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Introductions

Communication Blockset

B Type “commlib” in the MATLAB workspace
Online interactive example

® Type “commgui”

To view all MATLAB functions in the toolbox
® Type “help comm”

Communication Toolbox is divided into

® comm : MATLAB functions

B commsim : Simulink block library

® commsfun sublibrary : S—function files

2019-10-27 %MCN I— :

LWATLABEﬁnuHaHonVS.SHnank(1)

MATLAB Simulation
= MATLAB Function2 Al=25ld 28 2E

B Editor - D:WE R SA TSI 20| 2w A2 SHWMATLAB &

Eile Edit Text Cell Taols Debug Deskiop Window Help

el t2Boc | S df 8 BRE DA
1

2- G111 o011 10151011, eve(d]:

3-  [K Nl = size(B):

4 - msg = randint (K200, 1, 2);

5 - code = encode(msg, N, K. 'linear’, G);

B - code_noise=rem{code+rand(N+200, 1)>.95, 2);

7 - rcv = decode(code_noise, N, K, 'lipear’, GJ;

8- disp(['Error rate in the received code: ', ...

q num2str(svnerr{code, code_noise}/lenathicode)])
— 10 - disp{['Error rate after after decode : ', ...

11 num2strisymerrimsa, rcvl/lengthingg))])

2019-10-27 %MCNL ¢




L\/IATLAB Simulation vs. Simulink (2)

How to start?

Simulinket?

B Dynamic A|AEIS &A
Ol &3t AAES olf
I Xl

BHE
oI

it
TT
S|

-/

® Type “simulink” or icon 2

t=Zot0 ZEE5

A
fIoi A4 MATLABOI &= IH

ot Al=4d
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. Simulink (3)

MATLAB simulation

® Data flow simulation

Simulink

® Time flow simulation

mmz sairté% LH Ol
O

s&8 d

| o4

n Q.EHHO _l_ﬂl

sA1ooog=E o

: Simulink

= 10000 E &t o
& T MATLAB Al2d
ord

1 7H
X

o

t o rhdt Simulation time flow
# Source signal generator
k Error-control encoding
¥ Digital modulation
v

Digital demodulation

Error-control decoding

Simulation data flow

|
|
|
Transmission channel |
|
|
Error-rate analysis |
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Simulink 212(1)

Matlab & Simulink & 2ol 28
n Type “ver” |[over

MATLAB Version 7.0.1.24704 (R14) Service Pack 1

MATLAE License Mumber: 234583

Operating System: Microsoft Windows %P Yersion 5.1 (Build 2500: Serwice Pack 2)
Java WM Mersion: Jawa 1.4.2.04 with Sun Microsystens Inc. Java HotSpot(TM) Client WM

MATLAB Version 7.0.1 (R143P1)
Sinulink Yersion 6.1 (R145P1)
herospace Blockset Version 1.6.1 (R145P1)
Bioinformatics Toolbox Version 1.1.1 (R145P1)
COM& Reference Blockset Version 1,1 (R145P1)
Conmunications Blockset Yersion 3.0.1 (R143P1)
Communicat ions Toolbox Version 3.0.1 (R145P1)
Gl AHA Ol I{ Control System Toolbox Version 6.1 (R145P1)

D MM B Simulink £ 9| “create a new model”

=C
QO HE YUY +md TH20| MHE
= NAEO| AFS R B2t Y02 EIIEI0 A0{0F &
" e20|H ME 27 £ > OSE re-install or the other method
2019-10-27 7
Simulink 212 (2)
20| MEZX 2= B2
mAMet LU M File > Model Properties = history 2&
" “Read Only” &&= Gl Mgt & “Last saved by” Bt
“Created by”"2 %—E—OI%QE HE
" Apply > OK € 28/ &
" oS HE
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T 12 14 16 18
Time (s)

® Sine wave 2 Vector scope= 25 Signal processing
block

® Sine wave 22| amplitude(5), frequency(30), samples
per frame(100) gfS &1 &
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Simulink 95 (1-1)

0x
ro!
0=
0x
o
i
0%
5
b

H |
7| =

1

=
XY Graph
05
A

® Sine wave 2 XY Graph= 2% Simulink block

" Sine wave 229 amplitude(1), frequency(2*pi),
phase( pi/2 ), Simulation time(1)

Sine Wavel
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Simulink @& (1-2)

N & H_|, AMAMA O =X
O OO < T o
e Sine Wave & .;@
\ms::sl:; L S
o]
e [ ——H
Derivative Scopel

® Sine wave ==2°| amplitude(1), frequency(1/4 Hz),
Simulation time(10)

Simulink && (2)

N 5
& IF + Noise
)
3
2
i N L [ *
AWGN g
Time =)
Channel Scope
2
3
)
-5
0 02 04 06 08 1 12 14 16 18 2
Frame: 21 Time (s)

" AWGN ZH<g LtetOolE

aram

Initial seed:
Made:[Signal 1o noise ratio [SNF) |
MR (48]

| [0

Input signal power [watts)
J
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Simulink ¥& (3)

Channel noise model

L

= T2 o Rate T

Bemoulli BSC LCaleulstion Lad

Binary
Bemnoulli Binary ;:::‘:':" O
Bt Binary Symmetric isplay
Channel

” Oled
= /M

= MATLAB command window0il “commstartup

= BSC
= Error probability: 0.01
® Error rate calculation
“ Output data: Port

" Check “Stop simulation”
Total number of errors: 100

Maximum number of symbols: 1e6
2019-10-27 % MCNL 13
3 : A
Simulink &= (4)
Reducing Error Rate using a Hamming code
= e | e
Hamming Encoder —— BR: =" Hamming Decoder |1.1452M]05‘
® Bernoulli Binary
" Frame—based outputs, samples per frame = 4
® Bit error rate: 0.0009 << 0.01
® Displaying frame size
= Display = Signals & Ports = signal dimensions
14
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Simulink &

s
5

Adding Scope to the model

[E—
5—FH = ]
™ e B " e Em Emor Rate Display
BSC channel Scope block
+ Select "Output error vector” « Parameters : “Number of axes” = 2
+ Parameters : “Time range” = 5000
Error Rate Calculation + Data history : “Limit data points to
« Clear “Stop simulation” last” = 30000
* Right-click the vertical axis - Handle
Relational Operator "Axes properties”
+ Relational operator: "~="
2019-10-27 %MCNL 15

Simulink & (5-1)

® Example of scope

1000 1500 4000 4500
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M H A
Simulink & (6)
Channel with Modulation
. -
Bemoulli | » BRSK » AWGN » BRSK -ZHCE'::':‘:” w
WGN Error Rate Calculation (stop/simulation)
«  Eb/Ng[dB]: EbNo + Target number of errors: maxNumErrs
*  Maximum number of symbpls: maxNumBits

Bernoulli Binary Signal to Workspace (DSP)
« Jo reduce run time » Variable name: BER
+ Samples per frame: 1,000 + Limit data points to last: 1

2019-10-27 %MCN I— i

Simulink ¥& (7)

Channel with Modulation and Cyclic coding

L _—
E;::.”;" * cydicEnceder [ BPSK himoHt [ BPSK =B icDecoser [P
Bernoulli Binary Binery BPSK AWGN BPSK Binary CE;:J\F:(:H Display
Generator Cyclic Encoder Meodulstor Channel Demecdulator Cydlic Decoder
Baseband Baseband
Bernoulli Binary AWGN
+  Frame-based outputs * Es/No = 7+10*log10(21/31)
+ Symbol period = 21/31

« Sample per frame=21

Error Rate Calculation
«  Maximum number of symbols = 1e7

Cyclic Encoder
+ Codeword length N = 31
* Message length K = 21

In case of error
Tools > Fixed point setting - Logging mode: Force off

2019-10-27 % MCNL '8




Simulink & (7-1)

Probe block to determine symbol period

[T ===H L b
7 wh{EORE N W
Binary

Bemoulli Binary
Genarator

Binary BPSK

Baseband

AWGN

AWGN

Cyclic Encader MO TBing Channel

L 93822008
Tx,
B—r st
L] '\l\;;}:\i‘l_l‘ Calculstion [
™™ cydicDecoder [P
Error Rate
BPSK Binary Caleulstion

Demedulater CydicDecoder
Bassband

Weat, TRt 0] Terminater

Frobe

Terminator

Probe block

Clear: Probe complex signal, Probe signal dimensions, Delete

framed signal

Check: Probe width, Probe sample time

The others

Connect every block as the above figure

Edit > Update diagram

N

2019-10-27

Frame size, frame period
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Simulink ¢& (8)

2019-10-27

Using FSK Model

Ponmar L T T
Bemoulli MESK. ——w " ANGH
Binary
Bemoulli Binary MFSK Awen
Generator Modulator Channel
Bassband
Scope

» Parameters: "Number of axes” = 3

+ Parameters: “Time range” = 1

0.007887
o e
o | calculstion [

M-FSK » =
Enror Rate
MESK Caleulstion Display
Demodulator
Baseband
S

Relations! Scope

Operator

A 41 V2 H 1
AXESPTropertesS = —1

+ Axes properties: Y-max = 2

AWGN
+ Symbol period = 1/1200

Error Rate Calculation
+ Receiver delay = 1
+ Output data = port

Bernoulli Binary
+ Probability of a zero = 0.5
« Sample time = 1/1200

M-FSK
*  M-ary number = 2
» Frequency separation = 1000
+ Samples per symbol = 5

Y MCNL
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1 Simulink & (8-1)

Scope output

Scope

+ Top window: transmitted signal

« Middle window: received signal

* Bottom window: agree(0), differ(1)

2019-10-27 %MCN L 21
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\ Simulink & (9)
Building Convolutional code model
=

Jﬁ LLy| convoutions || w Lol 5 et A fssictbr

Bi::y‘ Encoder Viterhi Decoder
B Soier e ) e s it i

Bassband

Bernoulli Binary
» Frame-based output

AWGN
* Es/No = -1
«  Symbol period = 1/2

Error Rate Calculation
+ Receive delay = 96
+ Check “Stop simulation”
+ Target number of errors = 100

Viterbi Decoder
+ Traceback depth = 96

2019-10-27
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Running Multiple Simulations(1)

Building test model (my_example.mdl)

=R n ity L h e o WAL
Bernaulli I BPSK — AWGN BPSK
Binary

Bemoulli Binary BFSK P BPSK

Generator Wodulstor H Demodulator
\ Baseband Baseband

\

Error Rate Calculation

Bernoulli Binary
ck “Stop simulation”

+ Frame-based output

AWGN
Es/No = EbNo

Signal To Workspace
Variable name = BER

st ol ﬂa“l‘ﬁrf o eHe |
2079=10=27 %MCN I—

23
Running Multiple Simulations(2)
Open BERTool and Enter Parameter
® bertool [enter] [ |
Theoretical results 2tE= gt
\7@a\m11M\ Eile Edit Tools Window
S Y
Channeltype: | AWGN v
Mosdatiantype:  [PSK | Demotiistiontype:
Woakesonier [ ]
P i
) Gonvolutional ) Normi
O Block O RMS phase nolee (rad):
2019-10-27 24
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Running Multiple Simulations(3)

Running the Semianalytic Example

® Set up the transmitted and received signals
® Open BERTool and go to the Semi—analytic panel
® Set parameters as shown below
® Click Plot ]
My ronge ®
Modustiontype: [PSIC V| Modustinorser: (2 | [ Differertisl encading
Samples per syrbol:
Transmited sgpat. | recpiss(pskmocanant(15,1,2,857,2, 18) ]
Received signal: ‘ rectpulse(pskmod(randint(1€, 1, 2, 9973), 2), 16) ‘
Deoritor: |1 |
2019-10-27 25
Running Multiple Simulations(4)
Running the Monte Carlo Simulation
Theoretical| Semianalytic  Monts Car\n'
Ey/Mj range: [:3:12 dB
Simulation M-file or model: |W‘Mat\ah AEE 2RSS WALE HH Wy _example, mdl Erowse... |
BER variable name: IEEH—
Simulation limits:
kurnber of errors: IEI]EI—
NE:nher of bits: [T
Run Stop |
26
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Examples (1

. Time range : 5000
. Limit data points to last : 30000

Generte

Bermoul Bney Generstor (st k)
T Senoret 6 oo SUBLL Spesil B srosebty a3 &

Before starting to build the model, enter [commstartup] >

Tanez

TEnorate

B——o  —i]
i e | catculstion
_ Bt Famming 46 R T e
- EnorRate
-, Bamaull Binary Rrming Encader amawymmm Hamming Dassder Catoulation Display
el

Gensrator

T
Relational

1
1 Operator
1

Unbatar

 Frans-basad

I st vee

Parameters.

It e
e ——

~8inary Symmetric Channel (mask) {ink)
s 1o the input signal, The ermar probability can be &

Add binary error
Scalar or & vector with the same length as the input vector length

auputs

‘The optional second output is the error vector,

ity

1
1 iror Rte Celculaion (nesh) (ink)
ro | co et ate o te received data by compering It 10 a delayed version of

pute e
| ansites date, The block output e & tee-siament Sing of e
1 i rat, Talowed By e Aumber of siors detecied and h ot number
b cgmared, This vecia oan b et 1 Sihar 1ha Workepace of an autput
1 port
~o
! The delays ere specified Mhuaper of samples, regardiess of whether the input is &
4

SEalar o s vector The inputs o 11F T agd ¢ porie must be <ample-base
SESAr o name-based calumn veEtare, . e
! The ‘st Jlation’ option stops the simulai :;"’?W
o ‘Stop sinulation’ option stops the sinulatin upon detaci o
efors of & maximum number of symbols, whichever cames frst <

Parameters
Receive delay

Computation delay.

o provat
Joor

Initial seed

¥ output error vector

- = =N 2% uE
+  Axes properties &1 &

;
o a2
p] Sl

ek Parameters: Hamming Encoder RPX

Harning Encoder (naeh)(ine)
Crecte s Hamning code with message lenath K and codeward lengih 1. The nunber
Nmust Rava 1 form ZA4-1, Whoro M 15 on Infoger sreater han or equal f0 5. K must
equal i

The input must contein esacty K elements, 1itis frame-based, hen it mustbe &

| H‘lle name : BSCHamming.mdl

Computation mode: [Entre frame. = Zolomn vector,
Output data: [Fort 2l Porameters
I~ Reset port Cosanord angin
I~ Stop simuiation i
Target nunber of errors: Messzge ength K, of N-dagres pritve polynomist
iz oot
|| Mesinum number of symbols:
[ies o Concel | Mo | ooy

oK Cancel

i

|t oply

Examples (2

BPSK

without Channel coding

Bemoulli Binary BPSK
Generator Modulator
Baszband

T¥Enr Rats
2

Bemaulli
Binary

Channel Demodul ator
Baseband

Caleulatian
i

Enor Rate
AUGN BPSK Calsulation

e

2019-10-27

5] Block Parameters: AWGN Channel

~ AWGN Channel (mask) {link)

Add white Gaussian nelse to the input signal, |
real or complex, This block supports multichani
a5 frame-based processing

When using either of the variance modes with
are equally divided among the real and imaging

Initial seed:
|67

Made: [Signal to noise ratio (Es/oy |
Es/No (dB):

[

Input signal power (watts)
[1

Symbol peried ()

file name bpsk.mdl

fi
Y MCNL
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Examples

BPSK with Cyclic coding

| file name : my_bpskeyclic.mdl

==t B=——q| [T v
Bemaull Cyelic an Pk
Binary

Bemoulli Binans
Ganerstar

Binany BRSK ANGN
CyclicEncoder  padulator Channel
Baseband

Demodulater
Baseband

T Eirar Rate
Calculation
R

Enor Rate
Calculation

008

Display

Generate a Bernoulli random binary num
To generate & vector output, specify th

103

[~ Parameters -
Prabability of a zero:
05
Initial seed
61
Sample time:
1
[V Frame-based outputs
Samples per frame

calumn veetor,

Create a systematic oyolic code with mess:
The number N must have the farm 241, wh

The input must cantain exactly K elements

Codeward length N

[31

Message length K, or generatar polynamis!

|21

1>} Block Parameters: Bernoulli Bifl °) Block Parameters: Binary Cyclic Efll ) Block Parameters: AWGN Channel ck Parameters: Error Rate Calculatig

Bernaulli Binary Generator (mask) {link)—| | - Binary Cyclic Encoder tmask) (link)

AWGH Channel (mask) (k)

Add white Gaussian noise o the input signal, The i
el ar complex, This black supparts multichannel Ir
as frame-based progessing
When using either af the variance modes with camg
are equally divided among the real and imaginary cf

Initial seed

Error Rate Calculation (mask) (link) |
Compute the error rate of the received data by co
the transmitted data, The block autput is a three~e
error rate, followed by the number of errors detest
symbals compared, This vector can be sent fo eil

The delays are specified in number of samples, re:
scalar or a vector, The inputs {o the Tx and ‘Fx

f&

Mode: [[Signal to noise ratio (Es/No)

Es/t

scalars or Golumn vestors,

The 'Stap simulation’ option stops the simulation U
&rrors aor & maximum number of symbols, wWhichevel

Mo (dB):
[#+10H10g10(21/31)

Input signal power (watts):

[
Symbol period (s):

Receive delay
o

21 [
I~ Interpret vector parameters as 1-D
S 25 Es/No 2t0il LHOH Cyclic 2E5 ALEE &< SER gt0I
Hegs stolg = AS

2019-10-27

delay

[o
Computation mode: [Entire frame

output data: [Port

I Resetport

¥ Stop simulation
Target number of errors
[

Maximum number of symbals:
fe7

MCNL

I ]

Examples

file name : my_fsk.mdl

! Block Parameters: AWGN

AWSN Channel (mask) (ink)
Add white Gaussian naise to the
real or complex, This block suppo)
&s frame-based pracessing,

When using sither of the variance
are equally divided amona the res

[ Parameters |
Initial seed
&

Eb/No tB):

Mumber of bits per symbot !
g
Input signal pawer (watsy !
n

1

5] Block Parameters: B

~ Bernoulli Binary Generatar (|

Generate a Bemaulli randof
To generate  vector outpul

i H = e 0SS
FSK without Channel coding -1 28 8= =8 | o

Error Rate Calculation (mask) {iink)

the transmitted data, The block output i
error rate, followed by the number of er

Mode: [Signal to noise ratio <Eol

CERECERE L] vidinmust caual tn

imblpeiodey the input width must be an integer mult]

/1200 bits can be either binary-mapped or Gr{
/]

For sanple-based inoger input, the inp

1 input, he input must be & column veetq

Bemoulli
Binany

Cenoul Binary T e
| Generator 7 Mvaurster Channe!
1 Baseband

U

Block Parameters:

K M
M-FSK Modulator Baseband (mask) ink
Madulate the input signal using the fref

The input can be either bits o Integers!

In case of frame-based input, the width
the number of symbols and the Sample|

In case of sample-based input, the out]
divided by the Samples per symbol vell

Hery number:

Probability of a zero

Iniial seed:
&l

Sample time:

171200

[~ Frame-based outputs

2019-10-27

mputtype: [integer |
Symbol set ordering: [Ginary,

Frequency separation (Hz)
000

Phese continuity: [ Continuaus

Samples per symbor:

ols compared, This vector can be

The delays are specified in number of
scalar or a vectar, The Inputs fo the T
Scalars or frame-based column veotors|

TEror Rate

The ‘Stap simulation’ optian stops the
errars or & maximum number of symbols|

Calaulation
v KECL) Receive delay
EnorRate VN T
WFEK Caleulation
Demadalator ouRate Display Computation delay:
Baseband " PR -
z ~ N computation moge: [Entre frame
Integer Delay) & outputdate: [Fort |
4 I~ Resstport
T~ Stop simulation
< ||| Tergetnumber of errors
N
P Relationsl 5o, ~f

Opsrator

) Scope [m=E]
S8 |L9P ARBE B AR

15



Examples (5

BPSK with Convolutional code

| file name : my_bpskcc.mdl

B TOT50
*Ermer Rate
fnor R — e i)
s comvontonst |yl "M g [ Tl [ o Latmlaion
Encods! Viterbi Dacoder T
Binary —
Reoul Binany Comvolutionsl T A awen A Compiexto T I Catmlation | EworRats Diplay
Ganerater Encoder Modulator Channel  / Reakimag ’
\ Baseband 4 ’ ’ Al

{3 Block Parameters: Bernoulli Effil = Block Parameters: A4GN Chan

AWGN Channel (mask)ifi
Add white Gaussiaproise 1o the input §
Generate a Bernoull random binary nu e e

Bemoulli Binary Generator (mask) (link)
sl
Ta generate a vector autput, specily { as frane-baseg £

When using/ither of the vartance mode|
are equall divided among the real and |

Prabability of & 2ero:

| ] Block Parameters: Viterbi D

+ Witerbi Decoder {masik) {link)
Uses the Viterbi algorithm to decod
dala, Use the palyZirellis funetion
constraint length, code generatar (o)
(oetal),

Jos arapelrs
Initial seed: = {nfiaksced

Trellis structure

o LG
Sample time: 2} = Mogde] signal to noise ratio {Es/No}
£5/Mo (08)
i —— , =
7 Friffe-fased sutpit N #
SRR S e e ~ Input signal power (watts)

i 1 £

- Bymbel period (s3

L s N
Tirterpret vertor parameters as 14
> iz

N

k5] Block Parameters: Complex tf

\
A\

lpmyztrelhs(?,. P assh -

Error Rate Caloulation (mask) ink)
Compute tha errr rate of the received dat

Symbols compared, This vector can be sef
ot

The delays are specified in number of sar}
scalar or a vector, The Inputs to the T o
Scalars of frame-based column vecars.

The ‘Stop simulation’ opton stops the sim
ertars ar a masimum numer of symbals, v

\
Decision «ype: u H
Number of soff dedision Bt~ ~

[+

~Travpback depth
a6 1
'
“cpération mode: [ Continuous

[~ Resetinput

T e deley
[ 1

Comdutation delay:
"

computaton node: [Enire Tame |
owpurasts [ror |
47 Resétport
1 stoplsimuiation
o
3
T

Complex to Real-imag
Output the real and/or imaginary comy

- Parameters

cOE A2 S8

« Sample per frame O 12Ct 2 =5 <56t AlE2i0/H
S AIZH0I BOIRI & EF US

+ SERZ0l 23 UE
. HZ 8t:0.003

2019-10-27
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JIEf

Il MeE BErRYe

Program Files/MATLAB/R2007a/toolbox/commblks/commblksdemos (| Q| &

Z=O|AtE]

=) HEE ATDUS ASE 0= BISA HY T

S SAE F JHe 200 SH=D A
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