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Abstract

Motivation: Ventilation monitors can save lives of firefighters on the job by alerting rescue We tested Uit with a 9 volt | J
In the last ten years, 123 firefighter deaths have occurred due to personnel if breathing stops. These monitors exist but are very expensive - up to b? _esde c]zur circul Vt"r'] tah VO pi"‘t’ﬁr Sl;]ppty ?”
asphyxiation [2]. These deaths may have been preventable $8,000 each. Our goal was to build our own ventilation monitor in a much more cost obtalned a frequency that changes It the chest strap
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Problem Definition

had other firefighters been aware that a choking colleague was effective manner. The most popular method to measure ventilation is inductance usernls or exhales.

in need of aid. It is necessary to develop biometric technology  plethysmography because it is noninvasive [1]. We built our own monitoring chest - —— b :
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that will monitor the breathing patterns of firefighters. strap. The strap we built is connect to a circuit which gives a frequency output AL AR A
proportional to the cross sectional area of the chest. Typical outputs range from 7/50to0 | RNV A A i

There are currently several devices that are designed to 900 kHz depending on the size of the chest. A frequency to voltage converter gives a & i A

monitor firefighter ventilation on the market today. However voltage output which can be amplified and wirelessly transmitted. im '_:q ------ .., — ; V -

they are quite expensive, as much as $8000 per unit [3]. Our _ _ F_ "‘ prar . th e F —
e . . . igure 7: Left — Frequency when the user of the strap exhales. Right — Frequency
aim Is to create a simplified device that does not have all the FI N a-l DeS I g N when user of the strap inhales. There is a difference of about 6 kHz between the

extra functions Of current prOdUCtS bUt as d reSUIt iS mUCh two outputs. Both have a DC offset that is approximately equal to the 9 volt input
cheaper o Our final design features a Colpitts and a peak-to-peak AC voltage of about 1.9 V.

osclillator where the inductor has been
replaced by a wearable chest strap. As the
wearer inhales/exhales, his/her chest
expands and contracts, changing the

Figure 2. The MSA TxR ICM® Accountability

Fi_gure 1:_The monitoring beltiﬁ)ﬂr the System [4]. The unit with the computer is the indUCtance Of the band and thUS the 25
VivoMetrics® VivoResponder™ (3] sensor and also serves as a miniature display. - - - Freath 2 o W e
Background: frequency of the circuit. Afrequen_cy to IT e .y
In order to send a wireless signal to the command center, it voltage converter processes the signal, o o |
_ : : : Figure 8. Left — Frequency when a water bottle wrapped in wire is squeezed. Right
is necessary that our chest strap have an output voltage that which can then be transmitted as desired.  Fure 3 Variable inductor chest st _ Frequency when water bottle is released. The difference in frequency is much
TPT - - - more apparent because of a much greater change in inductance. A large number of
corresponds to ve_ntllatlon_of the firefighter. IndUCtan(_:e \r/nvziirceleisfr\(/)vrgvir?ttrhertc():ggﬁlien (;Ogigr;:ée”d' turns and a smaller cross sectional area results in a greater signal than that from our
plethysmography is a noninvasive method of measuring | Sattern band, which only has one turn.
ventilation using only expanding and contraction of a chest Design Advantages: ok ZAane -
strap. Inductance is L = N@,/i [3], where N = number of -_I\/Ilnlmal,_ +C We have a chip that should convert this frequency into a
turns in a coil, @ Is mqgnetlc flux, and I Is current._ D Inexpensive . %p_m o voltage, but we cannot currently obtain a signal from it.
depends on cross-sectional area of the strap, relating L to components 9V O 1on D650
expansion and contraction of the chest. Our goal is to -Battery can be ¢ Frequency to Future Work
- - : _ — Voltage Converter . :
convert the change In inductance into a change in voltage used for 9 volt input ooy 10K 22k - *Obtain voltage signal based on volume of chest
that can be transmitted. -Simple circuit 10n *Integrate power sources for f/v converter, operational
Design Criteria -Easy-to-process i il amplifiers, and oscillator o
signal *Ensure usability for people with different chest
1. Physical and Operational Characteristics Figure 4: Oscillator circuit that converts Display diameters

a DC input into an AC output whose
frequency depends on the inductance of
the band

Measure AV of signal

a) Withstand daily use, easy to put on

b) Output a signal corresponding to ventilation.
c)Life in Service — 5 years e of the

d) Tolerate moisture, temperatures up to 110 degrees strap so that the skin “Gee, this strap

*Test battery life and circuit life
*Purchase circuit component to wirelessly transmit
voltage and test radius of transmission
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IS not irritated sure is
comfortable!”

Fahrenheit, repeated stretching.
e)No slip, minimal rotation
f) Materials — knit cotton fabric, Velcro, basic circuit elements
g) Smooth so as not to irritate skin, comfortable Strap is fastened with
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a)Mass producible design
b) Target Product Cost — $100
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