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Problem Definition Abstract

Background: Current spirometers on the market often have retail prices of over $1,000, making them Testing systems
+ Spirometry measures respiratory volume and flow rate unaffordable to many physicians in emerging nations. We have designed and built a » Measured constant air | §ie & [ ‘
. Test results displayed as a spirogram (Figure 1) low-cost spirometer model that consistently generates a precise, linear signal output flow (Figure 5)
PEFR Figure 1: An example of a spirogram. Air based on am‘lo_w. We ha\_/_e _|mplemente(_:l software tha.t dlsplays data In real-time and a 2 Sk
o ! flow rate as a function of the volume of air method for calibration utilizing a 3 L syringe. Post-calibration, 28 out of 30 Pressure vs. Flow ;
% e a person expires. PEFR is peak expiratory measurements were able to meet ATS accuracy standards for volume measurements. A 120 '
d , flow rate and FEFx is forced expiratory flow standardized coaching program will be developed so that motivation is uniform across w00 Y7999+ 28264 | . - .
: rate at x% of the forced vital capacity multiple sites. Next segmpestger we will also furthzr validate the spirometer and software g o - " igure 5: Spifometer festing seiup:
2 maneuver. The dotted line indicates the up ' | | P o ] _ .
; expected flow-volume curve, while the design through extensive testing. 2 " T Linear Output Testing
e " solid line shows the actual data gathered : : £ v % --"  Capillaries = Laminar air
Motivation: during a maneuver.? Final Desi gn S flow
———————————— . . . . . . . . 0O | | | | ] _ ]
« Common tool for Chronic Obstructive Pulmonary Disease * Spirometer body contains capillaries that produce laminar air flow (a Fleisch design). : : ; : .+ Linear fit from laminar flow
(COPD) and asthma diagnosis » Utilizes a differential pressure sensor to measure drop through spirometer (Figure 3). | Flow (L/s) ¢ R2> (099
»COPD is fourth leading cause of death in the world * Pressure is proportional to flow, air volume obtained by software integration. E:/%‘;rfo6é§:§r:g‘gesvaa$’52 aken . Considerable noise due to
— 100 Hz (1000 samples) test setup
Humidity Testing Liquid Degradation Test
» Air with 100% humidity used <Core submerged in water .

» Tests showed no significant  «Tests showed no visible
change degradation.

»600 million diagnosed worldwide, many lack treatment?
« Used to monitor drug efficacy, lung growth and aging? :
« Commercial spirometers cost upwards of $1000 (Figure 2)
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| — spirometer Pressure Drop flow and volume and data display » 3 L syringe plunged 30 times at various
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FII%ur§223.9ixamdp |e|\j_0f S[IC))_IrOmeSte_rS t)Jnng m_al’hkegliDllgDslggnosucs Figure 3: The proposed final layout of the operation of our spirometer. R speeds c
(left, $2395) and MicroDirect Spiro (right, 99) E N ST 10.9 cm » Calibration based on flow conductance § ¢
Design Criteria P < » Apply weighted averaging techniques” = 2 III:
g » Plastic body Is > Cordierite » Capillary size: * Post-calibration, 28 of 30 tests were R
* Spirometer connects to computer via USB giléri%?el%teec?sny gaglrl]l?rr]lees 0.625.x 0.625 mm within 3.5% of 3 L (ATS req., Figure 7) percent Error From 3 L
» Affordable for use in emerging countries > Cordior Iepngth of the » Porosity: 83%?° «Calibration to 3 L is accurate Figure 7: Histogram of
- Handheld and durable Cordierite core body’s core > Core Length: 3.81 + Two-tailed, t(29)=1.42, p > 0.16 percent error of |
. Standardized diovi | hing f : > Disposable 5 n cm measurements taken with
tandardized audiovisual coac INg 101 patlent db d etween the _ 3 L syringe. (n=30)
. Easvt te and disinfect caraboar pressure > Spirometer body: '
e Minimize calibration are Cheap and >S_I?nf]or ec? S ° Length: 10.9 cm FUtU e WOrk
' 'S a e o T-% - . .
Budget aeigggge”Sk of e Dia: 3.4 - 4.8 cm > Implement coaching software and test effectiveness
encourages Figure 4:Side view (top) 48 cm » Improve calibration and follow ISO testing protocol
Prototype Cost per Unit good posture and rear view (bottom) of > Perform clinical testing to further validate spirometer design
Body Circuit spirometer with labeled
PVC $2.00 Sensor $7.24 dimensions. '
Cardboard mouthpiece $0.07 Signal conditioner $2.00 AC k N OWI ed g emen tS
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