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Assessing Applied Pressure in Impedance Probe by 

Single-zone Force Sensing Resistors 
 

By Pedro Bertemes Filho

 

 
Electrical impedance spectroscopy (EIS) is widely used for tissue 

characterization. Most EIS systems use tetrapolar electrode probes for taking the 

measurements, which are converted into the electrical properties of the material 

under study. One of the drawbacks is the applied pressure by the probe, resulting 

in a change in the measured impedance. The objective of this work is to develop a 

sensing mechanism for measuring the applied pressure by an electrode probe 

while measuring the impedance spectra of skin tissue. A system for both 

measuring the impedance spectra and the equivalent applied force by the probe 

was set. A measuring circuit of the force was developed by using single-zone force 

sensing resistors. Calibrations were made by using a sheet of hydrogel under 

different applied pressures in the frequency range 10 Hz to 1 MHz. Firm and soft 

pressure was applied in the skin of the distal forearm from a male volunteer of 46 

years old. Results showed that the higher the applied pressure the higher the 

modulus of the impedance is, especially at lower frequencies. This might be 

important for better characterized tissue with different stiffness and elasticity. 

 

Keywords: Applied Pressure, Electrical Bioimpedance, Hydrogel, Resistive 

Sensor. 

 

 

Introduction 

 

Electrical Impedance Spectroscopy (EIS) has been widely used as a non-

invasive technique in many applications, such as in neuron-stimulation systems 

(Pouliquen et al., 2008; Basham et al., 2009; Sooksood et al., 2010), single-

electrode capacitive sensors (Chen et al., 2010), tomography (EIT) systems both 

for industrial and medical applications (Pease et al., 2008; Frounchi et al., 2009) 

and both normal and cancerous tissue characterization (Bertemes-Filho, 2002; 

Grimnes et al., 2008; Keshtkar et al., 2012; Aberg et al., 2003; Aberg et al., 2004). 

The EIS technique is considered being a non-invasive, cheap, robust and 

easy-to-use technology for tissue characterization. Most EIS systems use a pair of 

electrodes for injecting a sinusoidal current into the material under study and 

another pair of electrodes for measuring the resulting potential. The injecting 

current is usually varied in a range of few Hertz to millions of Hertz. Then, an 

impedance spectrum is calculated and the electrical properties of the material 

under study are extracted by using an equivalent electrical model. Most measuring 

techniques use tetrapolar impedance probes, which are placed in contact with the 

material under study.  
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It has been showed that the electrode probe used to measure the impedance of 

tissue plays an important role for getting accurate readings and hence the 

measurements can be improved by changing the probe geometry (Jones et al., 

2003; Gandhi et al., 2006; Bertemes Filho et al., 2003). Researches performed by 

Gonzalez-Correa et al (Gonzalez-Correa et al., 2005) showed that the resistivity of 

various tissues increase as the pressure of the measurement probe is increased. 

Similarly experiments on bladder tissue have shown that probe pressure has a 

significant effect on measured impedance (Keshtkar, 2008). It has been found that 

there is an optimal range of pressure to apply to particular tissues, with too little 

pressure not providing sufficiently reliable contact and too much pressure 

beginning to modify the tissue’s properties (Keshtkar, 2011). 

It is known that one of the most significant ways tissues become 

mechanically deformed is through compression. Therefore, it is very important to 

measure and control the pressure applied by the probe during measurements in 

order to get the right diagnosis (Jokhi et al., 2009). The commercial available 

impedance medical probes do not take into account the pressure effects when 

taking the measurements. A sheet of hydrogel was used as it mimics the tissue 

properties. 

The main objective of this work is to develop a sensing mechanism for 

measuring the applied pressure by an electrode probe while measuring the 

impedance spectra in skin tissue.  

 

 

Methodology 

 

A- System Setup 

 

The system used for measuring the impedance spectrum and the pressure 

applied by the electrode probe is shown in Figure 1. It consists of an impedance 

probe, an impedance analyzer and a data acquisition board. 

 

Figure 1. Complete Set Up of the Measuring System 

 
Source: Author. 

 

4 single-zone force sensing resistors were inserted inside the probe case, as 

shown in the black drawings in Figure 2a. They are fixed and placed 

perpendicular to each other. The cross section areas of the resistors are in contact 
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with the tube of the probe tip by means of a circular washer inside the probe case. 

The probe tip contains four gold electrodes of 1.0 mm equally spaced of 2.5 mm 

between centers and probe diameter is 4.5 mm, as shown in Figure 2b. 

 

Figure 2. Diagram of the Impedance Probe. (a) Internal View of the Probe Case 

Showing the Sensors. (b) Tube of the Probe, Showing the Electrode Array 

Geometry 

 
Source: Author. 

 

An impedance/gain-phase analyzer from Solartron Analytical (model 1260A) 

was used for injecting the current, measuring the resulting potential and 

calculating the modulus and phase of the impedance spectra. The 4-terminal 

measurement configuration was used. A current sinusoidal signal of 1 mApp 

(peak to peak) over the frequency range 0.1 to 1,000 kHz was supplied by the 

current generator of the impedance analyzer with an accuracy of 0.1% and 0.1º. In 

practice, 37 discrete frequencies within the range were generated. The voltage was 

measured by two terminals and the output was registered in terms of the 

impedance modulus and phase. Data was transferred to the computer by using a 

GPIB-USB interface. It assured at least 10 complete cycles of signal acquisition, 

which are 10,000 samples for a signal of 1 kHz at a sample rate of 10 MS/s, and 

then the data was averaged for each discrete frequency in the range. The applied 

force of the probe was measured by a Data Acquisition (DAQ) board of 12 bits 

resolution (model USB-1208FS) from Measurement Computing. The resulting 

voltages were buffered (unit gain) in order to prevent load effects by the 

acquisition system. Data was scanned from one channel at a sample rate of 50 

kS/s. The measurements were made 10 times in each sample for whole 33 discrete 

frequencies and then the data was averaged. Both pressure and impedance spectra 

were collected by a personal computer (notebook). Data were recorded and then 

analyzed. The material under study was a sheet of hydrogel of 40x40x1 mm. 

 

B- Pressure Sensing Circuit 

 

The circuit which converts the pressure applied on the sensors to an electrical 

signal is shown in Figure 3. It is based on the summing amplifier circuit using a 

very low offset voltage and noise level operational amplifier. The circuit is 

powered by a battery of 9 Volts. The voltage reference (Vref) for the sensors is 

generated by the voltage reference AD580 from the Analog Devices. The gain of 
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the circuit is controlled by the potentiometer P2 whereas P1 is used for nulling the 

output voltage VO when there is no pressure applied to the sensors. 

 

Figure 3. Schematic Diagram of the Measuring Circuit 

 
Source: Author. 

 

C - Experiment Setup 

 

Firstly, the impedance analyzer was calibrated by using a resistor of 50 Ω. In 

order to compensate for any loss of gain in the frequency range of 100 Hz to 1 

MHz, the impedance spectra of the resistor was measured. 

Second, an experiment was set, in order to calibrate the measuring system for 

the applied forces by the probe, as shown in Figure 4. The probe was supported 

vertically while pressing down a sheet of hydrogel of 40x40x1 mm, which was 

placed on a circular acrylic disc of 115 mm diameter and a thickness of 3.5 mm. 

The applied force into the hydrogel by the probe was indirectly measured by a 

digital scale from OHAUS manufacturer and the equivalent output voltage was 

also registered by the measuring system. The probe was manually pressured and 

kept still while measuring the equivalent weight. The weight was converted to 

force by using the gravity constant of 9.8 m/s
2
 and measurements was made in the 

force range of 0 to 5 N. 

Finally, a commercially available sheet of hydrogel of 40x40x1 mm was used 

for investigating the impedance change under two different applied pressures. 
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Figure 4. Experimental Set-up for Calibrating the Probe and Measuring the 

Impedance Spectra of the Hydrogel 

 
Source: Author. 

 

 

Results 

 

Figure 5 shows the output voltage measured by the circuit shown in Figure 3 

as a function of the applied force by the probe. It can be seen that the output 

voltage of the circuit is almost linear in the applied force range of 0 to 4 N, 

increasing by a rate of 1.86 N/V. It can also be observed that the offset level of the 

measuring circuit is 0.2 Volts and its output saturates at 2.3 Volts, which 

corresponds to 3.9 N. Measurements were made by a digital voltmeter of 6
1/2 

digits resolution. 

 

Figure 5. Curve Calibration for the Measuring Circuit Shown in Figure 3 

 

 
Source: Author. 

 

Figure 6 shows the modulus of the impedance spectra in the frequency range 

10 Hz to 1 MHz measured at the surface of the hydrogel. The soft pressure (or 

force) was measured previously and it was 1 N±5% whereas 4 N±5% for the firm 
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pressure. It can be seen that there is a quite significant difference in the impedance 

spectra at lower frequencies (< 100 Hz). There impedance at 10 Hz for the soft 

pressure was 0.92 kΩ±5% whereas 1.38 kΩ±5% for the firm pressure. It can also 

be observed that there are almost no differences in the impedance spectra at high 

frequencies (> 100 Hz). 

 

Figure 6. Forearm Skin Impedance Spectra as a Function of Frequency 

 
Source: Author. 

 

 

Discussion 

 

In order to investigate the performance of the single-zone forced sensing 

resistor, hydrogel was then used. The linearity of curve Force against Voltage was 

investigated for the proposed circuit. Firm and soft pressure was applied in the 

skin of the distal forearm from a male volunteer of 46 years old, then investigating 

the differences over the frequency range 100 Hz to 1 MHz. Further experiments 

with other types of gels and tissue in vitro measurements will be assessed in future 

works. 

It was showed that the output voltage increases linearly with increasing the 

applied force by probe. This might be explained by the fact that a sheet of 

hydrogel for calibrating the circuit was used, which in turns, can be considered an 

isotropic material with a uniform distribution of conductivity within the material. 

A saturation of 3.9 N was observed, which can be increased by changing the non-

inverting input voltage of the operational amplifier. As a result, the applied force 

range might be increased to 10 N for a measured output voltage of 5 V. 

It has to be mentioned that the thicknesses of both hydrogel and acrylic discs 

were not taken into account and they might affect the electrical field distribution 

and hence the apparent impedance measured at the surface of the hydrogel by the 

probe. 

Results have also showed that the impedance increases as increasing the 
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applied force on the under study, which in this case was the skin of the distal part 

of the left forearm from a male volunteer of 46 years old. This might be explained 

by the fact that the amount of liquid is pushed away from the region under 

pressure. The liquids contain ions which are current carriers in terms of ionic 

conduction. Therefore, it is expected higher impedance at higher applied forces, 

especially at lower frequencies. 

By the fact that the hydrogel is isotropic with a uniform distribution of 

conductivity, there were not stored of charges and hence no capacitive effects. As 

a result, this might not represent a good mimicking medium for calibration for 

such a type of probe prior skin measurements. Furthermore, the force sensing 

resistor might not be a proper sensor for measuring amorphous material, as it is 

hydrogel and tissue. On the other hand, a recent work using this type of sensor in 

tissue measurements reported feasible results (Zhou et al., 2016). Therefore, care 

should be taken for extending these results to other materials. Further analysis 

with biological materials need to be made in order to better validate the system. 

 

 

Conclusions 

 

It can be concluded that SZFS resistors can be used together with an 

impedance measuring system for better investigating the applied pressure effects 

in the impedance spectra of a biological material. These results might be 

important for better characterizing tissue with different stiffness and elasticity. 
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