
Development of Printed Sensors
for Shoe Sensing Applications

Item Type Conference Paper

Authors Nag, Anindya; Feng, Shilun; Mukhopadhyay, Subhas; Kosel,
Jürgen

Citation Nag A, Feng S, Mukhopadhyay S, Kosel J (2018) Development
of Printed Sensors for Shoe Sensing Applications. 2018
12th International Symposium on Medical Information and
Communication Technology (ISMICT). Available: http://
dx.doi.org/10.1109/ismict.2018.8573717.

Eprint version Post-print

DOI 10.1109/ismict.2018.8573717

Publisher Institute of Electrical and Electronics Engineers (IEEE)

Journal 2018 12th International Symposium on Medical Information and
Communication Technology (ISMICT)

Rights Archived with thanks to 2018 12th International Symposium on
Medical Information and Communication Technology (ISMICT)

Download date 24/05/2023 08:10:50

Link to Item http://hdl.handle.net/10754/630339

http://dx.doi.org/10.1109/ismict.2018.8573717
http://hdl.handle.net/10754/630339


 
Abstract—The paper presents the design and implementation 

of a low-cost shoe sensing system using laser-induced graphene 

sensors. Commercial polymer films were laser-induced to photo-

thermally form graphene, which was then used as electrodes on 

Kapton tapes to form sensor patches. Experiments were then 

conducted with these sensor prototypes to validate its 

functionality as pressure sensors to be used in shoe sensing 

system. Different weights were tested with the developed system 

to ensure the capability of these sensor patches to be used as 

pressure sensing. The results look promising to be a system for 

monitoring the movement of a person wearing a shoe containing 

these low-cost pressure sensors. 

Keywords— Graphene; Sensor; Laser writing; Pressure; Shoe 

sensing system; 

I.  INTRODUCTION 

The use of sensors to improve the quality of life has been one 

of the primary goals for researchers in the current world. After 

the introduction of sensors into the application world [1], one 

of the goals was to make the use of the sensors to improve the 

quality of life. This needed continuous improvement of the 

performance of the sensors based on their size, linear range, 

sensitivity, power consumption, etc. Today, researchers all 

over the world are trying to develop different kinds of sensors 

having optimized performance. One of the primary constraints 

on the fabrication of sensors is the cost of production. It is 

generally noted that even though the cost of each sensor 

commercially available in the market is low, the equipment 

required to fabricate the sensors is very low. This includes the 

required number of steps, cost of the raw materials, cost 

associated with the equipment processing the raw materials, 

etc. These constraints increase the overall cost of each sensor. 

The work on reducing the cost constraint is being dealt by the 

researchers all over the world by addressing the techniques 

and raw materials for production. This paper presents one of 

the techniques to generate highly efficient low-cost capacitive 

sensors. 

The structure of the sensors has been changing with time. Due 

to the popularity of sensors with semi-conductive substrates, 

silicon sensors have been used to a large extent. Even though 

these sensors served a lot of applications, there were some 

disadvantages like the high raw material cost, high power 

consumption and brittle nature of the sensors associated with 

the sensors. 
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For these reasons, alternating materials have been processed 

with to develop sensors better than the existing ones. Sensors 

with flexible materials are one popular choice [2] that is being 

developed nowadays for its distinct advantages over the rigid 

ones. Lower cost, smaller size, better electrical and 

mechanical properties, higher efficiency in terms of sensitivity 

are some of the attributes that the sensors with flexible 

substrates have an advantage over the rigid ones. Even though 

there are many materials that are used to develop the 

substrates of the flexible sensors, some of the common ones 

are the polymer materials like PDMS [3], PET [4], PI [5], 

PMMA [6], etc. The processing of these materials has been 

done in different ways to develop sensor prototypes for 

specific applications. For these substrate materials, different 

conductive materials like carbon [7], silver [8], gold [9], 

aluminum [10], etc. have been used to develop the electrodes 

of the sensor. Similarly, different processing techniques like 

photolithography [11], screen printing [12], laser cutting [13] 

have been utilized to develop the sensors. The use of a 

particular technique depends on the resolution of the electrode 

and substrate thickness of the final sensor prototype. This 

paper describes the use of laser writing technique on polymer 

films to develop the conductive material for the electrodes 

[14]. The use of laser processing method to develop flexible 

sensors has been advantageous over other processes in many 

ways like less sample preparation time, the absence of any 

clean room requirements, smooth cuts, and non-requirement of 

any post-processing steps. This paper provides a two-step 

process to develop graphene sensors by using the laser writing 

technique to photo-thermally convert a polymer film to 

develop graphene, which was then used as electrodes on a 

sensor patch for experimental purposes. The use of graphene 

has increased exponentially in the last decade or so  [15] after 

its recognition to have excellent electrical, mechanical and 

thermal properties. Graphene, is an allotrope of carbon [16], 

has been largely used as electrodes in a sensor. Few of the 

major applications of graphene over the years have been its 

uses in micro-capacitors [17, 18], strain sensors [19, 20] and 

electrochemical sensors [21, 22]. The electrode of the sensor 

shown in this paper is an extension of strain sensor where an 

external pressure is applied by the sciatic area of the feet over 

the sensing area of the patch to analyze the functionality of the 

graphene sensors to be used in a shoe sensing system. The 

sensors were attached to the sole of a shoe along with the 

placement of the attached conditioning circuit placed on the 

top of the shoelaces. There has been extensive work done on 

the development of shoe sensing systems [23-25] in recent 

years. Scientists all over the world have tried different ways of 

developing shoe sensors for tackling different problems 

related to walking posture [26, 27], and gait analysis [23, 28-
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30]. Among these vast topics covered by shoe sensors, one of 

the popular choices has been the use of pressure sensors in 

shoe sensing systems [31]. Pressure sensors have been placed 

on different regions [32, 33] of a shoe to determine the force 

exerted on that particular area while walking, running, etc. 

The use of shoe sensors has extensively covered different 

aspects till now. But there are certain disadvantages associated 

with these mentioned systems. Starting from the high 

fabrication cost of the systems, the developed systems are 

either very complex or require specialized condition and 

people to operate it. A simplified system is yet to be 

developed to date. The simplification of the system lies in the 

low cost of the processed raw materials to the simplified 

signal conditioning circuit to process the output of the sensor. 

The work described in this paper showcases the utilization of 

low-cost graphene sensor prototypes as pressure sensor 

patches to determine the walking of a person by analyzing the 

pressure exerted on the sensing area of the patch. This change 

in pressure while walking would be processed by a signal 

conditioning circuit and sent to the monitoring unit for further 

analysis. 

II. FABRICATION OF THE SENSOR PATCHES 

The fabrication process was carried out in the laboratory 

environment at constant temperature (25
0
C) and humidity (RH 

50%) conditions. Low-cost commercial polymer films (Zibo 

Zhongnan Plastics Co., Ltd.)) were considered as the raw 

material for developing the electrode material. Figure 1 shows 

the schematic diagram of the overall fabrication process. The 

laser writing is done on the PI films generated graphene 

according to the assigned design of the laser system. This 

conductive material was transferred to sticky tapes for using it 

as electrodes on a sensor patch. Figures 2(1) -2(4) shows 

individual steps of the fabrication process. The polymer film 

was attached to a glass substrate with biocompatible tapes (3M 

810D Ruban Magique
MC

) before placing it on the laser 

platform to restrict its movement during the laser induction 

process. Universal Laser Systems [34] was used to perform 

the laser induction process. Proper measurements were taken 

to exhaust the residual gases generated during the process. The 

optimization of the designed patterns was done by varying the 

given laser parameters. The designing of the electrodes was 

done on Coral DRAW, software that was integrated with the 

laser system. Three of the laser parameters, namely power 

(W), speed (m/min) and z-axis (mm) were varied to optimize 

the design of the electrodes.  

 

 

Figure 1:  Schematic diagram of the fabrication steps of laser-induced 

graphene sensors. 

 

Figure 2:  Individual steps for the fabrication of graphene sensor. 

 

The power is defined as the amount of the energy of the laser 

exerted from the nozzle. Speed can be defined as the rate of 

movement of laser nozzle over the sample substrate. Z-axis 

defined the distance of the laser nozzle with the platform to 

adjust the focal point of the laser beam. The optimized 

parameters for this process were 9 W, 70 m/min, 1 mm. The 

laser induction process caused the breakage of the sp
3
 

hybridized C-C bonds of the PI film to form sp
2
 hybridized C-

C bonds in graphene. It is because graphene was generated in 

a power form, it would be really difficult to use it as electrodes 

in any sensor unless any stickiness was provided to hold the 

graphene. So, Kapton tapes were used for this purpose to 

transfer this graphene powder and use it as electrodes. Even 

though the commercial polymer films and Kapton tapes are of 

the same material (PI), there were two specific reasons for 

choosing the former material over the later one to develop the 

patches. The stickiness of the Kapton tapes would have 

tampered with the design and conductivity of the electrodes. 

The transfer of the graphene powder was done very carefully 

to preserve the design the electrodes. The Kapton tapes were 

placed over the graphene powder and manually pressed, 

starting from the sensing area of the sensor to the bonding 

pads. The conductivity and short-circuit tests were done before 

and after the transfer. The conductivity of the induced 

graphene was very high (~10^4 S/m). The difference in 

conductivities between the induced and transferred graphene 

was less than 20 mS/m. The Kapton tapes with the transferred 

graphene were used as sensor patches for experimental 

purposes. The SEM images of the transferred graphene of one 

of the electrode fingers of its side and tip are shown in Figures 

3 and 4 respectively. It is seen from the images that the 

electrode fingers of the transferred graphene came off smooth 

on the Kapton tapes. The edges of the electrodes were also 

perpendicular to the surface for which there was no 

requirement of any post-processing steps. The advantages of 

these developed patches are the high conductivity of the 

electrodes and the flexibility of the sensor patches. The 

electrical conductivity and bending diameter of the patches are 

~10^4 S/m, and 6 mm respectively. Figure 5 shows the front 

and rear view of the final sensor patch. Six pairs of 

interdigitated fingers were present on the sensing area with an 



interdigital gap of 200 microns. The sensing surface area was 

96 mm
2 

with a length of 500 microns and a width of 100 

microns respectively.  

 

 

Figure 3:  SEM image of top-view of the transferred graphene on Kapton 

tapes depicting the edges of the electrode fingers.  

 

 

Figure 4:  SEM image of top-view of the transferred graphene on Kapton 

tapes depicting one of the electrodes of the sensor. 

 

 

Figure 5: Front and rear view of the final fabricated sensor patch.  

III. WORKING PRINCIPLE OF THE ELECTRODES 

 

The electrodes of the developed sensor patches worked on the 

principle of deformation experienced by flexible sensors. 

Figure 6 shows the normal and expanded form of the sensor 

patch of which the latter is caused when a pressure is exerted 

on the patch. The deformation of the patch causes a change in 

the resultant current flowing through the sensor when an 

electric field is applied to it.  

 

 

Figure 6: Schematic diagram depicting the change in structure from to normal 

to deformed state. 

 

This change in current can be analyzed from schematic 

diagram shown in figure 7 [35]. It is seen from the figure that 

the Rsense and Csense are the real (R) and imaginary (X) part of 

the impedance respectively. When any pressure is applied to 

the sensor patch, the resultant area (A) and interdigital 

distance (d) changes, thus changing the reactive response of 

the sensor. This change can be determined by the above 

equations: 
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where, Vsense is defined as the voltage across the series 

resistance. 

Zeq is the equivalent impedance. 

Vin is the input voltage of the circuit. 

Φ is the phase angle between the input voltage and input 

current.  

Csense in the output capacitance in Farads, F. 

ԑ0 is the absolute permittivity (ԑ0 = 8.854 * 10
-12

 F/m). 

ԑr is the relative permittivity. 

A is the effective area. 

d is the effective interdigital distance between two consecutive 

electrodes. 

 

The change in capacitance can be defined as the change 

caused due to the resultant area and interdigital distance.  
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where, ∆A and ∆d are the resultant areas and interdigital 

distance caused due to the deformation. 

 

 

Figure 7: Schematic diagram of the electrical circuitry showing the change in 

current due to the change in output (sensed) impedance [35]. 

IV. EXPERIMENTAL RESULTS 

 

Initially, the profiling of the sensor patch was done to 

determine the linearity of the sensor patches. This was done by 

testing the sensor patches with small weights to analyze the 

changes happening due to the deformation of the sensor patch 

in terms of resistance and voltage. This was followed by 

testing the sensor patches with an LCR meter.  

 

a. Profiling of the sensor  

The sensor patch was initially tested at different weights to 

determine its response in terms of voltage and resistance 

values. Figures 8 and 9 depict the response of the sensor 

towards different weights ranging from 1kg to 10kg.  

 

 

Figure 8: Response of the sensor patch to different weights in terms of 

resistance.  

 

Even though it is known that the average weight of a person 

lies between 50 kg- 70kg, which states that the weight of a 

single foot would be approximately ±25 kg, the limitation of 

the maximum weight to test the sensor was 10kgs was because 

of two reasons. Firstly, when a person walks, the weight of the 

whole leg (25 kg) is not on the sensor patch. The weight of the 

leg is distributed over the whole feet. And secondly, the idea 

to test the sensor with the weights is to validate the 

functionality towards pressure measurement. It is seen from 

figures 8 and 9 that the sensor is capable of responding in 

almost a linear way to different weights exerted on the sensing 

area of the patch. It is also seen from these two figures that the 

predicted value for the change in resistance and voltage 

readings of the sensor patches were very close to the actual 

values. 

 

 

Figure 9: Response of the sensor patch to different weights in terms of 

voltage. 

 

b. Experimental results with LCR meter 

The sensor patch was tested with an LCR meter to validate its 

functionality for using it as a shoe sensing system. Due to the 

high conductivity of the electrodes, the sensor was capable of 

recognizing even pressures of small magnitude exerted on the 

sensing area of the patch. Figure 10 shows the connection of 

the LCR meter to the sensor. The change in impedance was 

analyzed by a HIOKI IM3536 High Precision Tester 

connected with Kelvin probes which in turn was connected to 

the bonding pads of the sensor patch. Due to the high 

flexibility of the patches, it was difficult to connect the Kelvin 

probes to the bonding pads. So, single-stranded flexible wires 

were connected to the bonding pads by a conductive carbon 

paint (BARE conductive® ELECTRIC PAINT), which in turn 

was connected to the Kelvin probes. A voltage of 1 Vrms was 

provided as an input to the sensor patch. The High Precision 

Tester was connected to a laptop via a USB cable to monitor 

the changes occurring with the exertion of pressure on the 

sensors in an alternative way. The data was collected in 

Microsoft Excel via automatic data acquisition algorithm. The 

experimental set-up is shown in figure 10. This figure shows 

the connection of the sensor patches to the High Precision 

Tester to the sensor patch. This was initially done to validate 

the functionality of the sensor patches to be used as pressure 

sensors in the shoe sensing system. Electrochemical 

Impedance Spectroscopy (EIS) was the algorithm associated 

with the High Precision Tester. EIS is a standard technique 

[36] used to characterize a material based on specific 

parameters. Among the different EIS technique available [37], 



frequency response analyzer (FRA) [38] is one of the popular 

ways to characterize the material over the range of 

frequencies. This technique has been used for the 

characterization of different materials including human 

physiological parameters [39], food products [40], salinity 

testing [41] and tactile sensing [42]. The advantages of using 

this technique are its simple, non-invasive and single-sided 

testing [43]. Figures 11 and 12 show the responses of the 

sensor patches for the force exerted on the sensor patch in a 

slow and rapid motion respectively. Two situations, “a” and 

“b”, allocated for the two situations depicted in the figures 

represents the relaxed condition or pressure free condition and 

forced condition or the presence of the feet on the sensing 

patch condition respectively. The frequency values were swept 

between 2 kHz to 10 kHz to analyze the change in the 

reactance values. The sensor patch did not respond well to the 

frequencies below 2 kHz. One of the reasons for this behavior 

could be the connection of the Kelvin probes of the LCR 

meter to the single-stranded wires attached to bonding pads of 

the sensor patch. The reason for the decrease in reactance 

occurring due to the forced state can be attributed to the 

change in the dimensions of the sensor patch causing a change 

in Csense (equation (6)) which as a result changes Xsense 

(equation (5))  It is seen from the figures that the sensor patch 

is capable of recognizing the two situations very distinctively. 

Repetitive movements were done for both the situations to 

ensure the repeatability of the response of the sensor patches.  
 

 

Figure 10: Schematic diagram depicting the process of data collection.  

 
 

 

Figure 11: Response of the sensor patch in terms of reactance and frequency 

connected with the LCR meter with slow-motion expressed in the forced and 

relaxed state. 

 

 
 

Figure 12: Response of the sensor patch in terms of reactance and frequency 

connected with the LCR meter with rapid motion expressed in the forced and 

relaxed state.is [7]. 

 

After testing the response of the sensor patches for repetitive 

cycles after in several experiments, they proved to be robust 

and sturdy in terms of wear and tear for this application. Also, 

the sensor patches had no memory effects in their responses 

after they were changed several times from one shoe to 

another while applying different amount of pressure.  

V. CONCLUSION 

This paper is an idealization of shoe sensing system with low-

cost, laser-induced graphene sensors. The sensor patches were 

developed by using the electrodes formed by the photo-

thermal conversion of the commercial polymer films. These 

sensor patches were then tested with the LCR meter to 

validate its functionality as pressure sensors which can be used 

for detection of movement for a shoe sensing system. 

However, there are some issues faced during the experimental 

procedures that should be rectified. Firstly, the range of sensor 

responses from the LCR meter in terms of reactance was not 

same during each cycle. This could be confusing for the 

monitoring unit once the reactance values for the forced state 

saturates to the values close to the relaxed state. Also, even 

though the sensor patches are very flexible in nature, there has 

to be testing done for their behavior and change in response 

with time. One of the ways is to implement a thresholding 

phenomenon for this purpose to clearly distinguish between 

the relaxed and the forced state. Secondly, even though the 

weight of different volunteers were tested with this system, all 

of them were perfectly normal having a proper walking 

posture. Thirdly, the use of LCR meter to validate this system 

should be replaced with an impedance analyzer embedded 

with a portable microcontroller based system to use it for real-

time applications. The experiments with patients having an 

abnormal walking posture should be tried out to further 

validate this system. The rectification of these issues would be 

done and reported in near future work.   
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