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Abstract 

       Constructing an impedance tomographic profile of a fiberboard has 
several applications in industry and agriculture. In this paper a technique 
based on multi-frequency square- wave pulse signal is being used to probe 
the sample. The output signal is amplified, filtered and used to produce the 
different images to produce a profile of the cross section for different local 
lumber samples. Analysis of the effect of different stimulating frequency on 
the overall contour shape of different samples is compared and the 
appropriate frequency is singled out. At the end means on how this 
technique can be utilized to develop an impedance sensor is also detailed. 

Introduction 
 
      There is a need for designing modern instruments for the inspection of 
quantitatively and qualititave characteristic of wood and wood-based 
materials and finished products. Development of technologies using electric 
fields requires a profound knowledge of the dielectric properties of wood. 
One of the promising techniques is the Electrical Capacitance Tomography 
(ECT).           
      The basic principle of tomography is that a sample is being interrogated 
by a sensor (sensor array) from many different viewing angles along a 
cross-section, and the measured data (ac-voltage in our case) are used to 
reconstruct an image representing the material distribution. In terms of 
sensing principles, there are many types of tomography system, such as X-
ray, Y-ray, optical, electrical and ultrasonic. Among them, electrical 
tomography has many advantages over other tomography modes, such as 
low-cost, no radiation, rapid response and robust. It is, therefore, 
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particularly suitable for industrial applications. The main difficulty with 
electrical tomography arising from its soft-field nature, making image 
reconstruction complicated. Electrical capacitance tomography is based on 
measuring change in capacitance to reconstruct the cross-sectional 
distribution of permittivity [1]. 
 
General Description Of The System: 
 
The dielectric properties of wood are measured by using different 
techniques in accordance with the chosen frequency range. At low 
frequency (1.0 – 10.0 KHz) measurements with bridges are most widely 
accepted. Figure1 gives block diagram of the whole system. 
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Fig. 1: Block diagram of the general tomographic imaging system.
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Below is a brief description of the method used in this experiment in 
measuring dielectric characteristic of Wood. 
 
1.  The Sensor: 

Two sensors were designed with two different radii (10 mm, 30 mm) with a 
copper surface with guarding rings. The guarding rings were included to cut 
the fringing effects of the fields at the edges of the disk [2], as shown in 
figure 2. 
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The design equations for these rings are: 
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reffe is the effective radius, r is the actual radius, t is the thickness of the 
sample and g is the gab between the actual disk and the guard ring. 

This guarding ring electrode was earthed common to the ground of the 
whole system. 
 
2. The Bridge and Amplifying Stage Circuits. 

The simulating input signal is an ac-square wave signal. Resistors R1 and R2 
are used to adjust the frequency and duty cycle respectively [3] as shown in 
Figure 3 below. 
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Fig. 3: The source circuit diagram for the the bridge circuit.
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The circuits feeds from a transformer- rectifier circuit from a regular 
220~240V, 50 Hz outlet or a 9V Dc battery for out-field applications. 

The measurements entail the determination of the capacitive of sensor 
output into a voltage signal. To this end a deflection bridge was used with 
two resistive arms and a known capacitor arms. The particular choice of this 
deflection bridge is based on its linearity control and also on its frequency-
independent of the input signal [4], which makes it ideal for probing the 
sample at different scanning frequencies without the need to adjust the 
bridge parameters at each frequency.  Figure 4 shows the bridge circuit 
chosen for the imaging system. 
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      The choice of the values of the resistors and the capacitance prove to be 
very vital. In order to improve on the linearity of the output voltage with the 
changing of the dielectric properties of the sample without a significant lose 
in sensitivity. To this end many Simulation trials was carried out utilizing 
Electronics Workbench. version. 5.12 software. The network is tested for 
different values of the resistor arms and the balancing capacitor in order to 
optimize sensitivity with out losing the linearity of the response. Figure 5 
shows graphs of the output voltage Eth of the bridge versus Normalized 
Capacitance Cx/C0, for different arms ratio (R1/R2). 
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3. The Amplification Stage: 
 
Since the strength of the output signal of the balanced bridge is very weak 
(in the order of few mV), an instrumentation amplifier (AD 524) was 
introduced. These amplifiers have the advantage of high gain, high input 
impedance, high linearity, high common mode rejection ratio and low 
output offset DC voltage which can be totally eliminated by simply biasing 
its offset terminals [5]. 
Introducing a resistor connected to the ground to serve as a return path 
eliminates the problem of return current path to the input terminals for non- 
referenced input signal. The introduced resistor also functions as a leakage 
current compensator for the sensor arm. 
 
4. The Interfacing and Acquisition. 

 

The huge set of data collected at the output of the imaging system for each 
scanning point is fed to Data Acquisition Board (NI 6024E series). The 
design and development of a software using a graphical programming 
language (LabView) not just to interface the sensor to the PC but also to 
analyze, manipulate and manage the set of data collected. 

The software will provide error correction for the measurements taken and 
incorporate the correlation and calibration of the system in order to display 
numerically and graphically the properties of the sample under test in a very 
user-friendly manner. The set of data for each run is saved with time stamp 
in a spreadsheet to be graphed and saved for subsequent comparisons.  

 

5. Preparation Of Samples 

 

Two samples of wood were chosen. Sample1 is a wood type A.Exelca and 
sample two is a Pinewood.  Each slab was cut to the dimensions of 40X20 
cm. The scanning was made in the longitudinal (L) and tangential (T) 
directions of the wood axes of anisotropy [6]. Each slab was 10-mm in 
thickness and was sanded to a smooth contact surface. An Aluminum metal 
sheet of the same dimensions size as the wood samples was cut to provide 
the other contact surface of the capacitive sensor proposed. 
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Results and Discussion 

From the graph of linear correlation fit, we see that a ratio of 10 gives a 
good linearity with high sensitivity. 

Figure 6 was plotted using Mathlab 6.0 software for Wood sample (1) using 
probe (A) the silver surface of the plot can be easily related to capacitance 
of the slab as it changes with the location of the probe. 
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Fig. 6:  Capacitance Profile of Wood Slab using Probe at 1.0 kHz
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Figure 7 shows colored contour plots for wood sample (2) for the output of 
the imaging system. These contour plots can be calibrated against dielectric 
constant for the wood slab, or against moisture content of the wood. 
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Fig. 5: Dielectric profile of the wood slab, (a) with r=30 mm  probe. (b) with r=10 mm  probe.
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On comparing both figures Figure 7.a and 7.b, which were conducted on the 
same setup, frequency and ratio, we see the contour plot in figure 7.b has 
more details in it. These higher details can be attributed to smaller probe 
size, which can resolve smaller gradient changes in the wood dielectric 
constant which in turn changes its capacitance.  

Further Improvements 

There can be substantial improvements to this imaging system. First, the 
need to human intervention to move the system from one location point to 
another can be eliminated by the introduction of an array of sensors (16 
small copper circular patches) all laid on a flexible insulating sheet and 
wired inside to 16 output bin plug. The output of all these channels can be 
read simultaneously using the above-mentioned Data Acquisition Card. 

Secondly, Since these multifunction card are also capable of generating 
voltage wave -forms from two output channels of any shape and at any 
frequency the programmer desire in the limits of these DAQ’s, these 
voltages can be used as the probing signal Shifting to different frequencies 
and wave-forms can be easily accomplished from the front panel of the 
interface program. 
 
Conclusion 

The design of an imaging system based on ECT is presented. The system 
was applied on two different local wood samples. The results of the 
imaging system to produce capacitance profiles of the samples are shown. 
The effect of the sensor size on the resolution of the profile images has also 
been pointed out. Shifting in the general trend of the profile with the 
changing in probing signal frequency is also explained in the light of 
dielectric constant variation with frequency (dispersion). New and 
thoughtful ideas to calibrate and automate this technique have also been 
pointed out. 
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