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Abstract: This paper describes the development of an image Scanner. The key element of the scanner is the scan head. 

A parallel in plane capacitive sensor is used in the scan head which is used as a proximity sensor and the measured 

capacitance values are used for gray scale image creation. The presence of the material under test will affect the 

resultant electric field pattern and in such a way the presence of objects can be detected. The resulting data obtained 

from the scan head is analysed and used in imaging application. 
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I. INTRODUCTION 

 Capacitive sensors are widely used for various applications 

due to their features: fast response, flexibility in electrode 

design, low cost, nonintrusive and non-invasive, and it has 

no radiation [1]. Capacitive sensing elements are widely 

used in the measurement of humidity, pressure, 

acceleration, detection of proximity and it also finds 

application in transducers, biosensors and chemical sensors. 

In such sensor systems, physical, chemical or mechanical 

quantities are converted into capacitance values, which 

further should be converted into digital by an electronic 

circuit [2]. 

Proximity sensing technology is playing a vital role 

especially in consumer electronics. One of the largest 

applications within consumer electronics is mobile phone.  

Several proximity sensing techniques are available out of 

which capacitive proximity sensing has enabled several 

features in mobile phones. While these features may not be 

easily understandable to end users, they provide several 

important capabilities, including cost reduction, optimized 

power consumption and integrated functionality. In [8], 

Irfana describes about the application of capacitance 

proximity sensor for the identification of paper and plastic 

from recycling materials where this sensor can detect the 

target based on the permittivity value of each material. In 

[3], Atika demonstrates a non-invasive capacitive proximity 

based floor sensing system to monitor the motion of a 

human body especially for elderly patients. This type of 

system enhances the life of elderly people where aged 

population prefers to live independently. Capacitive sensors 

can also be used in imaging application that provides a non-

destructive method of material testing [7].  

All the existing non-destructive testing (NDT) techniques 

are complicated and involve the use of costly equipment. If 

inexpensive and easily useable NDT technique is available 

to monitor the material then it can be a good step for easy 

assessment [4]. The capacitive imaging technique is both 

non-contact and non-invasive, and only requires a single-

sided access to the test sample and some of the advantages 

include: it can be used to test samples where ultrasound 

cannot be used, such as where there is too much scattering 

and attenuation; it is also insensitive to the magnetic 

properties of the material and unlike radiography, there is 

no radiation exposure problems, and the fact that changes 

in dielectric constant are measured makes the approach 

very sensitive to changes in material structure [5].  

The capacitive sensing approach described in this paper 

detects proximity of material under test (MUT) and the 

collected data is used for imaging application. An image 

scanner is developed for the above applications and the key 

element of this scanner is the scan head. A parallel in plane 

electrode capacitive sensor is used in this scan head. 

Conventionally, a capacitor is in the form of a parallel-

plate, where the driving and sensing electrodes are placed 

opposite to each other in close proximity [1]. When the 

driving and sensing electrodes gradually open up, the 

electric field expanded into a wider space and when the 

electrodes are open up to a co-planar plane, the fringe field 

becomes predominant. This type of sensor is called planar 

sensor and it provides a possibility to test the material from 

only one side. Due to the dielectric variations the resultant 

capacitance values may also change.  

Our aim was to develop a cost effective image scanner 

having parallel in plane electrode capacitive sensor on its 

scan head [6]. This setup will provide a mechanism for 

proximity detection and imaging. 

II. METHODOLOGY 

Sensor development was the very first step in this work 

followed by the development of an image scanner. The E 

shaped sensor which was developed during the initial stage 
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was placed in the scan head and used for the proximity 

detection and imaging. 

2.1 Sensor Development 

Geometry of the sensor electrodes includes the separation 

of electrodes, spacing and shape, are the parameters which 

determine the sensor performance [1]. Different electrode 

shape can be used, such as a square, rectangular, round, 

ring shape etc. In this work we are developing an E shaped 

parallel in plane electrode capacitive sensor and this sensor 

is developed on a single sided PCB where the two 

electrodes are designed on a single plane. Single sided PCB 

was fabricated using conventional fabrication technique. 

 

 
                           Fig 1:  E shaped sensor 

The two electrodes are designed so that its width and 

spacing between them is 2.54mm and the electrodes are 

commonly made of a conductive material, such as copper. 

When the material to be tested approaches the proximity 

region, due to the variation in dielectric constant the 

resultant capacitance value changes. This variation shows 

that the capacitance is proportional to the amount of 

dielectric constant.  Dielectric constant of each and every 

material is different therefore the capacitance value also 

shows variations and this variation can be used for material 

characterisation.   

2.2 Experimental Setup 

Figure 2 shows the experimental setup used for the 

proximity detection and imaging applications presented 

here.  Stepper motors are used for X, Y and Z axis 

movement and this arrangement helps to scan the entire 

area. Control signals for the proper movement of the motor 

were given by the controller (LPC1769) and this controller 

also helps to acquire the data from the scan head. Scan head 

comprises of a parallel in plane electrode capacitive sensor 

which was interfaced to capacitance to digital converter 

(CDC) AD7150. I2C interface was used between controller 

and AD7150 to acquire the capacitance value from CDC. 

Proper functioning of CDC was controlled by several 

registers in AD7150 therefore these registers must set 

accordingly. 

For proximity detection analysis different objects are taken 

and proximity analysis was done for different distances. In 

the case of imaging application obtained CDC values are 

used for the gray scale image creation using Microsoft 

visual studio where each pixel has a resolution of 1x1 inch. 

During scanning, the average CDC values are taken and 

assigned to corresponding pixel. Depending on this value 

the gray scale is created. 

 
Fig 2: Block diagram of proposed system 

 

III. RESULTS AND DISCUSSION 

Figure 3 shows the experimental arrangement used for 

proximity detection as well as imaging application. 

 

 
                        Fig 3: Experimental setup 

3.1 Proximity Detection 

Different objects such as human finger, glass and paper are 

used for proximity analysis. These objects are placed at 

different distances from the scan head and the 

corresponding CDC values are recorded. Figure 4 shows 

the CDC values obtained when placing human finger at 

different distances from the scan head and it is plotted. 

 

 
Fig 4: CDC Value VS Distance of finger 

 

Table 1 CDC values of finger 

Distance(mm) CDC value 

1 193 

3 192 

4 191 

5 191 
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6 186 

8 186 

10 186 

 
Table 2 CDC values of paper and glass 

Paper Glass 

Distance(mm) CDC 

value 

Distance (mm) CDC 

value 

1 191 1 191 

3 189 3 186 

4 188 4 186 

5 188 5 186 

6 186 6 186 

8 186 8 186 

10 186 10 186 

 

 
Fig 5: CDC Value VS Distance of paper 

 

 

 
Fig 6: CDC Value VS Distance of glass 

 

By analysing the above three figure it is clear that for unit 

change in distances there is a considerable change in the 

CDC value but this variation depends upon the material.  

For paper the proximity detection range is up to 5 mm but 

there is no large variation in the CDC values compared to 

human finger. In the case of glass the sensitivity is very less 

because it detect the glass only in a 1mm range. 

Human finger shows more sensitivity than the other two 

and its proximity detection range is up to 5mm. This 

property of higher sensitivity of finger leads to the imaging 

application. 

3.2 Grayscale Imaging 

The same experimental setup shown in figure 3 is used for 

the entire imaging application. Here the XYZ scanner 

acquiring the data and it is send to the PC where the 

grayscale image creating application is running.  

 Along X axis five readings are taken in one inch and its 

average is used for grayscale image creation. After 

covering a total distance of 12.7 cm (ie. 1 inch x5) along X 

axis, Y axis is moved with a distance of one inch. The 

process is repeated for 5 such Y axis movements. Hence the 

system will complete the scanning. During scanning Z axis 

is placed with an equal distance with the Y axis and the 

MUT was placed in the Y axis. The screen shot of the 

application created for imaging is shown in figure 7. 

Microsoft visual studio is used for creating this application. 

 
Fig 7:  Screen shot of the App 

Various readings are taken and their images are created. 

First of all an image is created of a surface which is not 

having any flaw. So this is the normal grayscale 

background. Since human finger has more sensitivity than 

any other material it can be easily detected using imaging 

and this is shown in figure 9. 

As different object having different dielectric constant the 

capacitance value changes with every object. Hence the 

CDC value also shows variation which can be detected 

using this imaging application. One of such example is 

shown in figure 9 where the black colour shows the hand 

near to the sensor. 
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Fig 8: Grayscale image of the surface without having any flaw 

 

Fig 9: Grayscale image when the hand placed near to the sensor 

Thus the proximity detection and imaging can be done with 

the same image scanner and it allows the testing of 

materials without changing the material properties. The 

system developed is highly reliable and safe as well as it is 

a cost effective mechanism. 

IV. CONCLUSION 

We have successfully developed an image scanner which is 

capable of detecting proximity for different materials and 

creating its image. This is achieved with the help of parallel 

in plane electrode capacitive sensor along with AD7150 

capacitance to digital converter. In the case of proximity 

detection the range was different for different materials and 

the human finger showed the highest sensitivity. This 

property of higher sensitivity of finger leads to the imaging 

application. In this system defect can be easily detected 

using gray scale images and the efficiency of this scanner 

can be improved by developing a capacitive sensor with 

high pixel resolution. 
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