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Kharkov, Ukraine, September 14-17, 2012 

 
The main target of the IEEE East-West Design & 
Test Symposium (EWDTS) is to exchange 
experiences between scientists and technologies of 
Eastern and Western Europe, as well as North 
America and other parts of the world, in the field of 
design, design automation and test of electronic 
circuits and systems. The symposium is typically 
held in countries around the Black Sea, the Baltic 
Sea and Central Asia region. We cordially invite 
you to participate and submit your contributions to 
EWDTS’12 which covers (but is not limited to) the 
following topics:  

 
• Analog, Mixed-Signal and RF Test 
• Analysis and Optimization 
• ATPG and High-Level Test 
• Built-In Self Test 
• Debug and Diagnosis 
• Defect/Fault Tolerance and Reliability 
• Design for Testability 
• Design Verification and Validation 
• EDA Tools for Design and Test 
• Embedded Software Performance 
• Failure Analysis, Defect and Fault 
• FPGA Test 
• HDL in test and test languages 
• High-level Synthesis 
• High-Performance Networks and Systems on a Chip 
• Low-power Design 
• Memory and Processor Test 
• Modeling & Fault Simulation 
• Network-on-Chip Design & Test 
• Modeling and Synthesis of Embedded Systems 
• Object-Oriented System Specification and Design 
• On-Line Testing 
• Power Issues in Design & Test 
• Real Time Embedded Systems 

• Reliability of Digital Systems 
• Scan-Based Techniques 
• Self-Repair and Reconfigurable Architectures 
• Signal and Information Processing in Radio and 
Communication Engineering 
• System Level Modeling, Simulation & Test Generation 
• System-in-Package and 3D Design & Test 
• Using UML for Embedded System Specification 
• CAD and EDA Tools, Methods and Algorithms 
• Design and Process Engineering 
• Logic, Schematic and System Synthesis 
• Place and Route 
• Thermal, Timing and Electrostatic Analysis of SoCs and 
Systems on Board 
• Wireless and RFID Systems Synthesis 
• Digital Satellite Television 
 
The Symposium will take place in Kharkov, Ukraine, 
one of the biggest scientific and industrial center. 
Venue of EWDTS 2012 is Kharkov National 
University of Radioelectronics was founded 81 years 
ago. It was one of the best University of Soviet Union 
during 60th - 90th in the field of Radioelectronics. 
Today University is the leader among technical 
universities in Ukraine. 

The symposium is organized by Kharkov National 
University of Radio Electronics and Science 
Academy of Applied Radio Electronics 
http://anpre.org.ua/ in cooperation with Tallinn 
University of Technology. It is technically co-
sponsored by the IEEE Computer Society Test 
Technology Technical Council (TTTC) and 
financially supported by Trades Committee of 
Kharkov National University of Radioelectronics 
and Trades Committee of Students, Aldec, 
Synopsys, Kaspersky Lab, DataArt Lab, Тallinn 
Technical University. 
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Higher Order Propagation Modes Error and Its Compensation 
 

Zaichenko O. B., Klyuchnyk I. I., Martynenko L. G. 
Kharkiv National University of Radioelectronics 

e-mail: peea@kture.kharkov.ua 
 

 
Abstract 

 
The physical and mathematical and metrological 
model of higher order propagation modes in 
multiprobe microwave multimeter with three sensors 
was composed. The higher order propagation modes 
error estimation, which is proposed, minimizes error 
by shifting sensors from the middle of the waveguide 
broad wall to the periphery, without changing the 
distance between the sensors along the direction of 
energy propagation through the waveguide. 
 

1. Introduction 
 

Despite the efforts of specialists in the manufacture 
of generating units, all such devices until now generate 
not only the useful signal, but also higher order 
propagation modes [2]. To reduce power level of 
higher order propagation modes usually use filters [1], 
but their disadvantage is the high cost and complexity. 

The issue of determination of higher order 
propagation modes spectrum are devoted such 
fundamental works as [4] (Fig. 1) and [3] Tabl 1. Fig. 1 
shows the relationship between higher order 
propagation modes  for a waveguide section 90x45mm. 
Table 1 shows the quantitative estimation of the 
spectrum, which will be used in the simulation. Interest 
in this subject is not weakened, and so far [5] since for 
great variety of practical applications this problem has 
great importance. For example, in the process of drying 
and heating operations, especially  practical value has 
the ability to measure the power of wave types, which 
will allow to create a uniform distribution of power 
flux density of the heated object by adjusting the 
intencity the individual types of waves. 

In our view this area is sufficiently investigated, but  
metrological direction is remained little studied. 
Meanwhile, there is the prospect of more accurate 
measurements, in particular, the microwave passing 
power multiprobe  method, which led to interest in this 
important topic. 

 

H10 H20

H01
H11
E11

H21
E21

H30
H31
E31 H40

10 32 4 5 6 7 8 HHz

2,8
Fundamental 

Operating Frequency

5,6
Second 

Harmonic

8,4
Third Harmonic

 
 
  Fig. 1. The critical frequency of the waves in a 

rectangular waveguide 90 x 45 mm. 
 
As can be seen from Fig. 1 for the second time 

harmonic  modes H20, H01, H11, H30, E11, E21are 
present.  

 
Table 1. Following harmonic spectrum is typical for 

M-413 klystron [3] 
 

modes Fundamental 
Operating 
frequency 
2856 MHz 

Second 
Harmonic 
5712 МHz 

Third 
Harmonic 
8568 МHz 

H10 31 10 11,206 0,269 
H20  1,130 1,490 
H01  52,570 0,754 
H11  50,643 0,188 
E11  8,261 0,450 
H21   0,258 
E21   0,174 
H30   0,138 
H31   0,093 
E31   0,037 
H40   0,042 
Total 31 

(0 dB) 
123,810 
(-24 dB) 

3,894 
(-39 dB) 

 
 
 
 

IEEE EWDTS, Kharkov, Ukraine, September 14-17, 2012 345



2. Physical and Mathematical Model of 
Higher Order Propagation Modes 

 

 
Fig. 2 The coordinate system in a rectangular 

waveguide 
 
It is proposed a system of coordinates, the origin of 

that lies on the axis of the waveguide. 
As we know the generator  stipulates  the signal 

level, frequency range and the presence of harmonics. 
Mismatched load leads to the appearance of the 
reflected wave in the microwave tract. The degree of 
mismatch is quantitatively characterized by modulus Γ  
and phase ϕ  of complex reflection coefficient of the 
load. The reflected wave, adding to the incident wave, 
formes the standing wave in the tract. Thus the higher 
order propagation modes, the temporal harmonic 
generator, the standing wave create  a complex 
structure of the field inside the waveguide, and on its 
walls [4]. 

The absorbing cylindrical wall of the constantan is 
used as sensors. This sensor responds to the magnetic 
field component. 

The components of the magnetic field vectors for 
the wave type mnH , which is distributed in a 
rectangular waveguide with the center coordinates, 
which is located on the axis of the waveguide in the 
direction to the load as shown in Fig. 2 has the 
following form [8] 
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For waves of type mnE  
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We express the coefficients mnH through the 

incident power in a waveguide of rectangular cross 
section 
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where 00 , nm δδ – Kroneker-Kapelli symbol 
.
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Similar expression can be obtained for the reflected 
waves. They differ from the incident wave (1)-(5) by 
propagation direction (the propagation constant 
changes its sign to the opposite)  and amplitude of the 
reflected wave is less than incident wave  amplitude 
reflection coefficient  Γ  times. 

For each of the projections the incident wave add 
reflected wave  

.,, −+−+−+ +=+=+= zzzmnyyymnxxxmn HHHHHHHHH  

 
For each mode is written likewise projections on 

the coordinate axes. According to the principle of 
superposition field can be represented by the following 
expression 
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The sensor reacts to the magnetic field by heating. 

The surface density of heat sources 
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where ρ  – spesific resistance 
∆ – depth of the skin layer, 
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To determine the distribution of heat sources 
necessary to calculate the scalar product of vectors of 
the magnetic field on the surface of an absorbing wall. 
The product is calculated by expression  
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3. Metrological model. Higher order 
propagation modes error and its 
minimization 

 
The sensors placed in a certain way in the 

waveguide usually is used to measure the power in the 
mismatched tract. The passing power measured with 
multiprobe multimeter is [7] 
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where

npP – passing power without regard to higher 

order propagation modes; 
iP – sensor signal. 

Hence, the relative error 
 

00

0 1
np

np

np

npnp

P

P

P

PP
−=

−
=δ

 

where 
0npP  – passing power with higher order 

propagation modes 
or 
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3.1. Minimization of higher order propagation 
modes error at a sensor bias 
 

Due to the great complexity of the problem for the 
three sensors let us fix the position of two sensors in 
the middle of a broad wall of waveguide, and position 
of the third  sensor varies through waveguide broad 
wall. According to the simulation results it is 
recommended to place the sensor offset from the center 
of broad wall of the waveguide to the periphery, then 
the higher order propagation modes error is reduced to 
19.2%. 

 

3.2. Minimization of higher order propagation 
modes error for the two sensors 
 

Let us add yet another mobile sensor. As between 
the sensor and the error is a complex relationship 
according to the physical and mathematical models and 
metrological models let us simulate the movement of 
both sensors as related events. Fig. 4. depicts the levels 
of errors, it is evident that the error reaches a minimum 
at a bias of both sensors from the center to the 
periphery in the same direction of 0.02 and 0.02 from 
the center of broad wall and the error is about 19%. 
Fig. 5 shows a three-dimensional graph, which allows 
to visualize the behavior of the error depending on the 
sensor location. 

 
Fig. 3 The level surfaces of higher order 

propagatiom modes error 
 
Based on the simulation of the two sensors surface  

of the response behavior, one can draw conclusion that 
surface is concave, i. e. there is only one extreme. 

 
3.3. Minimization of higher order propagation 
modes error for the three sensors  

 
For the three sensors graphical representation is not 

working, so the error is a function of the position of the 
three sensors. Therefore, to minimize errors let us use 
formal methods of optimization, namely, the gradient 
method of Frank-Wolfe [6]. A typical feature of this 
problem is that the system of its limits contains only 
linear equations. so the original nonlinear problem 
solution can be reduced to solution of linear 
programming problems. In addition, we make the 
assumption of the concave nature of the response 
surface. 
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Fig. 4  Surface of error, depending on the 

displacement of the two sensors relative to the center of 
the waveguide broad wall 

 
As  known, when this iterative method is used, at 

first we find the coordinates of first approximation 
solution point X, then the gradient is finded in the 
point, then a linear function of the coordinates is built, 
where the coefficients are taken from the gradient at 
this point. Then the linear function minimum is 
determine, it gives the corresponding coordinates of Z. 
New point is calculated from the following expression. 

( ),1 KKKK XZXX −+=+ η  
where 

KX – coordinates at  к iteration; 

KZ – minimum coordinates; 

η – step, the value of which ranges from 0 to 1. The 
correct choice of the step is very important because it 
influences the convergence of the algorithm as a whole. 
The novelty is that it is proposed to calculate the step 
using a graphical method, which greatly simplifies   
calculations (Fig. 5). The tools of taking the partial 
derivative using MathCad is used. The derivative of the 
error should be zero. In this figure, the derivative of the 
error reaches the zero value at 7,0=η . 

 
4. Conclusion 

 
 Both quantitatively and qualitatively the higher 

order propagation modes error depending on the 
position sensor across the wall of waveguide was 
evaluated in this study. It is at least 11% at the optimal 
placement of sensors at 0.0225 m from the center to the 
periphery of the waveguide. The error should be 

considered as a systematic error remnant. And such 
result can be explained by the superposition of higher 
order propagation modes structures. 
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-10
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Fig. 5 Determination of the step in the method of 

Frank-Wolfe 
 
For the case when takes into account fundamental 

operating frequency, the second and third harmonics of 
higher order propagation modes the result are 
analogous, the method of quantitative evaluation of the 
error remains same. 
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