


were conducted three times to compare for consistency. 

C.  Automated Pressure Controller

In order to inflate the neoprene bladder, a system
controller was developed to apply consistent pressure. With a
custom microprocessor circuit, the air pressure is applied via
the pump. A release valve is also included in the peumatic
system. The valve is a voltage controlled solenoid that closes
when a voltage is applied. In order to activate the pump and
the valve properly a separate power source was engaged by
the system via a MOSFET switch. An air pressure sensor is
also utilized on the same tubing to read the back pressure
from the bladder. This will give us an estimate of the pressure
between the stethoscope and the skin. To adjust the pressure
there are 3 push buttons, each with their own function.   

The software allows for 3 push button interrupts, a timer
interrupt, a display, 2 digital outputs, and an analog input.
The primary button’s function is to turn the motor on until a
preset pressure is achieved. Each time this is pressed it
increases to a higher preset pressure (3 levels) until the
maximum level is reached. The second button does just the
opposite. By pressing the decrease button the solenoid opens
until the air pressure is decreased to the level below the
current. The third and final valve has 2 functions. The first is
an emergency release valve, and the second is to release the
pressure after all the tests have been completed. The timer
interrupt constantly checks to see if the pressure has reached a
critical level (in case of system failure) and will turn the
motor off and open the release valve if that level is exceeded.

III. RESULTS
Figure 2 displays the frequency spectra obtained with

three different settings: hand held, lowest setting, and highest
setting of the automated applied pressure controller. For each
setting the recordings were done twice to evaluate their
consistency.

IV. DISCUSSION

From Fig. 2, it can be determined that there is consistency
in the trials involving the automated pressure device. Each
trial was done 3 times and recorded randomly to ensure that
there was the data was not skewed. In the hand trials, the
spectral analysis shows some variations (arrows in Fig. 2),
which is exactly what this project was designed to remove.
As for the automated pressure device, it is shown that there is
an improved element of consistency when each test is
compared. However, on the first test trial there was an
interference that came from an electromagnetic hum produced
from the wire going to the recording device. By applying an
electromagnetic shield, the noise from the source was reduced
to a negligible. This design will be integrated into the box
when the device is moved from the breadboard onto a
protoboard. The first peak in each of the graphs represents an
extremely low frequency pulse determined to be the heartbeat
of the patient. This leaves the rest of the spectrum to be the
different frequencies that make up the breathing sounds.

Figure 2: Comparison of two trials for hand held (top), lowest setting
(middle) and highest setting (bottom) with the automated controller.

In the future, an IRB approved study will be conducted to
provide a formal evaluation of the device with 20 human
subjects. Each subject will undergo a hand held and device
test. Both body mass and height will be recorded as well, this
will help show that the device will give a consistent pressure
no matter the BMI of the subject. When all parameters have
been determined, the pressure values can be calibrated to
improve the next round of trials.
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of a muscle contraction by finding the frequency of an EMG
signal instead of the amplitude of an EMG signal.

In order to detect the EMG signal, the multiplication of
backwards differences (MOBD) algorithm was used [5]. The
MOBD is an estimate of the derivative of a digital signal. The
derivative of the EMG signal allows the peaks to be easily
detected. The frequency of the signal is determined by the
number of peaks that are detected over a 250 ms window. To
determine the MOBD, the current EMG value is subtracted by
the previous value. Let

 

d0 be the current value of the
backwards difference.

d 0=emg 0−emg 1  (1)

To detect the peaks of the signal, the absolute values of the
current and previous two differences are dividing by eight [1].
Let

 

d1 and

 

d2 be the previous values of the backwards
difference and

 

M be the current result from the MOBD
algorithm.

M=
∣d0∣∣d 1∣∣d 2∣

8
(2)

C. Frequency Calculation
The frequency of the peaks is directly related to the

strength of the contraction. The frequencies used to determine
the strength of the contraction were theoretically derived. The
frequency of the action potentials is directly proportional to
the frequency of the EMG signal.

The frequency of activation is estimated within a 250 ms
window. The 250 ms window was chosen as a compromise
between the robustness of the frequency estimation and the
response time of the system. An increase of this time window
would increase the robustness but at the sacrifice of slowness
of the system's response. Each peak is counted over 250 ms
and recorded. The relationship over this time frame allows the
program to observe enough to determine the difference
between a weak, medium, and strong contraction. A higher
frequency corresponds to a stronger muscle contraction.

III. RESULTS

The constructed device was able to execute the accurate
detection of a weak, medium, or strong muscle contraction. It
determines the frequency of the electromyogram signal and
translates it to a grade: weak, medium, or strong. An LED
corresponding to a grade illuminates when the different
grades are detected. Figure 2 shows a typical result that the
user made sequential contractions from weak, to medium and
to strong. The LEDs were indicative of the contraction
strength.

 
IV. DISCUSSION

To obtain graded contraction strength from EMG, a
technique and device implementing  this  technique  has  been

Fig. 2. Oscilloscope display of the on/off signals for the LEDs
showing the weak, medium, and strong contractions, as the user
sequentially increased the strength of muscle contractions. 

developed to estimate the frequency of the muscle contracts
instead of measuring the amplitude of the peaks. It has been
researched by Safavynia and Ting, who found that measuring
the frequency of the peaks rather than the amplitude of S the
peaks is a more reliable and accurate depiction of the graded
potential [3]. For future work, muscle fatigue should be taken
into consideration. Over the course of a muscle contraction,
the signal decreases quickly with time due to muscle fatigue.
Muscle fatigue is unavoidable and fatigue will alter the results
of the graded potential. When the muscle fatigues, the muscle
weakens because there are less motor neurons contracting and
as a result, the amplitude and the frequency will decrease with
time.

The study has demonstrated an effective algorithm for
quantifying the muscle contraction strength. The algorithm
can be implemented in real time with a low-cost embedded
processor. The ability to accurately detect graded muscle
contractions can be applied to devices such as powered
wheelchairs, prosthetic limbs, as well as other assistive
technology devices.
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Abstract—The MRAAGILE is a device designed to monitor
and reinforce medication consumption as well as promote a
healthy daily regimen for those who choose to live independently.
The device provides interactive reminder messages to inspire the
user to follow directives. The purpose of this is to implement
motion detection following a reminder to determine whether the
user is responding. The device will receive instructions from the
user manually on the device or by using a bluetooth wireless link
to transmit the times for which medication is to be taken. After
reminders are set, the mobile device will continue to function
until the first reminder time is reached. A message will be played.
If motion is detected, it will serve as an indicator that the message
was acknowledged. If not, it will trigger an alarm to remind the
user to complete the action. The alarm will deactivate once
motion is detected. This device will be useful for increasing the
independence for older adults who live in the community as well
as assistive living environments. 

Keywords—medication reminder; embedded design; activity
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I. INTRODUCTION 

Medication reminders play an important role in promoting
independent living. The likelihood of an individual over the
age of 60 adhering to medication distribution times is 26-59%
[1]. While many people can rely on their short term memory
to keep track of the times to receive medication, others do not
have that luxury. 

The implementation of these reminders typically includes
reminders on a PC or TV, or some medium they spend large
amount of time in front of [2]. Mobile phones are also good
targets since they are easy to carry at all times. 

Medication reminders on the market today all share a
common flaw: the device does not benefit the user if the
reminders are not noticed or prematurely acknowledged and
subsequently forgotten. This is especially prevalent in those
with impaired cognitive abilities which have problems with
short term memory.

The purpose of our modifications is to couple monitoring of
the time to a motion detector. This will mean that once the
time for medication has been reached and the reminder will
trigger, an alarm will be trigger if the user fails to take motion.
This is especially geared toward the situation of an individual
who leads a sedentary lifestyle, which is becoming
increasingly common, and who frequently puts off moving

and eventually forgets why they were supposed to move in the
first place. The alarm will deactivate once motion has been
detected and the device will await the next reminder.

II. METHODS

A. Hardware
This wearable device has been developed with an

embedded processor (PIC18F4525, Microchip, Chandler, AZ).
A 3-dimensional accelerometer (STMicroelectroinics
LIS302SG) is used to detect motions and to assess the intensity
of activities. Currently, any motion in any axis will deactivate
the alarm. A voice record/playback integrated circuit chip
(Nuvoton ISD 1750PY) is used to store messages, record new
messages, and playback the reminder messages. The mobile
device uses a 9 Volt battery as a power source. Presently, the
device allows for 6 messages for different reminders and a
default alarm. A microprocessor monitors the time for reminder
activation, controls the voice chip, and provides action log
recording and extraction. The user interface includes two push
buttons and an LCD character display to show current time and
to confirm the unit is active during the monitor mode. During
the program mode, the user (usually a care-giver or a relative)
is able to set the alarm times and enter the voice instructions
via the user interface.

B. Device Design
The Activity Analyzer with voice-Guidance for Indepen-

dent Living Environments (AAGILE) is an ongoing project at
the University of Rhode Island [3], [4]. One difference from
the previous prototype [5] is adding the medication reminders
(MR) instead of only having messages being played after ex-
tended periods of inactivity. Also, having the alarms be deacti-
vated by using the accelerometer is also a new feature. Thus,
the present project is named MRAAGILE.

Using two buttons on the device to scroll and select, the
user will input the time for the Alarm (repeated as many times
as needed to cover all medication taken). This data is stored in
the PIC processor. The time will be monitored on the mobile
unit and will trigger an alarm once the first alarm time has been
reached and play until motion is detected. It will then reverence
the voice chip and play the message or alarm chosen. Once
motion is detected, the alarm will turn off and await the next
scheduled alarm.
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