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Simulation method:

COMSOL evaluates and numerically solves the controlling partial differential equations using FEA. 

Generally, in the modelling, the governing partial differential equations are formulated either in a 

spatial coordinate system (Eulerian formulation), or material coordinate system (Lagrangian 

formulation) following the materials as it deforms. Herein, due to the extent of the deformation, the 

mapping from mesh (the process of turning irregular shapes into more recognizable volumes) 

coordinates to spatial coordinates could get ill-conditioned as the deformation progresses (a 

drawback of Lagrangian method). To alleviate this, a method called Arbitrary Lagrangian-Eulerian 

(ALE) is utilized. To ensure that the mapping of the quantities is always associated with a regular-

shaped mesh, this method stops the simulation, deletes the previous mesh, and generates a new 

one. ALE is a dynamic middle approach that combines the best aspects of both Eulerian and 

Lagrangian methods depending on the needs of the inquiry. To investigate the effect of 

different base resistance (resistance at a preset 100 Pa applied pressure) of sensing materials on the 

signal output, a steady state modeling method was proposed. This modelling is designed to simulate 

the pulse wave pressure regimes experienced while the sensor is mounted on the wrist1.
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Details regarding the pulse waveform expressed in terms of resistance change (by the sourcemeter and 

wearable sensing system):

For the sourcemeter, the conversion was done using Ohm's law (V = IR) with 

measurements taken via the 4-wire method. This ensures highly accurate resistance 

readings by eliminating the influence of lead resistance. In contrast, for the wearable 

sensing system, the resistance change was calculated using the voltage divider formula, as 

the system operates with a 50-ohm voltage divider circuit:

𝑅𝑠𝑒𝑛𝑠𝑜𝑟 = 𝑅𝑟𝑒𝑓 × (
𝑉𝑖𝑛  −  𝑉𝑠𝑢𝑝𝑝𝑙𝑦

𝑉𝑖𝑛
)

where, Rref is 50 Ω, Vin is the voltage that is measured between the resistors in the voltage 

divider and Vsupply is 3.3 V in this circuit.

Due to the differences in measurement methodology between the two systems, we 
observe some variation in the resistance change range between the sourcemeter and the 
wearable sensing system. However, given that the wearable sensing system successfully 
detects all the distinct peaks of the pulse waveform (systolic, diastolic notch, and diastolic 
peak) similar to the sourcemeter, it is appropriate to claim that the wearable system 
enjoys comparable resolution in capturing the details of the pulse waveform.
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Figure S1. Plots of wrist pulse waveform acquired by piezoresistive sensors in the literature (a-j) 2-11.

Figure S1
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Figure S2. Operational steps to fabricate the micro-pyramid mold in silicon wafer.

Figure S2
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Figure S3. Interdigitated Electrode dimensions 12.

Figure S3
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Figure S4: Pressure response analysis of micro-featured piezoresistive sensors with varying conductivity values. 
Includes 3D model (a), current response (b), and normalized current change (c) under compression.

Figure S4
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Figure S5. Dependency of signal detection capability 
at constant sampling rates on supplied voltage, using 

a consistent mechanical excitation signal.

Figure S5
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Figure S6. The SEM view of the cross section of the porous piezoresistive 
component of the dual piezoresistive sensor. 

Figure S6
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Figure S7. The mechanical testbed used for response time 
and cyclability measurement.

Figure S7
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Figure S8

Figure S8. Flowchart illustrating the operational steps of the mechanical testbed used to 
measure response time.

S-11



Figure S9. The placement of PPG (on top of cephalic vein) and dual piezoresistive senor (on top 
of radial artery) for capturing forward going and backward going blood flow.

Figure S9

Dual Piezoresistive Sensor Placement

PPG Sensor Placement
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Figure S10. Methodology for fabrication of porous conductive component of the dual 
piezoresistive pressure sensor.

Figure S10
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Figure S11

Figure S11. Internal components of the wearable sensing system.
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Video S1. Simultaneous pulse waveform detection by PPG and dual piezoresistive sensors on the same artery.

Video S1
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Video S2. Dual piezoresistive sensor on the ankle, capturing pulse waveform and transmitting data to the 
computer in real time.

Video S2
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Video S3. Video demonstrating the induced noise caused by the proximity of IR radiation. The device, an 
MH-Sensor-Series IR obstacle detector, generates pulsating (5 Hz) IR radiation.

Video S3
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TableS1

Table S1. Table summarizing the state of the art of piezoresistive pressure sensors with comparable structure to this study
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