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Abstract There was proposed a new method of estimation of multiprobe microwave
multimeter algorithims precision by mean of accumulation of partial error. The least
square solution is used for variance and covariance matrix definition. The weighed
coefficient is obtained from algorithms derivatives with respect to intermediate vari-
able. Substituting the expression for standard deviation (variance) end weighed coef-
ficient in formula for partial error accumulation we can compare different algorithms,
study frequency properties of algorithms and make conclusion about its applicability
in multiprobe microwave multimeter for passing power and reflection coefficient
definition. It was proved that solutions (i.e.algorithms) are the same for analytic and
numerical {Jeast square) method. Se it is possible apply least square solution for three
equation with three unknown variable.
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1. INTRODUCTION

The multiprobe microwave multimeter is a
new measurement device, designed to determine inci-
dent, reflected, passing into termination power, wave-
length and the complex reflection coefficient of ter-
mination. Its principle of action is based on standing
wave in the transmission linc restoration on the
ground of reading of discreet sensor that located defi-
nite manner along the transmittion line. The sensors
can be thermometers, thermistors, bolometers, diodes
and other measurement transformator. The sensors
signals, passing through an amplifying and normaliza-
tion channel expose on microprocessor system bus, it
determines the meaning of measured signal and tract
parameters.

The real sensors differ from their idealistic
models by nonlinearity and deviation of technological
characteristics, non point shape, dependence of trans-
formation coefficient on frequency, in spite of pre-

liminary estimation of other errors and correction

making. The normalizing channel adds errors too. It
causes that final result has errors.

The multiprobe powemneter and circuit ana-
lyzer error calculation methods known until now have
its disadvantages: the partial derivative calculation on
sensor signal base result in cumbersome and non sim-
ple result [3], if it was used Jacobian for estimation a
priori of equation system, than the solution not tied
directly to calculation algorithm [4,5] ; when disper-
sion ellipsoid or variance and covariance matrix was
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used, the calculation is concemned to a reflection coef-
ficient, not to a passing power.

There was described two stage esrtimation
procedure in the work [1,2]: at the first stage the pri-
mary transformator error is determined, at the second
stage, from the first stage results the indirect meas-
urement errors are determined. This report purpose is
a passing power, a modulus and phase of reflection
coefficient error determination on the base of two
stage method.

2, MULTIMETER ALGORITHMS DEFINITION

Lets consider three probes multimeter for
fixed frequency. There are three sensors disposed on
A/8 distance; the second sensor is origin of coordi-
nates. The sensor signals is described by following
equation system under condition that their frequency
and amplitude characteristics are identical

P =P (1+ 7 +2r cos(g-6))
P, =P,,m,(l+ re +21‘cosqa).

P =PI+ + 25 cos(p+6))

For nonlincar equation system the solution
has some difficulties. For simplifying purpose the
linearization was made by means of intermediate vari-
able and trigonometric transformation was performed.
P=P_(1+T%), AP =21

The equation system (1) can be written in
matrix form

M
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P I cos@ sing P
Pil=il 1 0 APcosg
14 | cos@ -sinf || APsing
The equation systemn analytic solution
method is grounded on inverse matrix calculation. To
invert matrix was performs actions: algebraic com-
plement for matrix element calculation, than matrix of
algebraic complement was transposed, after that
transposed matrix clements were divided on system
determinant. The unknown variables was found by
inverse matrix muitiplication on column of free terms,
There is given equation system A
1 cos# sin@
A= 1 0
1 cosf -sing
Let’s calculate confactor and determinant of A
A, =-sin@ A, =(-1)sin@ A4, =cosf-1
A,y = (-1){cosB(~sin 8) — cos Asin &} = 2cosPsin §
Ap =-sinf-sinf = -2sin Ay = (~1(cos@ —cos8) =0
Ay =-sing A, =(-D{-sin@)=sind A, =1-cosf
A=a Ay +a, A, +a,d; =-sind+cosfsind
+(cos@~1)sinf = —sin@ + cosFsin & + cosPsin & -sinf =
= 2sinf(cosf-1)
The inverse matrix is
1 cos @ 1
T 2cos@-1) cosf-1  2cosf-1)
0 1 -1 1
| ZcosB-1) 2Acosé-1) 2(cosB-1)
1 1

= 0
2sin @ 2siné
The equation system solution
is
_ 1 cosf _ i
P 2cos8-1) cosBl—] 2(cosd-1) P
APcosg = ~ ! £
. 2cosf-1)  2cosO-1} 2cosf-1)
APsing { 1 A

" 2sing 2sin 6
The formulas for intermediate variable (2)
were obtained from equation system (1)
_2Pcosf-R-A
T Xcosd-1)
h+P 2R
2cosf-1)

APsing = 123'5;1}; .

AFPcosp =

(2)

Than sought after expression for passing
power, modulits and phase of complex reflection coef-
ficient, connect to intermediate variable looks like this

p= JP’ —{APcosp) - (APsing),

FzJE;:JPwPW _ P- /P —(aPcoso) - (APsingY
P YP+P, J(aPcosp)? +(APsin o) ’
APsing
APcosg’

p=arclg

(3)

P :Jgﬁ”’s-ﬁ(Hcose)_(F{-Ps)l

i 1-cos 4sin’0
4)
=P+P¢mw P =P_R:mp Il = J&mp
nad v Tomp ’I |_ 1
2 2 VP
w:arcrgLE—'
R+R-2R

3.ACCUMULATION OF PARTIAL ERROR

The general error of measurement parameters
can be determined by the law of accumulation of pri-
vate errors with using of weighted coefficient and
sensors standard deviation. So for passing power an
reflection coefficient can be obtained following for-
mulas

_ 2 2 2
T, = \lwla'r Wy T ey t Wlo-APsinp +2W W, cOV s spnncy

- 2 1. 3
Or = JWGUP WOy T WO aping + IV W cOV L o,
&)

- 3 F] 2
g, = .JW70", WO tpessy + WO apainp + 2W I, COVpapcnp

To use this formulas it is necessary to solve
two tasks: first, to determine weighed coefficient,
second, to determine variance and covariance.

3.1 WEIGTED COEFFICIENT DEFINITION

From expression (3) were found weighed
coefficient as derivatives with respect to intermediate
variable for indirect measurement error. For passing
power and other parameters weighted coefficients are

- cosgfl + %) sing(l+ ')
;"712—'— 73! 1= 2 4 ”"_‘: 2
P,(1-T) 2P (-1 2P (I -1}
i+ _—2Icosgp W _=2I'sing
foa=rt P oahapt 2 T o
W, =0 W, = - sing W, = cos g
P, are,,

3.2. VARIANCE AND COVARIANCE DEFINI-
TION
The standard deviation definition is a more
complex task. At first we have sensor errors either
known from sensor passport or calculated on first
stage of two stage procedure. Then it is necessary to
transform them into intermediate variable error, Lvov
and other [ 7] show plausibility of the least square
solution application for multiprobe system, which
method is usually used when equation quantity is
more than unknown quantity. Further it will be
shown, that the least square solution can be used in
particular case when equation quantity is equal to un-
known variance quantity. The least square sclution
suppose following order of action:
1) to calculate Fisher matrix as product of equation

After substituting (2) into (3) it was obtained System matrix and its transpose matrix
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1 1 1 1 cosg sing 3 2cosg 0
cosg 1 cosg fj1 1 0 =|2cosp 2cos’p O
sing 0 ~singll cosg -sing 0 0 2sing

2) to nomalize column of free term by means of
multiplication on transposed matrix from the right

side
Fi 1 1 l R+P+P
Ffojcosp 1 cosp |=|(F +P)cosg+P,
P jsing 0 -sing (P - PR)sing

3} to perform Fisher matrix inversion and to obtain
variation and covariation matrix

2cos’ g+l -(2cosp+1)

3 2cosp 0 | 2cosp-1)°  2Acosp-1)°
2cosp 2cos’p O = —252cosqp-;1) 5 E -

0 0 2sing cosp—1) (cosp=1) 1

2sin’ p
4) to perform inverse matrix multiplication on
normalized column of free terms
2cos’ @+l —(2cosp+1)

P 2cosp~1)'  2cosp —1)° P+P+P
APcosg = —ZEZCDM,:)P X 3 i 0 (B +A)cosp+ P,
APsin cose - cose | (B~ P)sing

0 0 =
o 2sin’ ¢

5) to write down and to simplify solution by uniting
simnilar terms
(P +P,+P)(2cos* p+ 1)~ (2cos @+ )( (P, + P,)cosg + P,)
2(cos @ —-1)°
(2cosp +1) (B + P, +B) +3(P, + P,)cosp+ P,)
2(cosp - 1)?
(P~ P,)sing
2sinfp
6) the solution analysis shows that this solution is
equal the solution obtained analyticaily.

P=

APcosp =

APsing =

4. CONCLUSION

Conclusions: 1) the least square solution can
be applied for three equation with three unknown; 2}
the variance and covariance matrix for insertion in
expression for error accumulation was obtained so all
elements for expression {5) are found.
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