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Design of a portable multi-physiological parameter detector
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Abstract: A novel portable head-mounted detector is designed to obtain the multi-physiological parameters, such as electrical
impedance, blood oxygen, heart rate and body temperature. To address the issues such as narrow excitation frequency range, low
accuracy and long detection time in the existing impedance detectors, the developed detector adopts 4-electrode measurement
scheme, using a direct digital frequency synthesizer and Howland current source to generate sinusoidal excitation currents through
the human body, employing AD8302 gain phase detector chip from Analog Devices Inc., along with accompanying algorithms
to calculate the amplitude and phase angle of the body's impedance, which significantly enhances detection accuracy and efficiency.
To further minimize system errors, an analog switch circuit is designed in conjunction with high-precision sampling resistors and
phase-shift capacitors for system parameter self-calibration. Experimental results reveal that within the detection frequency range
of 10 kHz to 1 MHz, the average detection errors for impedance magnitude and phase are less than 0.5% and 0.59°, respectively,
with maximum detection errors less than 1.54% and 1.38°, respectively, demonstrating superior performance than impedance
detection schemes based on the TI company's AFE4300 chip. Additionally, the device integrates modules for the detection of blood
oxygen, heart rate, and temperature. Human body experiments also verified its superiority in accuracy and effectiveness of multi-
physiological parameter detection.
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Figure 4 Circuit diagram of AD8302 gain phase detector
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Figure 6 Circuit of current source
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Figure 9 Detailed function modules of the detector
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Table 1 Test results of three—element model for simulated human body

511.55 509.22 -0.22

448.12 13.76 450.89 14.89 -0.61 -1.13

372.78 18.73 372.61 19.38 -0.65

321.44 17.66 326.44 18.65 -1.53 -0.99

298.31 15.68 301.31 16.65 -1.00 -0.97

283.27 15.69 286.94 14.64 -1.28

274.26 13.02 278.18 12.90 -1.41

270.53 10.27 272.50 11.46 -0.72 -1.19

264.67 268.65 10.27 -1.48 -0.78

265.17 265.93 -0.29 -1.03

1000 267.64 7.6 263.93 -0.83
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Table 2 Comparison of test results of three—element model for simulated human body
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Table 3 Impedance amplitude and phase of a volunteer
A i Ze i VISR i fifi
FRETIRME/Q BEPTARNZ />  BHACIE(/Q FRBTAEGL/°  PHBUIEE/Q BEGUARGZS  BHHTIEME/Q FHBTANL/S  BEPTIEME/Q BHATARLL/C
10 238.72 0.79 160.56 2.08 19.70 3.76 23431 1.51 162.98 1.35
50 216.86 3.91 132.83 5.23 18.40 18.07 211.65 6.38 145.32 6.42
100 207.50 7.53 124.85 9.56 16.01 32.67 202.49 8.32 135.70 11.23
150 197.57 10.63 118.53 12.56 13.51 41.07 193.61 11.41 129.42 13.98
200 192.84 13.13 109.45 14.31 11.39 50.16 191.32 13.77 117.80 15.10
250 183.58 15.00 110.30 15.10 9.74 53.00 183.18 14.81 115.29 15.21
300 178.77 16.31 104.71 15.25 8.46 58.33 178.52 17.03 111.52 13.78
350 173.21 16.15 104.41 15.00 7.44 58.64 173.47 17.75 107.78 14.09
400 168.50 17.61 105.14 14.53 6.64 62.24 169.41 20.17 107.38 13.31
450 162.36 17.78 100.91 13.94 5.97 60.34 160.77 19.45 107.41 12.51
500 158.67 16.75 112.57 13.31 5.28 64.06 164.03 19.07 104.49 10.75
550 151.87 17.55 99.51 12.67 4.96 63.50 155.05 17.78 100.38 11.04
600 149.06 17.26 98.58 12.05 4.44 64.73 150.40 17.44 99.13 10.38
650 147.03 16.89 94.37 11.46 4.15 65.79 149.87 16.52 93.97 9.78
700 146.47 15.47 91.36 10.90 3.98 64.72 148.00 15.39 91.14 9.24
750 141.13 16.03 95.02 10.38 3.69 65.55 143.15 14.85 92.90 8.74
800 138.26 15.57 82.84 9.90 3.56 64.29 137.41 13.87 87.59 9.29
850 135.37 15.11 90.62 9.45 3.35 63.97 131.53 14.39 98.00 7.88
900 133.02 14.65 94.22 9.03 3.16 63.59 129.91 13.90 96.32 7.10
950 130.84 14.21 95.11 8.65 2.97 64.17 124.68 13.50 98.63 7.15
1000 130.10 13.77 92.19 8.29 2.78 62.70 128.02 12.16 88.64 6.84
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