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Design of a portable nutrient metabolism measurement system

ZHANG Sihe, CAO Le, XU Shiwen, XU Haoyang

School of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China

Abstract: In response to the demand for portable and rapid measurement in normalized nutritional metabolism monitoring, a
low-power and multifunctional measurement method and system scheme based on indirect calorimetry is proposed. Firstly, a
combination of Kalman and the 5th order Bessel filtering algorithm is used to preprocess the real-time data of oxygen, carbon
dioxide, flow rate and electrocardiogram, and the cumulative amount of gas per unit time is obtained. Secondly, a rapid
nutrient metabolism measurement method that considers resting analyses of electrocardiogram and respiratory waves is
designed, and a calculation model for energy metabolism parameters is constructed. Then, a dedicated collection and analysis
circuit system is developed to transmit data to the upper computer or cloud through wireless networks, achieving intelligent
and networked design. Finally, the resting state of the subjects is determined by analyzing electrocardiogram and respiratory
parameters, and the test of monitoring nutrient metabolism is completed. The results show that the system can effectively

detect metabolism related physiological signals with high precision, and achieve accurate measurement of human fat and

sugar consumptions on metabolism, providing an effective means for measuring human metabolic energy.
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Table 1 Respiratory quotient and nutrient conversion

AR I /% &%
0.71 0.0 100.0
0.75 15.6 84.4
0.80 334 66.6
0.85 50.7 493
0.90 67.5 325
0.95 84.0 16.0
1.00 100.0 0.0
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Figure 1 Schematic diagram of low—pass filter circuit
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Figure 2 System architecture
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Figure 12 Real-time monitored respiration metabolism data waveform



102 - rp [ R B 2R 2 A2 %

3 CHO JH#E

o, CHOmean=0.254 g/min|

= 2t :

g

&0 1f 1

S R ,

S o ]
10200 400 600 800 1000 1200 1400 1600 1800 2000

KA

. FAT Ji{#E

B FATmean=0.027 g/min

PR -

=

& Iy 1

=

£ 0 — 1
1

200 400 600 800

13 B8

1000 1200 1400 1600

1800 2000

KB RIHFE

Figure 13 Energy metabolism substrate consumptions

®"3 FRESRYERE

Table 3 Respiratory entropy and substrate consumption

IF Ji) WFHZH%  FAT/g'min'  CHO/g-min’!
EADS 0.930 0.027 0.254
E DB S 0.916 0.032 0.225
IR 0.929 0.024 0.223
AR 0.924 0.028 0.229
EEPN 0.912 0.035 0.234
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