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Smith predictive fuzzy PID control algorithm and its
application in powder quantitative weighing
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Abstract: Aiming at the quantitative weighing system developed by Shanghai Cohere Electronic
Technology Co., Ltd. (consisting of a high-precision powder shaking device and a 1/10000
balance), which has nonlinearity and time delay problems due to factors such as powder density,
powder fluidity, particle size, humidity, and balance delay during operation, the Smith predictive
fuzzy PID controller is used to optimize the control method. Firstly, based on theoretical analysis,
the transfer function of the system is obtained, and then a Smith predictive fuzzy PID controller is
constructed to adapt to the nonlinearity, time delay, and other characteristics of the system. Finally,
this algorithm is substituted into MATLAB to perform simulation, and a 1 g quantitative shaking

experiment is carried out in the system. The standard deviation of the Smith predictive fuzzy PID
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control algorithm and the traditional PID algorithm is 0.0020 and 0.0042, respectively. In

conclusion, the Smith predictive fuzzy PID control algorithm has better stability in practical

environments and can effectively reduce the weighing error of the system.
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Tab.1 Powder weight at different travel distances

after shaking
fifi/em  Jiim/g  f7R/em  Fiw/g  fifE/em /g
1.2 0.0011 1.6 0.0138 2 0.0238
1.2 0.0022 1.6 0.0156 2 0.0209
1.2 0.0019 1.6 0.0151 2 0.0146
1.2 0.0012 1.6 0.0138 2 0.0286
1.2 0.0009 1.6 0.0112 2 0.0268
1.2 0.0012 1.6 0.0169 2 0.0301
1.2 0.0019 1.6 0.0165 2 0.0110
1.2 0.0011 1.6 0.0167 2 0.0287
1.2 0.0013 1.6 0.0181 2 0.0133
1.2 0.0002 1.6 0.0177 2 0.0174
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Tab.2 Powder weight at different maximum speeds after shaking

FIH B/ (r/min) HyGad B AR Bt/ /g
40 0.0240 0.0200 0.0221 0.0165 0.0173 0.0169 0.0181 0.0189 0.0206 0.0200 0.0194
50 0.0182 0.0235 0.0198 0.0147 0.0206 0.0169 0.0199 0.0215 0.0166 0.0172 0.0189
60 0.0182 0.0235 0.0218 0.0207 0.0206 0.0169 0.0199 0.0215 0.0236 0.0212 0.0208
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Tab. 4 Statistics of the conventional PID quantitative

weighing
wmAfle  HMEEe  F{d/e thlEfl/g  bRifE2s
1.0115 0.9910 1.0012 1.0008 0.0042
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Tab. 5 Statistics using Smith fuzzy PID quantitative

weighing
RfHg  woMER  PSEE hREfEE  bRiEE
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