JIABOPATOPHA POBOTA Ne 2

3arajibHi NPUHIIUITKA MOJEJIOBAHHA cucTeM 3B's3Ky B Simulink Ta ominkm ix
3aBaJ0CTIiHKOCTI
Mera poboTtm - 3HailomcTBO 13 cepenoBuimiem Simulink. I[ToOGynora

HANMOPOCTIIOT cCUCTeMH HU(POBOTO 3B'A3KY Ta OIIHKA i1 CTIMKOCTI O MEPEIIKO/I.
dopMmyBaHHS CIIEKTpa CUTHAJIy Ta MPUMOM CHUTHAJIB 3 JIHIKHOI MOIYJIAIIIEIO.
JlocnikeHHsT BIUIMBY MYJBTHIUTIKATUBHOTO CKPEMOJIFOBaHHS Ha WMOBIPHICTH
TTOMUJIKH.

Bxka3siBk# 10 BUKOHAHHSI p000TH
1. 3anmyck Simulink Ta cTBOpeHHS MOPOKHBOT MOJEII.

3amycTiTh nporpamy Simulink. KiamHiTe Ha nmaHesni iHCTpYMEHTIB Ha KHOIILI

Simulink Library (puc. 1).

._E_s “i—

Simulink | Layout

v

SIMUL STart Simulink L

Puc. 1 Simulink Ha manesni IHCTpyMEHTIB

A6o0 BBeaiTh y komaHaHomy psaaky MATLAB komanay "simulink" (puc. 2).

Command Window

fx >> simulink

Puc. 2- BBenenns koManau «simul inky y KOMaHIHOMY PSIKY

Binkpuerncs craptoBe BikHo Simulink (Simulink Start Page) (puc. 3).



.....

Puc. 3 Craprose BikHO Simulink

KnamuiTs y Bikai Simulink Start Page na ma6ioni Blank Model (mamonok 4).

i

V]
Blank Model

Puc. 4 —IIIa6non Blank Model

BimoOpa3uthcst IOPOKHE BIKHO HOBOI MoJieni (puc. 5).

Puc. 5 Ilopoxne BikHO HOBOi Mojeni Simulink



KnamuiTe y BikHI Mozeni 3a kHonkoro Library Browser (puc. 6).

L id
|5

Library
Browser

LIBRARY

Puc. 6 Knomka Library Browser

Bimo6pasuthcs BikHO 6ibmioreku OsokiB Simulink (puc. 7).

] @ Simulink Library Browser
m-pam 8 A4~ Ry v =« (3
Simulink

[ Simune T R

Commonly Used Blocks T Iﬁ
Continuous
Opsiitioged Addit | Math C I Conti
5 313 itional Ma! ommonly ontinuous
Dfscontmumes & Discrete Used Blocks
Discrete
Logic and Bit Operations B
Lookup Tables %T r\-
Math Operations L0
Messages & Events Dashboard Discontinuities  Discrete
Model Verification
Model-Wide Utilities 8 = + -
Ports & Subsystems na y-to) <+
Signal Attributes
Signal Routing Logic and Bit Lookup Math
Sinks Operations Tables Operations
Sources —
String 8 Misc ®
User-Defined Functions 9
Adfimonal Math & Discrete Messages Model-Wide Model
Quick Insert &Events Utilities Verification
Aerospace Blockset
Audio Toolbox n s 2
Automated Driving Toolbox Q —

AUTOSAR Blockset

Puc. 7 Bikuo 0i6moreku 010kiB Simulink

2. IToOyxoBa Moe i HAUNPOCTILIOI CHCTEMH 3B'AA3KY.

bynp-sika cucrema 3B'A3Ky TOYMHAETHCA 13 JpKepena iHdopMarii, a
3aKIHYyeTbcd il oaepxyBaueMm. Sk JpKeperno 3pydyHO BUKOPUCTOBYBATH
IICEBAOBHITAKOBUI HEKOpeabOoBaHMi OiToBuii moTik (6mox Communications
Toolbox = Comm Sources = Random Data Sources = Bernoulli Binary

Generator) (puc. 8).



Simulink Library Browser

L= a BrE-ar = (H
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Baniondli Binary Poiasss Inleger Randam ineger
Gipnerato Crenaraler Germrator

3B'I3Ky HaW4acTiIe

€ OIlHKa

1

3aBaJIOCTIMKOCTI, TOOTO. BHMIp WMOBIPHOCTI TIOMUJIKH. Y 3B'A3Ky 3 IIUM

onepxyBaueM Oyne OIOK,

HpH3HaquHﬁ L TAaKOI'O

BUMIPIOBaHHS,

Communications Toolbox = Comm Sinks = Error Rate Calculation (puc. 9).

Simulink Library Browser

@ B vy or - @

Communications Toolbox/Comm Sinks

Model Verification
Modei-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources
String
Usar-Defined Functions
Additional Math & Discrete
Quick Insert
Aerospace Blockset
Audio Toolbox
Automated Driving Toalbox
AUTOSAR Blockset
Communications Toolbox
Channels
Comm Filters
Comm Sinks
Comm Sources
Random Data Sourcen
Sequence Generators
Equalizers
Error Detection and Correction
Interleaving
MIMO
Modulation
RF Impairments and Components
RF Impairments Correction
Sequence Operations
Source Coding
Synchronization
Utility Blocks

15|

Baseband File Writer Constellation Diagram

™ trror Rate
5 CAlcutation

Error Rate
Caiculation

==

Eye Diagram

Puc. 9 Error Rate Calculation y 6i6mioTerti 6;10kiB Simulink



Po3MicTiTh 3a3HaueH1 OJI0KM y CKJIaJI1l MOJIE1, IEPETATYIOYH iX 3 JIOMIOMOI'OK MHIII
(puc. 10)
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Puc. 10 Cxnax moneni 13 Oyiokamu 3 010moTrexku Simulink

Jlng Bi3yanbHOI JEMOHCTpaIlli pe3yibTaTiB BHMIpY WMOBIPHOCTI OiTOBOI
nomwiku (BER) neoOximHo 3poOuTH Tak, 100 BOHU BUBOAWIMCA y BHIJISIL
BUXiHOTO curHainy Onoky Error Rate Calculation. [Ins mporo HeoOximHO

HaamTyBatu napamerpu 0s0ky (Block Parameters) (puc. 11).

8 Block Parameters: Error Rate Calculation

Error Rate Calculation (mask) (Nnk)

Compute the ecror rate of the received data by comparing it to a delayed version of the
transmitted data. The block output is a three-element vector consisting of the error rate,
followed by the number of errors detectad and the total number of symbols compared. This
vector can be sent to either the workspace of an output port

The delays are specified in number of samples, regardiess of whether the input is a scalar or a
vector, The inputs 1o the “Tx' and 'Rx’ ports must be scalars of column vectors.

The Stop simudation” option stops the simulation upon detecting a targe! number of arrors or
a maximum number of symbols, whichever comes first

Paramaters
Reoceive delay

0

Computation delay.

0
Computation mode Entire frame e
Output data:  Workspace o

Variable name

ErrorVec

Reset port

Stop mmulation

9 G - v ey

Puc. 11 Bikno HanamtyBaHHs 610Ky Simulink



Bigkpuiite BIKHO mapameTpiB, KJIAI[HYBIIW JBi4l Ha HEOOXIMHWH OJIOK, Ta

BHOEpITh U1 mapamerpa Output Data Bapiant Port (puc. 12).

@ Block Parameters: Error Rate Calculation
Error Rate Calculation (mask) (link)

Compute the error rate of the received data by comparing it to a delayed version of the
transmitted data. The block output is a thr vector isting of the error rate,
followed by the number of errors detected and the total number of symbols compared. This
vector can be sent to either the workspace or an output port,

The delays are specified in number of samples, regardiess of whether the input is a scalar or a
vector. The inputs to the 'Tx' and 'Rx' ports must be scalars or column vectors.

The 'Stop simulation' option stops the simulation upon detecting a target number of errors or
a i number of symbols, whichever comes first

Parameters
Receive delay:

0

Computation delay:

0

Computation mode:  Entire frame a

Output data: | Port &
Reset port

Stop simulation

Puc. 12 Bikno nanamryBanHs 650Ky Error Rate Calculation

[Ticnss 3akpuTTa BiKHA MapaMeTpiB OJOKY 3'SBUTHCA BUXIJHUN CHUTHAI.
[MomicTiTh y Mozaens Osiok yuciaoBoro aucmies (Simulink = Sinks = Display)

(puc. 13) Ta migkmogiTh foro 1o Buxoay 6soky Error Rate Calculation (puc. 14).

Simulink/Sinks
Simulink
comnoyvatocs T ] [T mew
| Continuous Display Floating Out Bus Element
Dashboard Scope

Discontinuities

Discrete XD @ @
Logic and Bit Operations

Lookup Tables Out Scope Stop Simulation

Math Operations 3
Messages & Events
Model Verification Terminator Ta File To Workspace
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources
String
User-Defined Functions
Additional Math & Discrete
Quick Insert
Aerospace Blockset
Audio Toolbox
Automated Driving Toolbox
AUTOSAR Blockset
Communications Toolbox
Communications Toolbox HDL Suppo
Computer Vision Toolbox
Control System Toolbox
Deep Learning Toolbox
DSP System Toolbox
DSP System Toolbox HOL Support
Embedded Coder

XY Graph

Puc. 13 Display y 616mioremni 6mokiB Simulink



3B'A3KM MDK OJIOKAMHU MPOCTATAIOTHCS MUIIEI0; KPIM TOTO, SIKIIO MOTPIOHO
MIIKITIOYNTA €WHUA BUX1T OJHOTO OJOKY 10 €IWHOTO BXOJIYy IHIIOTO, MOXKHA
BUJIITUTH OJIOK-IDKEPENIO 1 TOTIM HATUCHYTH Ha OJOK-TIpUiiMad, yTPUMYIOUYH

kiaimry Ctrl (Command - mist MacOS).

& “auntitied -

Modei Browser

(C}

1osadsy) Auedold

Y
-

C |

Puc. Mogens 13 6iokom Display

[Tpu poGoTi Moneni 610k Display Oyne BUBOIUTH CTOBIECID 13 TPHOX YHCET,
TOMY 3a3JaJ1€eri/ib 30UTbIITE HOro BEPTUKAIBHUI pO3MIp 3a IONOMOTO0 MU (puC.

15).

& [%juntitied

Model Browser
«
10330d8) A3edolg

Puc. 15 Mogens 31 301nb11eHuM 6510k0M Display

Jlnst mepemadi muQpoBOrO CHTHAIY MO KaHaly 3B'SI3KYy HOro HE0OX1THO

NEPETBOPUTH HA AaHAJOTOBUM CUTHAN, TOOTO. BUKOHATH oOlepamio nudpoBoi



MOIyJALil. Y miii poOOTI pO3TIIAIA€ThCS HAUMPOCTIIINNA CIIOCIO HU3BKOYACTOTHOT
nBiiiKoBoi mepemadi, ko 0 1 1 mepemaroTbesi y BTN IMITYJIBCIB OJHAKOBOI
dbopMu, 10 BIAPI3HAIOTHCA JIMIIE MOJSIPHICTIO. [[1s1 popMyBaHHS IMIyINBCIB, 11O
3a7al0Th MOJIAPHICTh, 01TOB1 3HaYeHHs 0/1 HEOOXiTHO MEPETBOPUTH Ha OIMOJSPHI
3HaueHHsa +1/-1 (o womy Oyje BiAMOBIIATH, HE Ma€ 3HaUCHHS). PeanizyiiTe Take
NIePETBOPEHHS 32 IonoMororo 0okiB 6ibmiorek Simulink = Math Operations =
Sum, Simulink = Sources = Constant i Simulink = Math Operations = Gain.

Ha puc. 16-18 300pakeHi HamamTyBaHHsS TMepepaxOBaHUX BHILE OJIOKIB IS

IICPCTBOPCHHA B 6iHOHHpH€ 3HAa4YCHHA.

D Block Parameters: Gain

Gain

Element-wise gain (y = K."u) or matrix gain (y = K*u or y = u*K)

Signal Attributes Parameter Attributes
Gain:

2

Multiplication: Element-wise(K.*u) e

Puc. 16 HanamryBanus 01oky Gain

® Block Parameters: Sum

sum

Add or subtract inputs. Specify one of the following:

a) character vector containing + or - for each input port, | for spacer between ports (2., ++|-|
+)

b) scalar, >= 1, specifies the number of input ports to be summed.

When there is anly one input port, add or subtract elements over all dimensions or one
specified dimension

Signal Attributes
lcon shape: ~ round ©

List of signs:

[+

Puc. 17 HanamryBanus 610Ky Sum



@ Block Parameters: Constant

Constant

Output the constant specified by the 'Constant value' parameter. If ‘Constant value' is a
vector and ‘'Interpret vector parameters as 1-D' is on, treat the constant value as a 1-D array.
Otherwise, output @ matrix with the same dimensions as the constant value.

Signal Attributes
Constant value:

1

Interpret vector parameters as 1-D

Sample time

inf

Puc. 18 HanamryBanus 6moxy Constant

[Ipu npuiiomMi TAKOTO CUTHATY PIlIEHHS TPUHAMAETHCS 32 3HAKOM OTPUMAHOTO
3HaueHHA. MOXHa peayli3yBaTH yXBAJCHHSA PIIIEHHS, MOPIBHIOOYHM HPUUHITHIA
CHTHAJI i3 HYyJHOBHM TOporoM 3a gomomororo 6moky Simulink = Logic and Bit
Operations = Compare To Zero. Tum nopiBasHHS y Oytorii Compare To Zero
HEO0OX1THO BUOpATH BUXOASYHM 13 33JIaHO1 paHillle BIAMOBIAHOCTI Mixk OiTamu 0/1 Ta
piBHsiMU curHaiy +1/-1.

BuxingHuid curHan mporo OJOKYy Ma€ JIOTIYHUWA THUN, SKUH JIOBEIEThCA
NIEPETBOPUTH JI0 YMCIIOBOTO 3a Aonomororo osoky Simulink = Signal Attributes

— Data Type Conversion. Ha puc. 19-20 300paxeHo0 HajamTyBaHHs OJOKIB.

D Block Parameters: Data Type Conversion
Data Type Conversion
Convert the input to the data type and scaling of the output.
The conversion has two possible goals. One goal is to have the Real World Values of the input

and the output be equal. The other goal is to have the Stored Integer Values of the input and
the output be equal. Overflows and quantization errors can prevent the goal from being fully

achieved
Parameters
Output minimum: Output maximum:
] i
Output data type: Inherit: Inherit via back propagation ° >>

Lock output data type setting against changes by the fixed-point tools

Input and output to have equal:  Real World Value (RWV)

Integer rounding mode:  Floor 9

Saturate on integer overflow

Puc. 19 Hanamrysauus 0moky Data Type Conversion



@ Block Parameters: Compare To Zero
Compare To Zero (mask) (link)

Determine how a signal compares to zero.

Parameters

Operator: | > e

Qutput data type: boolean 8

Enable zero-crossing detection

Puc. 20 HanamryBanus 6moxy Compare To Zero

HacraB wac Bmepiie 3'eqHaTH BCe B €IMHE IJie: OITOBHH TEeHEpaTop —
IICPETBOPIOBAY y JBOMOJSPHUN CUTHAI — IOPIBHAHHA 3 moporoM. bimok Error
Rate Calculation mae nBa Bxomu: TX (mepenaBau) Ta RX (mpuiimau). Ha mepiuit
nOTPiOHO MoJaTH BXiAHY 1H(GOpMAIIiO (3 BUXOly TeHepaTopa OITOBOTO MOTOKY), Ha

IOpyruit — npuiHATI qaHi (puc. 21).

& & untitled Y

Model Browser

g s

]

E

Puc. 21 Cnonydena Mozienb 3 10AaHUMU OJIOKaMH

Tenep mMoHa 3ayCTUTH MOJEJb, KJIAIIHYBLIN B ii MaHesl 1HCTPYMEHTIB IO

kot Run (puc. 22).



d @ [P

Step Run Step
Back = v Forward
SIMULATE

Puc. 22 Knomnka Run Ha nmaHesni iIHCTpyMEHTIB

Jlucruiet MOBMHEH IMOKa3aTH HYJBOBI 3HAYCHHS y JBOX TMEPIINX PSIKax
(IMOBIpHICTh MOMMJIKM Ta KUJIBKICTh MOMUJIOK) Ta 11 y TpeTboMy psaKy (4ucCIo

00pobiteHux 0it) (puc. 23).

Model Browser

Puc. 23- Pe3ynpTaT BUKOHaHHS poOOTH MOEITI

CucteMa, 1110 pO3TIIAIa€ThCS, HE MICTUTh AaHAJIOTOBUX OJIOKIB, TOMY JIOILJIEHO
BUKOPUCTOBYBAaTH PEXKUM MOJICIIIOBAaHHS 3 JUCKPETHHMM YacoM. KpiMm ToOrO,
noTpiOHO, 1MIOOM MOJEeNb MpaioBaia 0e3 3ynuHkd. J[Jisi BUKOHAHHS 3a3HAYEHUX
HaJalllTyBaHb BIJKPUHTE BIKHO MapaMeTpiB MOJEIIOBAaHHS KOMAaHJIOI0 MEHIO
Simulation = Model Configuration Parameters a6o xnaBimmamu Ctrl+E
(Command+E — mias MacOS) i 3amaiite aus napamerpa Stop time 3navenns inf, a
s mapametpiB Type i Solver y posnini Solver options BuGepits Fixed-step i

discrete (no continuous) BiamoBiaHO (puc. 24).



o Configuration Parameters: untitied/Configuration (Active)

Puc. 24 - HanamryBaHHS 17151 MOJICTTIOBAHHS

3akpuiiTe BIKHO TapaMeTpiB MOJEIIOBAHHS Ta 3HOBY 3aIlyCTiTh MOJiejb. BoHa
IpaloBaTUMe, HE 3YNUHSIOYUCH, JEMOHCTPYIOUH HYJIbOBY KUIBKICTh IOMUJIOK.

3yNUHITH pOOOTY MOJIEN1 HATUCKAHHSAM KHOTIKU Stop.

3. lonaBanHs (popMyH040ro Ta NPpUUMAJIBHOIO (ijabTpIB.

3apa3 y Mojielli BUKOPUCTOBYETHCS OJIMH BIJJIIK CUTHATY Ha KOXKEH OiT, 110
nepenaerbes. sl BUKOpPUCTAaHHS MpU nepenayl iHdopmalli IMIyJbCiB 3aJaHoi
dbopMH HEOOXITHO COYATKy 30UIBIIUTHA YaCTOTY AMCKPETHU3allli CUTHAIY, a MOTIM
MPOIYCTUTH IMIYJbCU SIKI «PIAKO» HAAXOAATH uepe3 (PuibTp, mo dopmye, i3
3aJ]aHOI0 IMITYJIBCHOIO XapakTepucTukoro (1X).

[ligBumuT YacTOTy OHUCKpeTH3allii MOXKHa 3a jgornomoroiro Osioky DSP
System Toolbox = Signal Operations = Upsample. ITomictiTh 11e# 070K y
MOJIEIb Ticisi (popMyBada JBOIMOJSPHOTO CUTHATY, 3aJlaiiTe MMiJBUICHHS YaCTOTH
aUcKpeTH3arliii 'y BiciM pasziB (mapamerp Upsample factor, L) i mo3Bonbte
OararomBuaKiCHY 00poOKy (BapianT Allow multirate processing mist mapamerpa
Rate options) (puc. 25).



& Block Parameters: Upsample
Upsample (mask) (link)

Upsample by inserting L-1 zeros between input samples.
Parameters

Upsample factor, L:

8

Sample offset (0 to L-1):

0

®

Input processing: Columns as channels (frame based)

Rate options:  Allow multirate processing

Initial conditions:

0

Puc. 25 HanamryBannas 6moky Upsample

JluckpeTHui (QiTBTp MOXHa peaiidyBaTH 3a Aormomoror Omoky Simulink
= Discrete = Discrete Filter. ITomicTiTh 1e# 00K y Mojeab Micas OJIOKY
Upsample i peanizyiiTe MaH4YecTepcbke KOAyBaHHsS, 3amaBimmm [X  Bumy
{1,1,1,1,-1,-1,-1,-1}. Ilei ¢ineTp gam Ha3uBaTUMETHCS (DOPMYIOUUM (PLILTPOM.
s peanizaiiii MaHYECTEPCHKOTO KOJTyBaHHSI HEOOX1THO HAJIAIITYBAaTU OJIOK TaKUM
qrHOM (pHc. 26):

» [Tapamerp Numerator O6moky ¢inpTpa 3amae KoedIliEHTH TOJIHOMA
yucenbHUKa QyHKIIT nepegadi. L1 koedimieHTn MaoTh OyTH 3a7aHi K BEKTOp Y
dopmari MATLAB, T06TO0. mepepaxoBani y KBaJpaTHUX AYyXKKax udepe3 MmpoOiu
abo komm: [1111-1-1-1-1].

 [Tapamerp Denominator Bu3Hauae KOe]IIiEHTH IMOJiHOMAa 3HAMECHHHKA
dbynkuii nepenayi. BegiTe TyT uncio 1, ToMy 110 B TaHOMY BUITaJIKy HEOOX1THHIMA
HEPEKYpCUBHUHN (LIBTP.

* [Tapametp Sample time BusHauae mepion auckperusaiiii curHamy. 1100
BUKOPHUCTATH TOM TEPIOJ, 3 SIKUM YK€ JUCKPETU30BAHO BXITHUN CHUTHAN, BBEIITh

TYT 3Ha4YeHHS -1.



® Block Parameters: Discrete Filter
Discrete Filter
Independently filter each channel of the input over time using a discrete IR filter. Specify the numerator and denominator coetfficients in ascending order of powers of 1/

A DSP System Toolbox license is required to use a filter structure other than Direct form I,

Data Types State Attributes
Filter structure:  Direct form /I o
Data
Source Value
Numerator Dialog 9 1111-11-1-1)
Denominator Dalog Q 1
Initial states Dialog 8 o
External reset None e
Input processing Elements as channels (sample based) 8
Optimize by skipping divide by leading denominator coefficient (a0)
Sample time (-1 for inherited)
1
J [ S ' ;

Puc. 26 HanamryBanns 0noky Discrete Filter

IIpu mpuiiomi curHany HeEOOXiJHA y3rojukeHa (UIbTpauis 3 MOHUKEHHSIM
4acTOTH AuckpeTu3arii. [IoMiCTITh Y MOCIB 1€ OJMH AUCKPETHUH (QIIBTD (Biapasy
nicast ¢popmyrouoro (GuIbTpa) 1 3aAaiTe Il HOTO J3epKaibHO-TIepeBepHyTY [X
suny {-1, -1, -1, -1, 1,1,1,1}. Le#t piapTp Hamas HaA3UBATUMETHCS MPUINMATbHUM
b1IBTpOM.

JI71s1 3HMDKEHHST YaCTOTH AUCKPETU3AaIlli 13 BUX1THOTO CUTHAITY MPUIUMaTIBLHOTO
¢binpTpa HEOOX1THO BUOpaTH OKpeMi BIJIIKM 3a JomoMorow Omoky DSP System
Toolbox = Signal Operations = Downsample. Tak camo, sk i s OJOKY
Upsample, 3angaiite 3HMmKkeHHS 4acTOoTH y BiciM pasiB (mapamerp Downsample
factor, L) i mo3BoabTe OaraTomBuakicHy o0poOky (Bapiant Allow multirate

processing st mapametpa Rate options) (puc. 27).



o) Block Parameters: Downsample
DownSample

Downsample by an integer factor.
Parameters

Downsample factor, K:

8

Sample offset (0 to K-1):

0
Input processing: Columns as channels (frame based) e
Rate options: Allow multirate processing e

Initial conditions:

0

Puc. 27 HanamryBanns 610oky Downsample

B pe3ynbraTi 0J1epKyeEMO HACTYIIHY MOJIeNb, 300pakeHy Ha puc. 28.
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Puc. 28 Mopuens 3 GinbTpaMu, MABUIIEHHSM Ta MOHM)XEHHSM YaCTOTH

JUCKPETU3aIlii

3anycTiTh MOJENIb 1 MNEePEeKOHaWTecs, 1[0 BOHA MPALIOE HENPaBUIBHO

(MMOBIpHICTh TIOMWJIKM CTaHOBUTH Onu3bko 50%). CnpaBa B TOMy, IO MICHA



BBEJICHHS, IO Tepeaardoro 1 popMmyrodoro GpiabTpiB HEOOX1THO BpaxyBaTH JBa
MOMEHTH:

* BIJUTIKH MICIS y3rOPKEHOTO (PiIbTpa MOBUHHI OpaTUCS B IEBHI MOMEHTH Yacy
(HeoOxiIHa YacoBa CHHXPOHI3aIlis);

* mporeaypu GiIbTpallii BHOCATh 3aTPUMKY, SIKY HEOOXIAHO BpaxyBaTu MPHU
MOPIBHSIHHI TIEPEIaHOTO Ta MPUUHITOTO CUTHAIB.

Jlns koHTpoJIt0 (OopMHM CHUTHAJIIB Ta MIA00PY MOMEHTIB B3STTS BIJJIIKIB

miAKII0viTh aBa ociutorpadu (0aoku Simulink = Sinks = Scope) no Buxozis

npuiiMabHOTO (DiTbTpa Ta OJIOKY 3HMIKEHHS 4aCTOTH TUCKpeTn3aiii (puc. 29).
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Puc. 29 Mogaensb 13 mAKIFOYeHUME ociiiorpadamu

Jlns BiIKpUTTS BikHA ocuuiorpada 3po0iTh mojBiliHE KialaHHsS Ha OJI01I1
Scope. Jlnst aBTOMaTU4HOTO TigOOpy MacmrTaby 300pakeHHS B MEHIO BIKHA
ociuiiorpada BudepiTh komanay T100ls = Axis Scaling = Automatically Scale
Axes Limits. [y anamizy ocuusiorpama MpHU3YIHHITE POOOTY MOEI KHOIKOIO
Pause.

3anycTiTh MOJIEh. By mobaunTe, Mo MakCUMaIbHUN pO3MaxX CUTHAIIB JI0 Ta

ITiCJIsI 3HMDKEHHS 9YacTOTH TMCKpeTH3allii He 30iraetnscs (puc. 30-31).



File Tools View Simulation Help ¥
Q- 0P ® - A-[J]- FJ-

L’su&ud Sample based Offset=102240 T=102249.875 2

Puc. 30 BikHo ocuunorpada niciast npuiioMHOTo (pisibTpa

& ® Scope1
File Tools View Simulation Help >

—

- BOP® HF- A-[C- FIH-

Paused Sample based Offoet=156480 T=156488.000

Puc. 31 Bikno ocumsorpada micinst 6JI0Ky 3HH>KEHHS YaCTOTH TUCKpeTH3alli

Ile o3nauae, 110 BiAJIIKU OEPYTHCS HE B T1 MOMEHTH, KOJIM CUTHAJI HA BUXO/1
y3rO/KEHOro GuIbTpa gocsirae Makcumymy. CKOpUTyiTe MOMEHTH B3SITTS BIJUTIKIB,
peryitoroun napamerp Sample offset 6;moky Downsample.

IIpu migbopi MOMEHTIB B3ATTS BIIJIIKIB HEOOXITHO 3BEPHYTH YBary, IO
CUTHAJI TICJIsI 3HMKCHHS YaCTOTH JUCKPETU3allii MOBUHEH MPUIMATH JIUIIE BETHUK]
3a mMoxayJjieM 3HaueHHs. CripaBa B TOMY, IIIO MPH BUKOPUCTAHHI MaHYECTEPCHKOTO
KOJlyBaHHS MOJKJIMBA TOMHJIKOBa (31 3CyBOM Ha TIOJIOBUHY CHMBOJY)

CHUHXPOHI3aIlisl, po3Max CHUTHAJIY MpU LOMY TaKUWl *Ke, SIK MpHU MPaBUIbHIH



CUHXpOHI3allii, ajie, KpiM BEJTUKHUX 32 MOJYJIEM, CUTHAII IPUIMA€e TaKOXK 3HAYEHHS,

Onu3bKi 10 HyJs. B pe3ynbraTi mOBUHEH BUNTH TaKHil po3Max CUTHATIB SIK Ha pUC.

32-33.
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Puc. 32 - Bikno ocuusorpada micias npuifoMHOro (GuibTpa

@ 5] Scopel
File Tools View Simulation Help 3
@- 0P E® - Q- FA-

Paused Sample based Offset=67420 T=67427.000

Puc. 33 Bikno ocuunorpada micist 6JIOKYy 3HIKEHHS YaCTOTH TUCKpETH3aIlii

Komnencariisi 3aTpuMKH, 110 BHOCHUTHCS B CHUTHAJ MiJ 4ac HOro oOpoOkKwu,

3IiCHIOETRCS Oe3mocepenano B Osomi Error Rate Calculation (mapamerp Receive



delay). Ilpoanami3yliTe 3aTpUMKH, IO 3'IBIAIOTHCS B MOJENI, 1 Mig0EpITh Take
3HAYEHHS I[LOTO MapaMeTpa, mobd Moaelb mpairoBaia 0e3 moMWIoK. B pesynbTaTi

JUCIIJICH TIOBUHEH IMOKAa3yBaTH TaKi pe3ynbTaTh (puc. 34).
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Puc. 34 Mopaenb 13 migiOpaHuM 3HAUYECHHAM 3aTPUMKHU

4. JlonaBaHHS IyMY Ta NMeperJisi CleKTpa CUrHAJY.
Jlist mepersiiay CHekTpa CHUTHaimy, Mo (OPMYEThCS, MIAKIIOYITE TTICI
dopmyrouoro ¢ineTpy 050k DSP System Toolbox = Sinks = Spectrum

Analyzer (puc. 35).
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Puc. 35 Mopaensb 13 6J10KOM CIIEKTPAILHOTO aHaJI3y



3anycTiTh MOJIEIIb Ta CIIOCTEPIraiiTe CrieKTp curHany (puc. 36). Bikno rpadika
Spectrum Analyzer BigKpuBa€eTbcsi aBTOMATHYHO IIiJf 4Yac 3aIyCKy MOJIEII.
ABTOoMaTtnuHe MacmTabyBaHHs rpadika BHKOHYETHCS TEX AaBTOMATHYHO, 3a
OakaHHSM 3MIHUTH MEX1 BEPTHKaJbHOI OCl CKOpHCTaiWTecs KHomkow Zoom Y

naHeli IHCTPYMEHTIB BIKHA aHaji3aTopa.

00 Spectrum Analyzer
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Pausad RBW=7.812 mHz | Sample rmte=8 Hz T=62146.125

Puc. 36 Bikno rpadika 61oky Spectrum Analyzer

[Ilo6 3MeHmUTH aucnepcito (PO3KWJ) CHEKTPATbHOI OIIHKH, BiIKPUHTE
naHelb nmapameTpiB (kHomka Spectrum Settings, cama JjiBa B aHesi IHCTPYMEHTIB
BIKHA aHaJli3aTopa crekTpa). Y LIl maHedl HeoOXiTHO PO3TOPHYTH HUKHINA pO3JILIT
(Trace options), momiastu Averaging Methods na metox Running i 36inbImTi
3HaueHHa Averages, Hampukian, a0 10 (puc. 37). Iliciga 1poro mnaHemnb

HaJIalITYBAHb MOKHA 3HOBY IIPUXOBATH.
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Puc. 37 - Bikno rpadika 610Ky Spectrum Analyzer 3 HanamTyBaHHIMH

JlonaBaHHs aJAMTHBHOrO OUIOr0 TaycCOBOrO IIyMYy 3JIMCHIOEThCS 3a
noromororo 6;1oky Communications Toolbox = Channels = AWGN Channel.
[TomicTiTh 11e#t 00K y MOJEIb MK (DOPMYIOUHMM Ta NpUUMaIbHUM (piIIbTpamMu (puc.
38). [lns mapametpa Initial seed (moyarkoBuii cTaH reHepaTopa BUMAAKOBHUX YHCEIN)
BKaXIiTh 3HaueHHs randseed (BUmagkoBHi MOYATKOBWE cTaH). [HIN mapameTpu
omoky AWGN Channel marots Takwmii 3mict (puc. 39):

 Input signal power — motyxHIicTh (TOOTO cepefHii KBaapaT MOJYJIA)
BX1JTHOTO CUTHAIy;

» Symbol period — tpuBaicTh nmepenadi 0HOTO CUMBOITY.

B nanomy Bumnanky Bun dopmyrodoro ¢iabTpa 3aJaHUi Tak, M0 CepeaHin
KBaJIpaT CUTHATY JOpiBHIOE 1, a TPUBAJICTh Mepeaadi CHMBOJY BH3HAYAETHCS
NepioIoM TUCKpeTH3allii, 3aqanuM y jokepen nanux Bernoulli Binary Generator
(3a yMoBUaHHSAM BiH JopiBHIOE 1). Takum unHOM, HEOOXI/IHI 3HAYCHHS IIUX JBOX
napaMeTpiB y JaHOMY BHIAJKy 30IratOThCS 31 3HAUEHHAMH, NPUMHATUMU 3a

YMOBYAaHHIM.



Model Browner

Puc. 38 Mogens 13 0mokom AWGN Channel

& Block Parameters: AWGN Channel

AWGN Channel (mask) (link)

Add white Gaussian noise to the Input signal. The input signal can be real or
complex. This block supports multichannel processing.

when using elther of the varlance modes with complex inputs, the varlance
values are equally divided among the real and imaginary components of the
Input signal.

Parameters

Initial seed: randseed
Mode:  Signal to noise ratio (ES/No)

Es/No (dB):

10
Input signal power, referenced to 1 ohm (watts): 1

Symbol period (s): 1

G o e

Pucynok 39 - Hanamrrysanns mist 6;10ky AWGN Channel

3HIMITh 3aJIEKHICTh WMOBIPHOCTI TMOMUJIKUA BiJl BIJTHOIICHHS CHUTHAJ/IITYyM

(C/11I) na cumBoin ( E¢ / Ny ), 3mintoroun BimHomenns: E,/ N, B niamasoHi Big -3 110

+7 nb 3 kpoxkom 1 ab. [Ins KOXXKHOro BHMMAAKy HEOOXITHO TOYEKATHUCS MOSIBU
mjonaiimenie 100 nomuiok. [lani 3anucyrotees B Tabnuio 1 y Takomy BUATIIsiALL (

P, — OmiHKa HMoBipHOCTI momuiku; N, — uucio nmomuiok; N, — 4ucio

O0pOOJIEHUX ~ CHMBOJIIB; OCTAaHHIA CTOBHELb O, — CEPEAHBOKBAIPATHIHE

BiaxuiieHHs (CKB) oiHku HMOBIPHOCTI IOMMJIKH - 3alIOBHIOETHCS MPHU MIATOTOBIII



3BITY).

Tabmuns 1 — /lani BukoHaHHS MoJeni 3anexxHo Big E /N

E./N,, 1B P N N

nom nom

6im p

MokHa BBIMKHYTHM aBTOMAaTHYHE 3aBEpIIEHHS MOJICIIOBAHHS  MIPH
JNIOCSTHEHHI 3aJaHOro 4Yucjia IIOMIJIOK, BCTaHOBHUBIIM B Ojomi Error Rate
Calculation npamoperrs Stop simulation i 3agaBmm ans mapamerpa Target
number of errors smadenns 100. Ilpu 1bOMy MOXKHAa OOMEKHUTH 3arajibHy
KUJIBKICTh OOpOOJTIOBAaHMX CHUMBOJIB, BBIBM B moje Maximum number of

symbols suauenns 1e6 (10°) (puc. 40)..

(5] Block Parameters: Error Rate Calculation

Error Rate Calculation (mask) (link)

Compute the error rate of the recelved data by comparing it to a delayed version of the
transmitted data. The block output Is a three-element vector consisting of the error rate,
followed by the number of errors detected and the total number of symbols compared. This
vector can be sent to elther the workspace or an output port,

The delays are specified In number of samples, regardiess of whether the Input Is a scalar or a
vector. The Inputs to the ‘Tx' and ‘Rx’ ports must be scalars or column vectors.

The 'Stop simulation’ option stops the simulation upon detecting a target number of errors or
a maximum number of symbols, whichever comes first,

Parameters
Recelve delay:

1

Computation delay:

0
Computation mode:  Entire frame 8
Output data:  Port e
Reset port

Stop simulation
Target number of errors:

100

Maximum number of symbals:

1e6

‘) - Cancel Help Apply

L

Puc. 40 HanamryBanus ans 6;moky Error Rate Calculation



3micT 3BITY

1. Cxema cTBOpeHOI MOJENI 3 KOPOTKMMH KOMEHTapsAMU MpU3HAYEHHS il
OJIOKIB.

2. I'padik Bukopucranoi ¢opmMu MOCUIIKH Ta 1i KOpEJAIiHHOI GyHKIIT (Tpadik
MOBUHEH OyTH OTPUMaHUN PO3PaXyHKOBUM IUIAXOM); MPUKJIAAU rpadikiB CUTHAITY
MOJIEI1 JI0 1 MiCJISl NPUMMaIBHOTO Y3roXKEHOTo (QUIbTpa.

3. Orpumani Buxonsuu 3 ¢opmu KD dopmyna 1 rpadik eHepreTuuHOTO
CIEKTpa CHUTHANBHOI TMOCHJIKH, 10 BHUKOPHCTOBYETbCS (IO  BEpTHKaM
BUKOPUCTOBYBATH JOrapupMiyHUN MacmrTad — B Jerubenax MO0 JAESIKOTO
JOBUIBHO OOpaHOro 3Ha4yeHHs) 1 OTpHUMaHWil ekcrnepuMeHTanbHO Tpadixk CIIM
CUTHAIY.

4. Tabnuill Mepenkog0CTIMKOCTI, OTpUMaHi 3a BIJICYTHOCTI Ta 33 HAsSBHOCTI
CKpeMOJIIOBaHHS CUTHAITY. Y TaONUISIX Ma€e OyTH 3allOBHEHUN OCTaHHIA CTOBICIH

(CKO ouinku 6iToBoi momuiku). CKO po3paxoByeThes 3a Takoro GOpMyIIoL:

o, =P(L-P)/N

oim

ne N KUTBKICT 00poOJsieHnx OiT; P — WMOBIpHICTH MOMMJIKH (3aMICTh

oim
ICTHHHOTO 3HAYCHHS BHKOPHUCTOBYBAaTH OTPUMaHy BHACTITOK MOJCITIOBAHHS
OIIIHKY).

5. BUCHOBKH 110 J1ab0OpaTopHiil poOoTI.



