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TEXHOJIOT'UU PAANOCBA3HU, PAIMOBEIIIAHUSA U TEJIEBUJIEHUSA

UDC 621.3.029.64
UWB PULSE SHAPE FILTER AND ANTENNA DESIGN FOR ETSI MASK

Abdrakhmanova G.1.', Grakhova E.P," Shmidt S.P', Kovacik T?
'Ufa State Aviation Technical University, Ufa, Russian Federation
Slovak University of Technology, Bratislava, Slovakia
E-mail: tekasesochka@yandex.ru

Anew pulse shape filter and a planar monopole antenna for satisfying the ETSI mask requirements on UWB communication
systems radiation levels are designed in the paper. The microstrip filter on the basis of Chebyshev type of the 11th order
is designed in the way that can transform any UWB noise-like signal to the one, fitting the 6 + 8,5 GHz band of the
ETSI mask. The total filter size is 27x16 mm?. The UWB planar antenna configuration was constructed on the basis of
fractal technology, that allowed to provide impedance matching in the band 3,09+15 GHz, while remaining the small
dimensions (34x41 mm?), which are inherent to UWB band. Both devices are made from the same material and can be
easily implemented on one printed circuit board, that will reduce loss and increase the efficiency of ETSI mask matching
and electromagnetic compatibility with the existing wireless devices.
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Introduction

Modemn Ultra Wideband (UWB) communication
systems still provide a lot of interest to the developers and
manufacturers of telecommunication equipment due to
its unlicensed usage, high data rates, not comparable with
any wireless technology, high noise immunity and stability
for multipath propagation, low power consumption and
small size. The possible UWB application area is still
being extended by industrial, commercial and consumer
fields, such as connection between portable devices (video
cameras, high definition (HD) plasma displays, DVD
players, multifunction and I/O information devices [1]).

According to the last decision of the European
Telecommunications Standards Institute (ETSI) Ne
ETSI EN 302 065-1, V1.3.1 (2014-04), [2], the final
restrictions for UWB signals were set (Fig. 1), with the
most appropriate operational band 6+8,5 GHz. Its choice
is justified by the fact that the equivalent isotropically
radiated power (EIRP) level in the other bands is too low,
not providing any opportunity for correct reception and
detection.

Most of the previous work on pulse shape filter design
was aimed at FCC mask, which is much more different
than ETSI mask. In [3] a new band pass filter (BPF) was
designed as a cascade of two resonators: electromagnetic
band gap and multimode fork. It cuts the frequencies outside
the band 3,1 ... 10,8 GHz. Parallel coupled microstrip line
with L- and C-shaped resonators was applied in [4], that
also provided the band 3,1 ... 10,8 GHz. Two filters on the
basis of quarter-wave length short-circuited stubs models
were proposed by the authors in [5] and [6]. The first
example was designed by extracting parasitic elements
and discontinuity, while the second version consisted of
two pairs of joint stubs that reduced the filter size.

-40

CBO b ........................

CBO b ........................

-70r

-80r

Maximum EIRP density, dBm/MHz

-90

0 12

Frequency, Hz x10°

Fig. 1. ETSI mask for UWB communication systems

Nevertheless it should be mentioned that the
emission limits, set by FCC mask, still can cause the
undesirable interference with the existing wireless
systems, so ETSI mask should provide more
opportunities for protecting wireless communication
systems [7]. In this case the certain work must be
done for fulfilling the ETSI requirements and
ensuring electromagnetic compatibility within the
European Union.

UWB UWB Transmit .
| pulse i | Radio
Puise lc() shape sy &S fine
generator filter antenna

Fig. 2. UWB communication system (transmitting part)

Regarding fractal antennas there are a lot of
interesting configurations, proposed recently. Plane
fractal «Pythagoras tree» was applied for forming
the radiating part in [8]. The antenna operates in the
band 6 ... 8 GHz, the antenna’s size — 29%24 mm?.
Fractal antenna on the basis of «Sierpinski triangle»,
which shape was optimized with PSO algorithm, was
presented in [9] for DVBH, GSM and UMTS bands,
dimensions — 66x74 mm?. The other resonant fractal
antenna was developed in [10], where four elements
in the shape of 2™ iteration Koch curve were cut
from the rectangular radiating plane. The antenna
radiates in the WLAN band IEEE 802.11b (2,4
GHz) and IEEE 802.11a (5,8 GHz). Antenna’s size —
60x60 mm?. So it can be concluded that since fractal
technology can provide reducing the antenna’s size,
so fractal UWB antenna design is still interesting and
required.

In this paper the design of UWB pulse shape filter
and antenna as parts of the communication system,
presented at Fig. 2, will be considered. In Section II
the UWB pulse shape filter for ETSI mask restrictions
will be developed and simulated, also its features
will be discussed. Section III will be devoted to the
fractal highly efficient UWB antenna design, which
characterized with small size and simple structure.
The conclusion will be done in Section I'V.

Pulse Shape Filter Design

A novel compact UWB pulse shape filter with
operation band fitting 6 ... 8,5 GHz band of the ETSI
mask is proposed. It is designed as BPF on the basis
of CMOS technology, compatible with integrated
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circuits, which is a great advantage for fabrication.
The preliminary filter draft is shown at Fig. 3. It’s
composed of dielectric substrate with the main filter
part on its top and the ground - on the bottom side.
The filter is supplied with two coplanar waveguide
ports via SMA connectors and was set to be matched
with 50 Ohm resistance.

coplanar
waveguide

substrate . .
microstrip part

§ SMA
ground

connector

Fig. 3. Microstrip BPF outline

The simulation has been done with software
package Agilent GenesysTM. It involved facing
with the following problems and their solutions:

- the manufacturing complexity of small-
sized filter units, which order is hundreds pm,
was fixed by setting the critical dimensions of the
BPF during the optimization;

- the impact of parasitic connection circuits
and heat rejection was reduced by applying the
noise suppression methods;

- requirements of high manufacturing
accuracy and material homogeneity were
considered while selecting the substrate type and
the BPF structure.

Fig. 4. BPF layout

The proposed BPF is based on Chebyshev
type of the 11™ order and made on Rogers
RO4350 loz 30 ED 30 mil laminate (¢, =
3,48+0,05;tg 6 =0,004). It is matched to 50 Ohm
impedance and has interdigital structure. The
basic selection criteria of filter characteristic
was the gain slope.

HITIIED

Port_1
] .
: " Rg — = ﬁ_{j—‘—h
TL1 B1
w=u.as:«'ﬁ‘r“@' M= " pisa =0
L=6.995mm _ Pis2 =
Ra - :l———@. .R3|—-—|_
B EI
R5
- |
R7
' =
R9
= =l
R11
R13
W=0.959mm
L=7.477Tmm

Fig. 5. BPF equivalent circuit model

The main filter characteristics, which were
optimized, are the return loss S, , the insertion loss
S, and VSWR (Voltage Standing Wave Ratio),
[12]. The first one represents the amount of power,
reflected from the input. The second — the power,
transferred from the input to the output. And VSWR,
according to the name, is the ratio between standing
wave maximum and minimum amplitudes. So let us
define the cost functions as:

- the return loss S

S <-30 dB lfAf: 6+8,5 GHZ, (1)

- the insertion loss S21:

S21 BPF < -44 dB lfAf: 0+6 and o)
8,5+14 GHz; @)

- VSWR:

VSWR < 1,3 if Af= 6+8,5 GHz. 3)

The optimization was performed in the ordinary
least squares technique.

Fig. 4 shows the layout of the designed BPF. The
basic section of the filter has train structure. The red
strips are copper conductors, and the blue circles are
the groundings. The designed filter’s dimensions are
27 mm X 16 mm.
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Table 1. Filter’s optimized parameters

Final
value,
mm

Changes range,
mm

Name | Description

Wi, Lead’s
Ws strips width

0,897,

W=[0,2:0.2015..3] | 0o

Ly; Lead’s
L, strips length

6,995;

1=[02:0201;..9] | 2>

1..13 strips w,=[0,2; 0, 201,

W2 width 4]

1,561

Bandpass [Chebyshev], Order 11

0 ; 0
20 5
-40 | A h I -10
-60 I 15
~ 80 / : y 20
2 / A z
< -100 ~ N 255
5120 iTiraaTAZl 308
% 140 iy AN 352
s >
-160 -40
1801 45
7T .
-200 -50
0 1400 2800 4200 5600 7000 8400 9800 11200 12600 14000
Frequency (MHz)

1..13 strips
length

L2:[0323

L 0,201;...12]

5,629

0,2;
0,456;
0,582;
0,629;
0,649;
0,662;
0,666;
0,665;
0,651;
0,615;
0,481;

0,2.

Gaps
S between
1..13 strips

S1.12=[0,2;
0,201;...1]

0,326;
0,305;
0,314;
0,321;
0,319;
0,314;
0,311;
0,309;
0,306;
0,302;
0,288;
0,296;
0,675.

Radius of
Ry 13 microstrip
viahole

Ry.13=[0,2;
0,201;...1]

Since every conductor and element of the filter
layout represents the certain object of the electrical
circuit, so an equivalent filter circuit model, shown
at Fig. 5, can be developed. It can be used to explain
the working principle of the proposed BPF, and its
units parameters after optimization are presented in
Table 1. The abbreviations, used at Fig. 5, are: TL —
transmission line leader microstrip; R — resistance;
Dis — microstrip viahole (unused port). S and S,
characteristics of the proposed BPF are presented at
Fig. 6. It can be seen that its band pass performance
is good enough, since cut-off frequencies have sharp
rejection, and occupy the bands only 300 MHz, from
5,7 to 6 GHz for low boundary and at 8,5 to 8,83 GHz
for high border. So actually it passes the frequencies
in the band 6,5 ... 8 GHz. S, level is also below -30
dB in the desired operation band.

——821

Fig. 6. BP Filter’s §| and S,

—— S11

BPF’s VSWR is shown at Fig. 7. Obviously the
initial requirement for VSWR < 1,3 in the band Af
=6 ... 8,5 GHz is perfectly completed. Furthermore
VSWR value in this band is less than 1,1.

13
127
1.24
1.21
1.18
§1.15 ,
1.12
g1.09 i ,
1.06 H/\ NN N LA f\’
v AV NS \WAY
Y
5850 6130 6410 6690 6970 7250 7530 7810 8090 8370 8650
Frequency (MHz)

Fig. 7. BP Filter’s VSWR

Also group time delay (GTD) is considered as
one of the most important filters features: it must be
constant in the operation band with the maximum
acceptable deviation of 0,8 ns. GTD is presented at
Fig. 8: it can be seen that after the peak of 4 ns at 5,9
GHz the average value is about 2 ns in the band 6 ...
8,5 GHz.

5
45
4
35 i\ A
£ H A
2, 1A / \
= ll N A
a2 ] e
Lisf— \
T
1
0.5
0

5850 6130 6410 6690 6970 7250 7530 7810 8090 8370 8650
Frequency (MHz)

Fig. 8. BP Filter’s GTD

The proposed UWB BPF is a complete unit of the
UWB communication system transmission part with
wave impedance of 50 Ohm. The filter selects and
passes the input signal with the maximum EIRP value
—41,3 dBm/MHz, according to the requirements of
the ETSI mask.
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Fractal UWB Antenna Design

Antenna’s structure. The development of a new
UWRB antenna on the basis of fractal technology is
described in this Section. The return loss S, will be
the cost function:

S11 <-10dBif Af=6 ... 8,5 GHz. 4)

It is known that circle structures can provide wide
frequency band, construction simplification, small
size and cost reduction in manufacture, so the circle
monopole was chosen as a basis element, which size
is equal to the quarter-wave monopole of the desired
band: radius of the radiating element » = 12 mm,
feeder length L = r, and all the other parameters are
shown at Fig. 9. It will be the zero iteration of the
fractal antenna.

| 0,76-»| =
v 0,035»{¢
| Y
Gy =1+ F Z=12
radiating
|___clement -
1,66*‘
¥ |
a é substrate _~ ;'
I f 0,76+
y N 4n n\\ feeder '
broun | I
26 coplanar
‘ waveguide port

Fig. 9. Antenna’s zero iteration

Dielectric substrate Rogers RO4350 1oz 30 ED
30 mil with thickness 7' = 0,76 mm, 3,48 + 0,05, tg ¢
=0,004 is a base, on the front side of which radiating
element, feeder and ground are located. Antenna is
supplied with coplanar waveguide, SMA-connector
and perpendicular coplanar waveguide port. Feeder
width is calculated for providing matching with
wave resistance Z = 50 Ohm.

Fractal technology was applied for shaping
the antenna structure in the way that provides
miniaturization. This will also let us study radiation
characteristics dependence on scale factor 6 and
iteration level. The fractality consists in special
method of elements packaging: the next iteration is
formed by placing the circles of smaller radius in
the previous iteration elements. The scale factor o
defines the size multiplier of the adjacent iterations.
This process for 6 = 2 is shown at Fig. 10.

A ¢

C C C
a) b) c)

Fig. 10. Fractal antenna’s iterations (0 = 2):
a) zero order; b) first; ¢) second

Fig. 10. Fractal antenna’s iterations (6 = 2):
a) zero order; b) first; ¢) second

The main idea of simulation is that at each step
one parameter is being changed, while the others
are fixed, and the best characteristic is chosen at the
end according to the rule. If the difference in the
band, where the shelves (plane parts of the graph
between two resonances) are higher than —10 dB, is
not much, so you should choose that characteristic,
which shelves are lower in the working band, since
during optimization the first mentioned shelves will
be removed, and the second shelves will be much
lower. Antenna was calculated and simulated with
«CST Microwave Studio».

Scale factor and iteration level study. S, changing
dynamics, depending on iteration level, is shown at
Fig. 11 for 6 = 2, and at Fig. 12 — for 6 = 3. Each
iteration level is characterized with one additional
resonance frequency. And starting from the 2
iteration the changes in characteristics behavior are
less noticeable. According to the rule the 3™ iteration
curve was chosen for both values of J.

It’s interesting that starting from J = 3, the curves
behavior becomes smoother and more sloping, the
number of resonances is constant, and J growth leads
to S, increase in even bands and decrease — in odd
bands.

Fig. 11. S, dependance on iteration level (6 = 2)
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Fig. 12. §|, dependance on iteration level (6 = 3)

Considering S|, dependence on scale factor,
changing in the range of 2 ... 6, within the 1*' and 2™
iterations it was found the optimal value J = 6 for

both cases (Fig. 13-14).
5

----- Delta=2
--- Delta=3
-5 \\ = Delta=4
%-15
I
-25

-35

0 2 4 6 8 100 12 14 16
f, GHz

Fig. 13. S|, dependance on scale factor for 1* iteration
(0=2;3;4;5;6)

2 4 6 8 10 12 14 16
f, GHz

Fig. 14. S, dependance on scale factor for 2" iteration
(0=2;3;4;5;6)

Comparing these four curves, chosen at each step,
the most perspective is that, which is corresponding to
the 2™ iteration, 0 = 6 (Fig. 15). The operating bands
are 3,825+4,242 GHz and 6,969+13,2 GHz.

A. Optimization

On the this stage the developed fractal UWB
antenna will be modified for enlarging its work band
by changing the parameters, described in Table 2 and
also shown at Fig. 9.

Table 2. Antenna’s optimized parameters

. Initial | Final
Descri- Changes
Name . value, | value,
ption range, mm
mm mm
Feeder s
ALy length ALy _J[r_66]’_5" - 0 +4,0
increment
Horizontal | Z,=[0,1;0,2;...
Zy gap 0.76] 0,76 0,76
Substrate _ .
Gy horizontal G‘lef [é)],S, 1,0 5,0
gap T

The optimization includes three steps; on
each of them, one parameter is being changed,
while others are fixed.

Step 1. The first parameter — feeder length
L. Its increase leads to resonances movement to
low-frequency (LF) band, shelves falling in the
It and 3™ bands and shelf growth — in the 2"
band. When AL, = +4 mm the 1* shelf level is
one of the lowest, the 2" shelf — lower than -10
dB, so the final feeder length will be 16 mm.

Step 2. The second parameter — horizontal
gap Z,. The bigger Z,, the lower the shelves in
the 1* and 3" bands, so the optimal value Z, =
0,76 mm.

Step 3. The third parameter — substrate
horizontal gap G, which also defines the
ground change. When the ground is wider, the
resonances move to the LF band, the shelves
get lower, even resonances get deeper. The
smallest value of G, which provides UWB
band, is 5 mm.

Fig. 21 shows the curves, reflecting
S11 changes at each step, confirming the
reasonableness of every next action. The
calculated antenna’s parameters are presented
in Table 2.

5 — Stepl, Delta Lf=+4
----- Step2, Zh=0.76
5 \ = Step3, Sub_gap2=5.0
s NN SO
NN
N / AV Y
\Il V

-35 1 Stepl: -11.032767 \
... Step2:-11.032767
451 Ste:p3:|—9.:96510:98 :
0 2[3.09]4 6 8 10 12 4 16
f, GHz

Fig. 15. §,, parametric changes

The antenna’s final operating band is 3,09 ... 15
GHz, the dimension — 34x41 mm? (Fig. 16). The
radiation pattern is shown at Fig. 17.

b4 4

Lo

a) b)

Fig. 16. Developed and optimized fractal antenna:
a) front view; b) rear view
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Fig. 17. Antenna’s radiation pattern: a) F(p), 8 = 0°;
b) F(p), 6=90° ¢) F(0), ¢ = 0°; d) F(6), ¢ = 90°

Conclusion

The development of two planar microstrip
devices for UWB signal transformation, taking into
account ETSI mask, was proposed in this paper — the
pulse shape filter and fractal UWB antenna. The
pulse shape filter provides band pass behavior with
the sharp rejection outside the band 6 ... 8,5 GHz.
It also has good results in its parameters VSWR and
group time delay adequacy. It should be noticed that
such interdigital microstrip filter with the above
mentioned parameters and characteristics, even if it
seems to be simple, wasn’t developed for the ETSI
mask before.

The antenna also radiates in the same band, so
they are matched with each other and also to 50
Ohm impedance. The antenna was also studied
from «fractal» point of view. It was found out that
the number of resonance frequencies grows with the
iteration level increase, and the scale factor influence
consists in smoothing S, , while ¢ is getting higher.
So finally the 2" iteration antenna with 6 = 6 was
optimized for providing the band 3,09 ... 15 GHz.
The antenna and filter are characterized with compact
size, low profile and weight, easy manufacturing.
Their application in UWB systems can ensure
interference suppression with existing and future
wireless technologies.
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ITPOEKTUPOBAHME CHITI ®OPMUPYIOIIEI'O ®UJIbTPA 1 AHTEHHBI
O TPEBOBAHUA CHEKTPAJIBHOM MACKH ETSI

Abopaxmanosa I'U., ['paxosa E.I1., [LImuom C.I1., Kosauux T.

B crarbe npoBeneHo MozenupoBanue ocHoBHBIX O1okoB CILII cuctemsl cBs3H, OTBeYarOmMX 3a GpopMupoBa-
HUE CUTHAJA, COOTBETCTBYIOIIECTO OrpaHn4eHusIM criekTpanbHoi Macku ETSI: ¢unsrpa dhopmbl u mutaHapHOR
anTeHHbl. [IpeanokeHHass MEKpPOIIOJIOCKOBasi CTPYKTypa QUIIBTpa Ha OcHOBe QuibTpa YeObleBa ofnHHA-
IIaTOTO MOpsIIKa 00eCHeYnBaeT MOoNoCy Npomyckanus 6 ... 8,5 I'T1, COOTBETCTBYIOLIYI0 OCHOBHOMY «OKHY)
criektpansHoit Macku ETSI. Pasmepsr dunbrpa — 27x16 Mmm?. B ocHoBy ctpykTypsl mianapuoit CLUIT an-
TEHHBI TI0JI0KeHA (hpaKTaIbHAsl TEXHOIOT U, YTO MO3BOJIMIO 00ECHEUNUTh COIIACOBaHKUE B pabodeM auanas3o-
He 3,09 ... 15 I'Tu npu coxpaneHun Manbix pasmepoB (34x41 mm?), cBoiictBenHbix CILIT-guanazony. Oba
YCTPOMCTBA BBIITOJHEHBI U3 OJHOTO MaTepHaja U MOTYT ObITh peajH30BaHbl Ha OJJHOH mevaTHoi miare. [laH-
HOE€ PEUMYIIECTBO NPUBEIET K yMEHBILICHHIO 3aTpaT Ha N3rOTOBICHNE U yBETHUCHHIO YP(PEeKTUBHOCTH BCel
CBEPXIIUPOIIOIOCHON CUCTEMBI CBS3U B IIEJIOM.

Kniouesvle cnosas: cBepXUIMPOKOIIONOCHAs CBsi3b; criekTpaibHas macka ETSI; ¢gopmupoBanne MMITYIIbCOB;
¢bunbTpanys; GpakranbHas aHTCHHA.

AoapaxmanoBa ['yzennr WapucoBHa, K.T.H., cTapmui NpenogaBarenb Kadeapsl TeaeKkoMMyHHKAITHOHHBIX
cucteM (TC) Ydpumckoro rocynapcTBEeHHOTO aBUAITMOHHOTO TexHIUeckoro yauBepeuteTa (YIATY). Tem. 987-
473-90-42. E-mail: tekasesochka@yandex.ru

I'paxoBa EmmmzaBera IlaBiioBHa, accuctenT Kadenpst TC YIATY. Ten. 917-35-22-353. E-mail: eorlingsbest@mail.ru
HImunr Ceatocias [asnoBuy, crynent YIATY. Ten. 987-58-57-843. E-mail: svyat.shmidt@mail.ru

KoBaunk Tomac, nonent, nokrop ¢unocodun, Paxymsrer mMHGOpPMATHKM ¥ MHOOPMAIMOHHBIX TEXHOJIOTHI
CioBarkoro TexHuueckoro yausepeureta (r bparucnasa). Ten. +421 2 21 022 532. E-mail: to-mas.kovacik@stuba.sk.

JIuteparypa

1. Pexomenmauuu ITU-R SM.1755. XapakrepucTuku cBepXimupokornoiocHoi texuonoruu (Bornpocs ITU-R
226/1 and ITU-R 227/1), 2006. http://www.itu.int/dms_pubrec/itu-r/rec/sm/R-REC-SM.1755-0-200605-
[''PDF-E.pdf

2. Pemenue, EBponelickuii MHCTUTYT cTaHAapTH3allMM B obiacTu TenekommyHukauuu 302 065-1, V1.3.1

(2014-04): DnekTpMarHuTHasE COBMECTUMOCTh U OCOOCHHOCTH PaJMOCICKTPa; YCTPOUCTBA MalOW Jalib-

HOCTH JIEHCTBHS, UCIIOB3YIOINeE cBepXIIrpokononocHyto texHonoruto (CLUIT); ComnnacoBanHas 4acTs,

OXBaThIBaIOIAsi OCHOBHBIE TpeboBaHus crarbu 3.2 R&TTE.

Hupexrusa, Yacts 1: TpeboBanus 11t ocHOBHBIX npuioxenuit CLLIT, 2014.

4. M. Tunuka, JI. Jlaans, X.YMma Xa0u6a. KoMIakTHBII MUKPOIIOJIIOCKOBBIH TIOJI0COBOM (DHIIBTP HA OCHOBE
BuikooOpasHoro & EBG-pesonaropa miist CILII-cBsi3u. Mex1yHapOaHbII KypHAI UCCIICIOBaHUIA, NHKE-

W

«HapoxommyHIKanmOHHEIE TexHOTOTHI» ToMm 13, Ne 3, 2015, ¢. 297-305



305

nepuu u npuinoxennit (IJERA), HanmonaneHast konpepeHIys nepeioBbIX TEXHONOTHH cBsi3u & Komriblo-
tepHbIx TexHosmoruit NCACCT, 2013. — 28-30 c.

5. Jdx. Mapumycu, M. Eca. Komnaxraeiii CLUIT-pe3onarop L and C ¢opmsr nmonocosoro ¢punsrpa PCML.
Coopnuxk noknanos [IMEP3, Mocksa, Poccust, 2009. — 484-487 c.

6. M.S. Pazanum, A. Ucmann, M. A. Maxau. Hoblil komnakTabIM MukponosiockoBeiid CLUTI-gunstp Ha oc-
HOBE KOPOTKO3aMKHYTBIX HUIeH(POB ¢ MeHbIIMMHE NOTepsMU. [Iporpecc B uccinenoBanusax 3JIeKTpoMarte-
tu3Mma, ITUOP 88, 2008. — 91-104 c.

7. M.C. Pazamun, A. Ucmann, M.A. Maxau. HoBblil komnaktaeiii «6e3 norepb» CILUII-¢punerp Ha ocHOBe
€MKOCTHOTO MHUKPOITOJIOCKOBOTO m3myuarens. Progress In Electromagnetics Research, PIER 91, 2009. —
213-227 p.

8. @. Ilymxons. HopmaTuBHBIC M HONUTHYECKUE TOCIEACTBUS BBEACHHUS HOBBIX TEXHOJIOTUH B yNpaBlICHUN
ncnoib3oBanreM cnektpa. CemuHap ITU o MapkeTHHTOBBIX MEXaHU3Max ynpaBieHus crnekrpom, 2007. —
47 c.

9. M. bpaxmain, K. Jlxx. Bunoy. [IpoektupoBanue ¢paxransuoit CILUII-anrennst. — 1-11 c.

10. JI. JInz3u, E. Buanu, E. 3enn, A. Macca. [Inanapnas antenna popmaroB DVBH/GSM/UMTS anst muOTO-
PEKUMHBIX OecpoBOHBIX ycTpoiicTB. Texunueckuit qoknan #DISI-11-014. 2011. — 1-7 c.

11. X. Tusapu, M.B. Kaprukesan. MHorosipycHasi IumojibHas NPsSMOYTOJbHAash MUKPOIIOJOCKOBAsl aHTEHHA
¢ HeogHOponHOCTsIMH (pakTanbHOi (opmbl. [Iporpecc B nccnenoanusix snekrpomarneruzma C, T. 14.
2010. - 185-195 c.

12. ITpoexrupoBanne PY mukpocxem / Kpucrodpep bosuk. ISBN-13: 978-0-7506-8518-4, TK6553. 5633 2008.
—-256c.

13. Muxponomnockoblit punstp anst PU/CBY npunoxenntit / xua-lenr Xonr, M. [[x. Jlankacrep.

Honyueno 26.06.2015

YK 621.391

OINPEJAEJIEHUE HE3AHATBIX YHACTOTHbLIX ITIOJIHUAITA3OHOB 110 CKATBIM
N3MEPEHUAM

Ilapghenos B.U., [onosanos /1. 1O.
Boponeoicckuii eocyoapcmeennsiii ynusepcumem, Boponexc, PO
E-mail: vip@phys.vsu.ru

PaccmoTpeHa 3aada OLIEHKH HE3aHATHIX YACTOTHBIX MOAIMANA30HOB B aHAU3UPYEMOH MOJIOCE YacTOT MOIHOCTBHIO B
udposoii popme. [TonodOHas 3a1a4a NpeCTaBIIET 3HAUUTEIBHBII HHTEPEC B CUCTEMaxX KOTHUTHBHOTO pajno. Paspabo-
TaHbI JBa aJTOPUTMa OIIEHKH, OCHOBAaHHBIX Ha KJIACCHYECKOM OaliecoOBCKOM Ioaxo/ie 1 napagurme Compressive Sensing.
[TokazaHo, 4TO pUMEHEHHE Pa3pabOTaHHBIX METOIOB MO3BOJISIET IOOUTHCS CYIIECTBEHHOTO YMEHBIICHHS KOJIMYECTBA
BBINOJHAEMBIX B IIM(POBOM MPOLIECCOPE ONEpAMid MPHU HECYIIECTBEHHOM YXYAIICHHH TOYHOCTH COOTBETCTBYIOIIMX
OLICHOK.

Knrouesvie cnosa: xorautuaoe paano, Compressive Sensing, OTHONIEHHE MPABIOMIONO0Us, CMEIIICHHAE OIIEHKH, pacce-
SIHUE OLICHKH.

BBenenue

Pa3BuTHe MMKpOIIPOLECCOPHONH TEXHUKH B IO-
CJICIHUE JECSTUIETHS IPUBEJIO K TOMY, U4TO OIlepa-
Uy 00pabOTKM CHUTHAJOB BCE Yalle pPeau3yloTcs
B 1dpoBoii popme. [Ipuyem onndpoBka CUTHATIOB
MOXET OCYIIECTBIISITHCSI HEIOCPEICTBEHHO Ha He-
cymeit yacrore. B aTom cinydae ananoro-mudpoBoii
npeoOpa3zoBarelib NOAKIIOUACTCS HEOCPEACTBEHHO
K BBIXOJly aHTEHHBI Yepe3 COMIacyIOIUi yCUIUTENb.
[Ipenmy1iecTBO TAKOrO NOCTPOCHUS 3aKIIIOUACTCS B
TOM, YTO HPHU 3TOM HCKIIIOYAIOTCSI ONEepalu Mpeo-
Opa3oBaHMsI YaCTOTHI, IETEKTUPOBAHUE CHUTHAJIOB C

BBIJICJICHUEM HUX OTHUOAOIIEH, YTO COKpAIaeT dHEp-
TFeTUYCCKUE TOTEPH, MOBBIIIACT YYBCTBUTCIHLHOCTD
MIPUEMHOM CUCTEMBI H YIIPOIIACT alaparypHyo pe-
anmm3anuio [1].

PaccMoTpuM  BO3MOXKHOCTH  TIPUMEHEHHS  I10JI-
HOCTBhIO 1IM(POBOI 00pabOTKM B CHCTEMaX KOTHH-
tuBHoro paguo (Cognitive Radio) [2], B KOTOpBIX
00s13aTeIbHON TIPOIEYPOl SIBIISICTCS UCCIICIOBAaHHE
OITPEJICIICHHOTO YaCTOTHOTO JIAa30Ha C IEIbI TIOH-
CKa B HEM «CBOOOJTHBIX» YaCTOTHBIX UHTEPBAJIOB. Jlist
9TOTO 3aJ]aHHBIN YaCTOTHBIM AuamazoH [F . ;

in > max]

p336I/IBaCTC$I Ha N I TMOABIHTEPBAJIOB W B KaXIOM
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