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 BERTool 사용법
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 팀 프로젝트 안내
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Introductions

 Communication Blockset
 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
 commsim : Simulink block library
 commsfun sublibrary : S-function files
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MATLAB Simulation vs. Simulink (1)

 MATLAB Simulation
 MATLAB Function을 사용하여 직접 코딩
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MATLAB Simulation vs. Simulink (2)

 Simulink란?
 Dynamic 시스템을 컴퓨터를 사용하여 모델링하고 시뮬레

이션하여 시스템을 해석하기 위해서 MATLAB에 포함된 패
키지

 How to start?
 Type “simulink” or icon 클릭
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MATLAB Simulation vs. Simulink (3)

 MATLAB simulation
 Data flow simulation

 Simulink
 Time flow simulation

 결과는 오차범위 내에
서 유사한 결과를 도출

 동전 던지기에서 앞면, 
뒷면 발생확률을 확인
하는 실험
 1개씩 1000번을 던

짐 : Simulink
 1000개를 한번에 던

짐 : MATLAB 시뮬레
이션

t t+dt

Source signal generator

Error-control encoding

Digital modulation

Transmission channel

Digital demodulation

Error-control decoding

Error-rate analysis

Simulation time flow
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Simulink 기본(1)
 Matlab 및 Simulink 버전 확인 방법

 Type “ver”

 모델 생성 및 저장
 모델 생성 방법 : Simulink 윈도우의 “create a new model”

클릭
 모델 저장 방법 : *.mdl 파일이 생성됨

 시스템의 사용자 정보가 “영어”로 표기되어 있어야 함
 한글이면 저장 오류 발생  OS를 re-install or the other method

Simulink 기본(2)

 모델이 저장되지 않을 경우
 작성한 모델에서 File  Model Properties  history 클릭
 “Read Only” 선택을 해제한 후 “Last saved by” 과

“Created by”을 영문이름으로 변경.
 Apply  OK 를 클릭함
 모델 저장
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Simulink 연습 (1)

 정현파 생성 및 측정

 Sine wave와 Vector scope는 모두 Signal processing 
block

 Sine wave 블록의 amplitude(5), frequency(30), samples 
per frame(100) 값을 변경

 Vector scope를 사용하는 경우에는 samples per frame 
값을 1보다 큰 값으로 설정해야 함(ex. 100)

 Vector scope 블록의 “Time display span”은 결과 그림
하단에 있는 frame 값으로 설정해야 전체 파형이 출력됨
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Simulink 연습 (1-1)

 정현파 생성 및 측정

 Sine wave와 XY Graph는 모두 Simulink block
 Sine wave 블록의 amplitude(1), frequency(2*pi), 

phase( pi/2 ), Simulation time(1)
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Simulink 연습 (1-2)

 정현파 생성 및 측정

 Sine wave 블록의 amplitude(1), frequency(1/4 Hz), 
Simulation time(10)
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Simulink 연습 (2)

 정현파 + Noise

 AWGN 채널 파라미터
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Simulink 연습 (3)

 Channel noise model

 MATLAB command window에 “commstartup” 입력
 BSC

 Error probability: 0.01

 Error rate calculation
 Output data: Port
 Check “Stop simulation”

 Total number of errors: 100
 Maximum number of symbols: 1e6
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Simulink 연습 (4)

 Reducing Error Rate using a Hamming code

 Bernoulli Binary
 Frame-based outputs, samples per frame = 4

 Bit error rate: 0.0009 << 0.01
 Displaying frame size

 Display  Signals & Ports  signal dimensions
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Simulink 연습 (5)
 Adding Scope to the model

BSC channel
• Select “Output error vector”

Scope block
• Parameters : “Number of axes” = 2
• Parameters : “Time range” = 5000
• Data history : “Limit data points to 

last” = 30000
• Right-click the vertical axis  Handle 

“Axes properties”

Error Rate Calculation
• Clear “Stop simulation”

Relational Operator
• Relational operator: “~=“
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Simulink 연습 (5-1)

 Example of scope
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Simulink 연습 (6)

 Channel with Modulation

AWGN
• Eb/No[dB]: EbNo

Error Rate Calculation (stop simulation)
• Target number of errors: maxNumErrs
• Maximum number of symbols: maxNumBits

Signal to Workspace (DSP)
• Variable name: BER
• Limit data points to last: 1

Bernoulli Binary
• To reduce run time
• Samples per frame: 1,000
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Simulink 연습 (7)

 Channel with Modulation and Cyclic coding

Bernoulli Binary
• Frame-based outputs
• Sample per frame=21

AWGN
• Es/No = 7+10*log10(21/31)
• Symbol period = 21/31

Cyclic Encoder
• Codeword length N = 31
• Message length K = 21

Error Rate Calculation
• Maximum number of symbols = 1e7

In case of error
• Tools  Fixed point setting  Logging mode: Force off
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Simulink 연습 (7-1)

 Probe block to determine symbol period

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

Frame size, frame period
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Simulink 연습 (8)

 Using FSK Model

M-FSK
• M-ary number = 2
• Frequency separation = 1000
• Samples per symbol = 5

AWGN
• Symbol period = 1/1200

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

Scope
• Parameters: “Number of axes” = 3
• Parameters: “Time range” = 1
• Axes properties: Y-min = -1
• Axes properties: Y-max = 2 Bernoulli Binary

• Probability of a zero = 0.5
• Sample time = 1/1200
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Simulink 연습 (8-1)

 Scope output

Scope
• Top window: transmitted signal
• Middle window: received signal
• Bottom window: agree(0), differ(1)
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Simulink 연습 (9)

 Building Convolutional code model

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
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Running Multiple Simulations(1)

 Building test model (my_example.mdl)

Bernoulli Binary
• Frame-based output

AWGN
• Es/No = EbNo

Error Rate Calculation
• Check “Stop simulation” 
• Target number of errors = 500
• Maximum number of symbols = 1e7

Signal To Workspace
• Variable name = BER

한번에 처리하는 프레임 단위
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Running Multiple Simulations(2)

 Open BERTool and Enter Parameter
 bertool [enter]

 Theoretical results 만드는 방법
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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
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Running Multiple Simulations(4)

 Running the Monte Carlo Simulation
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Examples (1)
 Before starting to build the model, enter [commstartup]
 BSC channel with Hamming coder

• 왼쪽 축에서 오른쪽 버튼 클릭
• Axes properties 선택

• 윗 그림은 오류가 발생한 것
• 아래 그림은 정정하지 못한 것

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

file name : BSCHamming.mdl

2019-10-27 28

Examples (2)

 BPSK without Channel coding

file name : my_bpsk.mdl
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Examples (3)

 BPSK with Cyclic coding

동일한 Es/No 값에 대하여 Cyclic 코드를 사용할 경우 SER 값이
개선됨을 확인할 수 있음

file name : my_bpskcyclic.mdl
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Examples (4)

 FSK without Channel coding Delay를 찾는 모듈

Scope 모듈 설정 Scope 출력

file name : my_fsk.mdl
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Examples (5)

 BPSK with Convolutional code

• Sample per frame 에 1보다 큰 수를 할당하면 시뮬레이션
수행시간이 짧아지는 효과가 있음

• 다른 것은 동일함.

file name : my_bpskcc.mdl

• SER 값이 조금 다름
• 표준 값: 0.003

기타

 기 생성된 참조모델은

Program Files/MATLAB/R2007a/toolbox/commblks/commblksdemos 에 있음

 [주의사항] 
 기 작성된 참조모델을 사용할 경우에는 반드시 해당 파일

을 복사한 뒤 개인 폴더에 옮겨놓고 작업할 것
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