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                    We wrote a program in the Lab View that contains a software (digital) Lock-In
 amplifier for all 16 sensors on our PCB board and is able to receive and
 process their output signal. How this program looks like in Figure 5.4.


From sensor’s output signal we can extract the real and imaginary 
compo-nent as well as the phase. The number of samples for the triggering is set for
one period of the reference signal, which is taken from the generator and is



...
 5.2. Program

Figure 5.2: Experimental model at the laboratory with the PCB board [19]


calculated by Equation 5.1. The value of the Sample Rate was set to 25000
 samples per channel per second i.e. for the exciting frequency of 32 Hz, the
 Number of Samples was approximately 780.


N umber Of Samples= Sample Rate


F requency of Generator (5.1)
 Schematic diagram of the program is shown in Figure 5.5. As described
 above for the transfer from analog to digital form of the signals from the
 sensors we used a multifunctional I/O device NI USB-6212. Signals from the
 sensors were digitally multiplied with the reference signal without a phase
 shift (the result is the X component or real part) and with a phase shift of 90
 degrees (the result is the Y component or imaginary part). For filtering the
 resulting real part and the imaginary part, we used two filters. The first one
 is Mean, which returns the average value of the input signal, and the second
 one is Butterworth. The low cut-off frequency of the Butterworth filter is set
 at 0.5Hz. After this, the signals are processed using three methods described
 in Section 5.3.


This program also contains the processing of the output signal from the
 reference position potentiometric sensor, which is connected to the multimeter
 and used to obtain the maximum achievable resolution for our position sensor.


To convert the voltage on the sensor to distance, we used Equation 5.2.


l(mm) = Vout(mV)


8(mVmm) (5.2)


Then we compared the results of measurements from our sensors to the
reference position sensor along the entire length of the cylinder. Our program
also displays in real time voltage on the sensors, how it changes with a passage
of the iron rod, and there is the possibility of writing data to the file, the


5. Design of the multi-sensor transducer with saddle coils 
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Figure 5.3: Electrical connection of the 16 sensors


ability to calibrate the sensor and adjust the offsets. It is recommended to set
 the offset to 0 before starting the measurement (when the piston is completely
 pushed out of the cylinder).


5.2.1 User manual for the program in LabView


There will be described some steps which you must follow to correctly make
 a measurement of the position of the piston rod in the pneumatic cylinder.



..
1. Select the input channels and device where the sensors will be connected,
 Max and Min voltage and Terminal Configuration in the "Chanel settings"

block.



..
2. Select the "Digital Ref" tab in the "Trigger settings" block and set Digital
 Ref Trigger Source to your generator from which the reference is taken.

You can also set the low cut-off frequency for Butterworth filter in this
 block.



..
3. Connect the multimeter to obtain the output voltage from the reference
 sensor in "Agilent 34401A" block and set the Exciting frequency of
 generator in "Timing settings" block.


..
4. Configure the log file in "Log settings" block.


..
5. Run the program, take the piston out then press the Null key. Now our
sensors are without offset value and it is possible to measure the position
of the piston inside the cylinder. For better performance of our invented
methods, it is recommended to calibrate the sensor. Set the piston rod in


...
 5.2. Program

Figure 5.4: Front panels in our LabView program


such a position that the output voltage on one of the sensors is maximum
 and press the "Calibrate sensor" key.



..
6. The calculation position of the piston is displayed in the "Results" block.

At the end of the measurement, stop the program with the "Stop" key.


The voltage on all sensors in real time can be seen on the graph "Output
 voltage on the each sensor". You can also see the acquired date, filtered
 X and Y component on the corresponding graphs.


5.2.2 Lock-In Amplifier


Lock-in amplifiers are used to detect and measure very small AC signals - all
the way down to a few nanovolts. Accurate measurements can be made even
when the small signal is obscured by noise sources many thousands of times
larger. Lock-in amplifiers use a technique known as phase-sensitive detection
to extract the component of the signal at a specific reference frequency and
phase. Noise signals, at frequencies other than the reference frequency, are
rejected and do not affect the measurement [20] Lock-in measurements require
a frequency reference. Typically, an experiment is excited at a fixed frequency
(from an oscillator or function generator), and the lock-in detects the response
from the experiment at the reference frequency. In the following diagram,
the reference signal is a square wave at frequency ωr. This might be the
sync output from a function generator. If the sine output from the function
generator is used to excite the experiment, the response might be the signal
waveform shown below. The signal is Vsigsin(ωrt+θsig) where Vsig is the
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Figure 5.5: Schematic diagram of the program


signal amplitude, ωr is the signal frequency, and θsig is the signal’s phase.


Lock-in amplifiers generate their own internal reference signal usually by a
 phase-locked-loop locked to the external reference. The internal reference is
 VLsin(ωLt+θref)


5.2.3 Mathematical background of SD


The measured and the reference signals are described in Equation 5.3. [20]:


Vsigsin(ωrt+θsig)


VLsin(ωLt+θref) (5.3)



...
5.3. Signal processing
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