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Abstract—Water leakage is a serious problem in the maintenance of 

a waterworks facility. Monitoring the water flow rate is one way to locate 
leakage. However, conventional flowmeters such as the wet-type 
flowmeter and the clamp-on type ultrasonic flowmeter require additional 
construction for their installation and are therefore quite expensive. This 
paper proposes a novel estimation system for the flow rate in a water 
pipeline, which employs a vibration sensor. This assembly can be attached 
to any water pipeline without the need for additional high-cost 
construction. The vibration sensor is designed based on a condenser 
microphone. This sensor detects vibration caused by water flowing 
through a pipeline. It is possible to estimate the water flow rate by 
measuring the amplitude of the output signal from the vibration sensor. 
We confirmed the validity of the proposed sensing system experimentally. 

 
Keywords—Condenser microphone, Flow rate estimation, Piping 

vibration, Water pipe. 

I. INTRODUCTION 
ATER is an indispensable element inhuman life and its 
demand increases in proportion to economic growth. In 

Asia, water demand was 2,231km3/year in 1995, and it is said 
that this demand will exceed 3,254km3/year in 2025 [1]. In 
Tokyo, Japan, the water supply pervasion rate is 100% and its 
total distribution is 156,557×104m3 per year [2]. Since an 
efficient and uninterrupted water supply provides the basis for 
citizens’ well-being and a productive economic growth, the 
Waterworks Bureau strives for a well-maintained waterworks 
facility and an efficient water distribution system. One of the 
factors responsible for in efficient water distribution is leakage 
caused by defective pipelines; further, 14,578 cases of water 
leakage were reported to occur every year in Tokyo [2]. 
Furthermore, in 97.2% of the total water leakage cases, leakage 
occurs from service pipes that supply water to the end 
consumers [3]. In most cases, however, this water leakage from 
pipelines goes unnoticed until the general consumers receive 
hefty water bills or notice leakage on their walls. Since late 
detection of water leakage leads to increased damages, it is 
essential that leakage be detected as early as possible to prevent 
these damages.The Waterworks Bureau uses several methods 
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to detect leakage in pipelines, for example, the acoustic leakage 
sound detection method, which measures piping vibration as 
sound at midnight; the cross-correlation flowmeter method, 
which detects leakage sounds at two points and determines the 
time difference between them [4]; the acoustic emission 
method, which detects a leak from a metal with a 
high-frequency sensor [5]; and the magnetic flowmeter method 
[6]. However, since these methods can be applied to detect the 
precise leakage location only after a leakage is detected by the 
consumer, they are inappropriate as methods for early detection 
of water leakage.  

Given these circumstances, methods that monitor the water 
flow rate using a flowmeter have been proposed for early 
detection of water leakage [7]. By these methods, it is possible 
to detect water leakage by comparing the flow rates under 
normal conditions with those under a water leak. However, a 
wet-type flowmeter requires additional construction to be 
installed into pipelines. Furthermore, although clamp-on type 
ultrasonic flowmeters can easily measure the flow rate, they are 
too expensive to install in ordinary households. 

This paper proposes a novel estimation system for flow rate, 
which measures piping vibrations caused by changes in the 
water pressure. The vibration sensor employed in the proposed 
system has been developed based on a condenser microphone. 
Although the condenser microphone is actually an acoustic 
sensor, it can also measure the pressure or acceleration [8], and 
the proposed system can be easily installed into a water pipe. 
Furthermore, since the construction is simple, it does not cost as 
much as the wet-type flowmeter and the clamp-on type 
ultrasonic flowmeter. 

II.  METHOD 

A. Description of Model Variables 
Here, we describe the mathematical model of water flowing 

in a pipeline and determine the relation between the water flow 
rate and the pressure in the pipeline. The variables used in our 
model are defined as follows. 
 

General variables: 
g : gravitational acceleration[m2/s] 
T : sampling time[s] 
Pipeline variables: 
ρ : density of water[kg/m3] 
μ : viscosity of water[(N/m2)·s] 
dp : diameter of pipeline[m2] 
Condenser microphone variables: 
[Mechanical factors] 

M : mass of pickup and pressured film[kg] 
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