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Introduction Our Solution

A tocodynamometer is a medical device used to measure the frequency and duration of uterine
contractions ', A fetal heart rate monitor is a medical device used to monitor the heart rate of AP P I'I CATI 0 N ARC H ITE CTU R E

the fetus'“. Both are used in hospitals to monitor the condition of a woman's pregnancy:. Electrodes Muscle Sensor v3 Arduino Uno USB Adapter Google Nexus 7 Tablet

Both tocodynamometers and the fetal heart rate monitors suffer from usability issues. The

devices are bulky (~1'x I'x 0.5"), expensive (~§10,000), and difficult to use, meaning that they © © ® ®
are confined to specialized hospitals . Many low resource hospitals do not have tocos, and, in g e ’ m—ar:. m—; —— ?
. . . (via wira) (vla serial connaction)
general, the toco device is not portable or convenient.
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both of these devices. It is a low cost pof['ab/e, easy to use alternative to fyp/Ca/ tocos and fetal difference, used received from the digital value then packages connection between the the data and calculates useful
, , c s , , for receiving signal electrodes the digital value Arduine Uno and the Tablet metrics
heart rate monitors. We believe that it will fill a need for low resource hospitals and provide an ooty ittt
Opportun/.ty for /h_home Ca/’e [4]' FIGURE 2. APPLICATION ARCHITECTURE FOR TOCOTRONICS TOCODYNAMOMETER AND FETAL HEART RATE MONITOR
(1) Electrodes plug directly into the Muscle Sensor v3.
P t o t P rt -l (2) The Muscle Sensor v3 takes in an analog value (voltage), amplifies it, and passes it (via a wire) to the Arduino Uno.
allCll OIla (3) The Arduino Uno converts the analog signal to a digital value, packages it, and sends it over a serial connection to the Google Nexus 7 tablet via a USB Adapter.
AU (4) The Tocotronics Android application filters the input signals (ECG and EMG), plots the data, and calculates useful metrics.
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COL'l:gaﬁ,tlons L LU L Demonstration of Different Filters Applied to EMG Data (Figure 3). In choosing the most appropriate filter for uterine 5 L
43 seconds WMWMMMMM contractions, sample data was collected from the bicep (Figure 3), quadricep, and abdominal muscles, all at 960 Hz. : WNJ\('/\M%M
ff;g:ren':f:ute S upas Because the uterus is a muscle, we expect that the data from uterine contractions would closely mimic this sample | b
& Average Fetal Heart Rate L —— ] data. /-'/gurg 3shows t’he resglts of applying thgsg various fllter§ to EMG data. The wavelet filter creates a s.trong c T e, T
v 141 beats per minute e ot representation of the input signal and was our initial choice to interpret EMG data. However, the wavelet filter does not  _
B }3 Duration of Pregnancy o u A W perform well on dynamic data, so we have chosen to use a closely calibrated low pass filter. ” R e S
Whit ey ' E;::: Due Date £on MW Demonstration of Adaptiye Noise Cancelling Filfter on the Fetal EQG Signal (Figure 4). The fetal heart signal is dis’Finct H B
July 15,2014 ¢ o e e e from the maternal signal in two ways: the amplitude of the wave is smaller and the frequency of the heart beats is faster. _
Aaronson L L In extracting the fetal signal from the combined signal, we chose an adaptive filtering technique called adaptive noise ” W
- /\/\/\f cancelling. In this approach, the filter utilizes a primary input (the combined signal), and a reference input (the maternal A I
P tocotronics o signal). The filter tries to match the primary and reference inputs, while storing any discrepancies as an error signal.ln-~ "t
A this application, the error that is being removed from the primary input is actually the signal of interest; it represents the " e
= _— fetal heart rate.
FIGURE 1. APPLICATION SCREENSHOT OF HOME PAGE ALSO CALLED “PATIENT PORTAL"
(1) Start Monitoring: Allows the patient to monitor her uterine contractions and her fetus' fetal APPI.IC ATION IN ACTION A Ckn OWI e d t
heart rate graphically while viewing useful metrics. A — gemen S

Figure 5 shows the monitoring page of the We would like to thank Dr. Conrad Zapanta for his guidance and support throughout this project. We would

also like to thank TA Kenny Varner for working with our team and believing we could pull this project off.

I View Data and Statistics

(2) Contact Doctor: Allows the patient to send an email to her doctor with an editable,

prescriptec MESSage. - Fetal ECG o Uterine EMG appl cation. We wouldfalsdo like tobthank Laura Stenz forln;entorship during the course of this semester and IBM for their
. . . . .. | | . generous funding to bring our prototype to lite.
(3) Schedule Appointment: Allows the patient to make an appointment with her physician. The graph on the left shows a visual | | o |
s o . . Finally, we would like to thank Mary Zabielski, Nurse Educator for the Birth Center at Magee-Womens
o o representatlon Of the fetal heart Slgnal. Hospital for her invaluable help demonstrating the clinical relevance of tocodynamometers.
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FIGURE 5. APPLICATION SCREENSHOT OF MONITORING PAGE
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