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Development of Pneumography Impedance Based Respiration Measurement System
Using Kalman Filter

E. H. Nam C H Choi Y J Kim D, R Shin

Abstract

A respiration measurement system for vital signs was developed. Respiration signals were measured, processed, and
analyzed. Four electrodes, attached on the surface of the skin, were used to monitor respiration signals by impedance
pneumography. The measured signals were amplified, detrended, filtered, and transferred toan embedded module. The
Kalman filter was used to remove motion artifact from the respiration signals. Experiments were conducted at stable
condition and walking condition to evaluate the performance of the system. Respiration rates of five males and five females
were measured and analyzed at each condition. The referenced respiration signal was determined by temperature of nose
surroundings. The results showed that the respiration rates at the walking condition had more motion artifacts than the stable
condition. The accuracies of the respiration measurement system with Kalman filter were found as 96% at the stable
condition and 95% at the walking condition. The results showed that the Kalman filter was an effective tool to remove
the motion artifact from the respiration signal.
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Table 1 Conduction of substance in thorax

Substance Conduction ((%/m)
Blood 150
Heart 400
Bone 100
Fat 2,500
Air 5,000
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Fig. 1 Four electrodes method for respiration measurement.
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Fig. 3 Signal processing for measurement of respiration signal. (a. Trend signal, b. Baseline correction, c¢. Calculation of respiration rate)
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Fig. 5 NTC thermistor for reference respiration signal.
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Fig. 4 Flowchart of Kalman filtering for respiration signal.
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Fig. 6 Respiration signals at stable condition (a. Reference signal, b. Without filtering c. With Kalman filtering).

Table 2 Results of respiration rates at stable condition (measuring time : 5 min)

Female Male
Subject Measurement Measurement
Reference - - - Reference - - -
Without filtering | Kalman filtering Without filtering | Kalman filtering

1 63 60 61 68 64 66
2 57 55 56 61 58 58
3 71 68 69 75 70 73
4 60 58 58 64 62 63
5 79 74 76 76 73 74
Mean 66 63 64 69 65 67
Std. 8.94 7.81 8.34 6.61 6.07 6.76
Accuracy (%) 95 97 94 95
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Fig. 7 Respiration signals at walking condition (a. Reference signal, b. Without filtering, ¢. With Kalman filtering).

Table 3 Results of respiration rates at walking condition (measuring time: 5 min)

Female Male
Subject Measurement Measurement
Reference - - - Reference - - -
Without filtering | Kalman filtering Without filtering | Kalman filtering

1 105 80 101 106 67 100
2 98 71 96 100 62 95
3 93 67 89 96 69 90
4 92 68 89 92 57 87
5 109 78 106 94 59 91
Mean 99 73 96 98 61 93
Std. 7.44 5.89 746 5.55 3.90 5.03
Accuracy (%) 73 96 62 95
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