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DeS|gn Criteria Testing
Monitor must sound an audible alarm if breathing seizes for greater than 20 Electrode Study

seconds N - Motion artifact can be caused by acquiring of EMG signals, or the electrode
External wiring must not present a strangulation risk physically translating on the body (Kearny, 2007)
Should contain no small, loose parts that pose a choking hazard * Respiration data was captured and analyzed in Matlab

Multilingual user interface * Three subjects were tested with each electrode configuration listed below
Operate continuously for 24 hours on a single fully charged battery figure 11.

Universal, one size fits all electrode band Electrode Signal to Artifact Ratios
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Abstract

Sudden Infant Death Syndrome (SIDS) is the sudden, unexplained death of
an infant under the age of one, usually while sleeping. There are over four
million neonatal deaths annually, with over 99% of these deaths occurring In
low to mid income nations. Infant respiratory monitors have been shown to
decrease the number of infant deaths while sleeping, but the current models
on the market are cost prohibitive and too energy dependent to be an

effective means of decreasing these tragic events in resource-scarce areas.  Ultra Il CardioSense were used

To help reduce the incidence of SIDS Iin developing countries, a prototype Guidelines and requirements presented in Class Il Special Controls Guidance : as the clinical standard
Infant respiratory monitor has been developed in semesters past utilizing Document: Apnea Monitors,; Guidance for Industry and FDA | ' o Avg. SAR: 0.624
Impedance pneumography as its means of detection. The monitor has been Final product cost of $30 g o 5 Staﬁdard 'dev. 0.033
designed to significantly reduce power consumption in addition to being less 5 os + Dry, rubber elect.rodes were
expensive than comparable devices, so it can feasibly be implemented Iin Dev|ce DeS|gn four’ld to be the most viable
developing countries. A P|C18F_14K22 has previously bee_n _sele_cted as a Powered by single Lithium-polymer rechargeable battery boosted to supply 5 V option for electrodes after
low-power microcontroller, running off one rec_hargeabl.e I|th|gm 10N batter.y * 1 mA carrier signal oscillating at 30 kHz is generated by the quadrature oscillator 3 o2 conducting a signal to artifact
power source to allow for rechgrglng. The ethical con5|d_erat|ons concerning * Four lead electrode system interfacing with the patient connecting via a four pin test (Figure X)
device reliability as well as patient and user safety were integral to the DIN termination (Figure 7) : o Avg. SAR: 0.674
development of this device. This semester, heart rate detection was feciode | ORAT T o T oo | munner | ubwer | et o e o 5 Staﬁdard 'dev. 0.110
Implemented, as well as data logging capabilities. Signal of Interest e - | Advesion | WA | Tepe | ed | Tape | maa | Tape | eanc
Respiration 0.5-1 Eégeirtec;:vﬁ)y'afsﬁr?ogfnfe%dbpy'eé‘iﬁprﬂ?}tzg'llvf'ltéihi'ie o c::?u.:nr::e N e e e e e e
_ _ Heartbeat (QRS components) 17 S{éi-ip?%vs:vza;;ltzrrYri\;itgézl:]grzggglﬁt:aedagi (3:haer;cti ) Eizgrl;):)en/lF:{lL:Jki)c;rpglag(i:?ondce)fstvr\]/(iathgag:c? 'vﬁﬁhaéﬂﬁcérfﬁﬂ&.'3522:3?23"2?13 rigzg:od?secnss?he table
M Ot I vat I 0 n Table 6: Signals of Interest and their component frequencies i A h corresponds with the graph above. _
* United Nations Millenium Development Goal #4 — Reduce by two thirds, User Interface - - e
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2 aqe & years young ] ] _ N b F_igure 12: A picture of the (?Iectrode band_th_at was used for testing. The lead wire is fed through the Figure 13: Imagg of the carbon/rubper eIgctrerS
E gesy Asphysia ;n;;ctioﬂs °® Apnea LED turns red If apnelc event IS Electrode Connector Gls i o ripstop and out from the patient’s back to limit the risk of strangulation. m:ﬂ ;/ﬁéc(re?et;?ct)c\;\glLk;erzlérri]rﬁ)llc?&?gtfg|n conjunction
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0 | | | —— brachycardla represent holes to fasten components to the housing or panel. Carbon/rubber EIGCtrOdeS.
1960 1980 2000 2020 27% . . . . . . .
Scﬁlﬁﬁﬁ@émmﬂm i< the DIN h * Subjects held their breath, while being timed to examine the consistency
e gy v Pt 1 chdren under . earl (et o0 oo cusescineonaalgeat n 2000 of the device to sound the alarm during simulated apnea
EafbLPHREHHN startup
* Asphyxia 3rd highest cause of neonatal death (behind infections and adapts specifically to the
preterm birth (Lawn et al. 2000) patient’s anatomy (Figure |
* Resuscitation can reduce morbidity due to perinatal asphyxia (Duran et al. 9)
o 2&1’[2)1[’](1 Etthpla are the - Child Mortality Rates ° Wave Walklng detectlon Sampling ISR (Fc=100Hz)
primary areas of focus algorithm and drift effect - [ Fgues. Solors ook ogrom luskaing e
. . . - and furthermore how the logistics of the alarm work
° Desplte drOpS In under_flve 200 { _ redUC“On make fOr post processing. °
infant mortality, neonatal al . lighaRGHBiRE®Dcessing lets the microcontroller default to an idle state, FUtU re Work

mortality rates remain high
In Haiti and Ethiopia

I 2Bn88rving power Design the circuit in EAGLE for implementation on a printed circuit board
* 10-bit analog to digital converter allows for signal resolution to 5 mV Completion of more rigorous bench testing to be eligible for a 510(k)

Deaths per 1000 Live Births

(UNICEF 2012, Lawn et al - premarket notification
2005) (Figure 3 i . : e s A0 o T T T e - Im i ici iliti
) (Fig ) Digital Signal Filtering o : plementation of telemedicine capabilities |
: N e BN | Develop algorithms to highlight periods of apnea, brachycardia, and
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Figure 4: 1990, 2011, and 2015 MDG4 Goal for under five mortality rate and infant mortality rate in Ethiopia, An I In 9 S m f ECG taChycardla
et e e e (NICEF 2082 2109 {m O / \ Develop mobile application that can read the waveform, and provide
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principles of Impedance Heartbeat . T I Kearney, K., et al. (2007, August). Quantification of Motion Artifact in ECG Electrode Design. Sensor Technology & Devices
: Fioure 5 Impedance pneumography uses a carmier wave, cifferentia) ampification, and. o R-wave pea ks isolated Figure 10: Cardiorespiratory detector preprocessing. (10-a) Analog waveform input Ltd., 4 Heron Road, Belfast, UK. [Online]. Available: http://www.ncbi.nlm.nih.gov/pubmed/18002260
Pneumograp hy (Flgure 5) algorithms can be applied that will determine f breathing has taken place. : : to the analog-to-digital converter (ADC). (10-b) Frequency response and transfer « Lawn, J.E., Cousens, S., Zupan, J. 2005. 4 million neonatal deaths: When? Where?Why? Lancet 365:891-900.
° Class ” medical device Wlth CUStOm mteger function of the 3rd order Hanning filter. (10-c) Frequency response and transfer * UNICEF. 2012. Levels & Trends in Child Mortality, Report 2012. The United Nations Children’s Fund.
: filter function of the integer filter used to isolate the r-wave peaks in the ECG. Pole located * Class Il Special Controls Guidance Document: Apnea Monitors; Guidance for Industry and FDA [Online]. (2002). Available
accordlng to the FDA at ~16.5 Hz. (10-d) Resultant respiration signal after smoothing. (10-e) Resultant FTP: http://www.fda.gov/MedicalDevices/DeviceReqgulationandGuidance/GuidanceDoc uments/ucm072846.htm

heartbeat signal after R-wave isolation.
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