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The Application of State Variable Feedback Control to

Fermentation Process

Pipat Titapand ' and Ake Chaisawadi *
King Mongkut’ s Institute of Technology Thonburi

Abstract

The PID control technique uses open loop transfer function anaysis and feedback
compensator design. By using this technique, it is difficult to control non-linear and time varying
systems, then a closed loop pole placement technique has been introduced in modern control
process and it is widely used in the state variable feedback control.

The application of state variable feedback control to the fermentation process is pro-
posed in this paper. A microprocessor based state variable feedback controller has been designed
and constructed for controlling a baker yeast fermentation process system fed by molasses. The
controller receives state variables from a sensor and the variables are provided in matrix form.
This paper also includes state observer method for calculate the gain of the controller.

The experimental results show that this controller can control multivariable at the same
time, ensure the accuracy of set point value, and transmit data to computer for analysis by seria
port of controller. This design emphasizes on easy data entering. The results can be shown by
LCD display or printer. This method aso increases quality control for the process.

! Graduate Student, Department of Electrical Engineering

“ Associate Professor, Department of Control System and Instrumentation Engineering
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X =AX+ BU (3.1)
U=- GX (3.2)
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X =[4- BG}X (3.3.3)
X(s)=[SI - 4+BG]™ x(0) (3.3.b)
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det[SI— A+ BG]=S" +a@S" " +@:8 " +.. 4GS + @ =0 (3.9)
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X=4 X+BU (3.5)
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4 usz B e wninvaswiniiweTuasszuuignudssles wnin T Ieglugtves
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X = TX (3.6.3)
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TAT- (3.6.b)
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&1 Q @a Controllability Matrix
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O=[BABA'B..
Matrix
—1 a, a,
01 a
00 1
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Transformation Matrix asvil#iunin 4 oe/luzy Companion form da
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i 1 U’ ~ Q‘ QW
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1 0
0 1
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A -B]
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(3.6.4)

(3.6.€)
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duan3nvesdnivens G gneméls Transformation Matrix uszaglujuaes G
WU

1 81 8y» e &4
0 00 .. 0
o "Ll
- g &> &
| |
0 00 .. (3.10)
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-a, -8 -a,-g,...—a, —§g,
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A-BG=
0 0 0] (3.11)
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(3.12.b)

(3.12.C)

(3.12.d)
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X, A4y, || X B, K,

...... = e | U [y—C1

X, ) | 44y |_X2 4 1B ] _Kz_
y=CX,

.

X, fin fudsdruiYasrasnun e
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X, fa dudsdiuidasuszuimen

38013 Reduced Order Observer A= 1%

uKe
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X,= Ly+Z

Z = FZ+Gy+HU

(3.13)

(3.14)

(3.15)
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e e X, =X
e. = |,
e2 e2 X, - X> (3.16)

e )Afl = X,, WAV €= 0 Uy
e2= Fe, + (A, — LC,A,GiC, + FLC,)X, + (4, - LC 4, - F)X,

+(B,- LC,B- H)U (3.17.a)

A o 1v 1A P o ol 4 X o
PINFANNIT (2.17) LHBADINTT ﬂﬂﬁNﬂWﬁ’]ﬂ'ﬂﬂ’]’J:ﬂ\M’]&lﬂ’]L{lu?‘mﬂ ua:'lwunummm

X usz U wdoinnuasangg fa

G =[A,-LC4,+ FLG]G™ (3.17.b)
H =B,-LCB (3.17.¢)
F =4,-LCA, (3.17.d)

Feanny (3.17.2) aenaaiiu
e; = Fe, (3.18)

! ) H - : [ 1 o
IINSENNTT (2.18) WUIIAN eigen vauunin F auagiuaivaaunin L dyszden
L tharimuasn eigen vavwm3n F 16§ rank 189 Observability Matrix N, iy k-|

da N, = [(A,Z)TICT A, 4,C" .. (AZZT)k'I AnTC,Tl (3.19)

K f8 9MUIUSUGLYDITEULLRE | D T1UIUIUGAUNRIIILL IR TRA 16
lungasswul

Z = FX,+(4, - LC,A4,)C]'y+ HU (3.20.)

Xo=Ly+Z (3.20.0)

nnnisldnsdsznaaduliiieldldlasass hldsnvesszuuaslewieandu
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X = [4- BG]X| (3.21)
,;( = LY+Z (3.22)
4 = FZ+GY+HU (3.23)

PNIL ANNINUINBUSVDITEULRAD

det[S/|— A + BG] = det[S/| - F]=0 (3.24)
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Calculate Controlled
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u (k)] Observer
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