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Design of nuclear radiation level gauge based on
normalized LMS filtering correction
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Abstract: In the measurement of liquid level in industrial site environment, noise interference can affect the measurement

accuracy. In order to improve the measurement accuracy of liquid level in the viscous state, a nuclear radiation level

measurement system based on the least mean square (LMS) filtering correction method is designed. The system uses
STM32F103 as the control core and adopts HART bus HT1200M chip for remote signal transmission and reception. The

adaptive LMS algorithm can be used for more accurate filtering, calculating iterative weight vector, updating weighted

coefficient, effectively removing system measurement noise and improving the measurement accuracy. The results show that

the nuclear radiation level gauge based on normalized LMS can correct the measurement system accuracy in adaptive rules,

improve the measurement accuracy to meet the requirements of industrial field environment for liquid level measurement and

enhance the industrial automation control degree.
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0 Introduction

The liquid level as one of the main parameters of
modern industrial automation, employing liquid level
sensor to measure liquid level is the most common
method that used in industrial control, and the
common types of liquid level sensors include float

level sensor'", sensor?,

static pressure level
ultrasonic liquid level sensor™* and optical fiber liquid

{0 The float liquid level sensor has

Static
pressure level sensor is influenced greatly by medium

level sensor

complex installation and low reliability.

density and temperature. The ultrasonic liquid level
sensor is easily affected by the temperature and
density of the propagating medium and the absorption
of liquid also leads to the increase of the measurement
error. The mechanical transmission parts of the
optical fiber level sensor make the failure rate
increased and the installation complex.

In this

measurement system based on least mean square

paper, a nuclear radiation level
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(LMS) filtering correction”® is designed. The

measurement method is a typical non-contact
measurement mode. Compared with other liquid level
measurement technology, it has the characteristics of
good stability, high accuracy, corrosion resistance
and high cost performance.

The system adopts STM32% as the control core
and adhibits radioisotopes to radiate ¥ ray during the
decay process. The intensity of the radiation changes
after the rays pass through the liquid. The system
measures the thickness of the medium by measuring
the intensity of the radiation through the medium,
and then measures the liquid level. The signal
transmission and reception based on HART bus
HT1200M chip can be employed to realize real-time
remote measurement. Weight vectors” are iterated
s through

algorithm, so the

and weight coefficients are updated

LMS

measurement results are corrected by eliminating

adaptive filtering
noise interference in the measurement environment
and the accuracy of liquid level measurement is
improved.
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1 System design

1.1 Opverall design of system

The system puts the nuclear radiation
measurement technique to measure the liquid level

and the whole system diagram is shown in Fig. 1.
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Fig. 1 General system block-diagram

Ray probe receives from the emission source
through the medium ray capture pulse. Capture pulse
is captured by STM32 microprocessor and it will
pulse frequency to the

convert the capture

corresponding level. Microprocessor gets adaptive
LMS filtering based on current results. After that,
the liquid level value is sent back to AD5421 through
the SPI port and converted to the corresponding 4 —
20 mA current to transmit the HART bus. The
control system reads the data from the bus and
analyzes the height of the liquid level to control the

electric valve for adjusting the feed.
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1.2 Measurement principle of nuclear radiation
method

The intensity of the ray varies with the thickness
(or height) of the medium when it passes through
the liquid level.
decreases with the increase of the thickness of the

The transmission intensity of ray

medium layer. The radiation source increases with
the thickness of the medium, and the intensity is
exponential decay. The relation is

H = Hye ", (D

where H, is incidence intensity, p is the absorption
coefficient of the medium to the radiation, T is the
thickness of medium, H is the radiographic strength
passing medium. According to the above function, by
measuring the radiation intensity H after passing the
medium, the thickness of the medium and the height
of the liquid level can be obtained. The emission
source radiate through the measured level and is
received by the receiver, which is composed of a
tube and a
The ray is absorbed by the
scintillation counter and the stronger the radiation is,

receiving probe, a photomultiplier

preamplifier circuit.

the more the current pulse number is. The schematic
diagram of the measurement principle of the nuclear
radiation method is shown in Fig. 2.
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Fig. 2 Principle of nuclear radiation method

2 Hardware design

2.1 Opverall hardware design of system

To count the output and acquired pulse signals of
the radio receiver accurately, the ARMY7 STM32
processor is used for the liquid level meter. The
processor has a high precision pulse acquisition
function and the system block diagram is shown in
Fig. 3.

When the radiation pass through the measured
liquid level, the radiation is received by the pulse
receiving circuit, which is composed of scintillator,
photomultiplier tube and preamplifier circuit. The
stronger the radiation is, the more the number of
current pulses is. The upper computer is used to
display the operating interface. The HART module
can communicate with the instrument and the
external information exchange interface for remote

communication.
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Fig. 3 Overall hardware block diagram

2.2 HART bus communication

The HART bus communication module needs to
set up the information of liquid level, liquid level
data, calibration parameters and so on. It can convert

the height of the measurement liquid into 4—20 mA
standard, analogize current loop signal output. The
HART communication module is mainly composed of
STM32 processor, HTI1200M and AD5421. The
structure block diagram of the HART communication
module is shown in Fig. 4.
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Fig. 4 HART bus communication

STM32 is connected through the universal serial
transceiver module UART to HT1200M. After
communicating and demodulating the signal, it can
communicate with HART handheld device, measure
data and modify parameters.

3 Software design

3.1 Overall system process

The software design mainly includes system

initialization, capture, pulse counting, noise

elimination, reading count and result display

function. The system flowchart is shown in Fig. 5.
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Fig. 5 Overall system flow chart

For ensureing the input pulse waveform distortion,
the pulse output by the ray receiver is reshaped by
the plastic circuit and input to the STM32. After the
pulse edge is captured by STM32, the pulse is
counted. When the measurement system is filtered,
the reading count is performed to calculate the liquid

level and the related parameters,

3.2 LMS adaptive filtering de-noising

In the actual measurement environment, because
the installation level of the nuclear radiation level
gauge is restricted by the structure of the liquid
storage tank, the radiation can not completely avoid
the influence of the liquid level gauge structure and
the liquid level measurement contains noise, so the
measurement result is not accurate,

The system is self-adaptive to adjust the liquid
level. The system searches in the negative direction
of the weight value gradient. According to the input
signal, the gradient vector is estimated and weight
coefficient is updated, and finally the optimal weight
and the LMS adaptive
achieved.

But when the X (k) is large, the filter of the LMS

algorithm will suffer from the amplification of the

filtering algorithm are

gradient noise. The filter of the normalized LMS
algorithm can be adopted to overcome this difficulty.
The normalized LMS algorithm has a faster
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convergence rate because it uses a variable
convergence factor when the instantaneous output
make the

convergence faster, the variable convergence factor

error is minimized. To speed of
i 1s used in the updated equation of the LMS

algorithm. The function can be expressed as
wk+1) = wlk) + 2ue(R)x(k) =
w(k) + Aw(k) (2)

where w(k) is the filter coefficient vector, x(k) is the
input signal of the filter, and vector e(k) is the error
signal.

In the process of normalization, the selection of p,
must be aimed at achieving faster convergence. The
possible way to achieve it is minimizing the
instantaneous square error. The starting point of this
method is that the instantaneous square error is a
better simple estimate of the mean square error
(MSE). The instantaneous squared error ¢’ (k) is

given by
(k) = d* () +w' ()x(B)x" (Hw(k) —

2d(R)w" (k) x (k) , 3

where d(k) is the desired response. The function can

be written as

A (k) a e (k) — e (k) =—2Aw" () x(k)e(k) +

AW (B x(k)xT (k) Aw (k). €))
Make the p, value of Mﬁi-(k)zo as
(I"/f
1

B o™ ox (k) )
and w, takes the above value to make Ae’ (k)
negative. So it corresponds to the minimum point of
Ae* (R).

Using a variable convergence factor, the equation
of the normalized LMS algorithm can be defined as

e(k)x(k)

w(/eJrl) = w(k) er

(6)

The designing principle of an adaptive de-noising
system is shown in Fig. 6.
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Fig. 6 Principle diagram of LMS adaptive filtering

The system has two input channels, one channel
includes the original signal T (%) and signal irrelevant
noise S (k£), which is called the original input
channel, and the input signal is T (k) + S (k);
Another route is not related to the original signal
T(k) and the noise is associated with noise S(k) and
Y (k), which is called the reference input channel.
According to adaptive filtering characteristics, the
noise Y (%) is automatically adjusted by LLMS adaptive
filtering, the estimation signal can be expressed as

Ak) = Y(k). (N

The system output error signal H (%) is the

difference between the original signal and the

reference signal, as
Hk) = Tk +Sk) —Y (k). (8)

Assuming that the upper signals T(k), S(%) and
Y (k) are stationary, the MSE is obtained, and the
result is

E[H* (k)] = E[T*(R) ]+ E[S(k) — Y(k)* ]+
2E[T(k) JE[S(k) —Y (k) . )]

The adaptive filtering process is minimum for
E[H?(k)]. The E[T? (k)] represents the output
power of the original signal, which has nothing to do
with the LMS adaptive filter.

signal source and the noise source are not correlated,

Because the input

the result is 0, the mean square error E[ H* (k)] is
the smallest, and the second value of the formula is
the smallest. So

ELH?(B) 1w &ELS(R) — Y (k) Jpin. 10
In line with Eq. (7), Eq. (10) can be written as
H(k) —T(k) = S(k) —Y (k). (11

Under the adaptive LMS criterion, E[ S (k) —
Y(£)?] is the smallest and E[S (k) — T (£)*] is
minimized, LMS adaptive filtering output A (k) is
approximated to Y (£). The output H (k) of the
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equivalent system is approximated to the T (k). thus
the system output signal T (k) is the best estimate
which plays a role in suppressing noise.

4 Data test and error analysis

In order to verify the measurement accuracy of
liquid level meter, regular rectangular liquid storage
tank is used to test data. The standard value before
and after the LMS filtering method is compared with
the measured value liquid level, the measurement
results are shown in Tables 1 and 2.

Table 1 LMS precorrection liquid level measurement data

Standard value ~ Measured value  Error Relative error

(mm) (mm) (mm) %)
800. 0 808. 6 +8. 60 1. 10
550.0 542.7 —8. 30 1.51
690. 0 680. 9 —9.10 1. 31
630. 0 640. 4 +10. 40 1. 65
525.0 536.0 +11.00 2.10
639. 0 628. 4 —10. 60 1. 66
450. 0 461. 1 +11. 10 2.50
850. 0 861. 5 +11.50 1. 35
840. 0 828. 3 —10.70 1. 30
910.0 900. 4 —9. 60 1. 11
940. 0 929. 6 —10. 40 1. 11
915.0 904. 3 —10. 70 1.12
920. 0 908. 7 —11. 30 1.22
855. 0 844. 3 —10. 70 1.25
750.0 739.2 —10. 80 1. 44
Table 2 LMS corrected liquid level measurement data
Standard value =~ Measured value  Error Relative error
(mm) (mm) (mm) %)
800. 0 803. 8 +3.80 0. 48
550. 0 548.7 —1. 30 0. 44
690. 0 688. 9 —1.10 0.16
630. 0 630. 4 -+0. 40 0. 059
525.0 526.0 +1.00 0.18
639.0 638. 4 —0. 60 0. 087
450. 0 451. 1 “+1.10 0. 24
850. 0 851.5 “+1.50 0.18
840. 0 838. 3 —1.70 0. 20
910. 0 908. 4 —1.60 0.18
940. 0 939. 6 —0. 40 0.042
915.0 914. 3 —0.70 0.076
920.0 918.7 —1. 30 0. 14
855.0 854. 3 —0.70 0. 081
750. 0 749. 2 —0. 80 0.11

In the condition of noisy environment, fifteen

groups of liquid level data are continuously
measured. In Table 1, minimum error of liquid level

is 8. 30 mm., minimum relative error is 1. 10%, noise

interference is consistent with the inherent defect of
the liquid level meter. Table 2 adopts the proposed
adaptive LMS filtering method for iterative weight
vector and renewal of weight coefficient. Under the
adaptive rule, the maximum error of the liquid level
is 3. 80 mm, the maximum relative error is 0. 48%F,
and the precision is 99%. The measurement accuracy
can meet the requirements of industrial measurement
and field control, and it can set and measure the
remote liquid level parameters.

5 Conclusion

A nuclear radiation level measurement system
based on LMS filtering correction is designed, which
can be employed for the liquid level measurement in
environment of high temperature, high pressure,
high viscosity and highly toxic. The measurement
results can be corrected, the system can effectively
remove measurement noise and realize real-time
remote  measurement, parameter setting  and
correction of liquid level. The field tests show that
the radiometric level meter corrected by the LMS
filtering method can eliminate the noise interference
of the positive measurement system under the
adaptive rule and improve the measurement accuracy.
The liquid level meter can meet the requirements of
the industrial field environment for the liquid level
measurement and improve the degree of related

industrial automation.
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