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Abstract 

The depth of working fluid level of an oil well is one of the critical parameters that reveal 

the condition of down-hole environment. It should be measured periodically and accurately to 

stabilize the usual operation of pumping units. Acoustic method is currently the most common 

and most effective measurement method. This paper discuss a kind of working fluid level 

measuring equipment, which is based on NI single-board RIO embedded real-time processing 

system. By combing existing analysis method with wavelet transform theory, this device can 

automatically calculate the sound speed in wellbore annulus, and recognize the waveform 

reflected by fluid level. Results show that the device can effectively detect the depth of the 

working fluid level, meeting the needs of normal production activities in oil field. 
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1. Introduction 

In respects of oil field production control and equipment maintenance, the depth of 

working fluid level is one of the most important reference data. This parameter reveals 

the degree of pump shaft’s submergence and the running power of pump, which should be 

adjusted timely during the usual operation on oil field. This adjustment is executed according 

to the variation of pressure in oil reservoirs and the change of reserves, so that the efficiency 

of well can be kept relatively stable. It not only ensures that the well daily output meets the 

demand, but also prevents pump machine from idling or overloading. Due to the different 

geographical environment and producing requirements, each well’s down-hole environment 

has its own characteristics, which directly or indirectly affect the capability and accuracy of 

dynamic liquid level detection. 

For existing devices that based on frequency division methods [1] or pressure change [2] 

which could not provide a satisfying rate of available measuring results, researchers have 

contributed a lot in the research of detecting working fluid level and designing automatic 

detection devices.  

In terms of de-noising, the most known way is dual-channel analytical method, which 

divides signal into low frequency part--for sound speed calculation, and high frequency part--

for reflect waveform detect [3]. However, this method could not effectively reflect the 

instantaneous characteristics of signal. A more effective way is spectral subtraction method, 

which supposes that the noise has a relative stable power spectrum characteristics so it can be 

subtracted without affecting the useful signal [4]; Many other theories have been raised to 

deal with de-noising procedure. For example, neural network algorithm has been used to 

enhance the amplitude of reflected wave and weaken noise [5]; wavelet transform theory for 
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Figure 1. The Composition of Liquid Level Measuring Device 

 

multi-resolution analysis is used to pick up wavelet coefficients of the useful signal and 

reconstruct the de-noised signal [6]; In terms of reflected waveform recognition, short time 

magnitude zero-crossing rate method ,which is based on characteristic of sound source, makes 

the automatic reflected wave detecting more simple and relatively reliable [7]. In terms of 

sound velocity calculation, instead of the basic way of counting the reflected waveform 

caused by pup joint in a certain period time [8], Changsong Wang announced a calculation 

method based on AMDF theory, which is mainly used in estimating the pitch period of speech 

signal processing [9]. 

The author attempts to use NI company production: single-board RIO integrated embedded 

devices as the core of the signal processing unit, combining with LabVIEW software to 

design the device’s hardware core unit for calculation and control. The device includes a 

LX45 FPGA control chip and a microprocessor chip, 16-bit A/D and 40 mHz high frequency 

clock, 400mHz CPU, and 256MB RAM .It can be used to implement more complex signal 

processing method. By using the wavelet analysis method provided by the LabVIEW 

software on the device to deal with the noisy signal [10], this device succeeded in identifying 

the reflected waveform of dynamic liquid level in complex underground environment, and 

attained depth data of liquid level, which proved its effectiveness and the related algorithm. 

 

2. Measurement Theory and Hardware Design 

This device chooses the acoustic measurement method as the way to create sound wave 

pulse, which is currently widely used in detecting depth of liquid level. Acoustic reflection 

happens when encountered with obstacles and then return against the direction of the original 

transmission, acoustic measuring method in liquid level measurement do is based on this 

principle. 

 

2.1. Hardware Design 

The device usually contains an acoustic pulse generator, acoustic sensors, NI single-

board RIO device and related peripheral equipment, signal amplifier circuit, etc., as 

shown in Figure 1. 

In the device, acoustic pulse generator contains a small air pump and a number of 

solenoid valves. When the internal pressure in the well rises to a specified value, the 

pump begins to work, providing the energy for the acoustic pulse. The single-board RIO 
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Figure 2. Downhole Environment of Oil Well 

equipment integrates the key functions such as device control, signal storage, signal 

amplification, de-noising, fluid level reflect signal recognition and data output, etc.  

In order not to interfere with the normal work of the driving shaft, the device is 

usually installed at the interface of oil well casing annulus on the ground. When a 

sequence starts, single-board device send out control signals to open the magnetic valve 

and the acoustic wave generator in the device creates a sonic pulse which transmits 

through the well bore annulus flow downward. The sound wave reflects by the oil 

surface and then returns to the ground surface. The acoustic sensor begins to collect 

data at the time the magnetic valves begin to work. At the same time, signals are 

amplified and return back to single-board device. After analysis, result is shown on the 

display unit, and is sent via wireless transmission to the central computer in 

workstation. At last, the acoustic sensor installed on the ground receives the reflected 

signal. After amplification, noise filtering, the liquid level depth is identified by either 

artificial judgment or by automatic measurement device. 

 

2.2. Measurement Theory 

Down-hole environment of a typical oil well is shown in Figure 2. 

When travelling through the wellbore annulus downward, sound wave will encounter 

many pup joint fixed on the driving shaft, which can reflect part of the sound waves. 

Then sound wave reaches the working fluid level and produces a larger reflection, 

which returns from the bottom to the measuring device on the ground, accepted by the 

acoustic sensor. Usually, after amplification processing, the received acoustic signal 

will be filtered，and divided respectively into high frequency part and low frequency 

part, and being recorded separately at last. Sound wave will be attenuated in the process 

of transmission, and acoustic attenuation speed is relative with the frequency band of it: 

high frequency sound waves attenuate rapidly, so that the amplitude would decrease 

quickly with the increase of distance, so that the high frequency part of sound waves 

can only response several joint reflection waves near the ground; The low frequency 

part of acoustic attenuates relatively slow, therefore, low frequency part are more likely 

to record the reflected wave of liquid level. Reflection wave signal records the 

reflection waveform of dynamic liquid level and some other bigger obstacles, when the 

reflection to liquid surface occurs, a large amplitude change occurs. So it is relatively 
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easy to identify the liquid level in the low frequency part, while the high frequency part 

is uesd to handle joint reflection waveform. Since the shaft is combined with many 

section of the rod of same length, so the pup joint spacing is equal. By calculating the 

average cycle of joint reflect wave, the average speed of sound waves in the wellbore 

could be calculated. 

Suppose the length of pup joint is sL , time spent for the sound waves pass through N joint 

is sT , so the average sound velocity in the pipe can be calculated as follow way: 
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Suppose the time spent from the magnetic valve opens to detect the liquid surface 

reflection wave is rT , the dynamic liquid level depth of S is equal to: 
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3. Identification of Fluid Level 

Processing of reflected wave signal with a low-pass filter method can filter out part of 

noise in certain extent. However, well’s condition differ in thousands ways: well path, 

frequency of rod stroke, pump operation conditions, pressure change in the annulus will 

influence the reflected wave signal in different degrees. Therefore, methods rely on Fast 

Fourier transform, which decomposite the signal by extracting and analyzing the fundamental 

frequency spectrum, can't meet the demand of calculating dynamic liquid level depth in the 

case of the complex underground environment. 

Wavelet Transform is a new kind of signal analysis method developed on the basis of 

Short Time Fourier Transform (STFT). An integral wavelet transform of finite energy signal 

could be defined as follow: 
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In this expression, a>0 stands for scale factor, b stands for shift factor, and the wavelet 

function )(
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   is stretched and scaled from original wavelet )(t . The value 

of wavelet transforms reveals the time-frequency characteristics of signal in a local region 

related with a and b. Compared with Fast Fourier Transform (FFT) which focus on overall 

signal characteristics, Wavelet Transform pay more attention to the instantaneous changes of 

response signal, which therefore has more obvious advantage on the analysis of the 

instantaneous variation such as liquid surface reflection wave. 

The parameters a and b are usually used in discrete form, where: 

j
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So the corresponding wavelet 
kjj ba ,,  could be recorded as: 
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While its wavelet transform is: 

 kjkjj fbafw ,, ,),)((             Zkj ,                                      (6)  

Instead of using these series expressions for practical application of the wavelet transform, 

problems are mostly be considered in the way of a multi-resolution analysis from )(2 RL  

space. By using a fast algorithm of the discrete wavelet transform for numerical calculation, 

the calculation results could be analyzed after. The multi-resolution analysis refers to a group 

of nested closed subspaces, which satisfy several conditions: 
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If the relationship between the two parameters of scale functions )(x  satisfies the 

equation: 
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The function below could be proved to be an orthogonal wavelet: 
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Which also means the wavelet group { Zkjtkj ,),(, } is one set of orthogonal basis 

of )(2 RL . Suppose: 

 )),(( ,)(2 ZktcloseW kjRLj                Zj                               (9) 

Then the equation below establishes: 

jjj WVV 1              Zj                                         (10) 

So we could get a corollary that: 

12112211   jjmmmjjjjjj WWWWVWWVWVV  (11) 

In different scales, the useful signal and noise have different performance. By setting 

thresholds for different scale, the de-noising procedure could be achieved. This is the 

fundamental of detecting fluid level based on wavelet transform theory. 

This paper chooses to use symlets4 wavelet during signal analysis. Sym4 wavelet is a kind 

of compactly supported, symmetric, biorthogonal wavelet, with high reduction of signal, and 

is more outstanding in detail extraction compared with the Daubechies wavelet. The 

development software LabVIEW attached with NI single-board RIO device provides symlets 
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Figure 3. sym4 Wavelet Scale Function and Wavelet Function 

series wavelet function support, sym4 wavelet’s basic characteristic curve in LabVIEW is 

shown in Figure 3 below. 

In order to use wavelet transform to deal with the noise in signal, the signal should be 

divided in different scale at first, so the program can obtain the wavelet’s coefficients and 

scaling factor. Then thresholds are set to filter out useless high frequency part. After this 

process, the signal could be reconfigurated. Screenshots of program made by using LabVIEW 

are shown in Figure 4:  

 

Figure 4. LabVIEW Program Sequence 

4. Field Test 

On finishing equipment debugging, the device is put into field test. Three oil wells in the 

second plant of Daqing oil field are chosen for the test, in which down-hole condition varies. 

The sample frequency is set at 1000Hz, and each sample continues for 10 seconds. Existing 

analysis method that uses dual channel digital filters is difficult to measure accurately the 

depth in these three well due to the lack of highlighting of the transient variation [11]. In the 

experiment, multi-resolution wavelet analysis tool in LabVIEW is used to decompose sample 

signal, in which sym4 wavelet function is selected, and the decomposition layer is set as 4. 

An ideal surface reflected wave signal is obtained by combining different layers with adjusted 

app:ds:sample
app:ds:frequency
app:ds:transient
app:ds:variation


International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol.6, No.6 (2013) 

 

 

Copyright ⓒ 2013 SERSC   115 
 

factors, as is shown in Figure 5. By comparing Figure 5-a. with Figure 5-b and 5-c, it can be 

seen that after sym4 wavelet decomposition, the reflected waveform is salient enough to 

identify. 

 

Figure 5-a. Origin Signal 

 

Figure 5-b. signal devided by 4 layer after sym4 wavelet decomposition 

 

Figure 5-c. filtered signal of at the bandpass of 15 Hz to 25 Hz 

These three wells each has the problems of low borehole casing pressure, casing leaning 

and interference problem caused by pump machine, each of these well is tested tens of times 

for a more accurate result, and the test results are shown in the table 1: 
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Table 1. Field Test Data 

Well 

Number 

Test data Field data 

Calculated 

sound speed 

Number 

of test 

Average liquid 

level depth 
Real depth 

712-P-34 420.18 15 343.12 342.08 

710-P-51 358.18 10 373.76 381.19 

710-P-43 396.26 10 651.90 660.57 

 

5. Conclusion 

The site test result shows that the device designed for this test reaches the demand 

of practical application on oil field. Wavelet transform method is an effective way in 

eliminating noise and enhancing the reflected sound wave of working fluid surface. It 

also reveals better performance on picking up signal chrematistics than by dual channel 

filtering method. This method lowers the difficulty of identifying fluid level reflection 

signal, and achieves acceptable accuracy. It also has superiority in dealing with wells 

which have problems on identify the fluid level over traditional method. 
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