
 

Section S1. A brief overview of the characteristics of sensors based on TENG, EMG and TENG-EMG hybrid nanogenerators for health monitoring. 

Table S1. Characteristics comparison of the reported sensors with MHP-HNG for health monitoring. 

Mechanism Dimension 

(cm3) 

Voltage 

(V) 

Power 

(mW) 

Advantages Weaknesses Application Reference 

EMG 47.8 0.17 0.839 Low internal impedances 

High current 

Low voltage output  

 

Energy harvesters installed into the 

shoe 

[1] 

TENG 25.0 50 - High voltage output High internal impedances 

Low current 

 

Powering a heartbeat meter strap 

capable of remote communication 

with a smart phone 

[2] 

TENG-EMG 

hybrid 

 

45.9 13.15 144.1 High power output Large size and weight 

 

 

Portable energy harvesters to 

sustainably power 

portable/wearable devices in 

extreme situations 

[3] 

24.0 14.14  49  High power output 

More comfortable 

- A wearable sensor for monitoring 

human falls with wireless 

communication sensing 

This work 

(MHP-HNG) 



 

Section S2. The structural optimization and performance characterization of the TENG 

and EMG are verified by the test platform. A Gaussmeter is used to measure the 

magnetic field strength and a multimeter is used to measure the electrical resistance as 

the basis for performance characterization. The voltage amplitude of the charging curve 

demonstrates the charging capability of the EMG. This section demonstrates the 

optimization and performance of MHP-HNG. 

 
Figure S1. Optimizing the width of the grid structure and testing the sensing 

performance of TENG based on a servo motor. 

 

Figure S2. The magnetic field strength of the Halbach magnet array, the physical 

diagram of the combination of the double rectangular coils, and the resistance of the 

single coil. 

 

 

 



 

 

Figure S3. Optimizing the coil combination mode and testing the charging performance 

of EMG based on a linear stepper test platform. 

 
Figure S4. Charging curves within 10 s for the capacitors of 1.0 mF, 2.2 mF, and 4.0 

mF. 

 

 



 

Section 3. Optical communication system is a high-rate wireless information 

transmission system, which can provide reliable technical support for wearable sensors 

in response to human body movements. This section demonstrates the performance of 

the wireless optical communication sensing system. 

 
Figure S5. Exploring the effect of the placement distance between the signal source 

and the receiver on the voltage drop of the receiver.  

 
Figure S6. Exploring the effect of the output frequency of the wearable sensor on the 

voltage drop of the receiver. 



 

 

 

Figure S7. The circuit physical diagram of the wireless optical sensing system. 

 

 

Figure S8. The clear LabVIEW interfaces for the human body in walking (left), running 

(middle), and falling (right) states. 

 

Section 4. The wireless communication sensing system combines wearable sensors and 

Bluetooth modules to realize wireless remote monitoring. This section shows a physical 

diagram of the wireless sensing system. In the practical application, PI adhesive is 

sealed outside the shell to increase the dryness and sealing of the sensor. 



 

 
Figure S8. Package and circuit physical drawings of the wireless sensing system. 
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