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npl/l‘—II/IHbI nosiBrieHnsi: Cno)KHOCTb U PUTMOHOCTL alnapaTHbIX pel.ueHvu7| npn Harnm4nn BblYNCITNTESIbHbLIX PECYpPCOB

3agadva: Heobxoonmmo MMETb BO3MOXHOCTbL Ha OAHOM (PU3NYECKOM YCTPOUCTBE DbICTPO MEHATL paboyne
YacCTOTbl, MOLLHOCTU, MOAYNSALNIO, METOAbI KOAMPOBAHUA CUrHana v gpyrve napamerpbl.

A camoe rmaBHoe ocyuwiecTBnAaATb dpyHkummn ALT/LLATT.

3aKkasymkn: BoeHHble, KpMnHar.
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y f“ [lporpammHo onpepensgemoe paano — CDR

AHarnoroBbIl curHan Heobxogum notpebuTento (yxo/poT). B apyrux mectax ygobHee nMeTb Aeno
C LMdopoBbIM cUrHanom => Tpebyetca npeobpasoBaHMe aHaNoroBoro cMrHasna B uugposoun n obpaTHo.

Analog Audio Source Low Sampling Rate High Information Loss

325P_013

Analog Audio Source High Sampling Rate Low Information Loss
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TexHUKN KBaHTU3aLun

Linear

Logarithmic

325P_016

an!paMMHO onpenensgemoe paano — SDR

[Tonockl nponyckaHus

8,000 Samples per Second

Standard, Codec  Bit Rate (kbps) VOi(Zf/Igg;"”ty
G.711 64 1
G.726 16, 24, 32 3.85kévl\;ist;1 32
G.728 16 3 61
G.729 3 505
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HO onpepgendemoe paano — SDR

[Mpn nepenaye curHana B 3pup ero Hy>XHO npo-moaynmposatb (AM, FM, PHASE-M)

Cycle

YacTtoTa

328P_118

2 cycles per sec = 2 Hz

4 cycles per sec = 4 Hz

7 cycles per sec =7 Hz
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ﬂp;’paMMHo onpeaensiemoe pagmo — SDR
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[Mpn nepenaye curHana B 3pup ero Hy>XHO npo-moaynmposatb (AM, FM, PHASE-M)

Access Point

# Amplitude

[1rnnHa BOSHbI

Amplitude

Amplitude

AmnnuTyaa
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MporpamMmHo onpeaensemoe paamo — SDR

[Mpu nepenade curHana B aoup ero Hy>xHo npo-mogynuposatb (AM, FM, PHASE-M)

Main signal I/\\//:\ /
In-phase signal I/\ /:\ /I
90 degrees out-of-phase signal I /\ I

180 degrees out-of-phase signal | /\

00 0°

AN

/TN

01 20°

1 180°

10 270°

[Mpnmep dpasosoun moaynaumm QPSK

4 dasbl — 2 6uTa 3a KBaHT



[lporpammHo onpenensemoe pagno — SDR
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[NpakTnyeckas nonb3a:
. B NPOMBbILLIEHHOCTU NOCTPOEHNE PAaaNOCUCTEM YNPOCTUNOCH B COTHU pa3

. no4YTn nodas BblYNCNUTENBHAS CUCTEMa roToBa peLlaTth 3aga4m 0bpaboTkm pagnocurHana, Hy>Ho
TONbKO 3aBECTU ero BHyTpb!

RTL2832 1 E4000 B cymme ot 24 no 2200MI 'y
Rtlsdr.dll , SDRSharp, aHTeHHa. OTO BCe YTO HYXXHO A5 Ha4vana.

Ons npogomkeHus — MO MoluHbIN koHCTpykTop GNU Radio, paclumnputeny avanasoHoB, ManoLwwyMHbI yCUNuTenb



Stop | @ 1Q Stream
TS —
O Am $

O DSB8 O cw-LO Cw-u
446 114 5925
446 000 000>

Frequency
Center

[] Shift 02
Frontend | RT

Filter type | Blackman-Hanis v
Filter bandwidth Filter order
12500} 40015
Sauelch Cw Shift
5045 6003

Step size
Snaptogrid [] |12.5kHz v
Correct 1Q Swapl&Q []
Mark Pezks []
R

AF Gain

Samplerate
Input [MME] Mic

Output MM

Latency (ms) 100 3

Filter Audio

View Both
Window Blackman-Harmis
Resolution |32768

Gradient | ...

S-Attack
S-Decay
W-Attack

W-Decay

O Wave file
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Contrast

"‘ [lporpammHo onpegensemoe pagmo — SDR
Y.

Beibepun meTog gemoaynsaumm
(ABna-AM, Pagno-FM, NFM),
ananasoH YacTorT. [naruH
Autotuner MOXXeT HanTu Bce
KaHanbl, rae nget nepegaya
curHana.

Monnuusa P25 (MO gekogep DSD)
Pauuun 27 MI'y (aHTeHHa 2.39m)
Aswna neperosopsbl 117-135MINy AM
Asna ADS-B 1090MTIy (MO gekoaep)
KB 8-15MI"u (Houb)

OTnagka paguonepenaTtymkos,

Ananna DECT,

aHanoroBbIX paanoTenedoHoB,

[lnsa pa3bopa NpoTOKOMOB CBA3U B
paguoynpasneHun, nynsToB,

MOroAHbIX CTaHUMI, CUCTEM YO4aneHHOro
cbopa nHdopmaunmn ¢ 4aTYMKOB,
cyetynkoB. GSM/MeteoCnyTHMKU/GPS...

You have been warned !
...twice.
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aMMHO onpegensdgemoe paano — SDR
npumMmep cepBuUca:

\ 2 .

©ESHU]
DP1 56 PBD156

POBEDA

KRASNODAR MOSCOwW

SCHEDULED 3 SCHEDULED =
peparture  13:15 ARRIVAL 15235
ACTUAL § ESTIMATED 5
peparTURE  13:29 arrvaL @ 15:15
AVERAGE 3 AVERAGE A
Gt ive 02:09 DELAY »00:57
GREAT CIRCLE DISTANCE: 1,182 KM
1,178 KM ,l) 15 KM
01:38 AGO IN 00:07

CRAFT DETAILS v

TYPE (B738)

Boeing 737-8MA
REGISTRATION MODE-S CODE
VQ-BTD 4243CA

SERIAL NUMBER (MSN) AGE



Mp
npumep cepsuca:

- MarazuH - O6bABNEeHUA - PEATHHT - [lnana3oHbl - YacToTbl - Konunka - ®opym

\RAD SCANNERRU

m - @aiinbl - CTaTbH - CHrHanbl - My3aei - Mods - LPD-dopym - Kny6 - PaguocTaHLUHK

- CraTucTuka - Mpaewna - FAQ - CozaaTh TPaHCNALMIO -

MOAPOBHEE O

CaHkT-MeTepbypr. ULLI (LED). MexayHapoaHblid asponopT MynKoso.
ULLI: PyneHne CrapT Kpyr Noaxod KoHTpone TpaH3uT P3ACH. ¥MPaBneHWe Bo30YWHEIM ABWKEHWEN B PEANEHOM BPEMEHM

WpryTck. UIIL. MpKyTCKWA aBmaysen.
WpryTckuil aBUAYSEN — BhIWKE, KPYT, PYJEHWE, N0AX00, KOHTPOb, TPEHIUT

KpacHoaap. URKK. ABWaaManazoH Hag ropodoM.
MNawkosckwii: Moaxon Beiwka Crapt TpaH3wt PailoH. PocToB-KoHTpONBb.

Mockea. UUEE (SVO). MexayHapoaHbiil asponopT LWepemeTbeBo.
UUEE. WepemeToeso CrapT-Nocadka. TpaH3uT. ADS-KoHTpone - fleeelii kKaHan. Mockea Noaxoa 2 v 5. TpaHcaspo KoHTpoAb. CHBKWPE KOHTPONE. - MpaBelli KaHan.

Mockea. Mockea-nogxog M4 n M7. BHykoeo-noaxod 2.
M4M7 UUMO TWR UUWW AFP2

Mockea. UUEE (SVO). MexayHapoaHbiid asponopT LWepemeTbeBo.
UUEE. WepeneToeso kpyr. LepemMeToeso cTapT - Nocanka.

Mockea. M1M& UUDD TWR UUWW APP 1
Noaxoa 1,6, Jomoaoenoso-sbiwka, BHykoso-noaxoa 1

Mockoeckana obnacTb. MNoezgHanA pagWMocBAzb
MPC B r. Koponée W ero oKpecTHOCTAX

Hoeocwbupck. (UNNT) Tonmadeeo.
Pynenwne, Crapt, Kpyr, Noaxon, KoHTpone, TpaH3uT.

Mockea. M3MEMS UUDD APP
Mockea-noaxoa-3,8,9, Jomooenoso-noaxon

r. Koponée. NoezgHanA cBAZb Mockeel 1 obnactu
Mockea-CodpWHo, MockBa-PpAzeso, Ka3zaHoKWi BOK3an W npod.
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aMMHO onpegensdgemoe paano — SDR

BeBeguTe KNOU fOCTYNa

10

29

73

45

BoWTK



[TpoTokon CAPWAP

Y10 Ob110 00 SDN?
2003/ Aerospace/ bob O’Xapa/ LWAPP

e Autonomous WLAN

Autonomous TOYKKN AOCTYna

* LleHTpannsosaHHbin WLAN

— «Jlerkme» TOYKM AOCTYNa

— WLAN KoHTpoanep




Internet

Channel 1 Channel 6
ABTOHOMHbIE€ TOYKM OoCTyna:
* npobnembl RRM,
Roaming « paboTa C KnMeHTamu,

« Bparu
* TMOKPbITME U T.A.

BSA BSA

328P_109

Access Point

Access Point

Wireless Cients Wireless Cients
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[TpoTokon CAPWAP

*Secunty Policies ‘ 2y
*Q0S Policies / \

*RF Management yox
*Mobiity Management

\

Lightweight

kj Access Points E ‘

\

Mesh
Controller

Mesh
Controller

MeHsaeTcs fiormka NpuHATUA PeLLEeHUs: NOYTU BCE peLlaeTca Ha KOHTponsepe.
Uepes HecKormnbKo neT a1o HasoByT SDN.
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[TpoTokon CAPWAP

e

Meeting Area
O RF channel “1" |
ORF channel ‘6 i \
ORFchanneI“ﬂ" [——- - == \@ @/ Q -
Q R\ .
N1 h
. 7y e =/ 4
S & |
| r
| P—

ABTo RRM, 6anaHcupoBKa Harpysku, 6esonacHocTb, [eo-cepBuChI, KapTbl, NIAHUPOBLUMKN, aBTO KOHAOWT ...
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MHTeraLI,I/IFI C cucremMmamm no3NLMoHNpoOBaHMA, ornpeaeneHne rnoroxXeHns obbekTa Ha KapTte
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( [TpoTokon CAPWAP

lNMpotokon LWAPP, pa3paboTaH cneunanbHoO Ans paboTbl
TOYEK AOCTYyNna C KOHTPOSepom

LWAPP Tunnel (Ethertype OxBBBB, UDP 12222

1222W< }YHpaBneHme AES )E
.0‘

LWAPP MoXxeT ObITb L2 namn L3
B3anmHas ayteHTudukaumas —X.509

NMpotokon CAPWAP, pa3pabotaH ana pabotbl
To4yeKk aoctyna He Tonbko WiFi (RFC5415)

CAPWAP Tunnel (UDP 5246, 5247)

Ynpasnenue - DTLS )E
-“'“" ) b |

CAPWAP moxeT 6bITb TOAbKO L3
B3aumHasa ayteHTudoukauma —X.509

BO3MOXHGO NApOAbHASA AyTeHTUdOUKALLUSA ...SIAPP etc.
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[TpoTokon CAPWAP

AP Boots Up « Join request

— Includes type of controller and MAC address of controller
— Includes AP hardware and software version

— Includes the name of the AP issuing the join request

— Indicates the number and type of radios present in AP

Image Data — Includes a certificate payload for establishing a secure
connection

— Includes a session payload to setup the session value

— Includes a test payload to test the ability of the network to
support jumbo frames

« Join reply
— Includes aresult code
— Includes controller’s certificate payload response

— Includes a test payload to test the network’s ability to
support jumbo frames

Heobxooum IP agpec anga Touku gOoCTyrna v agpec KoHTporsepa
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[MlpoTtokon CAPWAP

[Ba pexunma pabotbl npotokona: Split-MAC vs Local MAC

Main Office

WLAN
Controller

Remote Office

Main
Switch

Centrally ‘\\
Switched ~(
Client Data Sl

Trunk or

Access Ports ~. Locally

*\ Switched
! Client Data
)




Universal Wireless
Controller

NHTerpauuns c NKC cetamu
-~

, Information

Northbound API

SDN Controller

Southbound API

v

[TpoTokon CAPWAP

WIiFi Controller to Access Points
Interconnections via CAPWAP
protocol

SDN Controller to
Network devices
Interconnections via
OpenFlow protocol
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[TpoTokon CAPWAP

lNMpenmyLiecTBa MHTErpPUPOBaHHLIX peleHnn capwap KoHTponnep + SDN ceTb:

-Seamless roaming
-No excess tunnels
-Optimal paths (no excess hops)

-Ability to implement convenient geoservices

WIFi controller informs about location of user and an application configures ALL network devices

for traffic of this user.
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[TpoTokon CAPWAP

Al

Seamless roaming — extra tunneling problem:

Eliminates the problem of excess tunneling Mobile IP, EthernetOverlP, etc.

The problem in traditional networks :
1 step

Anchor
Controller <&

Foreign
Controller

Packet from client A to

client C on subnetwork 4.4.4.0
before L3 roaming.

No problem, a path is optimal.
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[TpoTokon CAPWAP

Al

Seamless roaming — extra tunneling problem:

Eliminates the problem of excess tunneling Mobile IP, EthernetOverlP, etc.

c The problem in traditional networks :
J 2 step

“Foreign
Controller

Anchor SATT L L
Controller

Packet from client A to

client C on subnetwork 4.4.4.0
after L3 roaming.

NOT optimal path, additional
overhead (EolP,Mobile IP,etc)
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[MlpoTtokon CAPWAP

Seamless roaming — extra tunneling problem:

Eliminates the problem of excess tunneling Mobile 1P, EthernetOverlP, etc.

The advantage of the integration and SDN

@' WiFi controllers:

Foreign
Controller

Anchor

v -
Ral:
Controller <&

SDN Controller

Packet from client A to
client C on subnetwork 4.4.4.0
after L3 roaming & SDN controller.

Optimal path, no additional
overhead !



[1lpoTokon CAPWAP

NKC OF
WTP AC KoHTponnep Komm.
Mouck koHTponnepa
7 Capwap TynHens
- -
KOHMDUr ¥ KONTPONb  « > -
REST Ceccua Hacrpoika nopros

N uipo o WTP KOMMyTartopa

| Hoewit nonbaosarens

AoBass HOBY0O HAoBasb HoBYIO

cTasyvio Cranymio v
MNpoaxTueHbie
npasuna

Hosan .} - r
wrP MNepemewerne i CmeHna npo- u
Knuexra co crapo PeakTuaHbix
Knuenr WTP Ha Hosyo MNpasun Ha nopTtax

nepeknJvaeTca (M. cnucox
anpecos)



[TpoTokon CAPWAP

[lononHuTenbHbIE npenmywlecrtea UHTErpaunn .

Load balancing: If the user has both wired and wireless interfaces, it allows you to
balance traffic between them - SDN network will ready for it (802.11ac wave2 provide
6.9Gbl/s).

IDS and FW integrations: If the wifi controller detects the user's actions as
destructive, it will be possible to block user traffic and into wires .

When roaming happens, the client session’s context is passed to the application
«Firewall» with noticing about changing of ports from where traffic is occurs.

Geoservices: If oblige users corporate network ALWAYS keep the wifi interface, even
working through the wire, we will always know his location in the office (3-5m.) Thus
we will be able dynamically change the rules, based on the geographical location!
For example: financial documents will be accepted from the laptop only if it is in
accounting room.
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