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Abstract: In the production process of chemical products, when utilizing radiation from a radioactive
source to measure the density of a solution by penetrating a pipeline, the count rate output from the photo-
multiplier tube is susceptible to degradation due to high-voltage ripple noise. This degradation leads to no-
ticeable attenuation in the count rate, thereby reducing the density measurement accuracy. A series of
methods were proposed to mitigate the impact of ripple noise on the count rate and compensate for the at-
tenuation caused by the ripple. First, based on experimental data under various ripple conditions, a mathe-
matical model was established to characterize the relationship between the count rate and high-voltage rip-
ple. Analysis of this model revealed that reducing the ripple’s amplitude and frequency effectively diminish-
es its influence on the count rate. Subsequently, an adaptive Kalman filtering algorithm was employed to
suppress the ripple noise. By dynamically adjusting the process and measurement noise parameters, the al-

gorithm enabled adaptive compensation of the count rate. Experimental validation was carried out using a
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40% ethanol solution, and comparative analysis was performed on the count rate and density measurement

results before and after compensation. The results demonstrate that, compared to the uncorrected state,

the pulse count loss rate decreased to 3.54% - 5.46% after compensation. Furthermore, the maximum

deviation between the measured and actual solution density was reduced to 0. 019 g/cm®, with overall den-

sity measurement accuracy improved by up to 1. 51%.
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Fig.1 Block diagram of solution density detection system
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Fig.2 Block diagram of the signal processing circuit
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Fig.9 Schematic diagram of solution density measurement
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Fig. 10 Schematic diagram of solution density measurement
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Tab.2 CPS measured by six experimental setups at different distances from the pipeline

——_— i 1y Bk oL (CPS)

5cm 10 cm 15 cm 20 cm 25 cm 30 cm 35 cm
Kalman 3710 3710 3706 3690 3679 3655 3636
Wavelet 3706 3701 3708 3672 3662 3623 3607
35mV 3698 3683 3671 3651 3628 3605 3582
50 mV 3667 3655 3636 3617 3593 3582 3563
80 mV 3655 3632 3617 3589 3574 3559 3536
105 mV 3613 3593 3570 3551 3529 3514 3495
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Tab. 3 Densities of the alcohol solutions measured by six experimental setups at different distances from the pipeline

S/ (geem ?)

Xof i 21

5cm 10 cm 15 cm 20 cm 25 cm 30 cm 35 cm
Kalman 0.928 0.928 0.929 0.933 0.936 0.942 0.947
Wavelet 0.929 0.931 0.928 0.939 0.942 0.953 0.958
35mV 0.931 0.935 0.938 0.943 0.949 0.955 0.961
50 mV 0.939 0.942 0.947 0.952 0.958 0.961 0.966
80 mV 0.942 0.948 0.952 0.959 0.963 0.967 0.973
105 mV 0.953 0.958 0.964 0.969 0.975 0.979 0.984

M BV 1 S 5 21 1 e R AR 258 0. 019 g/em’,
I /0N D08 728 Ak A B0 30k 19 512 0 26 i R it 25
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2 1 %5 5 U 22, T ORI BE R R RS AT
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4.09% ,4.85%,6.03% ; A /INJHE AR $ k22 B0 3k
S 4DV VAR RS TR O 22 BRI = 3. 23 %6, AR
TR 5 S0 35 mV R SE IR 2H | 5 BE G IR
JEHEE T 0. 33% ;M A F 38 R R R = AR
ZJE TR PR DR B i 22 AR 2 2. 0596 , A
BT AME T = RS0 35 mV RS SCEG 4H 5 B A
KBRS T 1.51%.
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Fig. 11 Change curves of CPS measured by six experi-

mental setups
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Fig. 12 Density curves of the alcohol solutions measured

by six experimental setups
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