would have to be at least two of
the three outputs utilized. This would provide an angle
between two axis, likely to be x or y with z axis, to be
calculated by the microcontroller. The difficult decision
that would need to be made is whether to transit the two
signals or process the signals before wireless transmission
which could possibly reduce the signal to a single output.

C. RXM-900-HP3

In this section the RXM-900-HP3-xxx will be
discussed. This is the receiver end of the HP3 Series
chips. The electrical specifications are very similar to the
transmitter that will also be used. The power needed to
for this unit is also at 3.3. The rate at which data is
received is 56,000 bps which is how much the transmitter

will be sending out. The receiver of this module is
limited to receiving one signal at a time. The transmitter
will be communicating with the microcontroller. The
microcontroller should be taking in an analog signal and
converting it into a digital signal. This digital signal is
then passed into the transmitter and sent to the receiver
which is connected to the portable display unit. The data
received from the transmitter is available from pin 18.
Since the data is not encoded, it gives the freedom of how
the data will be handled on the portable display unit.
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FIGURE 4: Block diagram for wireless.

D. TXM-900-HP3

The TXM-900-HP3 was chosen to transmit the data
from the accelerometer and sensor. . The transmitter can
be directly connected to the digital peripheral of the
microcontroller via the pin 12. It has an impedance of
200k ohms and can be used with any data that transitions
from OV to a 3V to 5V peak amplitude. The power
required to operate this module is a minimum of 2.8V.
This module does not encode the data sent. The date rate
of the transmitter ranges from 100bps to 56,000 bps
which should be more than enough to send the data from
the microcontroller.

E. Color LCD 128x128 Nokia Clone

For the portable display unit that will be worn by the
user, a display screen is needed. The group decided to
use a color LCD screen supplied by SparkFun
Electronics. It is an exact clone of the LCD screen used
in various Nokia phone models. The group wanted to
implement a portable display unit in which information
from the sensors would be displayed on a small LCD
screen. This LCD screen would be part of a portable unit
worn by the user separate from the sensor unit. What was
found was a small, inexpensive LCD screen that would
display the information from the sensors. It has a full
4,096 color display which is nice. Even though color is
not necessary, it makes the Workout Buddy more
appealing to the eye. The LCD backlight requires 7V at
40-50mA. The LCD Logic requires almost just have of
that at 3.3V at 2-3mA.



F. INA122 Instrumentation amplifier

Since the EMG signals that the group was dealing with
was on the microvolt range and highly acceptable to
noise, it was crucial to select an amplifier with a high
CMMR. The complication of noise disturbance is also
overcome with the use of the INA122. Since this device
was specifically design for acquiring minimal distortion,
low voltage signals, produced by the body, it is no
surprise that the common mode rejection ratio is within an
acceptable range for this device. Looking at gains of
1000 or higher and frequencies below 1 KHz, the CMRR
remains above 64 dB and can reach up to 96 dB [4]. This
will certainly ensure that noise from nearby power
sources will not create any interference. Once all designs
were considered, it was decided that the best circuit
design that fit the criteria for low power, minimal noise
distortion, and very high gain, lies with the use of the
INA122. For its ability to provide all of the required
features along with space saving and minimal part usage,
it outperforms all others that were considered.

G. SD Card and Storage

In order to create a simulator on a computer, a source of
information is needed to be translated. A SD chip module
will be added to the portable device which will store
information from each workout. This information will
include, but not limited to: Time/Date, Type of workout,
intensity, and repetitions. The format of the data is CSV
(Comma-separated values) style.
Since the information is strictly text data, the size of the
SD card is not large. The SD card is compatible with
cards with 32mb-2GB of storage space. A flowchart of
what happens to the data is shown below.

SD Module SD Card

Simulator Computer

FIGURE 4: Flow chart for storage

II1. HARDWARE DESIGN

A. Sensor Unit
The critical part of designing Workout Buddy was
developing an accurate and precise sensor unit. This

involved selecting the correct electrodes that would detect
the electrical potential and then be amplified. It was
important to choose an amplifier that was common with
surface electromyography. The INA122 instrumentation
amplifier was chosen due to its high common mode
rejection ratio, giving it the ability to ignore interference
that would be caused by the surrounding power systems.
This amplifier is very accurate, and very sensitive. The
angle detection device that was selected was the
MMA7260Q accelerometer. This device was important
to the design because it will be used to count repetitions
when exercises involving the biceps are selected. Once
the angle is detected and the electrical potential is
generated, these two signals will then be converted from
an analog into a digital signal on the Atmel Atmega
328/V. At this point, the information will be processed
and then sent to the TXM-900 HP3 transmitter. All these
devices will be powered by a single 3.0V All components
were selected based on lowest power consumption, which
is one of the many advantages of the groups design.
Figure 5 shows the layout for the sensor system, as well
as pin assignments.
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Figure 5: Design for Sensor unit

B. Control Unit

As seen in Figure 6, every component in the control unit
will be powered by a 9V Duracell battery. The 9V battery
was selected due to the enclosure chosen for the device.
Out of the 9V battery, it will go to a 3.3V regulator, the
LP8345. The circuit itself has an approximate demand of
350mA. Out of the 3.3V regulator, the RXM-900-HP3,
the ATmega328 microcontroller, the uSD card slot, Nokia
Display, and rotary encoder will be powered. As seen,
the Atmel ATmega328 is the centerpiece for the control
unit. The data coming from the sensor unit will be
received by the RXM-900-HP3, and then processed by
the microcontroller. Once this information is processed, it
will be displayed via the Nokia display. The rotary
encoder will be used by the user for selecting different



options on the menu. Also out of the microcontroller, this
information will be stored in the uSD card, which can be
detached from the device so the information can be
viewed via computer.
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Figure 6: Control Unit Design

The image shown below is an overall block diagram for
the two units.
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Figure 7: Overall design.

IV. SOFTWARE DESIGN

A Language Selection

It was decided that java was to be used as the
programming language for the simulation program. The
capabilities of java best suit the needs of the simulator.
Being based on the C language, java was the better choice
for programming the interface. The group members did
not know much about this language but are eager to learn.
This is a good way to expand the knowledge of
programming with a language that seems standard
nowadays practices. The object orientated capabilities of
java should make this part of this project seem simple
enough. As opposed to the C language, java has more
abundant built-in functions. In the C language, it seems
like the user has to create everything from start to finish.
Java seemed like the perfect way to create an interface.
To help the developer Sun Microsystems created a
comprehensive documentation system called “Javadoc”.
It provides the developers with an organized system for
documenting their code. Java.sun.com also provides an
API Specification document for the version 6 JSE (Java
Standard Edition).

In order to program in java it is necessary to have a text
editor and compiler. The software chosen for this is
called Eclipse. This was the recommended software
group members have used when taking the UCF course
Object Orientated Programming. Eclipse has features
which can make programming faster. For instance, it has
a feature that while the user starts typing known syntax, a
little window pops up and shows the available methods
that match the syntax which then they can select. There is
also a feature which constantly checks the written code
for errors. If errors are found they are highlighted.
Eclipse then tries to tell the user what is wrong with the
code, and recommends how to fix it. It is almost like
having another person watching you program.

B. Simulation

After data is saved onto the SD memory card, the SD
card should be able to be used to take the information
gathered and read on a simulator which will then simulate
the workout(s) performed. This data should include the
body part being used, the repetitions, and the intensity of
the workout. The idea is to create 3D body parts of the
arm, leg, and pectorals using 3D modeling software. The
models created will be used to simulate the workout saved
on the memory card. The simulator’s purpose is to have
an easy way to interpret a person’s workout. This is a
way to keep track of what someone is doing, and the
progress a person makes when working out over a period
of time.

The interface is going to be a stand alone program that
will be able to be loaded onto any computer to interpret
the data stored in the SD memory card. The interface will



be programmed using java. Java seemed to be the best
way to program an interface because of its object
orientated capabilities. The interface will include a 3D
simulation along with data to better understand each
workout. The interface will also include a graph which
will show progress of the user’s workouts over time.
Most likely it will take the average intensity of a user’s
workouts of each day and plot it over time on a graph
using Excel or Matlab. The other data that will be
displayed will most likely be similar to the outputs of the
portable display unit. This is still in the design phase and
yet to be finalized. A sample of what the interface
will/may look like is shown below in Figure 8. There are
only two interactive buttons on the interface. The down
arrow by the sample date will be used to choose either a
specific date or the grouping of all of the dates that the
user has data for. The second interactive button is the
other down arrow. This will give the user a choice of
body parts he or she has data for. On the left side of the
simulator there will be information displaying the average
intensity of either a specific date or of a period of time
chosen. Also there will be the Total number of repetitions
performed during a specific date or of a period of time
chosen. And lastly the total time that the user worked out
for a specific day or period of time chosen.
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Figure 8: Simulation software

V. USER INTERFACE

A User interface design

The inspiration for the user interface design is that of the
ubiquitous Ipod from Apple Computer. As seen in Figure
9 below, this device consists of a screen to display
information to the user and, a rotary encoder for selecting
and moving the cursor around the screen, and five buttons
for selecting various tasks. This interface style has been
proven to be easy to use and is very familiar to users
worldwide.
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Figure 9: User interface flow chart

Upon booting and while initializing the hardware the
user will be presented with a splash screen giving the
name of the device, the creators' names and the name of
our school. The device will present a main menu with the
following options: Select workout, Build Workout,
Settings, and Test Mode. The rotary encoder will be used
to move up and down between the options and the center
button will be used to select the chosen option.



The Select Workout option will bring up a screen of
previously built workouts labeled with a user generated
name. The user selects the desired prebuilt workout by
turning the rotary encoder until the name is highlighted,
and the presses the center button. This immediately brings
up a screen in which the user is prompted to select the
time to rest between sets in increments of minutes. This is
necessary so that the rep and set counting routines will be
able to distinguish between the termination of a set and
the user simply taking a breather in between reps. This
value is selected as described on the previous screen. The
next screen shows the current workout name, the first
exercise of the routine, the current time, a blank time
elapsed counter and the words "start" and "exit". These
are the only user selectable values on this screen. If the
user selects "exit" she will return to the main menu. If the
user selects "start” the device will display on the screen
the current time, the current workout and exercise, the
number of sets performed in real time, the number of reps
performed in real time, the intensity of the last rep as a
percentage and the time elapsed field will begin counting
and the workout begins. No visible options will be
available to the user in this state, and turning the encoder
or pressing the button will have noticeable effect. This is
similar to the "hold" functionality on certain mp3 players
which prevent the user from inadvertently changing
settings accidentally.

B. Testing the user interface

Testing for the user interface will be done piecemeal
and incrementally. Additional functionality will be
implemented only when previous routines are verified.

A "test and calibration mode" will certainly be useful
for the developers during the testing phase of the project.
This mode would mainly be used to show the free running
output of the EMG sensor. Instead of hard coding the
threshold EMG value at which the device considers an
event to have occurred, this could be adjustable in real
time via the encoder with the current value displayed to
the screen.

Some improvements to this barebones interface are
evident. The user could be able to set the number of sets
and reps per exercise. During the workout the user could
be allowed to skip certain sets, or entire exercises and be
prompted to skip completely, or to enqueue at the end of
the list. This might be useful when working out in a busy
gym where the equipment is not immediately available
when the device prompts to perform exercises requiring
that equipment. A nice addition would also be to display
some statistics based on previous workouts. This might
include average intensity per muscle worked, and total
time to complete workouts. Also, the user may like to
keep track of the amount of weight used per exercise.
This could be implemented in a way that the user is

prompted to record the weight being used right at the
beginning of each set. It would be useful for the device to
remember the previous value and auto fill that field so it
can easily be selected by a quick button press.

C. Control Unit Firmware

The control unit firmware has been designed to be
flexible and modular as possible. This makes it easier to
test the functionality of the code, helps keep the code
readable by humans, and allows for additions to the code
to be done more easily. The code will be extensively
simulated using the built in simulator included with the
AVR Studio environment as seen in Figure 10. The
design makes extensive use of the Procyon AVRib C
library for interfacing with the various hardware elements
such as the LCD, the EMG sensor, the microSD card, and
the rotary encoder. The basic structure of the program
after initializing all the hardware is a main loop, which
can be interrupted to perform different functions as
requested by the user. During a workout session when the
signal from the sensor is being converted to digital values
and computational resources are highest. the only
available interrupts will be to pause, or to end the session.
Periodically as the memory buffer fills, writes will be
made to the microSD card resulting in a file that includes
the workout, the exercise, the total reps and sets, time
elapsed, average intensity, and range of motion. The
format for this is a comma separated value file which the
user can import into their analysis software of choice or
into the custom visualization software that will be
provided with the Workout Buddy.

VI. ENCLOSURES

In order to protect the electronic components that are a
part of this design, it will be necessary to create
enclosures to cover these components and prevent them
from being damaged. Another mounting enclosure is
needed for the LED display screen, with the front side
exposed so that the screen can still be viewed while inside
the enclosure. Enclosures with this property do exist, but
it might be easier to modify a more standard type of
enclosure as that specific type of enclosure may not come
in the size required to fit the screen properly.

VI. CONCLUSION

The Workout Buddy has been a great learning experience
for all members involved. The features that were
implemented in the design were done so without
sufficient knowledge of or experience in which made the
project very challenging as well as very rewarding in our
many attempts to succeed. The group was able to obtain



an immense understanding of how to implement and
overcome obstacles in areas of wireless communication,
biomedical devices, and data processing techniques of a
microcontroller. With the project in its final stages, the
success of the design could not have been acquired
without the many hours that were spent researching each
portion of the design. Extensive thought and planning
went into this project by each member to ensure that the
final product would reflect a great understanding and
appreciation for the electrical engineering field.
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