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Signal flow graph models and alter native gain formula for multiprobe
microwave multimeter

The article was shown and proved that the construction of the model in the form of signal flow graph for gain
determination does not necessarily use the rule of non touching loop (the Maison rule) for defining gain from generator
to sensors, and it can be successfully replaced by the matrix computation.

Key words: multipobe microwave multimeter, signal flow graph, non touching loop rule, gain.

Introduction optimize this information-measuring systems, its

The article refers to the microwave measuremefetrological providing. Among the practical apptioas,
technique domain. When formulating the problem asf@ €xample, during microwave heating and drying,
contradiction, in the area of microwave measuremdRgasurement results are used for dynamic matching o
which is considered in this article, there are madjiCrowave tracttermination.
contradiction, it is difficult to set aside one thiem. For Analysis of recent researches and publications that
example, there are contradiction: 1) the measurem&3en as basis in the author research shows sftval
technique develops slower that just technique; @ygy 9raph representation as topological model of prdbe
measurement accuracy at many times worse than Bgrowave mulimeter still widely used in modern
frequency measurement accuracy due to the mismatplications [1 — 6] started a long time ago in 39Signal
error; 3) improvement at the expense of hardware HEPW graph and non touching loop rule of Mason)-[8].
reached the limit, but the processing improvemems hSince than it stays almost unchangeable, becagselsi
reserves; 4) which one analytical or graph-anayticlow graph model is very fit. It consists of casead
models of microwave devices is better still is diogs 5) Cconnection of part that corresponds to slightly rhed
naming of the same thing are different in foreigastern Scattering matrix of sensors entwined with partat th

(six-port  reflectometers) and  domestic(microwavgorresponds to waveguide that located between E&nso
multimeter or analyzer) publications; 6) role ofethwhen it is necessary to research inner connectiween

computer in measurement is main or dependent; SBNSOrs like in case of reflection between neigiseaisors.

quadratic or linear models of sensors of microwalk Unnecessary to research inner connection micvewa
multimeter is more appropriate; 8) the rigorouBlock with sensors whole is represented by a six-po
mathematical models or engineering practicﬁlgnaﬂ flow graph. We consider first of this two dets in
simplification; 9) electrodynamics or microwave cciit the article. It has advantages such as simpleeseptation
theory for model building; 10) traditional or inrative than ele_ctrodynamlcs representation, it can belyeasi
approach; 11) choose as signal flow graph reductigRgrade if add more sensors. But the method ofizlon
method: algebraic or topology or matrix; 12) diéfet of gain unlike the _model itself have d]sadvantag%m'
calculation amount for small or large number ofsses, €xample, the bulkiness of non touching loop formula
13) discrete and continuous presentation of micuawad’OWs as number of sensors grows, authors [8] pmnt
block, continuous is a limit case of great numbiesemsor 800 loops for six-port reflectometer, i.e. four sers.
with zero distances between them. As regards oelsti Other gap is that loops that have order above ¢cersl
with academic and practical tasks there are amalgsil aré excludes from engineering calculations whicly ibe
synthesis of methods and models of microwave nmokip SOurce of uncertainty. . . .
measurement system for defining of modulus andebés ~ Recent publications is relating mainly to automaioé
termination reflection coefficient and passing, ident, Calculation [9—11], because of great amount of

reflected power, with improved efficiency and aemy, Computation. From where one can take a good idea of
system representation through reverse transitiam fr

signal flow graph to matrix representation for carngp
0O M. Miroschnyk, O. Zaichenko, V. Butenko, 2016 input.
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Highlight of outstanding aspects of the problemjolth sources are superposable and sinks are indepenélent
the article is dedicated. From analysis sues nigest each other.

creating of new method for gain computation whish i  The form suggests that we calthe determinant of

alternative to non touching loop rule. the graph (3), and call, cofactor of forward path k [7].
So objectives are development of the theoreticaisba

and signal flow graph model, and creating new ni:tloo d f

new method to find the weaknesses and shortcomfags,

what define the criteria for comparing (like amouft 1 5
calculation and accuracy), compare new method with 2
known non touching loop method and to identify

constraints, show the conditions under which théhoabis

signal flow graph gain computation. Than simulatthgs a A

applicable and gives good results in comparisorh wit Fig. 1. A simple signal flow graph
analogues, and where method should be appliedutigref ) ) )
or in combination with other methods or not appecll. The general expression for graph gain may be writte
as
Signal flow graph and non touching loop rule ZGkAk
A signal flow graph is a network of directed bragsh G=_«X @)
which connect at nodes. Branch jk originates atrj@hd A '

terminates upon node k, the direction froro jk being

indicated by an arrowhead on the branch. Each brgnc where G, — gain of the kth forward pass,

has associated with it a quantity called the bragah gjk

and each nodefjas an associated quantity called the node A =1-S"p +S'P.+S'P..: 3
signal x The various node signals are related by the ; mt ; m? ; m3 )
associated equations (1). The graph shown in figp&

equation P, — gain product of mth possible combination of r
ax, +dx, =X, non touching loops;
bx, + X, = X, . 1) A, — the value ofA for that part of the graph not
ex, +CX, = X, touching the kth forward path.
gx, +hx, = X, For signal flow graph fig.1 we get gain

We shall need certain definitions. A souisea node x_ = abch+aeh+aefg+abg . 4)
having only outgoing branches (node 1 in Fig. 3)ikk 1-bd - cf —def
is a node having only incoming branches. A patlany
continuous succession of branches traversed in the We propose to leave model as mentioned forward only
indicated branch directions. A forward path is gnfeom  write them down as matrix
source to sink along which no node is encountereckm

than once (abch, aeh, aefhg in Fig. 1). 1 d X X
A feedback loop is a path that forms a closed cycle; 35 N !
along which each node is encountered once per ¢gdle |[p -1 f X3 |_ 01, )
cf, def, but not befd, in Fig. 1). A path gain etproduct -1 0| X%a 0
of the branch gains along that path. The loop gdia 0

feedback loop is the product of the gains of trenbhes [0 9 h -1
forming that loop. The gain of a flow graph is tignal

appearing at the sink per unit signal applied atdburce. To express5 throughx1 formally calculate inverse
Only one source and one sink need be consideneck sisystem matrix in MathCad.

(-1+clf) o d . f o]
1 - -1 (-1+c¥+bd+ elld) (-1+cf + b[d + eld¥) (-1+cf +bd+ elOd)
- — 00 a 1 f
a a —(b + el O
-1+clf+ +e -1+clf+ +e -1+clf+ +e
b -1 f 0 (-1+cF +b0d+ elld) (-1+cf+bld+elldd) (-1+clf+bld+elldd)
el c -10 ~(bc+e) a (c+ ellg 1+ b
0 W4 (-1+cF +bd+ elOd) (-1+cf+bOd+el0d¥) (-1+clf+b0d+elldT)
g -
~(bCcrh + b g+ el0h+ el0f () O a (ctht g+ elfdth) “Choflgrbidy
L (-1+cO+bd+el0dd) (-1+cf+bld+elld¥) (-1+clf+b0d+el0d) j
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As it could be seen gain is

~(bTclh + b g + el0h+ el0f ) O a

(-1 + cOF + b Od + e10dLT)

The gain expression is identical to results usetth wi

non touching loop rule. So we can use our methotthén
multiprobe microwave multimeter signal computation.

Model and alternative gain finding for multiprobe
micr owave multimeter

The first approach is application of non touchingd
rule. Result according to fig. 2 is

ey{l-€pOn)+e iy

= ’ (6)
1-eepI-€pOn-e' @*0T On

5

Where xi is the value of the signal at the nodah{so
nodal points 2 and 5 are sensors itself, y — transtion
coefficient from microwave input to low frequencytput,
p — reflection between sensors coefficient, whishttie
ratio between the power output of the previous @eaad
the microwave input of the following sensor, t arsfer
coefficient between the input microwave and a nieree
output of the unique sensor, e — transmit ion cciefit of

waveguide part between sensoes= e_i[e, 0 — phase

. 2n .
distance between sensord) :X_L | — physical

w

distance between sensors,, — wavelength in the

waveguide, [T — generator reflection coefficien,’n —

termination reflection coefficientPinc— incident power.
The coefficients y, p, t is the slightly transfoinelements
of the scattering matrix.

x5

In

x2 x3

Fig. 2. Signal flow graph of microwave multimeteith
one sensor

The second approach consists in elaboration ofixna

(7) of microwave unit with one sensor on the basisame
fig. 2.

— 2
X, =x,I'e" +P, e
X, =X, p+X,t

X, =x,eTn* , @)
Xy =X U+ X5
X5 = le + X3y
Matrix form of equation system (7) is
1 -
= -Te O 0 O|X| [P
e
-p 1 -t 0 o|X]| |O©
0O 0 1 -ern ofX]|=|0 ®
-t 0 -p 1 ofX| |0O
-y 0 -y o 1|Xs] LO]
As calculation in Mathcad in symbolic form

impossible. There are conditions of numerical dakion

i

3

y:=1 el:i=e :=0.01In:=0.2 p:=0.01:=0.!

Results of first approach (6) mainly coincide with
results of second approach (8). This is first tiedal
approach (6) results

5= el[]yl:(l— eprD"n) + elslitliy

1-efpIT - el [pIn - ei* 12T (In

x5=-0.398 0.864i

According to proposed second approach (8) it is
necessary to solve system of equation, which cHifl fiy
different methods. Our choice is calculation thioug
inverse matrix.

Than sensor signal multiple on complex conjugate as
real sensor have quadratic function of transforomatin
first approach (6) sensor signal equal 0.905, icosé
approach (8) is 0.851 what shows that results have
tlrlncertainty which one is more precise is the ainfutdre
research.
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il

0.501 - 08863 —49843% 10 3 2H50 % 10 3 4495 =

el 3

0137 - 850 107 0099 + 1314 % 10 3 0.29

5

=| 018+ 74T 10" 8077 % 10 T 1556ix 10 099

0 0449 — 0778 —4495 5 107 e TR 10 3 5037 1

0321 - 0365 5882w 10 - TN X 10 059

Fig. 3. Screen shot fragment of MahCad code

Continuing on case of two sensor on the microwau#timeter one gets such expression (fig.4), i.evikm method

of non touching loops gives

_ey{i-p? @’ -pIn®’ -pOnle' 0°)+e’ B Iny+e’ Rp{L-€’ p)Tn)y

x2
(L-r@*p-e?p?-e* Inlp-Inle’ 42 (p-T & 4% p-T &' 1*Tn)

5 & Ay fi-pe? On)+e* G2 Inly
(l-re’ p-e*p?-e* Inlp-Tnle’ (2 (p-T' (&' (2 (p-T (&' 12 In)

The matrix below shows the matrix representatiamesponding to fig. 4 as proposed in the article.

x2 x5
y y y y
Plnc= € 1 t= 3 e x4 1= 6 e
A A A
r p p p p N
\ \j \j
€ t e t e
x10 x9 x8 X7

Fig. 4. Signal flow graph for two sensor multipeotmicrowave multimeter

lD<1+OD<2 +0k, +0X,+0X, + 0k, + 0k, + 0k, + 0k, +'[&[X,, = P,

e—yDg+1&2+0&3+0mﬁ0&5+0&6+0&7+0&8—y&9+0&m=0
—tX, +OX, +10k, +OR,+0X, + 0K, + 0k, + 0k, —pX, +0X,, =0
00k, +00k, —e[X, +1R,+0X, +0[X, + 0k, + 0k, +0X, +0[X,, =0
Ok, +0X, +0k, —y X, +1k, +0ks —y X, + 0k, +0ky +0X,, =0 -
Ok, +00x, +0k, —t X, +0 [k, +1ks - pk, + 0k, +00k, +0X,, =0

00X, +00k, +00k, + 0, +0 X, —T'n[&° X, +10X, + 0k, +0Xy +0K,, =0
OCk, +00x, +0k, -~ pX¥,+0Ck, + 0k —t X, +10k, +0k, +0X,, =0
00k, +00X, +00k, +OR,+0, +0X, +0(X, —elX, +1X, +0(X,, =0
—pX, +00k, + 00k, +0R,+0X, +0[X, + 0k, + 0K, —t X, +1X,, =0

9)

(10)

11)
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Modelling in the MathCad two sensor microwaveé.
block also shows similarity of results from expieas(9),
(10) with results from equation system (11) forat®d x5
what corresponds sensor signals in (11) but with
uncertainity too.

Ryasnyi Y. V., Chashkov M. S., Sapozhnikov A. M.
Measurement of passive 6-pole element S-paramieyers
triple 12-pole reflectometer // Actual
Electronics Instrument Engineering (APEIE), 2012h11t
International Conference on. — IEEE, 2012C-103-
105.

Conclusion 7. CunaeB M. A., bpsuues C. @. IIpunoxenue mMaTpuil u

rpados k ananmsy CBY ycrpoiicts. — 1970. — 248.

As signal flow graph model of multiprobe microwavg  ynter 3. D., Somlo P. I. Simple derivation of sbep

Problems of

multimeter sensors block includes sensor mutualctef,
it allows to consider influence of sensor numbertbae
accuracy.

In the future it is planned to analyze resultshie wide
range of parameter variance. Now it is possibletate that
our approach much faster than traditional. Its escy is

reflectometer equations // Electronics Letters.985L —
T. 21. —Ne. 9. —C. 370-371.

9. Somlo P. 1.
generated algebraic formula using Masons non-togchi
loop rule // Microwave journal, January, 1987. -1B3—
164.

Signal flow graph reduction computer-

sufficient. 10.

Number of sensors can be more than two. In thie cas
difficulties arise because of limitation on matsize in the
MathCad to 10x10 dimension. Like prospect is comsd
use of block matrix and Frobenius formula for irsien of 11.
matrix describing microwave multimeter block wittrde
sensors and more.

One more advantage of proposed model is that_.. .
allows to account on sensor own reflection aryuPomHEK M.A., 3aiidenxo O.b., byrenko B.M.
simultaneously is less clumsy than non touchingéomle. MOAeH B BHle OPHEHTHPOBAHHLIX rpaos M
In the future, the proposed model can be used tiongge 2/'PTePHaTHBHAs Gopmyina kodpduuuenTa neperayn

the number of sensors in the microwave multiprogg® MHOr030HI0BOI0 MHKPOBOJIHOBOIO MyJALTHMETPA.
multimeter at the Stage of its design B cratee mokazaHo m JOKa3aHO, YTO IIpHU IOCTPOCHUU

using Matlab and Maple // IEEE
Conference on Electronics, Circuit and Systems,tdal
Sept.2-5, 2001. — P. 605-608.

no.l, February, 1993. — P.127-131.
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