
 

SpiroVest: An e-Textile-Based  
Wearable Spirometer with Posture 
Change Adaptability

 Abstract 
Daily continuous spirometry is expected to detect lung 
disease initial symptoms that occur in daily contexts. 
Current medical spirometers are insufficient for such 
usage because they force uncomfortable conditions for 
users, such as pinching their noses with a clip and hold-
ing a mouthpiece in their mouths. To solve this issue, 
we propose an e-textile-based wearable spirometer 
called SpiroVest that estimates lung behavior from tor-
so-girth movements. It does not require any uncom-
fortable conditions that interfere with daily activity. In 
addition, our wearable spirometer is able to estimate 
accurate respiratory volume against variety of postures 
by a simple and posture-independent error reduction 
mechanism. 
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timation 

ACM Classification Keywords 
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HCI): User Interfaces.  

Introduction 
Daily continuous spirometry is expected to detect faint 
and infrequent initial symptoms of lung diseases that 
may be observed within daily activity settings. Current 
medical spirometers are insufficient for such usage be-
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cause they force uncomfortable conditions on users. 
Figure 1 shows a typical spirometry scene, where the 
user is pinched his nose with a clip and holds a mouth-
piece in his mouth. The requirement of the conditions is 
the same for such commercial mobile products as 
EasyOne Plus [7] (Figure 2). 

To solve this issue, we propose an e-textile-based 
wearable spirometer called SpiroVest (Figure 3) that 
causes no discomfort to users and does not interfere 
with their daily activity because it estimates lung be-
havior from the movements of two torso girths: around 
the xiphisternum and the umbilicus. It also has a sim-
ple, posture-independent error reduction mechanism to 
reduce the errors that are caused by daily posture 
changes. 

Related Works 
A comfortable wearable spirometer has not been devel-
oped yet. LifeShirt [3] is a typical mechanical-sensor 
based wearable system to be able to use for lung be-
havior analyses. It has been used in medical researches 
and studied for accuracy during exercise [2]; however, 
its mechanical sensors interfere with users’ daily activi-
ty. For example, coils which are the main parts of the 
mechanical sensors may get caught between patient’s 
back and a backrest of a chair, and causes pains. 

Focusing on e-textile based systems, several wearable 
systems, such as Wealthy [8], MyHeart [6], and MagIC 
[5], can estimate lung behavior. Lanata et al. [1] com-
pared the accuracies of respiratory volume estimation 
among four systems during several exercises. 

These studies for mechanical and e-textile-based wear-
able systems are insufficient to establish daily continu-

ous spirometry. They investigated volume estimation 
accuracy during exercise; however, they have not ex-
plored the adaptability to various posture changes that 
occur in daily life and alter torso muscle and lung be-
havior [4, 9]. 

SpiroVest 
SpiroVest is a novel e-textile-based wearable spirome-
ter that has two textile sensors placed on two girths: 
around the xiphisternum and the umbilicus. These loca-
tions were selected by a motion-capture-based analysis 
[10].  

The textile sensor is stretchable up to about 150% and 
detects such stretches by reading the electronic capaci-
tance changes between conductive fibers. The sensor is 
weaved with common weaving machines with a special 
manner; thus, large quantities can be produced at low 
cost in the same manner for typical textile weaving. 

SpiroVest uses a simple 3D torso model and the follow-
ing estimation equation:  
 �ܸ ൌ ܿ  ܿଵ݈ଶ  ܿଶ݈ଶ  ܿଷ݈ଶ݈ଶ,  
where ݈  and ݈  are the chest and abdomen girth 
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Figure 1: Typical spirometry 
using SpiroShift SP-370COPD, 
Fukuda Denshi Co., Ltd. 
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Figure 2: Typical portable spi-
rometer: EasyOne Plus, ndd Med-
ical Tec. 

Figure 3: SpiroVest 
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lengths and ܿ to ܿଷ are the coefficients to be calibrated. 
The coefficients are calculated with multiple linear re-
gression analysis between outputs of SpiroVest and a 
typical medical spirometer with a forced vital capacity 
measurement. 

Simple and posture-independent mechanism 
to reduce errors depending on posture 
changes 
SpiroVest, of course, shows good accuracy when it is 
calibrated for each posture with a troublesome spi-
rometer, as dark gray bars illustrated in Figures 5 and 
6. However, the accuracy worsens (p < 0.01 with a 
Wilcoxon test in our experiment) if it is calibrated for 
only one posture (standing in our case) as gray bars of 
Figures 5 and 6, because posture changes alter torso 
muscle and lung behavior [4, 9].  

Our error reduction mechanism reduces such accuracy 
deteriorations. The mechanism is illustrated as Figure 4. 
It adjusts the measured girth lengths so that they equal 
the calibration posture by using the ratios of tidal-
respirations’ mean-girth-lengths during the calibration 
posture and, current posture or past some tens of se-
conds. It does not use structure of postures, and calcu-
lates the ratio automatically. Therefore, it is a posture-
independent error reduction mechanism without trou-
blesome manners.  

The experiment result is light gray bars illustrated in 
Figures 5 and 6. As shown as Figure 6, our simple and 
posture-independent error reduction mechanism de-
creased errors for the same level of estimations cali-
brated for each posture (dark gray bars). We found no 
significance (  ͲǤʹ͵) between them with a Wilcoxon 
test. 

 
Summary 
In this paper, we propose a novel wearable spirometer 
called SpiroVest that reduces the estimation errors 
caused by the posture changes of users. Our error re-
duction successfully decreased the estimation errors for 
the same level of estimations calibrated manually for 
each target posture in an experiment with five postures 
and five subjects. 

Acknowledgements 
This research was supported by “The Knowledge Hub of 
AICHI, The Priority Research Project.” 

References 
[1] A. Lanata, E. Scilingo, E. Nardini, G. Loriga, R. 
Paradiso, and D. De-Rossi. Comparative evaluation of 
susceptibility to motion artifact in different wearable 
systems for monitoring respiratory rate. IEEE Transac-
tions on Information Technology in Biomedicine, 
14(2):378-386, 2010. 
[2] C. Clarenbach, O. Senn, T. Brack, M. Kohler, and K. 
Bloch. Monitoring of Ventilation During Exercise by a 
Portable Respiratory Inductive Plethysmograph. CHEST 
Journal, 128(3):1282-1290, 2005. 

Figure 4: Errorless volume estimation process for dif-
ferent postures 

Calibration Coefficients 

Estimation 

Estimated 
Volume Girths 

Adj. 

Others 

Session: Poster, Demo, & Video Presentations UbiComp’13, September 8–12, 2013, Zurich, Switzerland

205



 

[3] F. H. Wilhelm, W. T. Roth, and M. A. Sackner. The 
LifeShirt: An Advanced System for Ambulatory Meas-
urement of Respiratory and Cardiac Function. Behavior 
Modification, 27(5):671-691, 2003. 
[4] F. Lin, S. Parthasarathy, S. J. Taylor, D. Pucci, R. W. 
Hendrix, and M. Makhsous. Effect of different sitting 
postures on lung capacity, expiratory flow, and lumbar 
lordosis. Archives of Physical Medicine and Rehabilita-
tion, 87(4):504–509, 2006. 

[5] M. Di Rienzo, P. Meriggi, F. Rizzo, P. Castiglioni, C. 
Lombardi, M. Ferratini, and G. Parati. Textile technolo-
gy for the vital signs monitoring in telemedicine and 
extreme environments. IEEE Transactions on Infor-
mation Technology in Biomedicine, 14(3):711-717, 
2010. 

[6] M. Pacelli, G. Loriga, N. Taccini, and R. Paradiso. 
Sensing fabrics for monitoring physiological and biome-
chanical variables: E-textile solutions. 3rd IEEE/EMBS 

International Summer School on Medical Devices and 
Biosensors, 1-4, 2006. 

[7] ndd Medical Technologies. EasyOne Plus. 
http://www.nddmed.com/index/easyone- plus/ 
[8] R. Paradiso, G. Loriga, and N. Taccini. A wearable 
healthcare system based on knitted integrated sensors. 
IEEE Transactions on Information Technology in Bio-
medicine, 9(3):337-344, 2005. 
[9] V. Vellody, M. Nassery, W. Druz, and J. Sharp. Ef-
fects of body position change on thoracoabdominal mo-
tion. Journal of Applied Physiology, 45(4):581-589, 
1978. 

[10] Y. Enokibori, Y. Ito, K. Ikeda, A. Suzuki, Y. 
Shimakami, T. Kawabe, and K. Mase. Respiratory Vol-
ume Estimation by a Stretchable Textile Sensor. Ad-
vances in Science and Technology, 80:136-141, 2013. 

Figure 6: Volume estimation error summary: All subjects are male because the current SpiroVest is one-off system based on an 
average shaped male. Data were collected in laboratory setting. 
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Figure 5: Posture overviews 
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