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Abstract. This paper presents a transducer that was desfgneatation speed measurement of
water meter impelleduring verification procedure of counting mechargsim many cases,
particularly when wet type water meters are velifitne impeller is obstructed by dregs, rust,
etc. and therefore is hardly visible. When usiittgdfiion both in spatial and frequency domains,
steady and reliable measurements are obtained. tBetiretical and experimental results are
presented in this paper. In this research worksfeanfunction of smart rotational speed
measurement transducer is shown and various mddegput parameters are modeled. The
reliability of the transducer output signal andrigsponse to optical disturbances are modeled
and real signals from transducer prototype arergive
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Introduction

In engineering practice the rotation speed andingtability measurements must be
conducted often. The rotating objects may be dtapsd patterns, propellers, water meter
counting mechanisms. Also rotating objects witegular shapes can occur. The rotating object
can be obstructed due to various reasons. In sasescdhe only way to determine the rotation
speed of the object is to implement optical traesdsl This is very important in automatic
evaluation procedure of counting mechanisms oftys¢ water meters. The rotating impeller
of this type of counters is obstructed by rustgdréoubbles, which accumulate on the glass of
the counting mechanism.

In fig. 1 the wet type water meter impeller is greted. In installation conditions (fig.
1a) the clear visibility of impeller is disturbeg:b

1. Impeller's optical surface quality

2. Impeller's geometry

3. Impeller's eccentricity

4. Side effects of insufficient filtering of water (bbles, rust, dregs, etc.)

M easur ement object

All the problems mentioned above cause reflectimagducers with single sensing element
to fail. The purpose of the proposed transducenésisuring the rotation speed. The transfer
function:

F=¢(Q), (1)

whereF — the frequency of the signal measured in thewdigiage of the transducer (H2)
impeller’s rotation speed (rps).
When the impeller’'s blades are situated periodicédillowing the circle line, the function
is:
F=NQ. (2)
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“Smart” transducer must ensure the stability of trensfer function. The correlation
function for that requirement was chosen [2,3]. Boftware implementation of correlation
procedure is time and computing resources consuifiih@nd requires the speed of image
capturing and processing hardware. These restigtieere taken into account and hardware

implementation of correlation function was chostne model of the hardware implementation
is given below.

Fig. 1. Wet type water meter counting mechanism and ttregingt impeller

M odel of the transducer

The image of impeller is projected on the receipleme, using optic lens. This image
(Fig.2) can be de-scribed as:

N Rl< p < R2 3
#=24l0.0) 2(N—1)%<¢<(2N—1)%; ©

wherek — number of the blad®& — amount of the blade& —angular speed of rotatioR1, R2
— radiusesp,p — polar coordinates.

Fig. 2. Image projection
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Type and shape of the surface of the sensitive exierwan be different (photo transistor,
photodiode, photo resistor). Let's analyze thesegas it is shown in fig. 2. In case “a” the
shape of the sensitive element coincides with tizge of the blade. In case “b” the sensor area
is circular. This sensitive area touches edgeh@fblade projection. In case “c” the sensitive
element is much smaller than blade width. The aceaipied by sensitive element is relatively
small and can be treated as point. When blades thase elements, the signa.h{a) are

obtained. Possible forms of these signals are slioig. 3. Heren — normalized angle.
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Fig. 3. Shape of signals obtained from sensitive elemeapes a, b and ¢

In case “a” the output signal shape is triangular,case “c” the shape is close to
rectangular. In case “b” sighal shape is close to:

1

u(e)=(1- a?)> +arcsing). 4)

In all cases phase modulation will be present dumpeller eccentricity. The frequency of
modulation is equal to angular speed of rotaianFurthermore, in cases “a” and “b”, the
amplitude modulation exists.

With purpose to diminish impact of eccentricity,vasll as impact of brightness of blades
and inequality of sensitivity of sensitive elemendsset ofN elements is used. Sensitive
elements are situated at equal distances, follotiagircle, which radius falls betwe&1 and
R2 Output signal from sensitive elements is:

N R2a
u(e)=KY [[S(p, 00, (0. p)dpdo. (5)
k=

1 R10

In this formula, the assumption is made that sefitsitand area of each element are equal.
This condition can be fulfilled by choosing sengtielements with equal characteristics. In
order to evaluate the influence of eccentricity impeller rotation speed measurement, the
digital modeling was performed. For modeling pugsshe model was developed which is
based on expression (5).

Modeling results

Using model based on (5), the transducer respansigetoptical surface of the impeller
was simulated. Single element response was modelddcompared to 20 elements summed
response. The shapes of sensitive optical elemerg used as mentioned above:
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1. Point — shaped
2. Circular
3. Rectangular

Also the eccentricity of 1 mm., which is more thmaximum eccentricity in water counter
mechanism impeller, was simulated. The output $ignd it's spectrum were calculated for
.deal“ image (fig. 4a) and for image with variotypes of optical noise (fig. 4b).

a)
Fig. 4. Optical surface images for digital model

The comparison was performed both in time andeéquency domain. The ideal and noisy
images were put under equal simulating conditiortssamulation was carried out as follows:

No eccentricity, point — shaped sensitive element
Eccentricity of 1. mm., point — shaped element
No eccentricity, circular sensitive element
Eccentricity of 1. mm., circular element

No eccentricity, rectangular sensitive element
Eccentricity of 1 mm., rectangular element

ogakrwNnE

Typical time and frequency domain signals obtaifiech simulations are demonstrated in
Fig. 5-12. Single element response and combinatfo?20 sensitive elements response to test
images are shown. Model was programmed using Dakpbrogramming environment.

Modeled output signal Modeled output signal spectrum
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Fig. 5. Modeled output signal from point-shaped elements &ideal” image
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Modeled output signal Modeled output signal spectrum
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Fig. 6. Modeled output signal from point-shaped elemexits tideal” image, eccentricity 1 mm.
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Fig. 7. Modeled output signal from circular elements digeal” image
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Fig. 8. Modeled output signal from circular elements dverisy” image
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Modeled output signal
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Fig. 9. Modeled output signal from rectangular elemener dideal” image
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Fig. 10. Modeled output signal from rectangular elementer dideal” image, eccentricity 1 mm
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Fig. 11. Modeled output signal from rectangular elementsaisy image
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Modeled output signal

Modeled output signal spectrum
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Fig. 12. Modeled output signal from rectangular elementsdisy image, eccentricity 1 mm.

From modeling results the following consideratiocas be formulated:
1.As it was expected, using N receivers instead &, @mables elimination of influence of
eccentricity of the impeller. This is obvious frapectrum of the signals. Furthermore, as it is
visible in figures 8, 10, 11 and 12 the influené@isturbances is significantly reduced.
2.According to measurement problem, which is solvethgi smart optical transducer, the
output signal can be processed using one of theafislg algorithms:

a. If rotating speed of the impeller upper and lowmnits are known, and these limits are
up to 10 %, the pass band filter with narrow baad loe used to select the informative
part of the signal. The measuring time is seveeslogls of transducer output signal.
The maximum speed of measurement can be achievidsirway. The eccentricity
elimination is minimal whem periods of output signal are measured.

b. When rotating speed of the impeller changes in wédge, also when disturbances in
optical part are large, the FFT analysis of thepousignal must be conducted. The
impeller rotating speed is then calculated as jposidf peak of the FFT function.

Experiment

After optimization, and design considerations b real transducer was constructed and
signals were visualized under various conditiongn&s from optical transducer and their
spectrums are shown in fig. 12-14. Tektronix TDSL£2Oigital storage oscilloscope and
software written under Matlab were used for sigaajuisition. The transducer construction is

shown in fig. 13.

Fig. 13. The construction of the smart rotational speadsducer and test circuit
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Optical surface is projected to spatial filter Botlgh water counter front glass 7 and optical
transducer lens 2. The visibility of the impellerobstructed by dregs, rust and bubbles (4). The
filtered signal is captured by signal acquisitiomatd 6. Subsequently, the signal is fed into
oscilloscope, which is linked to the computer wstgnal processing software. The normalized
power spectrum is given in figures 14 — 16 in corigma with time domain signal. K=1 means
the whole spectrum energy under ideal visibility.
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Fig. 14. Output signal from smart transducer and it's spmet Full visibility of the impeller,
frequency from blades is 2,6 Hz
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Fig. 15. Output signal from smart transducer. Visibilitym&des < 5 %, frequency from blades is
2,6 Hz
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Fig. 16. Output signal from smart transducer. Visibility5-%, frequency from blades is 25 Hz
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Conclusions:

Smart rotation speed transducer, based on spdtal Wwas developed. Simulated and
actual signals indicate that spatial filter sigrafitly increases the signal to noise ratio when
working in noisy conditions. The solution baseddiscrete elements allows capturing signals
from impellers up to 250 Hz. Discrete elements loarformed virtually using captured images
from the digital camera, so the rotational speadbmcalculated for irregular shapes.
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