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I have proposed an h2 control principle for bio chemical noise filtering function of the calcium in
channel on the excitable cellular membrane. The Calcium channel is composed of four identical
subunits. Each of which contains a helical segment which contains a lot of electrical charge that acts
as a membrane voltage sensor. The opening and closing of the channel pore are facilitated by the
activating positionings of the voltage sensor. The temporal changes i the system were described by
ten differential equations under the condition that minimizes the 2 norm of the transfer function of
the system from the noise input the out put. The computed temporal changes in the open and closed
states are significantly influenced by the changes in the amounts of the control inputs. The present
methods, when extended will be available for evaluating the filtering function of the bio membranes.
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1. Introduction.

Calcium channel ( Fig 1 ) on the excitable membrane
filters only Calcium ion though there are a lot of agonist
and antagonist that compete the channel with Calcium ion.
Hence, the mechanism can be described by the H2 control
principle. The dynamical action of the Calcium channel is
characterized by four identical subunits (Fig 2) that act
concertedly. The channel opening and closing are strongly
influenced by a particular segment named S4 ( Fig 3 )
which has a high voltage sensing property in each subunits.
S4 contains a lot of charges on its surface. When it takes
the activating position in the subunit, the transitions among
the open states are facilitated. By the spatial
consideration of the activating positionings of the voltage
sensor, we have ten conformations of one Calcium
channel. (Fig 4-a and Fig 4-b ).

In the present work, we present a detailed matrix

expansion for computing the H2 controlled temporal
change of the amounts of the Calcium channel states.

2. Mathematical method.

The state equations for these ten conformation states are
given by linear combination of weighted control inputs.

Fig 1
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The vector form
dxX(t)/dt=Ax+Bi1w+B2u
Vector form of the equation for the estimator Z
Z=Ci1x+Di12u
Vector form of the equation for the observer out put y
y=C2x+Daw
The vector for of the optimized control u” is given by
the product of B2, X and x"
u®=-Bar X x*
where X" is the state vector of the observers and T
denotes transpose.

x T =[x, x11, X312, X13, X14, X15, X16, X17, X138} T
which correspond to state variables. X is the solution of
related algebraic Riccati equation.

ATX +XA-XB2B2T X+ C1T C1=0
The vector equation of observer x* is given by

dx"/1dt=Ax*+B2u+YCeT(y-C2x")
where Y is the solution of adjoint algebraic  Riccati
equation

AY + YAT-YC2T C2Y+B1B1T=0
To close the feed back loop of the system, y can be

related to state variable x by
EoAANCe
< 9
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b1l X36+ b13 X37+ b15X38 + b17 X39 : Xbl3

A=[all alz al3 al4 al5 al6 al7 al8 al? b1 X13 + b3 X23 + b5 X33 + b7 X34 + b9OX35 : Xb23

A o 0 0 0 ax b2 X13 + b4 X23 + b6 X33 + b8 X34 + b10 X35
0 232 0 23 0 0 0 a3 0 +b12X36 + b14 X37 + b16 X38 + b18 X39  : Xb33
0 0 a43 0 a45 0 a7 0 O
o 0 a4 0 a6 00 0 [X14 X24 X34 X44 X45 X46 X47 X48 X49
0 0 0 0 a65 0 a67 0 0 0 0 0 0 0 bll bl3 bl5 b17
0 0 a74 0 a’6 0 a’8 0 bl b3 b5 b7 b9 O O 0 0
0 0 a8 0 0 0 a87 0 a89 b2 b4 b6 b8 bl0 bl2 bld bl6 bi8
291 a92 293 a94 a95 a9 a97 a9%8 a%9; =

---------- KB%6%%% %% %% %% % %% %% %% %% % %% %% %% %% %% b1l X46+ b13 X47+ b15X48 + b17 X49 . Xbl4

‘ 0 0 0 0 0 bll bl3 bl5 bl7 bl X14+b3 X24 +b5 X34 + b7 X44 + bOX45 : Xb24

bl b3 b5 b7 B9 O 0 0 0 b2 X14 + b4 X24 + b6 X34 + b8 X44 + b10 X45

B2T= b2 b4 b6 b8 bH10 bl2 bl4 bl6 bl8 +b12 X46 + b14 X47 + bl6 X48 + b18 X49  : Xb34

Matrix form of the Riccati solution X is

X= [X15 X25 X35 X45 X55 X56 X57 X58 X59
0 0 0 0 0 bll bl3 bl5 bl7

X11 X12 X13 X14 X15 X16 X17 X18 XI19 :
bl b3 b5 b7 b9 0 0 0 0

X12 X22 X23 X24 X25 X26 X27 X28 X29 b2 b4 b6 b8 bl0 bl2 bld ble bl8
X13 X23 X33 X34 X35 X36 X37 X38 X39 =

b1l X56+ b13 X57+ b15X58 + b17 X59 : Xbl1s
X14 X24 X34 X44 X45 X46 X47 X48 X49 b1 X15 + b3 X25 + b5 X35 + b7 X45 + b9X55 : Xb25
%15 X25 X35 X45 X55 X56X57 X58 X59 b2 X15 + b4 X25 + b6 X35 + b8 X45 + b10 X55

+b12X56 + b14 X57 + b16 X58 + b18 X59 : Xb35
X16 X26 X36 X46 X56 X66 X67 X68 X69

X17 X27 X37 X47 XS57 X67 X77 X78 X719 [X16. X26 X36 X46 X56 X66 X67 X68 X69

0 0 0 0 0 bll bi3 bl5 bl7
X18 X28 X38 X48 X58 X68 X78 X838 X89 bl b3 b5 b7 B9 O 0 0 0
X19 X29 X39 X49 X59 X69 X79 X89 X99 b2 b4 b6 b8 bl0 bl2 bl4 Dbl6 b1
The control input is b1l X66+ b13 X67+ b15X68 + b17 X69 : Xbl6
ut =-B2T X x* bl X16 + b3 X26 + b5 X36 + b7 X46 + b9X56 : Xb26
B[Z;I)i=X12 X153 X14 XI5 X16 X17 XIS X19] b2 X16 + b4 X26 + b6 X36 + b8 X46 + b10 X56
0 0 0 0 0 b1l bl3 bl5 bl7 + 512 X66 + bl4 X67 + b16 X68 + bl8 X69 : Xb36
b1 b3 b5 b7 B9 0 0 0 0
b2 b4 b6 b8 bIO bl2 bld ble bl [X17 X27 X37 X47 X57 X67 X77 X78 X79
_ 0 0 0 0 0 bll bl3 bl5 bl7
b1l X16+ b13 X17+ b15X18 + b17 X19 : Xbil bl b3 b5 b7 b9 0 0 0 0
bl X11 +b3 X12 + b5 X13 + b7 X14 + b9X15 :Xb21 b2 b4 b6 b8 bl0 bl2 bl4 b6 b18
b2 X11 + b4 X12 + b6 X13 + b8 X14 + b10 X15 + =
+h12X16 + b14 X17 + h16 X18 + b18 X19  : Xb31 b11 X67+ b13 X77+ b15X78 + b17 X79 : Xb17
bl X17 + b3 X27 + b5 X37 + b7 X47 + b9X57 :Xb27
[X12 X22 X23 X24 X25 X26 X27 X28 X29 b2 X17 + b4 X27 + b6 X37 + b8 X47 + b10 X57
0 0 0 0 0 bll bl3 bls bl7
, +b12 X67 + bl4 X77 + b16 X78 + b18 X79 : Xb37

bl b3 b5 b7 b9 0 0 0 0
b2 b4 b6 b8 bl0 bl2 bl4 ble bl8
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[X19 X29 X39 X49 X59 X69 X79 X89 X99
0 0 0 0 0 bll b13 bl5S bl7

bl b3 b5 b7 b9 0 0 0 0
b2 b4 b6 b8 bIO bl2 bl4 bl bl8

b11 X69+ b13 X79+ b15X89 + b17 X99 : Xb19
bl X19 + b3 X29 + b5 X39 + b7 X49 + b9X59 :Xb29
b2 X19 + b4 X29 + b6 X39 + b8 X49 + b10 X59

+b12 X69 + b14 X79 + b16 X89 + b18 X99  : Xb39

Them,we have
u=- BT Xx*

[Xb1l Xbl2 Xbl3 Xbl4 Xbl5 Xbl6 Xbl7 Xbl8 Xbl19
Xb21  Xb22 Xb23 Xb24 Xb25 Xb26 Xb27 Xb28 Xb29
Xb31 X32 Xb33 Xb34 Xb35 Xb36 Xb37 Xb38 Xb39]
[ x10 x11 x12 x13 x14 x15 x16 x17 x18 T

- [Xb11X10+ Xb12X11+ Xbl3 X12+ Xbl4 X13+ Xbl5 X14+ Xbl6 X15+ Xbl17 X16 + Xb18 X17 + Xb19 X18

Xb21 X10+ Xb22 X11+ Xb23 X12+ Xb24 X13+ Xb25 X14+ Xb26 X15+ Xb27 X16 + Xb28 X17 + Xb29 X18

Xb31X10+ Xb32X11+ Xb33X12+ Xb34 X13+ Xb35X14+ Xb36X15+ Xb37 X16 + Xb38 X17 + Xb39 X18 ]

0 bl b2 3

0 b3 b4
B2.{ 0 b5 b6

0 b7 b8

0 b9 b10

b1l 0 bl12

bi3 0 Dbl4

bl5 0 bl6

b17 0 bl8
B2u=

bl (Xb21 X10 +Xb22 X11+Xb23 X12 + Xb24 X13+ Xb25 X14 + Xb26 X15+ Xb27 X16 + Xb28 X17 + Xb29 X18 )
+b2(Xb31X10+ Xb32X11+ Xb33X12+ Xb34 X13+ Xb35X14+ Xb36X15+ Xb37 X16+ Xb38 X17 + Xb39 |
X18)
b3 (Xb21 X10 +Xb22 X11+Xb23 X12 + Xb24 X13+ Xb25 X14 + Xb26 X15+ Xb27 X16 + Xb28 X17 + Xb29 X18 )
+b4(Xb31 X10+ Xb32X11+ Xb33X12+ Xb34 X13+ Xb35X14+ Xb36 XI5+ Xb37 X16 + Xb38 X17 + Xb3)9[
X18
b5 (Xb21 X10 +Xb22 X11+Xb23 X12 + Xb24 X13+ Xb25 X14 + Xb26 X15+ Xb27 X16 + Xb28 X17 + Xb29 X18)
+b6(Xb31 X10 + Xb32X11+ Xb33X12+ Xb34 X13+ Xb35X14+ Xb36X15+ Xb37 X16 + Xb38 X17 + Xb39 "
X18)
b7 (Xb21 X10 +Xb22 X11+Xb23 X12 + Xb24 X13+ Xb25 X14 + Xb26 X15+ Xb27 X16 + Xb28 X17 + Xb29 X18)
+b8(Xb31 X10 + Xb32X11+ Xb33X12+ Xb34 X13+ Xb35X14+ Xb36 X15+ Xb37 X16 + Xb38 X17 + Xb3? [
X18
b9 (Xb21 X10 +Xb22 X11+Xb23 X12 + Xb24 X13+ Xb25 X14 + Xb26 X15+ Xb27 X16 + Xb28 X17 + Xb29 X18)
+b10(Xb31 X10 + Xb32X11+ Xb33 X12+  Xb34 X13+ Xb35X14+ Xb36 X15+ Xb37 X16 + Xb38 X17 + Xb39
X18)
b11(Xb11X10+ XbI2X11+ Xb13 X12+ Xbl4 X13+ XblS X14+ Xbl6 X15+ Xbl7 X16 + Xb18 X17 + Xb19 X18
+ bI2(Xb31 X10+ Xb32X11+ Xb33XI12+ Xb34 X13+ Xb35X14+ Xb36X15+ Xb37 X16 + Xb38 X17 + Xb39
X18

— 4 —

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

b13(Xb11X10+ XbI12X11+ Xbl3 X12+ Xbl4 X13+ XblS X14+ Xbl6 X15+ Xbl7 X16 + Xb18 X17 + Xb19 X18
£ bl4(Xb31 X10+ Xb32X11+ Xb33X12+ Xb34 XI3+ Xb35X14+ Xb36X15+ Xb37 X16+ Xb38 X17 + Xb39
: X18
b15(Xb11X10+ XbI2X11+ Xbl3 X12+ Xbl4 X13+ Xbl5 X14+ Xbl6 X15+ Xb17 X16 + Xb18 X17 + Xb19 X18
+ b16(Xb31 X10+ Xb32X11+ Xb33XI12+ Xb34 X13+ Xb35X14+ Xb36X15+ Xb37 X16 + Xb38 X17 + Xb39.
X18
b17(Xb11X10 + Xbl12X11+ Xbl3 X12+ Xbl4 X13+ Xbl5 X14+ Xbl6 X15+ Xbl7 X16+ Xb18 X17 + Xb19 X18
+ bI8(Xb31 X10+ Xb32X11+ Xb33X12+ Xb34 X13+ Xb35X14+ Xb36X15+ Xb37 X16 + Xb38 X17 + Xb39

X18
setting
sk sk sk ok sk ok ok ok
bl Xb21 + b2 Xb31 = Xal, b3 Xb21 + b4 Xb31 = Xall, b5 Xb21 + b6 Xb31 = Xal9,
bl Xb22 + b2 Xb32 = Xa2, b3 Xb22 + b4 Xb32 = Xall, b5 Xb22 + b6 Xb32 = XaZ20,
bl Xb23 + b2 Xb33 = Xa3, b3 Xb23 + b4 Xb33 = Xal2, bS5 Xb23 + b6 Xb33 = Xa?l,
bl Xb24 + b2 Xb34 = Xad, b3 Xb24 + b4 Xb34 = Xal3, b5 Xb24 + b6 Xb34 = Xa22,
bl Xb25 + b2 Xb35 = Xa$, b3 Xb25 + b4 Xb35 = Xal4, b5 Xb25 + b6 Xb35 = Xa23,
bl Xb26 + b2 Xb36 = Xab, b3 Xb26 + b4 Xb36 = Xal5, b5 Xb26 + b6 Xb36 = Xa24,
b1 Xb27 + b2 Xb37 = Xa7 b3 Xb27 + b4 Xb37 = Xal6 b5 Xb27 + b6 Xb37 = Xa25
bl Xb28 + b2 Xb38 = Xal8 b3 Xb28 + b4 Xb38 = Xal7 b5 Xb28 + b6 Xb38 = Xa26 -
bl Xb29 + b2 Xb39 = Xa9 b3 Xb29 + b4 Xb39 = Xal8 b5 Xb29 + b6 Xb39 = Xa27

b9 Xb21 + b10 Xb31 = Xa37, b11 Xb1l + b12 Xb31 = Xa46, b7 Xb21 + b8 Xb31 = XaZ8,
b9 Xb22 + b10 Xb32 = Xa38, b11 Xb12 + b12 Xb32 = Xa47, b7 Xb22 + b8 Xb32 = Xa29,
b9 Xb23 + b10 Xb33 = Xa39, b11 Xb13 + b12 Xb33 = Xa48, b7 Xb23 + b8 Xb33 = Xa30,
b9 Xb24 +b10Xb34 =Xa40, = b1l Xbl4 + b12 Xb34 = Xa49, b7 Xb24 + b8 Xb34 = Xa3l,
b9 Xb25 + b10 Xb35 = Xa4l, b11 Xb15 + b12 Xb35 = Xa50, b7 Xb25 + b8 Xb35 = Xa32,
b9 Xb26 + b10 Xb36 =Xa4d2, b1l Xb16 +b12 Xb36 = Xa51, b7 Xb26 + b8 Xb36 = Xa33,
b9 Xb27 + b10 Xb37 = Xa43 b1l Xb17 +bl2 Xb37 = Xa52 b7 Xb27 + b8 Xb37 = Xa34
b9 Xb28 +b10Xb38=Xad4 ~ bll Xbl8 + b12 Xb38 = Xa53 b7 Xb28 + b8 Xb38 = Xa35
b9 Xb29 + b10 Xb39 = Xad5 b11 Xb19 +b12 Xb39 =Xa54 - b7 Xb29 + b8 Xb39 = Xa36

b13 Xb11 + b14 Xb31 = Xa55, b15 Xbl1l + b16 Xb31 = Xa64, b17 Xb11l + b18 Xb31 = Xa73,
b13 Xb12 +bld Xb32 = Xa56, b1SXbI2 +bl6 Xb32=Xa65,  bl7 Xbl2 + bl8 Xb32 = Xa74,
b13 Xb13 + b14 Xb33 = Xa57, b15 Xb13 + b16 Xb33 = Xa66, b17 Xb13 + b18 Xb33 = Xa75,
b13 Xbl4 +bl4 Xb34 = Xa58, b15 Xb1l4 + b16 Xb34 = Xa67, b17 Xbl4 + bl8 Xb34 = Xa76,
b13 Xb15 +bld Xb35 = Xa59, D15 XblS +b16 Xb35 = Xa68, b17 Xb15 + b18 Xb35 = Xa77,
b13 Xb16 + bi4 Xb36 =Xa60, . b15 Xb16 +b16 Xb36 = Xa69, b17Xbl6 +bl18 Xb36 = Xa78,
b13 Xbl7 +bl4 Xb37 =Xa61l  b15 Xbl7 +bl6 Xb37 = Xa70 b17 Xb17 + b18 Xb37 = Xa79
b13 Xb18 + bl4 Xb38 = Xa62 b15 Xb18 + b16 Xb38 = Xa71 b17 Xb18 + b18 Xb38 = Xa80
b13 Xb19 + b14 Xb39 = Xak3 - b15 Xb19 + b16 Xb30 = Xa72 b17 Xb19 + b18 Xb39 = Xa8l

B2u=

Xal X10 +Xa2 X11 +Xa3X12 +Xad4X13 +Xa5X14 +Xab6X15 + Xa7X16+ Xa8X17 +Xa9 X138
Xal0 X10 + Xall X11 +Xal2X12 + Xal3 X13 + Xald X14 + Xal5 X15 + Xal6 X16 + Xal7 X17 + Xal8 X18
Xal9 X10 + Xa20 X11 + Xa21 X12 + Xa22 X13 + Xa23 X14 + Xa24 X15 + Xa25 X16 + Xa26 X 17 + Xa27 X18
Xa28 X10 + Xa29 X11 + Xa30 X12 + Xa31 X13 + Xa32 X14 + Xa33 X15 + Xa34 X16 + Xa35 X17 + Xa36 X18
Xa37 X10 + Xa38 X11 + Xa39 X12 + Xa40 X13 + Xadl X14 + Xad2 X15 + Xa43 X16 + Xadd X17 + Xa45 X18
Xad46 X10 + Xad7 X11 + Xa48 X12 + Xa49 X13 + Xa50 X14 + Xa51 X15 + Xa52 X16 + Xa53 X17 + Xa54 X18
Xa55 X10 + Xa56 X11 + Xa57 X12 + Xa58 X13 + Xa59 X14 + Xa60 X15 + Xa61 X16 + Xa62 X17 + Xa63 X18
Xa64 X10 + Xa65 X11 + Xa66 X12 + Xa67 X13 + Xa68 X14 + Xa69 X15 + Xa70 X16 + Xa71 X17 + Xa72 X18

Xa73 X10 + Xa74 X11 + Xa75 X12 + Xa76 X13 + Xa77 X14 + Xa78 X15 + Xa79 X16 + Xa80 X17 + Xa81 X18

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

***Observe 9 states ---

C2t (y - C2 X(10-18%)=

C2=[1 00 000 00O yl - 100 000 00O x10
010000 00O y2 - 010 000 0O0O x11
001 000 00O y3 - 001 000 000 x12
000 100 00O y4 - 000 100 000 x13
000 100 0O0O y5 - 000 100 000 x14
000 001 00O y6 - 000 001 0O0O x15
000 000 100 y7 - 000 000 100 x16
000 000 010 y8 - 000 000 010 x17
000 000 00 1] y9 000 000 0O01 x18

C2=[100 000 00O y1- x10 =yl - x10
010 000 000 y2 - x11 y2 - x11
001 000 00O y3 - x12 y3 - x12
000 100 00O y4 -x13 y4 - x13
000 100 0O0O y5 -x14 Cy5 - x14
000 001 0O0O y6 - x15 y6 - x15
000 000100 y7 - x16 y7 - x16
000 000 010 y8 - x17 y8 - x17
000 000 OO 1] y9 - x18 y9 - x18

Y(9,9) C2T (y - C2 X(10-18*)

Yil Y12 Y13 Y14 Y15 Y16 Y17 Y18 Y19 y1-x10

Y12 Y22 Y23 Y24 Y25 Y26 Y27 Y28 Y29 y2 -x11
Y13 Y23 Y33 Y34 Y35 Y36 Y37 Y38 Y39 y3-x12
= Y14 Y24 Y34 Y44 Y45 Y46 Y47 Y48 Y49 y4 - x13
Y15 Y25 Y35 Y45 Y55 Y56 Y57 YS8 YS9 y5 - x14
Y16 Y26 Y36 Y46 Y56 Y66 Y67 Y68 Y69 y6 - x15
Y17 Y27 Y37 Y47 Y57 Y67 Y77 Y78 Y79 y7 - x16
Y18 Y28 Y38 Y48 Y58 Y68 Y78 Y88 Y89 y8 - x17
Y19 Y29 Y39 Y49 YS9 Y69 Y79 Y89 Y99 y9 - x18
Y11(y1 -x10)+Y12( y2 - x11)+Y13( y3 - x12)+Y14(y4 - x13)+Y15(yS - x14)+Y16(y6 - x15)+Y17(y7 - x16)+Y18(y8 - x17)
Y12(y1 -x10)+Y22( y2 - x11)+Y23( y3 - x12)+Y24(y4 - x13)+Y25(y5 - x14)+Y26(y6 - x15)}+Y27(y7 - x16)+Y28(y8 - x17)
Y13(y1 -x10)+Y23( y2 - x11)+Y33( y3 - x12)+Y34(y4 - x13)+Y35(yS - x14)+Y36(y6 - x15)+Y37(y7 - x16)+Y38(y8 - x17)
Y14(y1 ~x10)+Y24( y2 - x11)+Y34( y3 - x12)+Y44(y4 - x13)+Y45(yS - x14)+Y46(y6 - x15)+Y47(y7 - x16)+Y48(y8 - x17)
Y15(y1 -x10)+Y25( y2 - x11)+Y35( y3 - x12)+Y45(y4 - x13)+Y55(y5 - x14)+Y56(y6 - x15)+Y57(y7 - x16)+Y58(y8 - x17)
Y16(y1 -x10)+Y26( y2 - x11)+Y36( y3 - x12)+Y46(y4 - x13)+YS6(yS - x14)+Y66(y6 - x15)+Y67(y7 - x16)+Y68(y8 - X17)
Y17(y1 -x10)+Y27( y2 - x11)+Y37( y3 - x12)+Y47(y4 - x13)+Y57(y5 - x14)+Y6T(y6 - x15)+Y77(y7 - x16)+Y78(y8 - x17)
Y18(y1 -x10)+Y28( y2 - x11)+Y38( y3 - x12)+Y48(y4 - x13)+YS8(yS - x14)+Y68(y6 - x15)+Y78(y7 - x16)+Y88(y8 - x17)
Y19(y1 -x10)+Y29( y2 - x11)+Y39( ¥3 - x12)+Y49(y4 - x13)+Y59(y5 - x14)+Y69(y6 - x15)+Y79(y7 - x16)+Y8I(y8 - x17)
+Y19 (y9 - x18)
+Y29 (y9 - x18)
- +Y39 (y9 - x18)

Y11 x10 +Y12 x11+Y13 x12+Y14 x13 +Y15 x14 +Y16 x15+Y17 x16+Y18 x17 +Y19 x18’ +Y49 (39 - x18)
Y12 x10 +Y22 x11+Y23 x12+Y24 x13 +Y25 x14 +Y26 x15+Y27 x16 +Y28 x17 +Y29 xI18 +Y59 (39 - x18)
Y13 x10 +Y23 x11+Y33 x12+Y34 x13+Y35 x14 +Y36 x15 +Y37 x16 +Y38 x17 +Y39 x18 +Y69 (49 - x18)
Y14 x10 +Y24 x11+Y34 x12+Y44 x13 +Y45 x14 +Y46 x15 +Y47 x16+Y48 x17+Y49 x18 Y79 (39 - x18)
Y15 x10 +Y25 x11+Y35 x12 +Y45 x13 +Y55 x14 +Y56 x15 +Y57 x16 +Y58 x17 +Y59 x18 +Y89 (59 - x18)
Y16 x10 +Y26 x11+Y36 x12+Y46 x13 +Y56 x14 +Y66 x15 +Y67 x16+Y68 x17 +Y69 x18 FY99 (9 - x18)

Y17 x10 +Y27 x11+Y37 x12 +Y47 x13 +Y57 x14 +Y67 x15+Y77 x16 +Y78 x17 +Y79 x18
Y18 x10+Y28 x11+Y38 x12+Y48 x13+YS58 x14 +Y68 x15+Y78 x16 +Y88 x17 +Y89 x18
Y19 x10 +Y29 x11 +Y39 x12+Y49 x13 +Y59 x14 +Y69 x15+Y79 x16 +Y89 x17+Y99 x18

Y11yl +Y12 y2  +Y13 y3  +Yl4 y4  +YI5y5  +Y16 y6  +Y17y7  +Y18 y8  +Y19 y9
Y12yl +Y22 y2  +Y23 y3  +Y24 y4  +Y25y5  +Y26 y6  +Y27 y7  +Y28 y8  +Y29 y9 -
Y13yl +Y23 y2  +Y33 y3  +Y34 y4  +Y35y5  +Y36 y6  +Y37 y7  +Y38 y8  +Y39 y9 -
Y14yl +Y24 y2  +Y34 y3  +Y44 y4  +Y45yS  +Y46 y6  +Y47 y7  +Y48 y8  +Y49 y9
Y15 y1  +Y25 y2  +Y35 y3  +Y45 y4  +YS5y5  +Y56 y6  +YS7 y7  +YS58 y8  +Y59 y9
Y16 y1  +Y26 y2  +Y36 y3  +Y46 y4  +Y56 y5  +Y66 y6  +Y67 y7  +Y68 y8  +Y69 y9
Y17 y1  +Y27 y2  +Y37 y3  +Y47 y4  +YSTyS  +Y6T y6  +Y77y7  +YI8y8  +Y79 ¥9
Y18 y1  +Y28 y2  +Y38 y3  +Y48 y4  +YS8 v5  +Y68 y6  +Y78 y7  +Y88 y8  +Y89 ¥9
Y19yl +Y29 y2  +Y39 y3  +Y49 y4  +Y59 y5  +Y69 y6  +Y79 y7  +Y89 y8  +Y99 y9
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[/, [ —
Obl =(all-Xal -Y(1,1)) Ob28=(0 - Xa28 - Y(1,4)) Obs5=(0  -Xa55 -Y(1,7) )
Ob2 = (al2-Xa2 -Y(1,2)) 0b29=(0 - Xa29 -Y(2,4)) Ob56=(0 - Xa56 - Y(2,7) )
Ob3 = (al3-Xa3 -Y(1,3)) Ob30=( 243 - Xa30 -Y(3,4)) ) Ob57=(0  -Xa57 -Y(3,7) )
Ob4 = (al4 - Xad -Y(1,4) ) 0b31=(0 - Xa31 -Y(4,4)) Ob58=(a74 -Xa58 -Y(4,7) )
0Ob5 = (al5-Xa5 -Y(1,5)) 0Ob32=(a45 - Xa32 -Y(4.5)) Ob59=(0 - Xa59 -Y(5,7) )
Ob6 = (al6 - Xa6 - Y(1,6) ) 0Ob33=(0 - Xa33 -Y(4,6)) Ob60=(a76 - Xa60 - Y(6,7) )

Ob7=(al7-Xa7 -Y(1,7) ) Ob34=( ad7 - Xa34 -Y(4,7)) Ob6l=(0 -Xab6l -Y(7,7) )

Ob8 = (218 - Xa8 - Y(1,8) )
0b9 = (219 - Xa9 - Y(1,9) )

Obls = -Y(1,1)
Ob2s = -Y(1,2)
Ob3s = -Y(1,3)

Obds = -Y(1,4)
ObSs = -Y(1,5)
Oblss =- Y(1,6)
Ob2ss =- Y(1,7)
Ob3ss =- Y(1,8)
Ob4ss =- Y(1,9)

Ob10=(a21 - Xal0 -Y(1,2) )
Obll=(0 - Xall -Y(22))
Obl2= (223 - Xal2 -Y(2,3))
Ob13=(0 - Xal3 -Y(2,4))
Obl4=(0 - Xald -Y(2,5))
Ob15=(0 - Xal5 -Y(26))
Obl6=(0 - Xal6 -Y(2,7))
Obl7=(0 - Xal7 -Y(2.8))
Oh18=(229 - Xal® - Y(2.0) )

Ob6s = -Y(1,2)
Ob7s =-Y(2,2)
Ob8s = -Y(2,3)
ObYs = -Y(2,4)

Obl10s =- Y(2,5)
Obbss =- Y(2,6)
Ob7ss =- Y(2,7)
Ob8ss =- Y(2,8)
ObIss =- Y(2,9)

0b19=(0 - Xal9 - Y(1,3) )
0b20=(232 - Xa20 - Y(2,3) )
Ob21=(0 - Xa21 - Y(3,3) )
Ob22=(a34 - Xa22 -Y(3,4) )
0b23=(0 - Xa23 - Y(3,5) )
0b24=(0 - Xa24 - Y(3,6) )
Ob25=(0 - Xa25 - Y(3,7) )
Ob26=(a38 - Xa26 - Y(3.8) )
0b27=( 0 - Xa27 - Y(3,9) )

Oblls =-Y(1,3)
Ob12s =-Y(2,3)
Obl3s =-Y(3,3)
Oblds =-Y(3,4)
Obl5s =-Y(3,5)

Obllss =- Y(3,6)
Obl2ss =- Y(3,7)
Ob13ss =- Y(3,8)
Obl4ss = -Y(3,9)

Ob35=(0 - Xa35 - Y(4,8))
0b36=(0 - Xa36 - Y(4,9) )

Obl6s =-Y(1,4)
Ob17s =-Y(2,4)
Obl8s = -Y(3,4)
Ob19s = -Y(4,4)
0b20s = -Y(4,5)

Obl6ss =- Y(4,6)
Ob17ss =- Y(4,7)
Ob18ss =- Y(4,8)
Ob19ss =- Y(4,9)

0b37=(0 - Xa37 - Y(L5) )
Ob38=(0 -Xa38 -Y(2,5))
0b39=(0 -Xa39 -Y(3,5) )
Ob40=(a54 - Xad0 - Y(4,5) )
Ob41=(0 -Xadl -Y(55))
Ob42=(a56 - Xad2 -Y(5,6) )
Ob43=(0 -Xad3 -Y(5,7) )
Obdd=(0 - Xadd -Y(58) )
Ob45=(0 -Xad5 -Y(59) )

Ob21s = -Y(1,5)
0b22s = -Y(2,5)
Ob23s = -Y(3,5)
Ob24s = -Y(4,5)
0b25s = -Y(5,5)

Ob21ss =- Y(5,6)
0b22ss =- Y(5,7)
Ob23ss =- Y(5,8)
Ob24ss =- Y(5,9)

Ob46=(0 - Xad6 - Y(1,6) )
Ob47=(0 - Xad7 - Y(2,6) )
Ob48=(0 - Xad8 - Y(3,6) )
Ob49=(0 - Xad9 - Y(4,6) )
ObS0= (65 - XaS0 - Y(5,6) )
Ob51=(0 - XaS1 - Y(6,6) )
Ob52= (267 - Xa52 - Y(6,7) )
Ob53=(0 - Xa53 - Y(6,8) )
ObS54=(0 - Xa54 - Y(6,9) )

Ob26s = -Y(1,6)
Ob27s =-Y(2,6)
0Ob28s =-Y(3,6)
Ob29s = -Y(4,6)
Ob30s = -Y(5,6)

Ob26ss =- Y(6,6)
0Ob27ss =- Y(6,7)
Ob28ss =- Y(6,8)
Ob29ss =- Y(6,9)

Ob62= (278 - Xa62 - Y(7,8) )
Ob63=(0 - Xa63 - Y(7,9) )

Ob31s =-Y(1,7)
0Ob32s =-Y(2,7)
Ob33s =-Y(3,7)
Ob34s =-Y(4,7)
Ob35s =-Y(5,7)
Ob31ss =- Y(6,7)
Ob32ss =- Y(7,7)
Ob33ss =- Y(7,8)
Ob34ss =- Y(7,9)

Ob64=(0 - Xa64 - Y(1,8) )
0b65=(0 - Xa65 - Y(2,8) )
Ob66= (283 - Xa66 - Y(3,8) )
Ob67= (0 - Xa67 - Y(4,8) )
Ob68=(0 - Xa68 - Y(5,8) )
0b69=(0 - Xa69 - Y(6,8) )
Ob70= (287 - Xa70 - Y(7,8) )
Ob71=(0 - Xa7l -Y(8,8) )
Ob72= (289 - Xa72 - Y(8,9) )

Ob36s = -Y(1,8)
Ob37s = -Y(2,8)
Ob38s = -Y(3,8)
Ob39s = -Y(4,8)
Ob40s = -Y(5,8)

Ob36ss =- Y(6,8)
Ob37ss =- Y(7,8)
Ob38ss =- Y(8,8)
Ob39ss =- Y(8,9)

Ob73= (291 -Xa73 - Y(1,9) )
Ob74= (292 - Xa74 - Y(2,9) )
Ob75=(a93 -Xa75 - Y(3,9) )
Ob76=(a% - Xa76 - Y(4,9) )
Ob77=(a95 - Xa77 - Y(5,9) )
Ob78=(a% - Xa78 - Y(6,9) )
Ob79= (297 -Xa79 - Y(7.9) )
0b80=( a9 - Xa80 - Y(8,9) )
Ob81=(a99 - Xa8l - Y(9,9) )

Ob4ls =-Y(1,9)
Ob42s = -Y(2,9)
Ob43s =-Y(3,9)
Ob4ds = -Y(4,9)
Ob45s = -Y(5,9)

Ob41ss =- Y(6,9)
Ob42ss =- Y(7,9)
Ob43ss =- Y(8,9)
Obd4ss =- Y(9,9)

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

_xdot(1) = all*x(1) + al2*x(2) + a13*x(3)+ ald*x(4)+ al5*x(5) + al6*x(6) + al7*x(7) + al8*x(8) + al9*x(9)
+ Xal*x(10) + Xa2*x(11) + Xa3*x(12) + Xa4*x(13) + Xa5*x(14) + Xa6*x(15) + Xa7*x(16) + Xa8*x(17) + Xa9*x(18)

xdot(2)= a21* x(1) + a23*x(3) + a29* x(9)
+ Xal0*x(10) + Xall*x(11) + Xal2*x(12) + Xal3*x(13) + Xald*x(14) + Xal5*x(15) + Xal6*x(16) + Xal7*x(17) + Xal8*x(18)

xdot(3)= a32*x(2) + a34* x(4) + a38*x(8)
+ Xal9*x(10) + Xa20*x(11) + Xa21*x(12) + Xa22*x(13) + Xa23*x(14) + Xa24*x(15) + Xa25*x(16) + Xa26*x(17) + Xa27*x(18)

xdot(4)= a43*x(3) + ad5*x(5) + ad7*a7
+ Xa28*x(10) + Xa29*x(11) + Xa30*x(12) + Xa31*x(13) + Xa32*x(14) + Xa33*x(15) + Xa34*x(16) + Xa35*x(17) + Xa36*x(18)

xdot(5)= a54* x(4) + aS6*x(6)
+ Xa37*x(10) + Xa38*x(11) + Xa39*x(12) + Xad0*x(13) + Xad1*x(14) + Xad2*x(15) + Xad3*x(16) + Xadd*x(17) + Xad5*x(18)

xdot(6)= a65*x(5) + a67*x(7)
+ Xad6*x(10) + Xad7*x(11) + Xad8*x(12) + Xad9*x(13) + XaS0*x(14) + XaS1*x(15) + XaS2*x(16) + Xas3*x(17) + XaS4*x(18)

xdot(7)= a74* x(4) + a76* x(6) + a78*x(8)
+ Xa55*x(10) + XaS6*x(11) + XaS7*x(12) + Xas8*x(13) + XaS59*x(14) + Xa60*x(15) + Xa61*x(16) + Xa62*x(17) + Xa63*x(18)

xdot(8) = a83*x(3) + a87*x(7) + a89*x(9)
+ Xa64*x(10) + Xab65*x(11).+ Xa66*x(12) + Xa67*x(13) + Xa68*x(14) + Xa69*x(15) + Xa70*x(16) + Xa71*x(17) + Xa72*x(18)

xdot(9) = a91*x(1) + a92*x(2) + a93*x(3)+ a94*x(4)+ a95*x(5) + a96*x(6) + a97*x(7) + a98*x(8) + a99*x(9)
+ Xa73*x(10) + Xa74*x(11) + Xa75*x(12) + Xa76*x(13) + Xa77*x(14) + Xa78*x(15) + Xa79*x(16) + Xa80*x(17) + Xa81*x(18)

xdot(10) = Ob1*x(10) + Ob2*x(11) + Ob3*x(12) + Obd*x(13) + ObS*x(14)+ Ob6*x(15) + Ob7*x(16) + Ob8*x(17) + Ob9*x(18)
+ Ob1s*x(1) + Ob2s*x(2) + Ob3s*x(3) + Obds*x(4) + Ob5s*x(5)+ Oblss*x(6)+ Ob2ss*x(7) + Ob3ss*x(8) + Obdss*x(9)

xdot(11) = Ob10*x(10) + Ob11*x(11) + Ob12*x(12) + Ob13*x(13) + Ob14*x(14)+ Ob15*x(15)+ Ob16*x(16) + Ob17*x(17)+ Ob18*x(18)
+ Ob6s*x(1) + Ob7s*x(2) + Ob8s*x(3) + Ob9s*x(4) + Ob10s*x(5)+ Obbss*x(6)+ Ob7ss*x(7) + Ob8ss*x(8)+ ObIss*x(9)

xdot(12) = Ob19*x(10) + Ob20*x(11) + Ob21*x(12) + Ob22*x(13) + Ob23*x(14)+ Ob24*x(15)+ Ob25*x(16)-+ Ob26*x(17)
+ Ob27*x(18)+ Ob11s*x(1) + Ob12s*x(2) + Ob13s*x(3) + Obl4s*x(4) + Ob15s*x(5)+ Obllss*x(6)+ Obl2ss*x(7)
+ Ob13ss*x(8)+ Obl14ss*x(9) :

xdot(13) = Ob28*x(10) + Ob29*x(11) + Ob30*x(12) + Ob31*x(13) + Ob32*x(14)+ Ob33*x(15) + Ob34*x(16) + Ob35*x(17) + Ob36*x(18) -
+ Ob16s*x(1) + Ob17s*x(2) + Ob18s*x(3) + Ob19s*x(4) + Ob20s*x(5)+ Ob16ss*x(6)+ Ob17ss*x(7)+ Ob18ss*x(8)+ Ob19ss*x(9)

xdot(14) = Ob37*x(10) + Ob38*x(11) + Ob39*x(12) + Ob40*x(13) + Obd1*x(14)+ Ob42*x(15)+ Ob43*x(16)
+ Obd44*x(17)+ Ob45*x(18)+ Ob21s*x(1) + Ob22s*x(2) + Ob23s*x(3) + Ob24s*x(4) + Ob255*x(5)+ Ob21ss*x(6)
+ Ob22ss*x(7)+ Ob23ss*x(8)+ Ob24ss*x(9)

xdot(15) = Ob46*x(10) + Ob47*x(11) + Obd8*x(12) + Ob49*x(13) + ObSO*x(14)+ ObS1*x(15)+ Ob52*x(16) + Ob53*x(17)+ ObS4*x(18)
+ Ob26s*x(1) + Ob27s*x(2) + Ob28s*x(3) + Ob295*x(4) + Ob30s*x(5)+ Ob26ss*x(6) + Ob27ss*x(7) + Ob28ss*x(8) + Ob29ss*x(9)

xdot(16) = Ob55*x(10) + ObS6*x(11) + ObS7*x(12) + ObS8*x(13) + Ob59*x(14)+ Ob60*x(15)+ Ob61*x(16) + Ob62*x(17)+ Ob63*x(18)
+ Ob31s*x(1) + Ob32s*x(2) + Ob33s*x(3) + Ob34s*x(4) + Ob35s*x(5)+ Ob31ss*x(6) + Ob32ss*x(7) + Ob33ss*x(8) + Ob34ss*x(9)

xdot(17) = Ob64*x(10) + Ob65*x(11) + Ob66*x(12) + Ob67*x(13) + Ob68*x(14)+ Ob69*x(15)+ Ob70*x(16) + Ob71*x(17)+ Ob72*x(18)
+ 0Ob36s*x(1) + Ob37s*x(2) + Ob38s*x(3) + Ob39s*x(4) + Ob40s*x(5)+ Ob36ss*x(6) + Ob37ss*x(7) + Ob38ss*x(8) + Ob39ss*x(9)

xdot(18) = Ob73*x(10) + Ob74*x(11) + Ob75*x(12) + Ob76*x(13) + Ob77*x(14)+ Ob78*x(15)+ Ob79*x(16) + Ob80*x(17)+ Ob81*x(18)
+ Ob41s*x(1) + Ob42s*x(2) + Obd3s*x(3) + Obdds*x(4) + Ob455*x(5)+ Ob41ss*x(6) + Obd2ss*x(7) + Ob43ss*x(8) + Obddss*x(9)

To close the loop,we set the negative feed back as

WJ

yl = -XL ’ﬂ‘ \ 00E-01

y2 =-x2 il L

y3 = -x3, .

y4 = -X4 - 00E+00

y5 = x5, s

y6 = -x6 2. Results.

y7=-x7, Fig 5 shows the temporal changes in [C1] and [O1] with

y8=-x8 changes in weighting coefficients for the control inputs un.

y9 =-x9, Significant changes can be observed at particular pn. The
A . present evaluation when extended will be available for

We can obtain the coefficients Obn and Obnss predicting the noise filtering function of biomembranes.
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