
 

  
Abstract—This paper presents novel measurement method of 

multiple boundaries in liquid medium using both components of 
transmission and reflection signals. Electrical method is first 
shown to calculate the position of a boundary in a section of 
liquid transmission line. Then a method to calculated positions 
of two boundaries between three liquid zones. Configuration of 
measurement system is shown lastly for multiple boundaries 
formed in liquid medium with cascaded connection of the Chirp 
and the proposed methods.  
 

Keywords—Liquid boundary, transmission and reflection 
signals, Chirp method, cascaded signal processing.  

 

I. INTRODUCTION 
 

EASURMENT methods of position of liquid surface is 
required widely in industrial domain for storage, 

transportation, and production and control of domain of liquid 
materials.  

The chirp method using microwave reflection at liquid 
surface has been utilized commonly for materials with relatively 
high reflection at the surface. This method is not applied for 
materials with relatively low reflection of microwave at the 
surface.  

Recently novel methods are requested for materials with very 
low reflection of microwaves at the surface. Furthermore fine 
resolution is requested for measurement of the boundary 
position between the air and the liquid.  

Wave (signal) reflection method is not applied because of 
small reflection at the surface. Wave transmission method is not 
used practically, because so many components of signal wave 
are required to get the solution of boundary position.   

This paper first gives novel measurement method using 
transmission and reflection components signals simultaneously.  

This paper then gives a novel measurement scheme 
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composed of the proposed method and conventional chirp 
method with cascaded connection for fine resolution of 
positioning against long transmission line.  

This system will be used for system of liquid surface 
positioning in wide and practical areas.  

  

II. ESTIMATION OF POSITION OF BOUNDARIES  

A. Transmission of Electric Signal in Inhomogeneous 
Medium  

 
In inhomogeneous mediums, relative dielectric constant is 

assumed as εr (y), which depends on position at neighbor of y. 
Velocity c (y) at point y is given as follows.  
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where, c0 is the velocity of light in vacum. Electrical signal 
trasmission time T is calculated as follows.  
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B. Signal Transmission of Electrical Signal in 
Discontinuous Medium  

 
Figure 1 shows configuration of an inhomogenoeous 

transmission line. A medium boundary (or liquid surface) is 
included at a certain position of the line. A measurement system 
must provide fine resolution for decision of boundary position 
against long tranmission line length.  

A measurement method is given by sectionning of whole span 
into a boundary section and the other sections without boundary 
as shown in Fig. 1. The transmission line is devided into N 
sections. A section k is defined by positions pk-1and pk . A 
boundary is included at a section n , n is unknown.  

Positions pk-1and pk are defined as reflection points.  p0 is 
transmission point of electrical signal, and pN is end point of 
transmission line.   

It is considered that some obstercles are inserted at points p1 ~ 
pN-1 along y axis to yield small reflection of electrical signals.  
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The length of section k is  xk ( k = 1, …, n, .. , N ).  The 
position of boundary is pBn in n-th section. nδ  is the distance 
from pn-1 to pBn.  

 
The passing time tk in the section k without boundary is given 

as;  
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The velocity ck in section k is given as;  
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where, tk is passing time in section k.  

 
Now, boundari section is considered.  
Passing time tn of boundary section n is given by velocities 

cn-1 and cn+1 at the preceeding and the post sections adjacent 
to the section n.  
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The position of boundary at yBn is given as follows;  
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C. Measurement of Boundary Position  
 

(1) Detection of boundary section  
 
Difference of velocity kε  is considered between adjacent 

sections.  
 

kkk cc −= −1ε                                    (11)  

 
The value of kε  is larger than values at the other sections in 
transmission line.  

By iterative calculation of k (1~N), the section n with the 
maximum value nε  is given as follows.  
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Fig.1 Structure of a section n with a boundary at point pBn. 
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(2) Measurement of velocities cn-1 and c n+1 
 
The adjacent velocities cn-1, c n+1 (n = 1 ~ N ) are 

considered. Except boundary section n, the velocities of the 
other sections are equal to c1 and cN respectively   
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where, T0 is 0, and c0 is the velocity of signal in the air.  

The time of T1 ~ TN are given in experiments.  
 

 

III. MEASUREMENT SYSTEM FOR A SINGLE BOUNDARY 
 

A. The Chirp method  
 
The transmission times Tk are calculated in chapter II.  
Here, these times are obtained by the chirp method.  
Chirp signal is made of single carrier modulated by triangle 

wave. The chirp signal is transmitted and reaches to reflection 
points p1, .., pn, .., pN and  liquid boundaries in a neuron. The 
reflection signals from these points and boundaries are received 
at p0.  

 

Then the transmission signal st and receiving signal sr are 
mixed with different frequency. The beat frequency ∆f becomes 
as follows; 

 

Crt Tfff α2=−=∆        (15)  
 
α =｛ ft (max) – ft (min) ｝/ T0      (16)  
 

where,  ft and fr are frequencies of transmission and receiving 
when the signals are mexed. CT  is transmission time from p0 to 

reflecting point.  α is chirp modulation parameter difined by 
maximum and minimum frequencies of ft (max),  ft (min), and  
T0 is the time length of triangle wave for chirp modulation.  

 
Then the transmission time TC is obtained by the following.  
 

α2fTc ∆=           (17)  
 
Transmission time between reflection points and each 

boundary is calculated by frequency deviation between 
transmission and receving signals.  

 
 

B. System Configuration 
 
A system configuration is shown in Fig. 2. The left part is the 

chirp method, and the right part is the proposed method, which 
is connected by cascading to the chirp method.   

The part of the chirp method outputs times of reflection 
components T1 ~ TN , and TBn.  These times are transmission 
time from point p0 to each reflection point.  

The part of the proposed method outputs position of 
boundary pBn with fine resolution for input times T1 ~ TN , and 
TBn .   
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Fig. 2 System configuration of electrical measurement scheme.  
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IV. MEASUREMENT OF POSITIONS OF PLURAL BOUNDARIES  
 
Six reflection objects are considered to be inserted in the 

medium. By a pair of reflection objects (g0, g1), (g2, g3), and 
(g4, g5) in each zone, uniform velocities are measured at input 
and output zones without boundary.  
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Then the positions of two boundaries enclosing the central 

part are calculated as;   
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The positions pB2 and pB3 in section 2 and 3 are obtained by 

substituting Eq (14) and (15) into Eq.(8).   
 

V. CONCLUSION  
 
This paper presented novel measurement method utilizing 

transmission and reflection components of signals 
simultaneously.  

This paper then presented a novel measurement scheme 
composed of the proposed method and conventional chirp 
method with cascaded connection.  

The proposed method is applied to practical liquid 
transmission equipment under construction.  
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