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Note: u; is current of electric heating wire calculated by fuzzy controller; u,
is fan speed calculated by fuzzy controller; u;" is actual current of electric
heating wire, u," is actual fan speed; y; is temperature output; y, is humidity
output
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Prt Bk 6 2 RESEAT R T PR ELEG Y, Mo
AL 10%, 0 30%, MRS 10%, 850
30%, it 20%. HARTS N 2 Fis.

F2 BREEIFREX RIS R
Table 2 Experimental results for sensory evaluation test
HIRG0%) F(B0%) HER0%) ) K (10%) AME(10%)
T T Taste Aroma  Soup color Leaf (10%) Shape
s (30%) (30%) (20%) (10%)
fﬁfc PID fl‘fhjc PID ;1:\5[ PID fﬁhjc PID ;!_—\hjC
1S PID 1S PID 18 PID 1S 1S

paper paper paper paper PID paper

Sensory
evaluation PID
PID

JeIrae
Longjing 26.3 293 273 292 183 195 7.6 94 86 94
green tea
R
Biluochun 25.7 28.8 252 27.8 17.1 192 86 9.8 84 96
Tea
pigliEET
Huangshan 25.1 28.3 24.7 285 182 189 7.5 9.6 88 98
Mao Feng

K PID J5 iU RR 1) 3 A 5 FE R E VE s S 4
Hy 85.8 71 RHA IR0 3 LA B oF
SETI 0N 95.7 43 o HIM AT WLAS L VAR IR T
b, T PID .

AR AR RO 2, % 3 264
TRFPEARBEAT 5 LRSS . TGV ERSIEBUEE . o-
VRN AR, 3 R A RAE R IS 2
J At T A

3 ARE E T T o Bk 3 s, o
RER. 2. LRETEA EMT, &5
A FECBURE 1o I T 15.2%,  a-YRNe M i
PFRTE 17.4%, FREEER A FIRT 14.2%.

£3 FTERSREHEMLLRBLER

Table 3 Results of main ingredient contents of experimental

TR S T HTE
ST Longjing green HIBA Huangshan
F AT &M & Biluochun Tea g
Concentration tea Mao Feng
PID A3 PID AX PID AKX
WA
Amino acid/% .76 1.82 168 178 152 1.64
Epigallocatechin 303 345 265 297 248 283
gallate/%
JLAR 1 117.5 134.1 1084 123.5 103.7 1254
Epicatechin/(mg-g™)
KELHIH 33.11 33.02 33.07 3345 29.7 305
Aqueous extract/%
FEE AU
Nerolidol/% 16.8 193 157 18.06 146 16.79
a-1LWe M
Alpha farnesenc/% 816 957 746 875 654 1776
I3 I
Linalool/% 512 584 469 535 478 545

M AT W FARSCE, Wb TR S, Sl T
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JHEA TR TT .
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(support vector machine, SVM) A RY 45 114 12
BB RITT . R d ) SRR AL (least
square support vector machine, LS-SVM) J7 %[ 4t
R TI RGN, I E IR ARG UAT R,
SRR RS, SEIL . TR R SR AR
PE AR JR AN, A AR B e 0 A5
RIS I AT e, R AR S8 A PR BE I N A
KGR RIRGE, ) 3 Fheg At AT X0 EE ks,
W HIRZE DN T 1.4°C, AN ZEAUR 2.8%,
MLl F355 skor 45 5092 (proportion. integration.
differentiation, PID) Yl EFEHIRZEN 5.2°C, HIXHE
JERZEN 7.6%. EVER PRI H 95.7, LT
PID FEISE -1 85.8 115493, FEALAEE 53
BIERTV 15.2%, a-VENENE o> 45E Tt 17.4%, 75
BEBE A VIR T 14.2%. 1 AR b 5 S B IE
TR AT R .
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Method of variable universe fuzzy control base on inverse-model
decoupling for green tea baking

Li Lin, Zhou Guoxiong
(Department of Information and Communication Engineering,
Hunan Institute of Science and Technology, Changsha, Hunan 414006, China)

Abstract: Baking technology is the key technology of the Green Tea refining process, and it directly affects the
preservation of tea time, aroma and taste. At present, there are two ways for Green Tea baking; charcoal baking
and roasting. Machine baking of charcoal, the main process by manual operation, greatly rely on the experience of
workers and a low degree of standardization, but the tea quality is not stable; machine baking with an electric
oven for baking is widely used, but due to the lack of systematic research, the control algorithm is simple, the
temperature error is higher than 5°C, and the humidity error is greater than eight percent. Therefore, studies of one
kind of advanced green tea baking process control method should be of vital significance.

The key of the baking process is precise control of temperature and humidity, however, the roasting process
physics, complex chemical changes, system temperature, and humidity influence each other, forming a nonlinear
coupling. At the same time, when baking process parameters are affected by environment changes, the traditional
control algorithms often provide poor results. Through the analysis of the principles of machine roasted green tea
baking, it is not hard see that control key processes, such as the high precision control of decoupling temperature
and humidity, are important.

To solve these problems, a variable universe fuzzy control model based on the inverse-mode decoupling
method was proposed. The control system consists of the inverse system decoupling compensation based on SVM,
base temperature, humidity, and variable universe fuzzy algorithm for independent control of two parts. The SVM
decoupling compensator, utilizing self-learning characteristics of SVM, and the reverse identification of the
original system, to approximate the inverse model Green Tea baking system, connected with the original system
in parallel, a pseudo linear system. The motor temperature and humidity into the subsystem are independent of
each other, and then the linear system control method is used to control the baking process.

Variable universe fuzzy algorithm, according to the temperature, humidity setting value and the system
detection feedback value, respectively, to achieve closed-loop on temperature, humidity independent fuzzy control;
then the variable universe fuzzy algorithm, to solve system device parameters and the parameters of the sensor
drift on the fixed rules of fuzzy algorithm, improve control accuracy and adaptability to environment.

Adopting this control system, the test comparison of 3 kinds of Green Tea sample, temperature control error
is less than 1.4°C, relative humidity error is only 2.8%, but with PID controller, the temperature error is 5.2 C,
the relative humidity of the error of 7.6%. The average score of sensory evaluation in this paper is 95.7, better
than PID control algorithm scored an average of 85.8, the average increase of 15.2% tertiary alcohol ingredient
orange flower, alpha foreseen component increased an average of 17.4%, linalool increased an average of 14.2%
components. The performance and quality of experiments prove the effectiveness of this method.

Key words: fuzzy control; couplings; models; green tea baking; inverse mode; decoupling; SVM; variable region
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