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).t EMC-Analyzer

GENERAL DESCRIPTION

The “EMC-Analyzer” specialized expert system is a unique software proposal in
the international software market, providing the analysis and the solving of the most
complicated EMC problems at a system level (“as a whole”) by using the modernized
resumptive platform of known research program IEMCAP (USA) in a combination with
original and effective EMC models and technologies developed in USSR and Belarus
(e.g., a technology of nonlinear discrete EMC analysis and radio receiver behavior
simulation).

“EMC-Analyzer” is capable to provide essential simplification, acceleration, and
reduction in price of works on area of EMC problems detecting and solving in local on-
board and ground-based systems.

“EMC-Analyzer” can be efficiently used at all stages of life cycle of these
systems (preliminary research, detailed designing of system and subsystems, systems
exploitation, support, modernization, etc.), but its application is especially effective at
early stages of the life cycle (such as research and design).

Pessimistic nature of EMC estimation results allows to decrease essentially risks
of losses caused by probable electromagnetic incompatibility of on-board or ground-
based system equipment during designing of these systems.
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EMC-Analyzer

APPLICATION AREA

Intrasystem EMC analysis, design, and maintenance of on-board systems
(aircraft, helicopter, missile, satellite, ship, vehicle, etc.) by taking into consideration the
following:

>

>

various on-board radio and electronic equipment (radio systems, computers
and control systems, data-measuring systems, power supply equipment);
different on-board spurious electromagnetic couplings (“antenna to antenna”,

9% ¢ 2% ¢e 9% ¢

“field to antenna”, “antenna to wire”, “wire to wire”, “field to wire”, “case to
case”, “field to case”);

external electromagnetic environment (EME) formed by various ground-based
radio systems of different radio services (radio communication, radar, radio
navigation, radio monitoring, etc.), as well as by spatially distributed
radiofrequency (RF) devices and systems.

Equipment

Antennas

Field Entry Points



.F.l EMC-AnaIyZer

APPLICATION AREA

Intrasystem EMC analysis, design, and maintenance of local ground-based
systems (building, antenna tower) by taking into consideration the following:
» various radio subsystems of different services (radio communication, radar,
radio navigation, radio monitoring, etc.);
» spurious electromagnetic couplings of type “antenna to antenna”;
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EMC-Analyzer
APPLICATION AREA

Intersystem EMC analysis, design, and maintenance of spatially-limited
ground/water areas and aggregate systems (airport, seaport, military base, radio
communication and control center, campus, etc.; several aircrafts, helicopters, ships,
etc.) which may contain:

» several on-board systems;
» several ground-based systems;
» pieces of vegetation.

Antenna
patterns

System 1

System 2




).f EMC-Analyzer

APPLICATION AREA

Analysis of the electromagnetic ecology and electromagnetic safety of radio
transmitters located in a spatially-limited ground/water area by calculating the total
electromagnetic field intensity (EMFI) distribution over the area.

Emitting
Buildings antenna

Vegetation

® 01: Ground Area GAE of EMFLITU-R_pr.emcp
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=l . Ground Area GAE
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Thereisno selected abject fordisplay of
properties.

. ] Top - Rendered -~ £ Orthographic -




FUNCTIONALITY

Linear analysis of EMC

EMC-Analyzer

: linear simulation of signals and disturbances, detection

of linear interference, calculation of the interference intensity, finding the sources of
linear interference.

s

Aanalysis
i 3 x
: :D m:J T OL: Jeep.emep : EMC Matric ([ =15 *2 02: Polyhedra-Body System Jeep of Jeep.emcp e =
roject Jeep ==
# Polyhedra-Body System Jeep Receptor | Name W " Ethernet ... |4 Power sup.. Ethernet... |1 External ...
» Antenna VHE - Monopole Emitter Level ¥ (04) (-16.5) (2L9) (:26.7)
& Antenna VSAT - Table T 2 (v v~ ~ v v ~ ~
3 Control Eqp. {Front}; Commander PG | |15, c5c0
% Equipment Case Port Case v,V - (-3.1;N8)
I Electric Spectrum Man-made|| [
) Case N 1
A/ Electric 1 v|Vv (-2.1;NA)
B Results >
) Case _ .
| Spectrum (electric total) v,\v (-33;N8)
I Spectrum electric) from | [5or
I.. Spectrum (electric) from v,\v -
I Spectrum (electric) from| | G55 "o
pply 27V R B - .
. Spectrum (electric) from v 51.4 54.7
Text Report (electric) fro | [T
Text Report (electric) fro v|v 17 1655 22 -26.7
Text Report (electric) fr0 | [y, etpernet 10/100 Base Tx
Text Report (electric) fro v -119.7
Receptor Summary Veet | 5 Coog H -
M (electric total) v\ v - (-3.3;N8)
M (electric) from \leep\| 3; Text Report from \eep\Tactical Data Router\Port Ethernet . [ = || =1 o) ,
M (slectric) from ’ C12 = 3.693961e-11 -
1| M (electric) from Veep\ (for emitter) Lsw = 3.766780e-07 -
M (electric) from leep\;

1* Port Ethernet 10/100 Base Rx
1* Port Ethernet 10/100 Base Tx

17 Port Power supply 27 v

3 Control Egp. {Front}: Commander Vo
(3 Control Eqp. {Front}: Driver VolP

(3 Control Eqp. {8ack}: Gunner VorP

3 Control Eqp. {Back}: Tactical Data Ro
= Other Eqp. {Front}: Commander Hea
2 Other Eqp. {Front}: Driver Headset
= Other Eqp. {Back}: Gunner Headset
(= Other Eqp. {Back}: WAN Connector
2 Power Supply Eqp. {Back}: 220 V Co
3 Power Supply Eqp. {Back}: Power Su
5 Transceiver {Back}: VHF

9 Transceiver {Back}: VSAT

1. Bundle Commander Audio

L. Bundle Driver Audio

1. Bundle Gunner Audio

*L. Bundle Main

L Bundle VHF_Tx-Antenna

Results

Project Summary

Lsw (for receptor) = 3.766780e-07
L12 twisted pair to twisted pair =
L1 = 4.912024e-07

L2 = 4.9120240-07

=+= segment length = 1.000000e-02
Cwire-shield (for emitter) = 4.092064e-10
Cwire_shield for receptor = 4.002064e-10
C12 = 3.603061e-11

(for emitter) Lsw = 3.766780e-07

Lsw (for receptor) = 3.766780e-07

L12 twisted pair to twisted pair =

L1 = 4.912024e-07

L2 = 4.912024e-07

=+= segment length = 5.700000e-01
Guire-shield (for emitter) = 4.092064e-10
Gwire_shield for receptor = 4.092064e-10
C12 = 1.183822e-11

(for emitter) Lsw
Lsw (for receptor) = 3.766780e-07
L12 twisted pair to twisted pair = 5.399239e-09
L1 = 4.912024€-07

L2 = 4.912024e-07

=+ segment length = 1.000000e+00
Guire-shield (for emitter) = 4.092064e-10
Gwire_shield for receptor = 4.092064e-10

C12 =3.935180e-11

(for emitter) Lsw = 8.628501e-07

Lsw (for receptor) = 8.62850Le-07

L12 twisted pair to twisted pair = 1.841806e-08
L1 = 9.665922¢-07

L2 = 9.665922€-07

.680592e-08

.680592¢-08

I 04: Plot: Spectrum (electric total) (NB) of Jecp.emcp\Polyhedra-Body System leep\Cont
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).* EMC-Analyzer

FUNCTIONALITY

Nonlinear analysis of EMC: detailed nonlinear behavior simulation of radio
receiver operation in severe EME, detection of linear and nonlinear interference,
calculation of the interference intensity, finding the sources of linear and nonlinear
interference.

* 03: Nonlinear Model test of Radar_SU-27_4GHz-07-Expo.emcp)\Cylinder-Body System Su-27\Receiver {R-01} test| = || & |[w23s]
RFA Rfa-1 »E>Mixer Mx-1 >0 IF Fiter Fik-1
Fa)
¥ [
Local v
Input 1 Input Circuit oca
”'35_,.;, Ic oscilator IFA Ampl-1
Osch1
f
v
Mixer Mx-2 = IF Filter Fik-2
i
¥
iy
Local v Output 1
oscillator IFA Ampl2 f————=O
Osck2
4 1 1

1 01: Plot: Spectrum (Required-+Interference)2023.07.11 09:52:40 (magnitude) of Radar_SU-2... | = || = |[w83s] | | L= 01: Plot: Spectrum (Requirec+Interference)2023.07 .11 09:52:42 (magnitude] of Radar SU-2... [ = || &) |[mzm]

dBpv dBpv

120’ ““““““““““““ A 120 v R R R RRRREE [EERRRREERE
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). EMC-Analyzer

FUNCTIONALITY

EMFI analysis: calculation of the field distribution in the spatially-limited
ground/water area. Analysis results are represented as color map (EM Field
distribution), numerical values (EM field intensity), and graphs (EM spectra).

¥ 01: Ground Area GAE of EMFLITU-R_pr.emcp

B0 20
=l b Ground Area GAE
= @ Ground System G1
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= Ground System G2
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). EMC-Analyzer

FUNCTIONALITY

Automated adjustment of equipment characteristics in order to solve the EMC
problem.

dBpv

Emitter Adjustment:

1204

B804

404

Emitter spectrum

dBpv -404

1504 -804

0 ! ry T T,
10 1wt iy 10 10 Hz

120 Receptor susceptibility

Required emitter spectrum
(having been adjusted to fit
receptor susceptibility to
achieve EMC) e -

dBmW/MHz

Receptor Adjustment:

Emitter spectrum

- +———  Receptor susceptibility

-604 dBmW

-804

-100:

T T T
107 10! 10% 10° 10*

Required receptor susceptibility
(adjusted to fit emitter spectrum
for achieving the EMC) 0

Hz
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).¢ EMC-Analyzer

FUNCTIONALITY

Representation of linear analysis results in the matrix view and in the spurious

path tree view.

= 03: Jeep.emcp : EMC Matrix EI@
Receptor | Name W U* Ethernet ... || 0*Ethernet... (|4*Ethernet... | 1*Ethernet... [ J*Ethernet... | 1®Ethernet... [|J Power sup...
Emitter Level w -2) (-6.3) (-13.2) (-0.4) (-1.8) (-10.1) (-27.6)
Name v | v v v v v v v v v v
#¥ Power supply 27 v v 9.2 -13.6 9.3 -13.3 7.4 7.3 -10.8 i
U7 Power supply 27 v v 57.6 -62.1 54,7 614 -56.1 Ethernet 10/10... | pame v 1 * Ethernet ... El
i " 7 SJFTP7_2... | —
1 Power supply 27 v 57.6 -62.1 -54.7 -61.4 -56.1 Powrer supply ... el N/ (7.3)
P ly 27 v Name v | -
ower supply o - - - -
v 52.1 62.1 54.7 61.4 56.1 17 Pawer supply 27 V v
/ MGSHV1.0_1_Powers... 227
§¥ Power supply 27V v 57.6 -62.1 -46.3 614 -56.1 -
U7 Power supply 27 V 4" Power supply 27 V
v / MGSHV1.0_2_POWersu... v -25.7
U* Ethernet 10/100 Base... v
1" Power supply 27 V
J -27
§* Ethernet 10,100 Base Tx v P o a6 MGSHV1.0_3_Powersup.. v
U Ethernet 10/100 Base... 4" Power supply 27 V
v J MGSHV1.0_4_Powersu... v -224
U* Ethernet 10/100 Base Tx - -
v 74 4.8 7 Power supply 27 V
] -22.5
I* Ethernet 10/100 Base... v MGSHV1.0_6_Powers... v
§* Ethernet 10/100 Base Tx - . 4" Power supply 27 V
v 74 442 / MGSHV1.0_7_Powers... v -18.3
* Ethernet 10/100 Base... v
4" Power supply 27 V
4 -7.3
1* Ethernet 10/100 Base Tx v 0 MGSHV1.0_8_Powersu... v
* Ethernet 10/100 Base... - (| 3

O O e OO e OO OO e O e OO OO e O s OO sy OO e OO e O B e

~ 01: Jeep.emcp : Spurious Paths

. Spurious coupling "Equipment Case to Equipment Case"
-2 Equipment Case Port Case, IM(e;m) = (-3.3; NA) dB
. Spurious coupling "Equipment Case to Equipment Case"

3 Spurlous coupling "Antenna to Equipment Case"
El--% Antenna VSAT - Table

----- | B Port Ethernet 10/100 Base Rx, 14 emitter(s), 35 spurious path(s), ResultSize = 469kB, TIM

th--[|* Port Ethernet 10/100 Base Rx, 14 emitter(s), 56 spurious path(s), ResultSize = 698kB, TIM = -0.4 dB

----- Port Ethernet 10/100 Base Rx, 15 emitter(s), 83 spurious path(s), ResultSize = 765kB, TIM = -1.7 dB

(= e =]

=-1.8dB

»

m
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FUNCTIONALITY

). EMC-Analyzer

Ability to import the system geometry from CAD software.

» 02: Polyhedra-Body System Jeep of Jeep.emcp

= +]

om e

4

E #% Polyhedra-Body System Jeep =«

= B

Body

Bundles

Devices

External Models

¥ External Model AntennaSet
» External Model BaseSet

» BExternal Model BundleSet
» Bxternal Model Commande
» External Model CrewCabint
» External Model CrewEquipr
¥ External Model DoorBackss
»
>
»
»
»
»

m

External Model DoorLeftse
External Model DoorRightS
External Model HullFrontSe
External Model HullLeftSet
External Model HullRightSe
External Model HullRoofSet _

mn 2

B

There isno selected object fordisplay of

— N +|

properties.

Trimetric -/ Rendered ~| (] Orthographic ~
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FUNCTIONALITY

).¢ EMC-Analyzer

Support of cable networks: creation, editing, and also import of cables from

CAD software.

-i» 01: Polyhedra-Body System Jeep of Jeep.emcp

-B 0 Body
~E  Bundles

Bundle Main

Import...
Devices

External Models

BB B

-

m

= # Polyhedra-Body System Jeep

. Bundle Commander Audio
Bundle Driver Audio
Bundle Gunner Audio

. Bundle VHF_Tx-Antenna

Field Entry Points
- < Underlying Surface

b

#HiEa

N

Design
Active

Full Name
Name

4 Geometry

1 Ariantating

nnn dan nond "

| »

m

Hame

+ Front

~ & Rendered

| £ Orthographic -

7 0L: Polyhedra-Body System Jeep of Jeep.emcp

TS Oy T TP L2 LA o v iICe T COT T T T e

Wire 5/FTP1_1_LANSwitch_CommanderPC
Wire 5/FTP2_2_| ANSwitch_Commanderyvolp

Wire S/FTP2_1_LANSwitch_Commanderyolp
Wire 5/FTP3_2_LANSwitch_DriverVolP

Wie MGSHY1.0_1_Microphone|
Wre MGSHV1.0_1_Ear-phones

Control Eqp.
{Back}:

Wire S/FTP3_1_L ANSwitch_DriverValP
Wire S/FTP4_2_L ANSwitch_GunnerVoIP

Wire MGSHV1.0_1_FEar-phones
Wire MGSHV1.0_1_Microphon

Tactical Data

Router

Wire 5/FTP4_1_LANSwitch_GunnerVoIP
Wire S/FTP5_2_L ANSwitch_VHF

Wire MGSHV1.0_1_FEar-phones
Wire MGSHWV1.0_1_Microphon g

Wire 5/FTP5_1_LANSwitch_VHF
Wire 5/FTP6_2_LANSwitch_VSAT

Wire RKS0_VSAT_Antenna

Wire RKS0_VHF_Antenna

[ Ve 57FTPB_T_CANSWIC_VSA T

Wire 5/FTP7_2_L ANSwitch_VWANConnector

Wire 5/FTP7_1_LANSwitch_WANConnecto

Wire S/FTP8_1_LANSwitch_PowerSupplhy

L B
F
Control Control Control
Eap. nggol Eap. Eaqp.
{Back}: {ané}_ {Front}: {Front}:
Wie MGSHV1.0_7_PawerSupply_TDR Gunner Driver VoIP Commender Commande
Wie MGSHV1.0_6_PowerSupply VSAT VoP VoP PC
Wie MGSHV1.0_8_PowerSupply_VHF
Wre MGSHV1.0_4_PowerSupply_GunnerVoIP
Wire MGSHV1.0_3_PowerSupply_DriveVoIP
Wie MGSHV1.0_2_PowerSupply_CommanderVolP
Local Bus 1 Wie MGSHV1. PowerSupply CommanderPC 2 3 4 5 5}
1(2[3[{4[5[6|7

)

Wire MGSHY1.S 2 220VConnector Po!

I | 3
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).¢ EMC-Analyzer

FUNCTIONALITY

Visualization of plots for various characteristics (spectra, susceptibilities,
radiation patterns, etc.). Using high-precision markers to display values on the graph.

L. 0L: Plot: Spectrum (Required+Interference)2023.08.18 09:34:20 (magnitude) of Radar_SU-27_4GHz-07-Expo.emep\Cylinder-Body System Su-2T\Receiver {R-01}: test\Nonlinear Model test\Out... | = || = |23

#—— \\Radar_SU-27_4GHz-07-Expo\Su-27\test\test\1\Spectrum (Required+Interference)2023.08.18 09:34:20 (magnitude) B Marker 1{ 92.8 MHz : 17.3633 dBpv}
\\Radar_SU-27_4GHz-07-Expo\Su-27\test\test\1\Spectrum (Required+Interference)2023.08.18 09:34:20 (phase) (Hidden) M Marker 2{ 163.8 MHz : 15.3055 dBp\}
depv
201 IR EFETEPR RN R R RRTRIRIE TR
BO - R R S I R S

MHz
‘ [ C
L. 01: Plot: Antenna VSAT - Table [horizontal, F=1.25e+10 Hz] of Jeep.emcp\Polyhedra-Body System Jeep [ 2]
#——  \\Jeep\leep\Antenna VSAT - Table [horizontal, F=1.25e+10 Hz]
——  \\Jeep\Jeep\Antenna VSAT - Table [vertical, F=1.25e+10 Hz]
dB
-104 T = T — = — T T — T — — T = T T T T T T
-150 -100 -50 0 50 100 150 deg
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FUNCTIONALITY

).¢ EMC-Analyzer

Variety of built-in models of filters and antennas.

1. 01: plof| IF Filter Filt-1 of Radar_SU-27 4GHz-07-Expo.emcp\Cylinder-Body . B

em Su-27\Receiver {[R-01}: test\Nonlinear Model test

T

Table
a8 Bandw

GHz-07-Expo\Su-27\test\test\IF Filter Filt-1 (magnitude)
GHz-07-Expo\Su-27\test\test\IF Filter Filt-1 (phase)

Single tuned
N o coupled

Mixed
] E Band Pass Chebyshev sctors...
efficients...

20| —Mxed o B B B

- Low Pass Chebyshev

"/ C High Pass Chebyshev
Band Pass Butterworth
Low Pass Butterworth
High Pass Butterworth

1 Low Pass (LPF)

S Ligh Pass (HPF)

Band Pass (BFF)

Band Reject (BRF)

r150

100

F-50
T O S SIS P P N S
’ I-100
T I (PP PP VPP o G
g |-150
-100 |6 ;? 's |9 ;LO
10 10 10 10 10 Hz

lﬂ 01: Plot: Antenna -tr-02 [horizontal, F=1.75e+08 Hz] of Radar_SU-27_4GHz-07-Expo.emcp\Cylinder-Body System Su-27

dB

®—— \\Radar_SU-27_4GHz-07-Expo\Su-27\Antenna -tr-02 [horizontal
\\Radar_SU-27_4GHz-07-Expo\Su-27\Antenna -tr-02 [vertical, F:

R .
Antenna 02 of Radar_SU-27_4GHz-07-Expo.emcp\Cylinder-Body 5... BRE

W

Folariz Isotropic

cal -
]
() EffitHorn :I

Loop
[T High L og-periodic l:l
. Reﬂeclor
T ot
Waorkir Table
Unknown

Minimum frequency: | 100M Hz
Maximum frequency: | 250M Hz
Feed element:

[7] Feed element dimensions:

Normalized pattern...

Length:

Azimuth angle:

Elevation angle:

T T T
-150 -100 -50 0

50

T
100 150 deg
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FUNCTIONALITY

Wide range of built-in mathematical models
ability to involve user-defined models.

).¢ EMC-Analyzer

of spectrum and susceptibility;

12 01: Plot: Spectrum test (BB) of Jeep.emcp\Polyhedra-Body System Jeep\Transceiver {Back} VHF\Port RF

Spectrum test of Jeep.emcp\Polyhedra-Body System Jeeph\Transceiv... E

*+——  \\leep\Jeep\VHF\RF\Spectrum test (Bl
mW/MHz

TYPe: | power based

Model: [Saw—tmﬂ\ pulse train

Cancel

@ Peak Table
FDM

() Peak Differential PCM NRZ
Biphase PCM
Pulse re ppm
Telegraphic signal
Pulse dipapg
Exponential pulse train
Rectangular pulse train
Max. Tr_apezmdal pulse tr_am
Triangular pulse train
[@R 1 (ns: Savi-tooth pulse train
Damped sinusoid pulse train
) All range

@ Min.

0 1
10 0 He
L& 01: Plof] Susceptibilty test of Jeep.emep\Polyhedra-Body System Jeep\Tr.‘.E]}: VHR\Port RF EE=]
Model: [v-5TD-461D: CS101 ~| ep\VHF\RF\Susceptibility test
0| gy o
MIL-STD-4618: C501
1327 IE MIL-STD-461B: C502 cancal | (B0
MIL-STD-461D: CS101
T MIL-STD-461E/F/G: CS101
— MIL-STD-461D: CS114
1284 | Definitic iy sTp461E: cs114 | | L [
o Winy MIL-STD-461F: CS114
MIL-STD-461G: CS114 z
Maximum frequency: | 50000
124 2
©) All range
n
1207 Source voltage (RMS): - S N
116+ Outputthreshold:lzl -----------------------------------------------------------------
—
TA2[ v Dl
TOB[ v R RRR
—— . ——————t . ———————t; . —
10 10 10 Wz
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).¢ EMC-Analyzer

FUNCTIONALITY

Displaying the interference propagation paths.

i

. 04: Polyhedra-Body System 55-20 of Ant-Wire_01_U-5-D5-UnbUTP-BalUTP_Box.emcp = E=h <"

Project Bus
Syotem Bus

m

a4 | 1

Ability to locate equipment in subsystems.

.

“3 01: Cylinder-Body System F-4 of aircraft_swiet.emcp E'@

Project Bus i

»

System Bus

m

. 02: Subsystem EQPMENT2 of aircraft_swiet.emcp [ & 3]
Project Bus i
System Bus =
5 E
Fitter
™ filter3-2-eq2
Fitter
fitter3-1-eq2
a4 LI 3

Ll
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EMC-Analyzer

FUNCTIONALITY

Creation of effective computer (mathematical) model of on-board radio
electronic system; this model simplifies solving of EMC problems at all stages of
system development and application.

& Project Jeep
=2 Polyhedra-Body System Jeep
% Antenna VHF - Monopole
% Antenna VSAT - Table
-3 Control Eqp. {Front}: Commander PC
-3 Control Eqp. {Front}: Commander VoIP
&3 Control Eqp. {Front}: Driver VoIP
-3 Control Eqp. {Back}: Gunner VoIP
&3 Control Eqp. {Back}: Tactical Data Router
-k Other Eqp. {Front}: Commander Headset
i=J Other Egp. {Front}: Driver Headset
-l Other Eqp. {Back}: Gunner Headsat
--la) Other Eqgp. {Back}: WAN Connector
- Power Supply Eqp. {Back}: 220 V Connector
~&d Power Supply Eqp. {Back}: Power Supply
- Transceiver {Back}: VHF
-4 Transceiver {Back}: VSAT
| Bundle Commander Audio
-1 Bundle Driver Audio
| Bundle Gunner Audio
-1 Bundle Main
-|_ Bundle VHF_Tx-Antenna

fE T = IO O = T = R = O DO = O OO = WO~ O = OO0 = O = B OO0 = W= = - O -~
[ 3y 3 3 2y 3 Ry 3 3 i 3y B3 ey 5 g 3y £ 3 g U2 Sy 5 g £ g g

Calculation and displaying of diffraction paths.

Diffraction Path Report . sy s« + —— =@ ] IDiffr.emcp E=8|SON

Geometry Coupling (for IEMCAP) Path has 10 point(s). = _—
1. Antenna 4 location: B @ Q "I" O ¢ u i
K=0m
¥ =0.65m
£Z=19m
2, Point location:
X =10.214656 m
¥ =0.471258 m
Z=2.17926m
Alpha = 149.221 deg
Phil = 23.953 deg
Phi2 = 0.0281026 deg
3. Point location:
X =0.317365m
¥ =0.35496 m
Z£=2.3525m
Alpha = 167.795 deg
Phil = 0.0013325 deg
Phi2 = 7.26708 deg
4. Point location:
X =0477117 m |
¥ =0.122081 m
Z=12.68888 m
Alpha = 166.696 deg
Phil = 3.95288 deg
Phi2 = 2.2662 deg
5. Point location:
X =0.67756 m
Y =-0.337041 m
Z£=3.32581m
Alpha = 176.849 deg
Fhil = 0.700547 deg
Phi2 = 0 deg tendered v|,t£0rthographin
6. Point location: i

m
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). EMC-Analyzer

FUNCTIONALITY

Ability to improve the created model by measurements and more precise
modeling of separate spurious electromagnetic couplings.

Spurious coupling A-4 £

Emitting object: Antenna A_T_0D

Exposed object: Antenna A_R_180

(0 EMC-Analyzer model r{:u:jupnling factor — u1
© | Input/Output signal... | Frequency E—

N
@ |[ Coupling factor... ]| Hz - |dB -

1 110M 5 Cancel

2 150M 12

b

Account for shielding by system body, ability to consider the compartments and
field entry points.

Compartment Back of Jeep.emcp\Polyhedra-Body System leep = |

@ | E-field shielding effectiveness... | ‘

[ H-field shielding effectiveness... ]

Pt i i i e h
) Max. dimension: [ ¢ feld shielding effectiveness u

Parameters of wid

Frequency E-Field SE
Shield regid Hz -~ |dB - -
E-Field Mad | | 1 1 15 , cancel
3 2 400G 15

H-Field May

L 3
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FUNCTIONALITY

).f EMC-Analyzer

Solving the EMC problems of on-board radio & electronic system and local
group of on-board systems by using the system-level EMC criterion “Total Integrated
Interference Margin” (TIIM).

01: Project Summary of Ant-Wire_01_U-5-DS-UnbUTP-... [ = || & |34

------- Project Ant-Wire_01_U-5-DS-UnbUTP-BalUTP_Box.emcp: Linear
Analysis-——--—
Start Analysis: 13.07.2023 14:20:46

Receptor \55-20\R\Port balanced_twp:
TIIM = -18.3 dB

Receptor \55-20\R\Port double_shield:
TIIM = -29.2 dB

Receptor \55-20\R\Port shield:
TIM =-17.1 dB

Receptor \55-20\R\Port twisted_pair:
TIM = -8.5 dB

Receptor \55-20\R\Port usual:
TIM = 10.8 dB

maxTIIM=10.8 dB

Finish Analysis: 13.07.2023 14:20:46
Analysis Time: 00:00:00|

Simultaneous consideration and danger estimation of spurious electromagnetic
couplings of the various nature.

-

Spurious Couplings to Analyze for aircraft_swiet.emcp @

Antenna to Antenna

K
Antenna to Wire

II

Antenna to Equipment Case Cancel
Wire to Wire

Equipment Case to Equipment Case

External EMF to Antenna

External EMF to Wire

External EMF to Equipment Case

Internal EF to Equipment Case

Internal MF to Equipment Case

Internal EF to Wire

Internal MF to Wire
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ADVANTAGES

D

2)
3)

4)
S)

6)

7)
8)

9)

Analysis and solving of the most complicated EMC problems at a system
level (“as a whole”) by taking into consideration the intensity of intrasystem
interference.

Performing the analysis between several complex systems.

Quantitative estimation of all available spurious electromagnetic couplings of
various physical nature (through antennas, between cables, between
equipment cases, through external fields, etc.).

Decision-making on EMC compliance or incompliance in case of extremely
large amount of spurious electromagnetic couplings.

Pinpoint accuracy of spectra representation (up to 1000 000 frequency
samples).

Ability of detailed nonlinear behavior simulation of radio receivers operating
in a severe EME:

a) EME can be formed by thousands of unmodulated, modulated, and
noise disturbances;

b) high-accuracy representation of radio receiver’s nonlinearity by
using high-order polynomial models (up to 25-th order) can be used;

c) simulation of nonlinear interference is performed very fast and
accurately;

d) full identification of the sources, reasons, places of occurrence, and
parameters of linear and nonlinear radio interference (co-channel,
adjacent-channel, image-channel, intermediate-frequency-channel,
intermodulation, desensitization, amplitude and phase cross-
modulation, reciprocal mixing of local oscillator noise, etc.) can be
carried out.

Trade-off EMC analysis.

Calculation of necessary adjustments of equipment spectra and/or
susceptibilities for the intrasystem EMC problem solving, specification
generation for the equipment by using system-level EMC criterion.
Improvements in models and procedures of the well-known “Intrasystem
Electromagnetic Compatibility Analysis Program” (IEMCAP), USA.

10) Compatibility with MIL-STD-461/462 requirements.
11) Compatibility with Windows XP/7/10/11 operating systems.
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COMPARISON WITH CEM SOFTWARE

There are many well-known and rather perfect computational electromagnetics
(CEM) software declared for solving of EMC problems, e.g., in frequency domain by
method of moments (MoM) or in time domain by using FDTD approach. These tools
provide the decision of concrete particular problems, e.g., detailed electrodynamics
calculation of electromagnetic field distribution, characteristics of electromagnetic
couplings between antennas, or characteristics of a particular spurious electromagnetic
coupling in an on-board or ground-based radio system.

Therefore all well-known software tools for computational electromagnetics
(including the most advanced, perfect, and expensive) do not replace, but only
supplement “EMC-Analyzer”, providing the following opportunities:

» more precise characterization of separate (e.g., the most important) spurious

electromagnetic couplings in an on-board or ground-based system;

» improving the accuracy of the “EMC-Analyzer” by using these results of a

more precise calculation of separate spurious electromagnetic couplings.

Mixer Mx-1
---Results of polynomial generation--- v
Polynomial coefficients
1 3.162277660168380e+00
2 1.000000000000000e+00

e e e e B B B BB BB 20-
100001 points
NL Filter: Preparing 00:00
262144 points
Inverse Fourier transform 00:00
524288 points in time
Time domain calculations 00:00
524288 points in time
Fourier transform 00:00
Calculation of phase shift 00:00
100001 points
Filter: Computations 00:00 ]
Calculating and saving spectrum: 00:00 -10.
Mext step takes 00:00

IF Filter Filt-1 k
100001 points i
Filter: Preparing 00:00 20
Calculation of phase shift 00:00 1,.2 1:4 1.6 1.8 2:0 2:2
100001 points Hsec
Filter: Computations 00:00
Next step takes 00:00 dBuv
IFA Ampl-1 ¥
---Results of polynomial generation--- 1204
Intermediate model: Exponential limiter :
IDR Calculated IDR.  Polynomial coefficients
1 0.00 3.131786214551337e4
2 - 135.29 -6.671810536852046e-
3 - 81.72 -1.152287255203369¢e4
4 135.52 4.965068306494544e-
5 - 97.93 4.179435231145908e4
] - 135.93 -1.086108692045681e-
7 105.58 -8.56450938244727 1 e+
8 136.52 1.357635865057101e-
9 - 110.37 9.876457510049552e-
10 - 137.35 -1.454609855418323e-
11 113.86 -6.400712038985767e-
12 -— 138.48 4.545655798182258e-( -40-
13 === 116.64 2.176163163515162e- vt
14 140.09 =7. 1025871846597 74 e~
15 - 119.09 -3.018766728255721e-06

Root-mean-square IDR. prediction error: 0.00 dB
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APPLICATION EXPERIENCE

1) Hundreds of original and known models and procedures are used in “EMC-
Analyzer”. Approximately 80% of them are widely known and published in the
scientific literature. Some of these models and procedures are not the most exact;
however, the refusal of application of more exact models and procedures is caused by
the need of obtaining a useful practical result with reasonable spending of time and
computational burden.

2)It is very important that the “EMC-Analyzer” models of spurious
electromagnetic couplings provide optimal for practice pessimistic nature of EMC
estimations.

According to the published data, the application of these models to the EMC
analysis of on-board aircraft equipment yields the following results:

— the probability of a correct prediction of interference presence or absence: 0.82;

— the probability of a false alarm (the interference is predicted, but in practice it is
absent): 0.17;

— the probability of the interference omission (the interference is not predicted,
but in practice it is present): 0.01.

Similar results are observed in case of “EMC-Analyzer” application to the EMC
analysis of other on-board or ground-based systems: the probability of the interference
omission does not exceed 1-5 %.

3) The ability of more accurate definition of characteristics of any spurious
electromagnetic couplings existing in on-board or ground-based system is provided in
“EMC-Analyzer” (the user must have the results of more exact modeling or
measurements). Such feature allows to improve permanently the computer model of on-
board or ground-based system created with the help of “EMC-Analyzer”; this makes
extremely easier to solve the EMC problems at late stages of system life cycle, in
particular, at exploitation and modernization phases (for example, if it is required to
enter a new equipment into the structure of a system or to replace separate kinds of the
equipment).

®
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CONCLUSION

Thus, “EMC-Analyzer” is the indispensable assistant for:

» creation of complex radio and electronic systems, reducing the cost of
development and realization stages;

» modernization of systems (in the way of replacing or adding the radio
electronic equipment, changing equipment allocation, etc.);

» behavior simulation of complex systems for estimation of their ability to work
in a very complicated EME.

» BELARUSIAN STATE UNIVERSITY
OF INFORMATICS AND RADIOELECTRONICS

tel.: +375 17 293 89 94, +375 17 293 84 38
www.emc.bsuir.by

emc@bsuir.by

BSUIR, 6, P. Brovka Str., Minsk, 220013, Republic of Belarus
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