CED[E W'\R

- duiE
center for
self-organizing and
intelligent systems

Analogue realization of fractional
differentiation operator

Christophe TRICAUD (ENSEIRB)
YangQuan CHEN (Utah State University)

] r I ﬁ H
= —I
n B =l = R ., ECOLE NATIOMALE SUPERIEUR
I\.-I] F‘ﬂ n W -‘-muﬂn “ 1:;? ELECTRONIGUE, INFORMATIGUE & RADIOCOMMUMNICATIONS
BORDEAUX

C.TRICAUD - YQ. CHEN 1




Analogue Realization ot Fractional
Ditterentiation operator

Presentation of Utah State University
The fractional order controller

The analogue circuit

|dentification

Results

Simulations

Conclusions

C.TRICAUD - YQ. CHEN



‘ Utah State University

= Since 1862

= Settled in Logan
= 22,000 students
= 45 departments
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The Electrical and Computer engineering

department

= Since 1929

= Degrees proposed: Bachelor of
Science in Computer Eng., Bachelor of
Science in Electrical Eng., Concurrent
BS/Masters Program, Master of
Engineering, Master of Science,
Electrical Engineer, Doctor of Philosophy
in Electrical Eng.

= 4 research centers :

- The Center for Self Organizing
Intelligent Systems (CSOIS)

- The National Center for the Design
of Molecular Function (NCDMF)

- Anderson Wireless Center

- Center for High-speed Information
Processing (CHIP)
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The CSOIS

Utah Center of Excellence graduate

Horizontally-Integrated (multi-disciplinary)

0 — Electrical and Computer Engineering (Home
dept.)

o — Mechanical Engineering

o — Computer Science

Vertically-integrated staff (20-40) of faculty,
postdocs,engineers, grad students and
undergrads
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The CSOIS

Control System Engineering

o Algorithms (Intelligent Control)
o Actuators and Sensors
o Hardware and Software Implementation

Intelligent Planning and Optimization
Real-Time Programming
Electronics Design and Implementation

Mechanical Engineering Design and
Implementation

System Integration
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The Fractional Order Controller

By knowing the plant, The program first
we are supposed to calculate :
have been able to 0 ?.
calculate : S
o Order : m’ Which define the
0 Gain : G, frequency response of
0 Lower bound : f,, the controller by the
o Upper bound : 1:max formula :
Cliw)= CjIII+]w/w

1+ jo/ o,
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The Fractional Order Controller
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Figure 1 : Bode plot of a fractional order controller
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Analogue Circuit

sz
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R )
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and
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\_ — Rinve
Re ‘ Rinv1 ‘
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R, = entrance resistor
R, = parallel resistor
R/C, = linking impedance

Riv1/Rie = inverting

resitor so that R.__.=R.

inv1 inv2



Analogue Circuit

Rp
ﬁ
o The transfer function of this circuit is :
L
L H(1+ jRC.o)
R H(jo)=
| —H R H(l+]RCa))+R Z]Ca)H(HJRCCO)
an #I
—_ ] "
C 1
—_ ]
\ - Rinv2
Re | M |
OA, OA,
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Identification

Now we have two equivalent formulas :

» H(1+jRCa))

CH1+]0)/0) »
Y+ jelo R H(1+]RCa))+R Z]C@H(l-l—]RCa))

k., k#i

We need to identify each terms of the second
formula according to the known values of the terms
of the first one.
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Identification

First, we have : C Rp
0

Then, we can see that

Vi, o' R-C =1
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Identification

Finally, we have to identify :

.

1

[0+ jo/w)=] [0+ jRCa)+R,> jCo] |1+ jR.C.)

k. k#i

S0, we can get 8 equations for 9 tunable parameters.
We can tune one and choose :

—1-sign(m')-10’

R, =
a)u
Which is obtained by an empiric method
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Identification

We can write the equation by this way :

ez

k#i k

We put it in a matrix format :

ij'IEij ° c :RLPT{H[HJC‘%}H(HJ%H
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Identification

We have a system like :

A-X=B<= X=A4"-B

We can now calculate all the values of the circuit
using :

C,=—2 ad o' R -C =1
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Results

For m'=0.35, C,=15, f

=0.1Hz and f__ =10Hz, we

min
obtain :

C1 C2 C3 C4 C5 C6 C7 C8
1.62 yF | 885 nF 435 nF 208 nF 99.3nF | 47.8nF | 240nF | 14.7 nF
R1 R2 R3 R4 R5 R6 R7 R8
451MO | 261 MO | 1.68MO | 1.11 MO | 737 kO 484 kO 305 kO 157 kO
Rp Re
1.59 MO 106 kO
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‘ Simulations

25.00 dB

A:r12_2

)

20.00 dB

15.00 dB

N

10.00 dB

N

5.000 dB

\\ m’ = -0.35
15

-5.000 dB L 1 111l L1 LIl [ | L Tt b
qin = 0.1 Hz

1.00! 10.00mHz 100.0mHz 1.000 Hz 10.00 Hz 100.0 Hz 1.000kHz
max

0.000 dB

i

O
o
I

A:r12.2 0.000 Deg

i
\

-5.000 Deg

/
N

-10.00 Deg

yd
™

-15.00 Deg

-20.00 Deg

AN /
N -

-25.00 Deg

-30.00 Deg

-35.00 Deg

-40.00 Deg L L Il A L L1t | I N
1.000mHz 10.00mHz 100.0mHz 1.000 Hz 10.00 Hz 100.0 Hz 1.000kHz

C.TRICAUD - YQ. CHEN 17



Simulations
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‘ Simulations
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Additional feature

The program gives you the opportunity to
realize a Spice simulation by creating a Spice
file of the type :

fractional order controller c3 8 3 .0.000000434569

v110dc (429 1111472.41
e1300 2 999K ¢4 9 3 0000000208172
€250 0 4 999k r5 2 10 736654.49 m’ =-0.35
re 12 106103.30 ¢5 10 3 0.000000099324
' 2 3 1591549.43 6 2 11 483851.24 C.=15
rinvd 3 4 1k ¢6 11 3 0.000000047820 0
rinv2 4 5 1k (7 2 12 305447.38 £ =01 Hz
r1 2 6 4510605.10 c7 12 3 0.000000023954 min — V-
¢1 6 3 0.000001622129 (8 2 13 157277.04
(2 27 2613323.53 ¢8 13 3 0.000000014711 fax =10 Hz
¢2 7 3 0.000000885374 dcv1 035005
(3 2 8 1683686.31 print dc v(5,0)
.end
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Function ot the M-tile developed

Input : Output :
0 Order 0 Values of resistor
0 Gain Values of capacitors
0 Lower bound Bode plot
0 Upper bound Step response

O 0O 0O 0O O

Impulse response
Spice simulation file

If you want this file, send an email at tricaud@enseirb.fr
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‘ Possible future realization

= Lattice ispPAC,
Integrating in-system _ xroeemes

OOAAAAAAAMHM

Multiple Voltage Monitoring b g
programmable > 8
analog and digital s g
components onto @ s -
Si ng Ie Ch i p . Automated Test and Measurement 7T U 717 U U U i U:l
= For the moment, too
few programmable
analog components.
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