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>> Hs = fdesign.lowpass
Hs =

Response.- '
Specificationi 'Fp,Fst,Ap,Ast’ |
Description: {4x1 cell}
Normali uency: true

FilterStructure: 'Direct-Form FIR'
Arithmetic: 'double’
Numerator: [1x43 double]

Fstop:/0.55  [ADEEH 2
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>> SO0S = H. sosMatrix;

> y =[sosfilt](s08,x):
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y = filter|(b,a/x) [H)= dfiit.df2(b;a);
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y = ﬁlter) Hs = fdesign.lowpass;

.............. Hs.Fpass = 0.1; \
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Logan Airport Dry Bulb Temperature {source: NOAA)
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Casel: RBT—2(FLUFHIH)

FLURRGT DERESE

Logan Airport Dry Bulb Temperature {(source: NOAA)}

Hourly Temp
24 Hour Average

Temp §*C1

0 3 10 15 20 29 30
Time elapsed from Jan 1, 2011 {days)

>>coeff = ones(1, 24) /24, 7“1 5%%
>oout = filter (coeff, 1, in); 75Uy
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245 T — 2 ERIEEZ (31HN) 2458 T —42 (31H 9 1)

Mean temperature differential from 24 hour average

{"C)

Temperalure difference
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>>out = reshape(in, 24,31). 7 ; 241313lIcii~EA
>>plot (1:24, mean (out)) LTOFHEERDD
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Detrended ECG Signal

R-wave and S-wave in Noisy ECG Signal

—— Detronded ECG Signal | |

——— ECG Signal
¥  Rewaves
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>>[p, s, mu] = polyfit((t,in,®6); >>[7, R] = findpeaks (in, ...
fy = polyval (p, t, [1, mu) ; "MinPeakHeight', 0. 5);

>>out in- f_y;
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findpeaksBA#ITE—VEIRE
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Filtering Moisy ECG Signal

Thresholding Peaks in Signal 13- QRS-complex in an EGG signal

Smooth ECG signal R e GRS-Complex
=]

Yoltage(mV}
< < = =
R o Rk R @ @ =
}, _
|
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[ B
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=
=
3 o s
>
a
-04
-06
-08
- Ave. Rise time = 26 Avg. Fall Time = 25
200 400 BOD  BOD 1000 1200 1400 1600 180
Samples 185
Samples

>>out = sgolayfilt(in,7,21);
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Open—loop Yoltage Measurement (spikes added)

ol |

. W"“WMM
o .
g0l

a1l

42l

a3l

qal

-15U— . (':]pen—|oop\l"lo|tage Measerement(spillsesadded} .

@\ MathWorks'

HHBY:
B RELEEY—EEID
RERNZRE

SRR
BACTAUDNSD/ARRE

B ANAD/AXGE

27



4\ MathWorks'

Case3: VY —T—R(ATAT U I4ILA)
YT &I
Savitzky-Golay;% C¥ &1t Savitzky-Golayix CF &1k

Open—loop Moisy Voltage Measurement (spikes added)
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1 1
B

Moving average fitter operat o ml Tmetsh
0 0.5 1 1 0 0.5 1 15
Time (s)

1 Opern—loop Noisy Voltage Measurement (spikes added)

a8l ATAT2ITLILAT
Ea1e

>>outl = resample(int, fs1, fs2) ;
>>out2 = medfiltl(in2, 3);

82|
-84 |

AL /A4 XIZIF

-8

Median and mowving average fitersd

ATAT VT4 ILEBRY

1
Time (5] 28
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>> df = designfilt(‘differentiatorfir',...

‘SampleRate',Fs);

'‘PassbandFrequency’,100,...
‘StopbandFrequency’,120,...

QT B IFFHR DT IR I GUI

r-l JAIAS—BE TP AL

b TAIA-BHTLAS =

Filter Design Acsistance ®F|HTEFY .

designfilt MIFLLTTI—HitgHEnELE:

it it FHEE LGN R A

E%J{ngéﬁﬂ?ifl&} FE{EFRLTA GBI 2oL — 6D MATLAE J—FEER

e

24N —EREH T AR MERREhLE T M7

1AMyt - EFRm UG o || oex

WOl FR 855

FEET desiznfilt E{ER LI —FOERE
21—t

I AREL B0l |

BlLmEr iz

@DBEGIEREHZMHTL. BEIET

FELRTRAI: BRI RELE R AR

BT [ | ARt b Fs
SEEEHEREL 100 FRAEIERAL 120
PUAULL

SETEE (F T

b ERETA T A

df = designfilt('differentiatorfir',...
'FilterOrder’, 50, ...
'‘PassbandFrequency’, 100,...
‘StopbandFrequency', 120,...
'SampleRate’, Fs);
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B n:noise

M s: signal

Hd = dsp.FIRFilter;

Hadapt = dsp.RLSFilter(M);
d = step(Hd,n) + s;

[y,e] = step(Hadapt,n,d);

>

\ 4 H H\MH" “n "\||"'|

— —— .| | "l f "|'|'| ‘u‘u‘

desired | |mu|'”“'“'

> L

-4 -
0 100 200 300 400 500 600 100 800 900 1000 I n

Dsp.RLSFilter
[C&YER
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Discrete FIR Filter

FIR Decimation

FIR Interpolation

LMS Filter

Biquad Filter

Correlation
Convolution

Mean

RMS

Variance

Standard Deviation

Model FIR filters

Filter and downsample input signals

Upsample and filter input signals

Compute output, error, and weights using LMS adaptive algorithm
Model biquadratic IR (SOS) filters

Fast Fourier transform (FFT) of input

Inverse fast Fourier transform (IFFT) of input

Cross-correlation of two inputs

Convolution of two inputs

Find mean value of input or sequence of inputs

Compute root-mean-square value of input or sequence of inputs
Compute variance of input or sequence of inputs

Find standard deviation of input or sequence of inputs

TAYvI - RTFLATOT

R2013b R2014b
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C:/MATLAB/R2014a/help/dsp/ref/discretefirfilter.html
C:/MATLAB/R2014a/help/dsp/ref/firdecimation.html
C:/MATLAB/R2014a/help/dsp/ref/firinterpolation.html
C:/MATLAB/R2014a/help/dsp/ref/lmsfilter.html
C:/MATLAB/R2014a/help/dsp/ref/biquadfilter.html
C:/MATLAB/R2014a/help/dsp/ref/fft.html
C:/MATLAB/R2014a/help/dsp/ref/ifft.html
C:/MATLAB/R2014a/help/dsp/ref/correlation.html
C:/MATLAB/R2014a/help/dsp/ref/convolution.html
C:/MATLAB/R2014a/help/dsp/ref/mean.html
C:/MATLAB/R2014a/help/dsp/ref/rms.html
C:/MATLAB/R2014a/help/dsp/ref/variance.html
C:/MATLAB/R2014a/help/dsp/ref/standarddeviation.html
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k-3 S < HOe-EH- 4P = @ =T
EF - -= | ex_fircmesis_tut
4P| ex fircmsis_tut ® |Paex fircmsis_tut b
|Pa| FIR
(C]
|
lJ_LIDSF' 7]
- L/
Sine W ave
=
Crriginal Signal [REW=3075 He [T=237.197 |
DSF|e - » s ||
|J—L| 7] =..[?5x' @ 752
L/ [7Ed] =
4 Sina Matri
Sine Wave1 7] s Conestenate 9:?:;:
[TR’; in1 €4 Outt -
ol ] 0’ > -~ %
M [75x1] FR o . : I\ X\
’0
Random ’.
Sowrce 0'
single [75x1] single [75x1]
O o D
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In1 Out1
Discrete FIR Filter
<«
- BEOET 100% FixedStepDiscrete
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GoC ARM Cortex—hi2
GSC ARM Cortex—R4
GCC ARM Cortex—A5
GGG .&RM Cortex—a2

HF'T A |_ l_lr teu—h

Ml 83%eh 21— Jb,’r,ﬂ.'i =214

¢
¢
¢

44



@\ MathWorks'

Casel: R/ RFIRI«ILZ(Cortex-M)

*1 ex_fircmsis_tut = E@g

I7AIUE) R\EE) YoIUFERY) BEERD) JOvsEER) Zal—3(5) BH(A) I—FC) YT ~ILTFH) ‘

= i - = - g . : - -
i = <@ mo © ¢l EFIL FRICH— '
EFI - += | ex_fircmsis_tut
4 ex_fircmsis_tut @ |[Pa|exfiremsis tut » Eﬁ!’]‘-ﬁ.ﬁ?—)bﬁ]...
FIR COH T AT LEEILF(B)
Q {:"F{:++:I_I|:(C] n sEEEEEEEEEEEEEEEEE
3 = 3 i
sy i S-Function (4RE(G)
= » PLC O— (PR 3
| | - -
Sine Wave = E 7 IJ " 7 kV_:‘,. a— I“'MF I‘\; E'fﬁ_(ﬁtzl
Polyspace | VJ »
.
OWginal Signal
u
| |
| ]
o e ] e
] = " il 2
L= - + s (]
Sine Wave [75d] . Fittered Sgnal Conetie Sﬁnpi:“
== Outt
M [75] FIR
Random
Sowurce
Copyright 2013 The Maltf’ g = 2 1 o T 51— RZEILRFIR o i |
SREEET g 1T — AR
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Casel: R/ RFIRI«ILZ(Cortex-M)

r_'h Code Generation Report E@g
<= e ®BE a4 Ny ARUFIFERR
20 UW FIE | FIE D B
Contents 21 ) _ ) )
F2 g% External ifnputs (root inport signals with aufe storagel #7
27 BdU FIE T FIE_LL;
Summary o4
Fh J% External outputs (root outports fed by signals with auto storage) #7
SungyEtEm fenort % EBdY FIRT FIR.Y;
Code Interface Report 27 )
28 /% Real-time mode! #/ I
Traceability Report 2% BT MODEL FIR T FIE M ;
F0 KT MODEL FIR T #const FIR. M = &FIE M ;
Static Code Metrics Report 71
Code Replacements Report §§ :#/ji fﬂgfé Sstfg‘g(jgfgfmﬁ ' £
i | -
Generated Code gg real3? T rth DizcreteF IRFi lter[75];
-1 Main file 37 A% Qutputs for Atomic SubSystem: Koot FIR #7
_ 38 s* DiscretefFir. "{S1>Discrete FIR Fifter’ incorporates: i
ert_main.c 3¢ * Tnport: "<Rootr fal’
44
[-1 Model files 47 l arm_fi r_fBZI&FIR OW.5, 3FIR U.OriginalSignal[0], &rtb_DiscreteFIRFilter[0]
FIR.C 47 - 7h;
- 43 .
FIR. ﬁ ,;ﬁ End of Qutpits for SubSystem: "~<Keot 2 FIR »7
L 4
FIR_private.h 46 o % Qutport: TRoot> Dutl #7
FIR typesh j; ;}' memcey (&F IR Y. 0ut100], &rth DiscreteFIRFilter[0], 759l % sizeof (real3? T07;
L 4
FIRZ4JLABRIZDULNT,

CMSISEA%"arm_fir f32"Z% 4 Rk
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Casel: RE)I/N M RFIRI«sILZ(Cortex-A)

@\ MathWorks'

-
"4 Code Generation Report

&0 @ B

Contents

Summary

Subsystem Beport

Code Interface Report

Traceability Report
Static Code Metrics Report

Code Replacements Report

Generated Code
[-1 Main file

ert_main.c

[-1 Model files

FIR_private.h
FIR_types.h

[+1 Utility files (1)

ap v A IrFEER

IU 7™ Block states (aufo storaga] =

20 DW_FIR_TFIR DW;

22 /* External inputs (voot inport signals with auto storage) */

23 ExtU FIR TFIR U

25 /* External outputs (voot outports fed by signals with auto storage) */

26 ExtY FIR TFIR Y

& /* Real-time model */
’0 RT MODEL FIR TFIR M ;
0 RT_MODEL_FIE_T *const FIR M= &FIR_M_:

32 /* Model step function ¥
33 woid FIR. stepivoid)

34§

35 real32 T rib DiscreteFIRFilter[75];

36

37 /* Ouiputs for Atomic SubSvstem: "<Root=/FIR"*/

38 /* DiscreteFir: '=S81=/Discrete FIR Filter' incorporates:
30 * Inport: '<Roor=/Inl'

X

4

4 .-:l nel U_ﬁr_ﬂaat_nean(i} [BE_DW. S &FIR_U OriginalSignal[ 0],
42 = m@iscreteF IR Filter[0], 75U,

43 -

T [

44 /* Eam’:af Outputs for SubSvstem: '<Root=/FIR' */
N

FIRZA4IJLZERIZDNT,
"ne10_fir_float_neon”& 4 ik

m
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Case2: B/ AFIRIAILA

=JL ==
e 5 =Rl EIEIJ\ﬁﬂn\\DQIE
>>ex_fircmsis_tut_ql15 ’
— — — TRV O ORE T, TEom T —-RR A EERRLET . 0w
ARy A N —F 3T,

r"i ex_fircmsis_tut_g15 E 3
I7FTIL(E) B|EE) voERY) BEETD) JO0«48ER) ZTal-—33245) #\ira) 23— |58 fiaedt(1,16,15) - E
P ~ = <@ R M= MEYCN (&) ~ 98375 FHEL: fhedt(1,32,30) - [
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SineWawve OrgraSanal &
s

|J—L|D5P - »{+ |=inge : sfxiB_Eni5 i .: » @ =fic16_EniS . |_

|_u_| |+ _ N FiemiSgnal 2
Sine Wavel >+ Gain O. Matrix Specrum
= e . ¢ ooy 15 Concatenate Analyzer
3 In it
%o
. — > LS
ke R R
*
Random 4 L \
Souwce
i sﬁx16:En‘15 ] > num(z) sfix16_En15
« . L out1
2ERT o Discrete FIR Fiter epDislete
- L 4

sfix16_En15: B4, $EE16bit. /NERLSbit
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E/NMFARFIRI1ILAE

4\ MathWorks:

-
"k Code Generation Report

& (G F ==

Contents

Summary

Subsystem Report

Code Interface Report

Traceability Report

Static Code Metrics Report

Code Replacements Report

4 v AR IFEEER

24
2a
20
27
28
29
N/,
37
32
27
34
38
N)
37

Generated Code

[-]1 Main file
ert_main.c

[-]1 Model files
FIR.c
FIR.h

FIR_private.h
FIE_types.h

I+1 11#ili#w Filae 12)

34
79
40
47
42
47
44
45
)
47
¥
49
1
ai
a7
a7

¥ External outputs (root outpoerts fed by signals with suto storagel #7
Ext¥ FIR T FIR_Y;

% Rea/-time model #/
KT MODEL FIR T FIR_M_;
T MODEL FIE T *const FIEM = GFIE M ;

¥ Hogal step function #7
\Eoid FIR steplvoid)

irt16 T rth DiscreteFIRFi lter[70];

¥ Qutoits for Atemic SubSystem: "~ FHootrFIR #7

A® PiseretaFir: "{8EXDiscrete FIR Fifter’ incorporates:
# Fnport: TReotr Inl’

arm_fir_alb( EEJEQ OW.5, &FIR U.OrigiralSienal (0], &rth DiscreteFIRFilter[0],

S End of OQutputs Ffor SubSystem: "~HootrFIR 7

S Qutport: < Reotd Outl’ ®/
memcpy (BFIR Y. 0ut 1007, &rtb DiscreteFIRFi lter[0], 70l % sizeof (int16 T));

Jw Mode! initialize function #7
void FIR initializelvoid)

5/* Regristration code

FIRZAILAERZDUNT,
CMSISEE#"arm_fir q15" %4/

m
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FATATE-"T1 JF ‘IEJ T sinc
Analog to Digi- Audio out GPIO Read
tal Converter
d=ine J1LITL Sz e l._!_f b
GPIO Write Memaory Copy Micin
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[Examples] lSimu“nk%’fj‘%U I
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TEA=

IN—ROTT7HR—bk\vH—DAF

JHiR—k K= 0k —35-
A2 =T EYR -k Kb —TDRIR

Fim [TAT (59)
H3f—h #F:

=l

il —b Sl =3

=10l x]

MI=DAG rrix

MNI-DCPower

MI=Dhihd

MI-FGEM

MNI-SCOPE

MI=XMNET

0S5 Generic Yideo Interface
Ocean Optics Spectrometers
PEAK-Svystem CAN Devices
PandaBoard

Point Grey Hardware
Cllmaging Hardware
RTL-5DR Radio
Raspbe rry Pi
SThicroels ctroni
Samsung GALAKY
Teledyne DALEA [FC Hardware
Teledyne DALSA Sapera Hardware
Texas Instruments G2000

Texas Instruments CG000

USE Video

USE Webcams

USRP(R) Radio

“Wector CAN Devices

Wind River WxWarks

Kilink FPGA Boards

Kilink FPGA—Based Radio

Hilinx £yno 7000
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DSP System Toolbox Support Package for ARM Cortex-M Processors
MATLAR Support Package for USB Webcams

Simulink Support Package for Arduino Hardware

Communications System Toolbox Support Package for RTL-S0R Radic
Embedded Coder Support Package for ARM Cortex-M Processors
Simulink Support Package for Raspberry Pi Hardware

MATLAB Support Package for Arduinc Hardware

Simulink Support Package for Arduino Due Hardware

Tutorials

4\ MathWorks'

Embedded Coder Support Package for STMicroelectronics STM32F4-
Discovery Board

DSP System Toolbox Support Package for ARM Cortex-2A Processors
Embedded Coder Support Package for ARM Cortex-A Processors

MATLAB Support Paclf
Examples

FPush Button and LED
Uses: Embedded Coder

) BT Uses: Embedded Coder

Tutorials

Lam
H &

Getting Started with Embedded Coder Support Package for
STMicroelectronics STM32F4-Discavery
Uses: Embedded Coder

Code Verification and Validation with PIL and External Mode
Uses: Embedded Coder

Code Optimization using CM31S D3P Library
Uses: Embedded Coder, 'SP Systemn Toolbox

Asynchronous Scheduling

Parametric Audio Equalizer for 3STM32F4-Discovery Board
Uses: Embedded Coder, DSP Systemn Toolbox

Examples
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O—F&ER~I=a7I)L-FHooA—Fk3

=

2. [Build action]Z[Build]IZZ&E

@ T2 ¥ 1l —Say 1854 —8—: discovery_svffilter/Configuration (FHT17)

4@\ MathWorks:

=R

51T Push Button and LED |ZA—7 >

R | #=Fuh W—KO1P: STMAECF4-Discover y

e V= Scheduler options

- F R TR

;ﬁ;g{t Scheduler interrupt source: |SysTick Scheduler
g:ﬁ:’gselﬂgiﬁ

oET R " Target Hardware Resources

-- %Elulé:_;éﬂ:f A—tuh

e

HOL T—F4 R Ererps

----- Coder Tarzet - Build options

3. O—FAERRIV(ETILOEIILR)ZT I 5&

| Build action: |Build

EILEDBMTOHON, AL ST AL IR hexDERK SN D,

4. TR—FIZUSBERHL=S
STM32 ST-Link UtilityZ#4—7>

5. [Target]*=a—=[Connect]
6. [Target]*=a—=[Program & Verify]

_|of x|
D) FOu0EENR) Sial —Sauiz) REIRLA)

RO | @

sh Button and LED

wetb—— + lPinz

ZERL. EFEN = hexT7MILZHEELAY DO—k,
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O—FER~F—br-Fo20—-FFIR

1. {5l Push Button and LED1&#4—7 >
2. AVI4F¥alL—I 3 /T A—A2D[Build action]Z[Build, load and

—_=JL =
run]IZExE
@ 171Xl —33y 1594 —8—: discovery svifilter/Configuration (797 17)
HER: | A—Fub y—P17 STM32F4-Discovery
f_/"lJba'{."_ Scheduler options
RO AR
EI} ﬁﬁﬂ: Scheduler interrupt source: |SyeTick Scheduler
=R PERT
[} E%‘__ill’ig_ﬂi 3 B—HFuh Target Hardware Resources -
E% aDLh]_E&'ﬂEEYE Groups |I Build action: |Build, load and run Il I
- Coder Target anL.J”d. pptions

3. OA—FAERRIV(ETILOEIILR) ZIRTT5&
EILRARThn, AL TFALOR)IZ* hexWNEREN S,

4- 70D7‘3A0)9“F7>D_P$-t5§@Jﬂq':?i—bhéo 1b—*‘/a)(§) FEHL =

R YONI>

OR4 » (4 Hi

sh Button and LED
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Demo (GPIOTAR)

d\ MATLAB R2014a =@ =

L 4 O Gormoss *L B, =S FER & | O @uE () Eaa=azr«
B e i T S ooy s s s iy Sioewe Nl Ssmeresseat

| RoUTE =

e Ak
G 5 L » o » mywork » Event » ARMSTM2014 »
RED I A IS~

EA PA4X

* Controller_ert_rtw

sentation

B =31

@ ARMSTMMW2014.pptx 10 MB 2014/07/09 10:19 Mlcrosoﬁ Powe...

@ ARMSTMMW2014v2.pptx 12 MB 2014/08/26 11:21 Microsoft Powe...

& Controller.bin 11 KB 2014/08/18 13:48 VLC media file ...

|_] Controlier.hex 33 KB 2014/08/18 13:48HEX J7 1)L

#) Controller_pbs.mexw64 30 KB 2014/08/18 13:47MEX 77 L

marnn vt T ve WNIANTINI QIS =T K K<t %

B33 A
T—DAN—2R @
2 - & 94X D3R

STM32F4 Discovery GPIO test
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PIL (Processor in the loop)

out1 . C\q /}: Out1 =
b 14 114 2%“5 —In1 pe
- o= ot o L Out2
In1 z z z =
:..’
‘oo, Plant
.0
‘l'..’
QOut1 In1 = single _
double M—o” " .
Out — o I : doublesingle
fManual .
Switch Cﬂ“"?"%ﬂ:l: 4] Scope ESEER
I 20 W«di 0%k bas -
Bl Numerical Difference [ [ ] [ | i ; A -
20 |@ i %% Fas - | || i 3 Rt i
‘- ............ ..... ............ H“merical ’: J? - f IIIIIIII
________________________________ Difference Controller f
B 270k 0




PIL (cont’d)

PILIF2FE3E8D A A—DJx— A& EIRA[#E

- ST-Link[ZX4PIL
— Discovery-PCREID—TJ JLIKRTERTELNDTEE
— BIEREHINEL
— RUFT—%58 (Tutorial: Code Verification and ...)

>> tic, sim(gcs), toc
2B (X 207.729494 # T,

» USBU)7ILAA—D1—RIZKAPIL
— PC-USB Serial-Discovery-PC TR DL ENH S
— BIEREHAEL
— RUFIT—U#ER (RL) : ST-LinkkY8fE =R

>> tic, sim(gcs), toc

2 @RS % 25.948735 #TY,

&\ MathWorks:
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PIL/IZTHRA—F L E—FEIRELGEE

FT-232f8IE >

GND
RX(RXD)
TX(TXD)

STM32F4 DiscoveryfflE >
GND

PA2

PA3

@\ MathWorks'
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PIL (Processor in the loop)

>>stm32f4discovery pil_block

4\ MathWorks:

PILZOvY BE A ERE

SL #2(3 PL oO—F Z007-1U
[ A ADEITEFEE F BT S

|| Bi&mETTRRE SR S
=028 —2ATH |executionProfile
SL FEE PL @O—F Ly
-8 A Lws 2=l |MNone

SL FiE PL #8517 000
FOsHOERE: [PL

T P TR T P

@& O Jds¥al—33
PIL Block o :
Y=
T =R = T2
Out1 o ] E %H&ﬁ
T scope Hoiorres
o 51202
boEa Le—tagne B—ul
Plant P A
s T ey ] SR
o
ouble o Outi In1 fj"_}ﬁ}lh
, doubl ‘ double®ingle j_]"l?_l'.l& I
e m;:::: Controller Tkl
7 | 1k 2540
L] | PlacePIL . | = L
* blogk here ~
Numerical
Difference
HEERIN-PILTOVY |
IE' <L'.‘L|t1 AL i E (c:m }- double
" Y 0 singleZdouble
= '-.--..... :lt—&/\—Xl\
Controller ..........
.....llllllllll

(.

M—T— Outl In1 ' single

Outl :I
#In1 Scope
Qut2
Plant

ot doubleZsingle

Manual
Switch

Controller

Cutl PIL  Ini i

e N |
Numerical — “""wuy, |

Difference

" ® Controllert
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Demo (PIL)

4\ MathWorks:

BAATI AQ BIO1As

[

#u, mystm32fadiscovery_pll_block *

Emw moRR TR e

=S R )‘JH

IFIF) WE(E) v—LER(V) BEEETD v STHEE( ) =1 = EHi(a) I ]
myztend 2ddiscovery pil black |
®  |[%a]myztm32fddizcovery pil block k ¥
!
{+1
PIL Block
E3
=
= outt ||
5|
In1 Scope
out2
Plant
Outi In1 angla
(T doubte fe——o %1
Ou - s double2single
single2doubla Manual Controller
~ Place PIL
" blockhere
Numerical
Difference

E @ EE (2 ¢ 3525
P D ADEE - T Ef- MOUSTR R
= il am - * QpFFA-~-
AR U=z

-0
"

i OpenlCO process with PID 1296

STM32F4 Discovery processor in the loop demo
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Agenda
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[ |

m Sectiond: F1JLARETFAQ
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Agenda
m Section4: 2¢1JLAEXETFAQ
B D/I)LEADEEMIEDTEE?
B SIERETIRIEDIEE?
B7 A4 RLEERETETTM?
BIEDT—R(ZT4IEAEMTBIZIE?
B EFICRENHDHEE .
Yo DARERRBO T —2EH/IIZIE?
BT ANMUFONRAGERTGEE?
BTEXRANONALFYT7ALILD
AM) =S NIBFEIFTHIZIE?
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Q: 74V EADERFIED 77K ?

d = designfilt( ‘lowpassiir’ ); | | =
%% Y

I AN
grpdelay(d, N, Fs) ;;%;;;,47
%% BEDI(ILFNE ‘DB R

out1 =‘fi|ter(d,xn);‘

s
B !"-...

out2 =|filtfilt(d, xn); |
EIEFEIE T 1)LA

IEA R EFERRETIqILR) T T HIET,
EBEBESIVREERBODNERE

filtfiltBE ¥ TEIT W R NR
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Q:FEI/IILFRETRIEDELMK ?

B FDATool S e
m ERFE
B JAILEDBEZ DR T—F
B J(LIDER(HPF=LPFSF)
B EE/NMRIE
B CAvyS  HDLO—F4&ER

—|
he
L

HE =

B filterbuilder
B THRAR—X
B AR ERDOITEIREIR
B EE/N e, a—FERE.
FDATool D E #aE% FAEE

B Designfilt GUI
B R2014a#H4sE (filterbuilderMR—X)
B RN —ADHFETFEDFIEZE R
(EE(Z2RTYT DA TV MNVEBAEEN D E)
B J/)LAZRE7O—DT7 AN RBYLBWSIBDIZHEHETESE)

65



Q: BB I(ILAKIIB

@\ MathWorks'

IBD&ELME ? (cont’'d) R2014a

DY T4 2000[Hz]. 7vbAT650[HZ]DA—/SAFIRT 1 ILAEVERK

>> dee = designfilt('lowpassfir’, 'CutoffFrequency’, 650, 'SampleRate', 2000)
@RYIEL5I 8 ZE TS HGUI

o[ (el |

4 DAL —EEHTIAS
= = 4 s —

R AL

Filter Design Assistance ZF|HTEEY. N—/%2 FR 3551

designfilt MIFFBLTTS-MEdEnELE

Hiht ity PHEE LR INER0E T A JrllA -t

RERN designfite &8 ALED-ROER

24N —SREH P ASL e LE T

G
R ot~ it [ER—
A

IRIEILTE

7—(»’}* AETPLAR MEERUTE G BT8R D MA] | rire ok 3 -
LTRiEE.
s

[hwha3 (6 dB) RIEE

AN L—h: 2000

kA2 (6 dE) ELEE: 50

RIEOEN: [HEIGEL

A TS —BETLAS b

FUIYAL
BEFE kD

b BEAI

@>>fvtool(de
YRR

(& J-0L5—DREAEY— L - Figure 1: SRS (dB) Ll e

D7) | B BA TR T/l FAO by DR AT v e x

D&R KOTNNNH|a< 30 >80 (0

[R5 B # 6 [« B b @ B B

| Figure 1: $EISASE (dB) » |
R 0R G 2 (dB)

0 100 200 300 400 500 600 700 BOD 900
BB (H2)

0—/53 FR 2551
BN desientilt IERLED Mo

@>>designfilt(dee)

a1t
e 5T
2JI~
s o] tHRZEHE
it
B [heh#7 (6 4B) BiEER
B i At -t 2000
AukA7 (6 98) BiEEE e50
IEIETHE
IRDEH: [[EEFEE T LR O RRE
IFHEE i1 dB -

BRI a0
[4] 1L —DAIBHLY— )L - Figure 2: FIEEE (dB)

BT ) 1

FATURL E—

BEFE FR IR &

T B B BAER T/ TRIb Dy AT v x
D&k OTNNNH axid>8080
IR Ed # + @~ B L] @ Rl

‘ Figure 1: {RIBLE (dB) ".‘ Figure 2: iRIBSE (dB) “‘
HRIBGE (dB)

v BRI

o

®>>fvtool(dee)
Y4 RS

0 100 200 300 400 500 GOO 700 600 900
EH (Hz)
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Q: 7 FHRAJ LI AL ERET TES

Casel. MR RE-TLNSIES

Signal Processing Toolbox™

bilinear FFOLT-FTEI T A-EEROTN—REE

beaselap Awtr)l, FFHOHT O—JZ T ILA—DTO ST
bessels Ayl FFOT T —mERE

buttap JIED—Z TANA—DTO 1T

butter JUEI—A T L5 —EEET

cheblap FIEL T IBFFOY ORI IA—0T0 AT
cheblap FrELT I U EFIOY O—Z JL5—0FORATF
chebyl FrbELz 7 1870 L5 —OET (BEEEY v L)
cheby? FIBLI T I BI04 —05EH ([BEsSE)w Tl
ellip BRAZ 1 ILe—DEst

ellipap BREFFOY O—/Z F1IL5—070O T

— e in e L e e

e.g.)
>> [b,a]=cheby1(3,0.5,0.1,'s");
>> freqs(b,a)

10
[REE (rad/s)

3 2

3 1072 ' 10f

10
[BHE (rad/s)

Dezign method: |Butterworth

Filter tvpe: Lo

Filter arder:

2

butter

TN\

Analog Filter

Chebyshey T
Chebyzhey I
Elliptic
Bezzel

@\ MathWorks'

g7

Case2. BRI RFEH-TL\DES

DSP System Toolbox

1CL

EERE R (Simlink)
1
CL

G(s) = T

2 4 = —
S +RCS+CL

) ’W‘i

[ #& & IH (Simscape™)

67



Q: 7 FHRAJ LI AL ERET TES

Simulink Design Optimization™
[C&KAHRLCTAILATE BEE L

ﬁ Simulink Design Optimization Getting Started with Simulink Design Optimization

Design Optimization Using Frequency-Domain Check Blocks (GUI)

0On this page...

MU Response Optimization* - sdorectifier - Bode plot 1
RESPONSE OPTIMIZATION

Deggs v - : le >
P ! -
F-5 7509~ ® | Bodeplot1 | Tteration plot 1 ¢ | Teeration plot 2
Spe7-ra-2amons p- - -
| MATLAB Workspace
corocttio/For Desen Reauremants
Opt 2m - & n S
o [1,0.1253... i
ans 0.0100 fee——————r]
Thi b [0,0,07.... g 4
Is‘vmlwmsp-m(smm«) i"" 1
Conl s - . st
c 5.00002-04 !
HHL -1.0000e... L
Inthi 3 by
X 0
gain o
25 - &
@ Req_1 1x1 Cust... ~
MOd % Regualues 1x1 struct =
[l Reg 1a Cust... 5 3
The — T sor
Desientarstl. 1) = 3
Heae: 'C" ' 8
Velue: 5.00000-04 £
Wininus: ~Inf
Waxivs Inf
Free: |
Seale: 9.7656e-08
Sou Info: [1x! struct]) * SORH
ol e
b
3
S w0l
=
©
00
[
-
3
3
s
s
st

a
&
&
aF
a
a

Control System Toolbox™®
RLCT«JLAEEETGUI

[#] RLC EIREAEHT

-:-Ehg

I7I{E) #|EE) FFRN) BAQ Y-oLI) FALbyIF(D) DrrBOMW)  ~LFH)

Oade| kA TBDEL- 2|0 aD

ATVIRE

- FRE EEAREE
2 1 -
Bis :
~ ! o~ 05 x
05 E :
g g o :
l #H-05 X
-1 H

102 10! 1 ' -1 -05 0 05 1
RS (radss) 4 (seconds ')

FAFAHRE

15

SimElectronics™[Z &5

] TIOT4774)L73

Desired frequency respomse

[v_out_ref] I

OPALMT41A

Ab
Ra m
Solver
Configuraton

HEEFETRER

4\ MathWorks
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| 4\ MathWorks'
Q:HEDT—RITT1INAZEMNTBICIE?
| .. JPEGE] ERT —4

l E l.'[”
-I::.f .: B

:ﬁﬁﬂzv‘-“—'ﬁ

ECG data (original}

HR2 = imread (' HR_s2. jpg’) ; » LA LA

HR2b = |im2bw (HR2, 0.55) ; | /31F1A4— PYRISNN
i E—o4—F
for k = 1515, : . __ Rwave and S-wave in Noisy ECG Signal g;;kg::jfﬁggsml

HR2f = find(HR2b(:, k)) ;

HR2mean (k) = mean (HR2f) ;
end FSIDEID(T—2ED
A TIIREHE)

30 100 150 200 250 300 350 400 450 500

Image Processing Toolbox™ @

EEE A ERLEA T3 EBHLTSL

69



DT—R&H/IIZIX?

4
10
11
12
13

14

15
16
17
18
14
20
2]
27
23

24 =

25
26
27
28

nn

»5 Lomb-Scargle;ilc LHEUA K S LHGE

I[p,f] = plomb(mgt,?, normalized ); I

plotit.p)
xlabel (" Frequency (week ™ [-11)7)
grid

a% —BH (JB%) OF—RTHENAD

wed = reshape(wst (1:7452),[7 521)7;

plot (wad)

xlabel ("Vleek™)

viabel ("Weight (ke)’)

grid

q = legend(datestr(datenum(2012,1,1:7), dddd’ ));
q.Location = "Morthllest’;

Bh AL— 5 70 )R IR

wes = sgolayfilt(wed,3.7);

plot (wes)

xlabel ("Wleek™)

vlabel (" Smoothed weizght (kg)’)

grid

= DrmremAf At aed o f At e £O012 1 1-7% 70017 1Y

4\ MathWorks:
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R2014b

plomb %4
EITHER

RS T —%5
(AT L)

R 5T —%5

(T1ILRE)

plombEA#ZEHHFHL T .
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Q:TAMY

>>testbenchGeneratorExampleApp

4| DSP Testbench Generator

F ORI TTIEE ?

R2014b

@T AR FEEIERK
[E—
Erter name of the function below:

Configure | _). I hTestbenchlowpass

e | @7 ILTYXLDEIR

Maowe down |

Mumber of inputs:

|——>

In2: White Moise (randn)

== 3 . function out = hTestbenchLowpass(inl,in2)
DIEERDER

Bdd a new source to the abave Nt of nputs: parameters of User Aleorithm

Add

Audio File Feader
Audio File Reader
Audio Recorder
AT File Feader
UDP Receiver
Signal Source
Chirp Sienal
Sine Wave

FlotAs Iwob | deddpect rum ,Ta
*Showlegend” . true);

sink]_? = dsp.Spectrumbnalyzer(’ SthpleRate’, 44100, ...
'PlotAsTwoSidedSpectrum™, false, ...

"Shovwlegend” , true);

Colored Moise ¥ Stream
hite noise (randn). clear hTestbenchlLowpass;
Custom Syetem object i )
for i = l:maxIterations
4 Sources

inl = step(srcl);
in?2 = 0.1%randn(1024,2);
in3 = step(src3);

step(sinkl_1,out1);
step(sinkl_2,o0ut1);

GOBBERSN-TAMMIUFE
EITIER

Mumber of outputs: 1

Configure |
Remove |

fgsociate zelected
zink with:

Cutput 1

-

fdd a new zink to the above list of outputs:

Audio File Whiter add

Audio Plaver
MAT File Writer
UDF Sender
Signal Sink

Time Scope

Array Plat
Spectrum Analzer
Logic Analveer
Cuztom System object

QT FEDER

- BE

EEm

SCROLL LOCK
REW=2153 e T=032.176 ||



Q: AR)—=27 50

dspdemo.BinaryFileReader
dspdemo.BinaryFileWriter
dspdemo.TextFileReader
dspdemo.TextFileWriter

classdef TextFileReader < matlab.System &
matlab.system.mixin.FiniteSource
properties (Nontunable)
Filename = 'tempfile.txt’
HeaderLines =4

end

properties
DataFormat = ‘%g’
Delimiter =
SamplePerFrame = 1024

end

methods(Access = protected)
function setupimpl(obj)

end

end

4\ MathWorks:

2014

ZxEBHTHICIE?

e.g.)
wobj = dspdemo. TextFileWriter
data = rand (8, 3) ;
step (wob j, data)
step (wob j, 2xdata)
|' simplesample.m | tempfile.txt | + |
1 Data:
2
3
0.56782164072522112,  0.46939064105820583,  0.60198194140163652
0.075854289563063615,  0.011902069501241397,  0.26297128454014429
0.053950118666607°~  ~ ~"TTTUNTUANNTTT st inmtg 678995
0.53079755300897: = [ XA T-text I 7 A )L 1314000776
0.779167230102011 R 1282370947
i o0.93a01068422018; (STEPTI T /RL[EIEH)  iss0249775
1 0.1299062084737301 5, U.D20033 13DIUDLILLES, v.uosos 1o 1996932567
190 56882366087219272,  0.16564872949978093,  0.22897696871681883
1171, 1356432814504422, 0.93878128211641165,  1.203963882803273
1] 0.15170857912612723.  0.073804139009487794.  0_59594756908028858
1| 0.1079002373332143 s 15645
- -
1] 1.0615951060179454 ERSNTztextI7M1IL |
1.5583344602040223 sl |
1| 1.868021368458366, (stepa~k2[EH) 199551
1| 0.25981241694746027,  1.0570662710124255, 0.16764275599386513
ol 1.1376473217443854, 0.33129745899956187,  0.45795393743363766

NARZT A X RE -




Q:BET7 IV r—ar~DIt.

|
Rectangular Transmiter
TR]

Pul= wavebrm

Signs| Processng H F;f;‘"ﬁ'

Watchad Fiter and

Free Space
Channel

TxFath

Free Space
Channel

R Fuise megraton
Radar Posten
Radar Vaooty
Noncoherent
— vz -]
gz 10-Pulse x
Integrator

VG I v M atched

N I Filter

1951 (% 2

[ R T T T

[+ SimEvents

4 SimRF
4 Gircuit Ervelope
Elements
Junctions
Sources
| Hilities

[ Egqumalent Bazeband
ldealized Bazeband

[+ Simscape

[+ Simulink 30 Animation

[+ Simulink Coder

[»

[>

Simulink Control Design
Simulink Desien Ootimization

4\ MathWorks:

|~ ]
Amplifier

-
s

I.Eilllier. —I%Jﬁ;’&%\
AL La7nyy

e
I

LG Ladder

L—3 —XTLIZEITS
TYFREI4)LA

Region in Original Image

150

200

250

550 600 650

Region in Filtered Image

150

200

250

550 600 650

HARFETAILARIZES
Iy RELE/AXBE

. [Digital Video Broadcasting - Cable (DVB-C) |

ints 1880 ldoubie.
=3 i T R 2 an [ DT
=
Basshand
Physical nterface Tx Interpolaton Fiter
(Becdn 5 ransitier Baseband Processing Seoit 5 Annex
(Sec42-48,5,8,7,8,9)
Jawion
e i re
double| _Rae (Mbiv's)
Bt rate (Mbirs) 64 CAM Moamlation Example

Cable synibol rate:
Ocoupied bandwidth:

=1
double (3)

MPEG-2 useful bit vate Ru: 9.6 Mhit/s

84-080 Bit enor rae (BER)

Eysem BER
Computatien

Sysem biteror 13 BER)

Receiver Baseband Processing
(Sec43)

* |m§

Totl Numberof
Erors Comected

Mumberofbits received

uints (1851 |

int32]

raie (MBsud)

i HIE 7013

0.000125)

Inemnal |double (3} £
Txand Rx

BER 3 2.482408)

double

BEVATLIZEITS

Number of bils recei ed

& Tu/Rx Specira (2MHz BW)

I7AME) YoMD) BRY) SSru-Sex(E) AL
FEIERE N HE L Tl
@@ >

REWEI08 ks | T-004

EE7I)r—a> T
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m Case study

@\ MathWorks'

BELDT—RIZEITBT4)L20DE R
B AR—yIIREBMIEIZIESignal Processing Toolbox

m G AHGES IR, Simuli
m JqI)LRANEE

nkAIZIZDSP System Toolbox

B ARM Cortex-M, Cortex-AQEENIEBRT4M4TF) %t

LEZES

B STMicroftDiscovery~®

m J4I)LIFERETFAQ

B ZiEHTHEEE
n NEMRET—2% 00

fmo1=5

m TAMIUFEHBAERFEORFESHEE BiEBs LS

m AN)—3I2 5038
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