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ABSTRACT

A method of systematic investigation of the influence of
element parameters on the desired properties of a linear
dynamical system -frequency filter In particular - Is
described. The couplings among the element parameters
are examined by means of so-called VERTEX (or coupling)
graph with the aim of algorithmic circuit optimization.
One of the results is the partition of a set of parameters
Into disjoint sets. Within these sets, it Is possible to vary
the parameters independently to obtain the required
circuit behavior.
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linear system

4 )
V ... vector of voltages
| ... vector of currents
P ... vector of element parameters
\_ J

linear equations onlinear equations
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(Signal) Flow Graphs VERTEX (coupling) graphs

lbasis transformation

CAUSAL flow graphs
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OPENING EXAMPLE (1): passive RCCR bandpass filter

R1 o C|2| \/out
+ |
160 1 1n 16k
Vin\_ 100n R2
Vout a‘lS

where

Set of 3 nonlinear
equations with 4
b =RC, +R,C, +RC, =32.164s  ynknown variables

b, =R,R,C,C, =256 ps*

a, = R,C, =16pus
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VERTEX graph

b1=R1C1 + R1C2 + R2C2

al=R2C2

summing VERTEX bl
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VERTEX (full) graph decomposition
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CAUSAL graph from VERTEX graph

b2/a1=R1C1 al=R2C2

VERTEX graph

&) @ @ ® (@

bl-al-b2/al

/\)V

bl-al-b2/al=R1C2

b2/a1 al

m CAUSAL flow graph
@ @ @ @ If arbitrary element is changed, we must change

all the elements to retain transfer function.
(proportional variation)

<
bl-al-b2/al
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VERTEX (simplified) graph decomposition

AP Ab

Simplification (a) is done under the condition
b1=R1C1+R2C2+R1C2 ~ R1C1+R2C2
()
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CAUSAL graph from simplified VERTEX graph

b2/al=R1C1 al=R2C2
4
VERTEX graph
CAUSAL flow graph
b2/al al

There are two sets of parameters
that can be varied independently

@ @ @ @ (under the conditions of graph simplifying).
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EXAMPLE 2: active 2" - order filter, f,=3.2 kHz, Q=5

R3
1k
||
* I
Cl
R1 10n
L o
* Ik \ R2
. L | ®
Vin / Vout2 ok co +
- OPA1l p— Vout
1 L 10n -
I- OPA2
Vout — 1 Vout2 — :]'_l_a‘lS

V. b +bs+bs?, V., b +bs+bs’,
a, =R,C,=250us b, =RG; =1

b, =RC, =10us b, =RR,C,C, =2.5ns"

BIOLEK,D.: Optimization of frequency filters via VERTEX graphs. ISCAS2001 Sydney, Australia.

10/31



Varying the parameters R1, R2, R3, C1, C2 to preserve both transfer functions:

@ ® @ @ @ & ® @ @ (@

(a) (b)

1/bl
There are two sets of parameters
@ @ that can be varied independently:

C1-G1-G3, C2-G2

al
(proportional variation)

b0 ()
>
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EXAMPLE 3: active 2" - order filter without buffering

R3
||
? I
Cl
R1
L o
+ \ R2 out
o 1+ Vou
Vin / / Vout2 co
OPA1l p—
[T
Vout 1 Vout2 — a‘O -I-alS

V. b, +bs+bs’, V.

a, =1+RG; a =R,C,. b, = RG;.
b, = R1C1(1+ Rst), b, = R R,C,C,

b, +b,s+hb,s°
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Varying the parameters to preserve only the first transfer function:

D=1/C
(b)
Vout - _ 1 —
Vin R1G3 + R1C1(1+ R2G3)S + R1R2C1C232
o 1/RC, O
G:D)+ L+ RG)s +RCys*
1(1-1) b" b1 h2"

()
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Varying the parameters to preserve both transfer functions:
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Varying the parameters to preserve both transfer functions (cont):
bl-b2/al (b1-b2/al1)/b0=x0

1/al
x0
@ @ proportial variation
al/b2 ()
b0
>
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EXAMPLE 4: active 2" - order “MFB" filter

R1 R3

p— Vout

a, :G1G3, b, :G2G3,
b, :Cz(G1 +G, +G3), b, =C,C,
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Varying the parameters to preserve transfer function:

transformation of 2 cascade vertices  splitting the element to transfer
to causal graph cascade vertex to causal graph

a0
<—(rg
b2

& 3x\1/b1

transformation of multiple vertex to additive causal graph

(b)
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Varying the parameters to preserve transfer function (cont):

a0 a0 1/b1(b0-a0)
- < - < R3 >
b0/a0 b0/a0 (E%
G ® @6 @ @
1/b1 1/b1
Z (©) (d)

7 1/b1(1-b0/a0)

reduction of 3 paths by one

Proportional variation: R3-G1-G2, D2-C1
Unproportional variation: R3-D2
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EXAMPLE 5: active “KHN" filter

R1 C1l | C2 '
I | *
R2 R3
> e— _. —
R6 + HP + BP + LP
vl [+ "~ OPA1l L OPA2 " oPa3
— R5

Denominator of transfer functions
b,s* +b;s+b;,

b, = R2R3R4C1C2(R5 + Re), b = R4R6C2(R1 + Rz), b, = R1(R5 + Ra).
Numerators for HP/BP/LP are
dy, —S, azsz,ao = RS(Rl + Rz), a = R4R5(R1 + Rz)cz a, = R3R4R5C1C2(R1 + Rz).
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Objective: to find disjoint sets of element parameters whose proportional
variations will have no influence on the above transfer functions.

Original VERTEX graph is complicated [0 algebraic manipulations (computer
program):

a, =R, (R, +R,;).
a,/a, =R,C,
a,/a, =R,C,
by = Ri(Rs +Ry).
b /a, = RG;

ayb, /1(a,0,) = R,G;
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<«—S — splitting to single vertex

(3

a0b2/(b0a2)

Gl (R R G &) ko () (2

reduction —_ —>
(a)

=b0/(1+b1/al)
a0b2/(b0a2)=x

& ® & & & @ (o

(b)
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k) (@ GG G (@ (@ (2

)
a0/(1+x) bl/al
) 2@ @ & ©
0.0 ¢
1/a2
< \a = _ao/al <

Proportional independent variation:
G1-G2-R5-R6, G3-C1, G4-C2
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EXAMPLE 6: current-mode “Sallen-Key” filter

C2
| ?
Vy lin
— ®
R1 R2 | ) y
ClT
lout
— 1 Vi __ 8,+as
2 2
. 1+bs+bs™, I., 1+bsS+Db,s

a, =R +R, a =RR,C, b = (R1 + Rz)cz, b, =R R,C.C,
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Objective: to find a law of element variation, which preserves both circuit
functions.

N
@ @ @ @ @ @ @ @zbZ/alzbl/aO
1 1
(0) @) (20 (b)

Element variation:

C2 is fixed.
R1+R2 is fixed.
R1R2C1 is flexible.
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GENERALIZATION
Coupling (Vertex) graphs - definition

Let circuit functions depend on m parameters P=[pi, po,.., Pm].
These parameters are coupled by n coupling conditions of the
type of

FI(P=F1 j=1,2, . n

where F 7/ are constants (for example, transfer function

coefficients).
N

E i :Zl(ind): fj’jzl,z, ., N
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: : product vertex
summing reglon\\ll

N=1:. graph with single vertex (or the single graph).

N>1: graph with multiple vertex (or multiple graph),
which is sunk into the so-called summing region.
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Algorithmic utilization of vertex graphs

e Algorithmic generation of required circuit functions in the
symbolic form.

 Definition of coupling conditions according to the
optimization objective.

* Interpretation of the vertex graph in the data structure.

e Algorithmic simplification of the vertex graph to so-called
minimum form, or to the causal graphs.

o Utilization of the minimum graph for final optimization.
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Applications
Some of the element parameters are changed (e.g. by replacement the element
with a different type). The problem is to find a minimum number of other
parameters, whose variation will fully compensate the effect of the original
change on the monitored filter properties (full compensation), or to find other
parameters, whose variation will compensate the effect of the original change in
a defined way (partial compensation).
Optimization o7 element rarios, proolems of element  replacement,
compeansation oT real properties, ..
It is necessary to find a minimum number of parameters whose proportional
variation (see later) results in the required control of filter parameters.
Optimization of dynamic rangs o7 active Tilters: Let us have a multiple
OpAmp active filter, where we have to change the voltage level at a certain
output while preserving the voltages in remaining nodes.

Algorithms oT controlling the Tilter paramarars,
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Problems solved

1. Proposition of the (non)existence of VERTEX graph
transformation to separated causal graphs.

2. Proposition of the graph regularity/singularity.

3. proposition of the number of freedom of graph which is
compound of subgraphs with the known number of
freedom.

4. Proposition of the optimum choice of graph basis.
5. System of rules of successive graph simplification.
6. General computer algorithm of graph evaluation.
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SUMMARY

The method described enables the design of algorithms of
finding mutual couplings between the element parameters
of a complicated linear dynamic system. These couplings
are defined by the features of required circuit functions.
Typical examples of application are the optimization of
element ratios and of the dynamic range of filters, and
the compensation of the influence of undesirable changes
In element parameters on the total circuit performance.

This poster can be downloaded from

http://www.vabo.cz/stranky/biolek
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