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Abstract 

LVDT based approach for thickness measurement application using ZigBee 

protocol and LabVIEW interface for display. Till today LVDT sensors are 

known for displacement measurement. They have been redefined for the use 

of thickness measurement in the system made. The system features the use of 

wireless communication protocol i.e. ZigBee. So this system can be used in 

remote areas where bulky systems get difficult for installation. Traditional 

thickness measurement involves more of the usage of optical, ultrasonic, 

magnetic and radiation methods for measurement of sheet thickness but the 

system made here using LVDT also give performance same as other 

mentioned here. So that in all aspect an alternative is made which is low cost, 

rugged, accurate, less bulky, easy to configure for thickness measurement. 

This system can be used to measure thickness of glass, plastic, metal, rubber 

and woodensheets in industries. Further this system is integrated with 

LabVIEW using ZigBee for wirelessly acquiring the data. 

Index Terms: Controller, LabVIEW, LVDT, Prototype, Sensor, Thickness 

measurement, ZigBee 
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INTRODUCTION 

Recent development in manufacturing industries has been increasing a demand of 

highly more precise, accurate, robust and comparatively less bulky sensor 

measurement systems to be developed. There various parameter measurements 

required for a product to be of finished and fine quality; Thickness is one of its kinds. 

Thickness measurement is very important for the industries whose end product is in 

sheets which include sheets of polymer, metal, plastic, paper, glass and most 

important wood. The areas where this kind of thickness measurement is crucial are in 

automobiles, building materials, electronic devices and paper industries. 

There are various conventional method of measuring the thickness of sheets such as 

ultrasonic, radiation, laser, optical, magnetic, inductive [1]-[5]. F.Tojo et al. [1] & [3] 

developed optical and magnetic sensing system for measurement of thickness of 

polymer sheet. Nadir et al [2] presented a laser technology for thickness measurement 

of metallic plates. Wei li et al [4] presented an eddy current method for thickness 

measurement of metallic plates. K.Suresh et al [5] investigated a resonance method 

for non-magnetic and conducting sheets thickness measurement. 

LVDT is basically an inductive transducer most widely used for measurement of 

displacement [6]-[15]. Due to the characteristic of LVDT, It is used as secondary 

transducer for industrial application such as pressure, flow, acceleration, force, 

seismic shock and deformation measurement [6]-[15]. This paper presents LVDT 

based approach for Thickness measurement application using ZigBee and LabVIEW 

interface for display. The system features the use of wireless communication protocol 

i.e. ZigBee; System can be used in remote areas where bulky system gets difficult to 

installation. The motivation of this work is to provide an alternative with low cost, 

rugged, accurate, less bulky, easy to configure. So this system can be used to measure 

thickness of glass, plastic, rubber and wooden sheets in industry. 

 

Figure 1Schematic diagram illustrating the principle of the sheet thickness measuring 

system by the use of LVDT based system: here, (1)is the LVDT with measuring 

wheel attached to its core sliding on conveyor, (2) Cutter, (3)Arduino, (4)LVDT 
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excitation circuit, (5)Cutter Driver circuit, (6)ZIGBEE, (7)&(8)Rollers of conveyor 

attached to motors,(9)Rigid Support, (10)Test piece of Wooden sheet with particular 

thickness,(11)Supports for the sheets. 

 

I. MEASURING PRINCIPLE OF THE INSTRUMENT FOR THICKNESS OF 

WOODEN SHEET 

As schematically shown in figure A, the wooden sheet of particular thickness is to be 

measured is placed on the conveyor above the left roller at a distance of 20 cm from 

the measuring sensor i.e. LVDT. The conveyor programmed to move the wooden 

sheet at a particular speed towards LVDT. The LVDT sensor is installed with 

measuring wheel attached to its core material which is freely suspended from rigid 

support to move on conveyor. As the wooden sheet reaches the LVDT the 

displacement of measuring wheel takes place due to the thickness of sheet. This 

displacement of LVDT core will cause change in mutual inductance of the coil which 

results in change in the output of LVDT. This change in the output is analogous to the 

thickness of the sheet. The output of LVDT is given to controller where the logics are 

stored and from the controller signal is given to ZigBee transmitter form where it is 

transmitted wirelessly to the receiver module which is interfaced with the LabVIEW 

for data acquisition purpose. As GUI developed in LabVIEW we can set the required 

range of sheet thickness measurement. If the sheet thickness exceeds this range then 

the signal is generated which is again transmitted wirelessly to the controller where it 

is given to the motor driver that drives the motor to which cutter is connected which 

files the sheet of wood in the desired thickness required then the sheet reaches to the 

second roller of the conveyor where the sheets are collected. 

TABLE 1 

PROPERTIES AND DIMENSIONS OF SENSOR 

SR. NO DESCRIPTION VALUE AND UNITS 

1. Length of Primary winding               5.2 cm 

2. Length of secondary winding               5.2 cm each 

3. Length of Core               18 cm 

4. Inner Diameter of coil               1.9 cm 

5. Outer Diameter of coil               2.1 cm 

6. Excitation frequency               50HZ to 1 KHz 

7. Primary current peak value              1 ampere 

8. Separation between coils                0.5 cm 

9. Number of turns for primary coil               74 turns 

10. Number of turns for secondary coil               74 turns each 

11. Copper wire               22 gauge 

12. LCD display               16*2 character 

 

 



1206 A.P. Jagtap, S.D. Gaikwad, K.S. Gawade, G.S. Ingle and N.S. Nagdeo 

 

Figure 2Block diagram of the sensor system for thickness measurement application. 

 

II. STRUCTURE OF SENSOR SYSTEM AND ITS WORKING PRINCIPLE 

A. CONSTRUCTION AND DESIGN 

LVDT design consists of three coils of wire wound on hollow polymer tube with a 

diameter of 3 cm. The inner coil is primary which is excited by excitation circuit with 

variable frequency range of 50Hz to 1 KHz provided for the application design. 

Variable resistance is connected in between primary circuit and the controller to vary 

the excitation frequency of the circuit. As we know the excitation signal frequency 

affects the output of LVDT [6]-[15]. Flux formed by the primary is linked to the two 

secondary windings of coil. Inducing a voltage in each coil when the core is in null 

position the secondary windings of the coil are connected in series with phase 

opposition as a result the output voltage is zero but in actual the residual voltage is 

present at this position, this residual voltage is measured and kept constant as an 

offset value which further acts as an error. Displacement of the core form null 

position results in output voltage proportional to displacement but in opposite 

polarity. Phase sensitive demodulation circuit is designed and connected to the 

secondary windings which can determine the direction and extent of the core motion 

i.e. its displacement [6]-[15]. 

 

B. PROPERTIES AND DIMENSIONS OF SENSOR 

III. COMMUNICATION AND USER INTERFACE 

For the reliable wireless communication we use ZigBee s1 module as transmitter and 

receiver pair. It is built on IEEE standard 802.15.4. ZigBee was created for low cost 

and low power but with a large degree of flexibility. The specifications of the module 

are as follows  

1. RF data rate 250 kbps, 

2. Operating frequency 2.4 GHz 



LVDT Based Approach for Thickness Measurement Application 1207 

3. Indoor range 30m 

4. Outdoor line of sight range 90m     

5. Power requirement 1 MW to 100 MW  

Module with above specifications is used for wireless transmission of data from 

sensor system to user interface i.e. remotely located. Rx pin of the controller is 

connected to the Tx pin of the module and Tx pin of the controller is connected to 

the Rx pin of the module. Receiver of the ZigBee module is connected to the USB 

port of PC. This received data from the receiver module is then displayed on the 

GUI created in the LABVIEW using NI VISA resources used for acquiring data 

from USB devices. Then this value is given to the buffer register in LabVIEW for 

storage and separation purpose as it is received at USB port of PC. This Value is 

then given to the LVDT scale designed in front panel of LabVIEW for Display to 

user as shown in Fig. 3. It is also displayed on the buffer. Graph is plotted between 

Thickness measured and output voltage signal. Set Thickness control is also given 

in LabVIEW to set the thickness of sheet if thickness exceeds this limit cutter will 

shape the sheets.    

 

 

Figure 3Front panel developed in LabVIEW for acquiring data from sensor system. 

 

IV. RESULTS 

The thickness measurement system made here is tested for the measurement of 

various sheets of wood having different thickness ranging from 0 to 5 cm. Here at the 

initial state an error of 0.08V is generated at null displacement position of the LVDT 

due to residual magnetism present. Main error in the measurement system is due to 

the losses in mutual inductances and residual error however it is extremely difficult to 
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prepare a system with uniform flux linkage. For the thickness measurement of 

wooden sheets we are using only one side of the LVDT displacement for the 

positively increasing results. 

  For five different pieces of wooden sheets the experimental measurements are 

carried out and are given in the table below. 

 

TABLE 2 

RESULTS 

Sheet Actual 

Thickness 

Measured 

Thickness 

Output (Volts) Error 

Wood 0 cm 0.02 cm 0.08 V 0.02 cm 

Wood 1 cm 1.02 cm 0.18V 0.03 cm 

Wood 2 cm 2.04 cm 0.26V 0.04 cm 

Wood 3 cm 3.07 cm 0.37V 0.07 cm 

Wood 4 cm 4.17 cm 0.48V 0.17 cm 

Wood 5 cm 5.28 cm 0.55V 0.28 cm 

 

As per the analysis of error the maximum error measured in the table is found to be 

0.28 cm and the mean error of the system is 0.10 cm. 

 

 

Figure 4: Signals from LVDT and measured thickness of Wood sheets. 
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V. CONCLUSION 

In this paper a simple and low cost system for thickness measurement of wooden 

sheets using LVDT sensor and verified by experiments. The performance of the 

measurement system is carried out for 5 different wooden sheets having a thickness 

ranging from 0 to 5 cm. It is observed that as thickness of sheet increases, It increases 

the output voltages. In an actual voltage of LVDT changes from negative to positive 

as the core moves from one side to other side. In this system we are limiting our 

measurement to only one side for linear increasing and decreasing range for easy 

mapping. This gives the results as desired. From the experimental results it is evident 

that the accuracy of system is good enough to the proposed range of measurement. 

The simplicity of paper lies in easy configuration and installation of the system and 

also wirelessly acquiring data.  
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