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1. Introduction
Measurements of microwave signals and tracts 

distributed parameters is important in many electronic 
domains such as radiolocation, telecommunication, 
microwave heating. They are an attractive solution 
especially in portable measurement systems [1]. 
Vector network anayzer VNA is a standard laboratory 
equipment intended for their measurements with a 
high precision. The major drawbacks of VNAs are 
high complexity resulting in high cost. Alternative 
S-parameter measurement systems, free of such 
disadvantages, are multiport measurement systems 
introduced by Engen. Scalar and vector analyzers 
perform the same functions, but scalar analyzers are 
simpler and cheaper than vector ones, because of 
principle of action: scalar network analyzers calculate 
the vector values of the complex reflection coefficient 
from scalar power measurements. The cheapest of the 
scalar network analyzers is network analyzers with 
fixed sensors – multiprobe microwave multimeters. 
Multiprobe method is based on standing wave in the 
waveguide research through discrete sensor placed 
along waveguide signal processing [2,3].

From the point of view of metrology assurance, 
many uncertainty components and the method of 
uncertainty estimating for a multiprobe microwave 
multimeter are similar to the method of uncertainty 
estimating for  network analyzers [4], but there is 
also a feature caused by microwave block design and 
which appears due to reflection of the neighboring 
sensors. This uncertainty component was studied 
before [2, 3, 5] by signal flow graph and a gain was 
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determined using the Mason’s rule. The problem in 
this approach is increasing computation complexity 
as the sensor number increases. So the purpose of 
this research is revision of the signal flow graph gain 
calculation and how it influences the microwave 
multiprobe multimeter accuracy. 

2.	 Modified	model	and	method	 
of	signal	flow	graph	gain	calculation	
with	mutual	sensor	reflection
The flow graph theory is an universal mathematical 

apparatus oriented on many applications. It can be 
used in the flow graph of the legacy uncertainity 
model with vector error correction applied [4], but 
a signal flow graph is used for the description of 
microwave devices too. Studying  the mutual sensor 
reflection, the signal flow graph is used in second 
meaning, as it bound to the physical model like in 
other microwave devices. 

The signal flow graph model is rather traditional 
one so we would not dwell on it. So we only remind 
the denotation on fig.1 xi is the value of the signal at 
the nodal points, the nodal point 2 is sensors itself, 
y – a transformation coefficient from the microwave 
input to the low frequency output, p – a mutual 
reflection between sensors coefficient, which is the 
ratio between the power output of the previous sensor 
and the microwave input of the following sensor, t – a 
transfer coefficient between the input microwave and 
a microwave output of the sensor, e – a transmition 
coefficient of the waveguide part between sensors  
e = e−i·θ, θ – a phase distance between sensors,  
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θ = 2πl/λw, l  – a physical  distance  between  
sensors,  λw  –  a wavelength  in the waveguide, Γ – 
a generator reflection coefficient, Γn – a termination 
reflection coefficient, Pinc – an incident power. The  
coefficients y, p, t is the slightly transformed elements 
of the scattering matrix. The branches between the 
nodes x1 and x2 and between the nodes x3 and x4 
correspond to the mutual reflections between the 
sensors. It complicate calculation.

The gain coefficient between the nodal points 
x4,x8 is
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The signal of a sensor (fig.1) can be found like a 
signal flow graph gain using the Mason non-touching 
loop rule with the sensor mutual reflection shown in 
the graph as additional branches between nodal points 
x1, x2 and x3, x4 and if Pinc=1
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The main idea of the proposed approach is the 
signal flow graph telescopic folding. For example 
let us consider a microwave block with two sensors.
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Fig. 1. The signal flow graph of the microwave 

multimeter with one sensor 
 

The appearance of the flow graph (Fig.2) can 
be transformed to the signal flow graph for one 
sensor (fig.1) with difference that due to the previous 
transformation Gn in the expression (3) stands on the 
place of Γn in the expression (1) 
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Fig. 2. The signal flow graph  for two sensors

It is a result of signal flow graph transformation 
that consists in the telescopic graph shortening. Its 
termination now is Gn according the expression (2). 
The signal flow graph has an appearance like a graph 
in the fig.1 with one exception: its leftmost branch 
now Gn. If the sensor number is increased the next 
termination reflection coefficient is calculated  on 
the basis of the previous reflection coefficient, the 
conclucion partly coincide with the known method 
of the signal flow graph topologic reduction [6].

3.	Metrology	assurance	with	mutual	
sensor	reflection	uncertainty
The differences between the legacy methodology 

and the Guide to the Expresion of Uncertainity in 
Measurement (GUM) methodology are not based on 
what error terms are included, but rather how they 
are included. The main difference between the legacy 
and GUM methodologies is the GUM methodology 
normalizes the errors to a coverage factor of k=1 prior 
to computing all of the uncertainties and then uses 
an expanded uncertainty on the final result while the 
legacy methodology uses the expanded uncertainties 
during the computation [4].

The main conclusions from the previous 
chapter are a sensor signal p1 has a functional 
dependence from the sensor mutual reflection p and 
the topological signal flow graph reduction use in 
the gain calculation.

The sensor mutual reflection uncertainty
2
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where p1 – a sensor signal with a reflection p=0.01, 
p01 – a sensor signal without a reflection p=0. 

Then the corrected reflection coefficient is 
substituted in the formula for the signal of the 
first sensor. The uncertainity definition correction 
coefficient is
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The measured sensor signals have to be multiplied 
by this coefficient before further proceeding with the 
algorithm, which is necessary to get from the sensor 
signals information about a modulus and a phase of 
a reflection coefficiet and a passing power. 

Despite of the correction the non-excluded 
remainder of uncertainty is left. The non-excluded 
remainder of the mutual sensor reflection uncertainity 
dependence from the reflection coefficient modulus 
Гn, the reflection coefficient phase φ and the mutual 
reflection p uncertainities is analyzed applying RSS 
formula
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The multiprobe  microwave multimeter allows  
to measure both the tract parameters, like a network 
analyzer, and the signal parameters, that is, the power, 
like a  wattmeter. The price of such universality is a 
complication of the metrology assurance [5].

In the uncertainity budget all sources of the 
uncertainity are ranked and listed in the descending 
order, grouped according to the coefficients 
corresponding to the accepted law of the distribution 
within the boundaries. For a uniform distribution law, 
the coefficient corresponding to the distribution law 
is 1,73, and for the arcsine law 1,41 (Table 1).

The microwave multiprobe multimeter could 
be verified by measuring their S-parameters with a 
VNA. So the connector uncertainty for the mutiprobe 
microwave multimeter is inherited from a vector 
network anayzer and so take part in the uncertainty 
budget caculation. 

The uncertainty caculator [8] performs such 
procedure as selecting network analyzer and options, 
selecting frequency bandwidth and average factor, 
select the network anayzer calibration (omit isoation, 
caibration kit, incude manua thru). The uncertainty 
caculator outputs are the graphics of the magnitude 
dynamic accuracy, the phase accuracy, where 
shown the dependence of the uncertainty from the 
transmission coefficient (dB) (Fig.3). In prospect 
we intend create the uncertainty calculator for the 
multiprobe microwave multimeter too.

4.		 Conclusion
The development of the model in the form of 

signal flow graphs and methods for calculating 
their gain uses topological graph reduction and an 
iteration algorithm, which is based on the Mason 

non-touching loop rule to calculate the gain of the 
graph. The advantage of the proposed approach 
is the simplicity, and, therefore, the reliability of 
engineering calculations and it is convenient for 
metrological purposes. Our research is directed to 
the improvement of the model of mutual sensor 
reflections uncertainty in a multiprobe microwave 
multimeter. The caculation of mutiprobe microwave 
mutimeter uncertainty budget  shows that the mutual 
sensor reflection uncertainty has large contribution 
in it. The uncertainty calculator is a powerful tool 
for uncertainty estimation simultaneously with the 
measurement.
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Table1. The multiprobe microwave multimeter uncertainity budget 

Input quantity Estimation 
of input 

quan-tity,  

Standard 
uncertainty, 

% 

Number of  
degrees of 
freedom  

Distri-
bution law 

Sensiti-vity 
coefficient 

Uncer-
tainty 
contri-

bution % 
Reflection 
coefficient 
modulus 
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Sensors mutual 
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Generator 
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Output quantity Estim-ation 
of output 
quantity,  

Combined  
uncertainty, 

% 

Effective 
numbers of 
degrees of 
freedom 

Coverage 
probability 

Coverage 
factor 

Expan-
ded 

uncer-
tainty, % 

Y 0,5 4,9 5188 0,95 1,96 9,8 
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