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« Commonly used blocks — —f&% & FHEY 758

« Continuous — #4EHEE] FHE, 41 Integerator, Derivative

« Discontinuities — FEHEAERY IR, #1Saturation

« Discrete — EgyHER] 3R, 41UNit Delay

» Logic and Bit Operations — 5BV 7 L E T HE 217
i E 1 (Logic operator), {5 &1 (Relational operator)

* Look-Up Tables — &3&A 77 #lsine , cosine

« Math Operations — 82285 & 4148 F1(sum), 3fEfE (product)

« Model Verification — £& 25215 H]

* Model-Wide Utilities —Model F#EryE ], 41Model Info
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Type Conversion)
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« Sinks — & rEG I ERHHY TR, 20Display, Scope
e Sources — HgFJH R 41 Clock, Sine Wave, Constant,

Pulse Generator

« User-Defined Functions — {&#
Function, S-Function

 Additional Math & Discrete —

F& EFRHY T, 40 MATLAB
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Time (t): [Use simulation time

-bi CI"I_dC Amplitude:
File Edit View Display Diagram Simulation Analysis Code| *

Bias:

E-E S P =IO

Frequency:

en_de Sample time 5 %Tcontlnuous
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Example: {557 23(Integrator)
Output is the integral of the input

y=u =

X=U
y==X
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g (transfer function)
- JREEZZ[L (state space)
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&M SR A transfer function

» fiza% initial value FEHE
mX + cx + kx = f —>mX(s)s? + cX(s)s + kX(s) = F(s)

Laplace transform

ST MR ELEY

X(S) 1
F(S) ms2+cs+k

G(S) =
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X(S) 1
"~ F(S) ms2+cs+k

f N = — -

Transfer Fcn

fle Edit View Displey Disgram Simulation Analyss Code Took Help
The numerator coefficient can be a vector or matrix expression. The

" denominator coefficient must be a vector. The output width equals the

@F v [é EE @ v % @ HD L‘) Y o» @ v v number of rows in the numerator coefficient. You should specify the

coefficients in descending order of powers of s.

Madel Bronser = | ntited Parameters

untitled ® untit|ed \i i Mumerator coefficients:
N (1]
Q T Denominator coefficients: %%%%’l%& |
E m ck]
1 / Absolute tolerance:
= ) 52_ > auto
m. +CS+k State Name: (e.qg., 'position")
Transfer Fen
{ I
Ready 200% J [ oK J [ Cancel ] [ Help Apply
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K State-space model:
dx/dt = Ax + Bu
V= C:{ + I}u e
l' A:
[0 1;-k/m -k/c]
B:
EXmX+cx+kx=1y cum | |27
y=Cxtll (= ['1 ;
X
Assume X = [ l] = [x} D:
X3 X State-Space d =
. . . Initial conditions:
== 4 . Xl - X2 A,B,C,D%%& 0
JTIKQ + CKQ + le — f Absolute tolerance: -
i 0 1 0 J oK H Cancel H Help ” Apply ]
X=| k _CX+P}
m m m

= [1 0]X + [0]f
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Dee #YJ{# FH J77E:Command Window &g A dee

. s e
4\ Comman d Window ‘ C=ar= s s i |
== des ® ’E ‘
Jx > | & [
I % Differential Equation
R Editor
Double Click="" B:

=} DEE

l |
deedemo deedemo? deedemo3 deedemo4
0% oded5

MName: One Dimension\nOscillator

# of inputs: 1

First order equations, f(x,u}: =0

bX == *(2) - o A
1 2 ﬂ (k=1 )-cm(2)+u (1) ¥m 0 .
; x c S o= ﬁ'\ { x(0)=0

Number of states =2 Total=2
‘Output Equations, fix,u):
®(1)

y=

Help ] [ Rehuilcl] [ Undo ] [ Done
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Exercise:JE4&R Y %ﬁ?ﬁa

- FFERI AR N 285 R
INCTEENPN
2. N30 r(r=1.05)
3. HEEE, K (K=1e6)
— p(n)=r*p(n-1)*(1-p(n-1)/K) (FELx
1E,p(N-1) HY~F-T7 58 R AR 1)
— Initial value for population is
needed! (p(0)=100000)
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Solvers 8%

° [EENTEEERS:
ode45,0de23...etc. o
[ ) ﬂ%"g IK 7%&%% n[[ Start time: I 0o Stop time: W

Solver options

Od 98 y Od 65 e etC . Type: IFi:-:ed-step j Idiscrete [Mo continuous states) j
L %&%&@ﬁ%% Fized step size: I Ik | Pode: I.-“-‘-.utl:u j

<} Simulation Parameters: untitled !EI

Wu:urkspau:elf[ll Diagnnsticsl .-’-'-.dvanu:edl HeaI-TimeWDrkshnpl

Solver

Output options

Refine output j Befime factor I 1

k. | Eancell Help | Apply




AE T ] g B gz (Solver)

* A e E B RE s T R T R
* TEHELE ZHL, R AR R HIARRE
* N[EIRYEGE AR g (55 FH A [FIRY 5 A U /i) AR &
DEVANNEEES
e [&7EATE (Fixed step): odes, ode4, ode3, ode2, odel

e T[S0 [E(Variable step): ode45, ode23, ode113,
odel5s, ode23s, ode23t ode23tbh
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PHR

@SR TR SRR EIR

&

e E (Error Control)
. Tﬁﬂ iR g N DA AR AR e B B F2E

o~

: 7FE¥T395‘? fRordaaaty EIRERIUEEHIE

o fiRHzs 1] DU e E

7 —|

otate

ol [x|

.
'
-
1 -'_'_'_'_'_,_,—I—'_'_'-'_'_F
.
1
-

at':”ir

Reqgion inwhich ol determines acceptable error

Reqgion in which atol determines acceptable error

%

Time
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PFA

lK /j)A =L (Variable Step)

SIMULINK Af&E45rtEderivativesiy ;= a1 E & R FE

Integration error is approximated by
the difference between two
integration orders.

t t+h

WIERZAE ] DU AT s - GRS - & AIREBC N TS AR
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t t+h

Discrete Update

o BAFEER AT LIRS o RIS o SATREBVNT TSR -
© DIERTAR/NAEERIE S HIAN -
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Setting Parameters

e /L /—‘—rﬁijl LK <} Simulation Parameters: untitled !EI
S IE AR E

Solver Wu:urkspau:elf[ll Diagnnsticsl .-’-'-.dvanu:edl HeaI-TimeWDrkshnpl

e EE \z\:::r‘\z\\ Eb 2H = iriiilatior Hrne
z_j:—t:‘ ?i m‘ 2 _/L/F Ig El {éﬁ D;E\L ;I_—EE‘ Etartlti:ne: ItDD— Stop tirne: W

?% IéE[J - M options

Type: |Variable-step "|_A||:-de¢15 [Darmatd-Prince] j

. A E N N[22 l:[ - »
PRSI A B — .
bdaw step size: | auto Felative toleranses

o Lo kY aE R Frr— =
DXIE_ \ ljb:\'_‘ . Mit step size: auto Abzolute tu:uleranu:e.

errOr In X fifal Step size: IF
< kput optians
X ]

Refine output /j Refine factor: I 1

k. | Eancell Help | Sl

——

¢ SREMETERAE

errorin x <de-6>
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AxTeradoft sz = - 4 .
% H HEREIRR A&
+ EX: HHEH2IVEZ R0 T E

— —
g k ; ko
AN AVAVAY
Iy Mo
=0 =
QO €2 [OIHO)

« HERTI TR~
{ m ¥ + %X + kixy +myX, =0
m,xX; + C(%; — %) + ko(x; —%x3) =0

e initial value £ x,(0) = 1,%,(0) = %,(0) = %,(0) = 0
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SHE &2 fEIRE24Simulink model

N

h'i twodof
Ele Edit View Display Diagram Simulation Analysis Code Jools Help
]| = )
E-8 & Feik A=IRYON ® - w0
r Y
twodof Function Block Parameters: Integrator2 ﬂ
® [Paltwodot Integrator B
Continuous-time integration of the input signal.
ol <k
T Farameters
E Gand ( |
External reset: |none hd
- < o _ N
] Initial condition source: llnternal 'l =
Gahd
> 1 Initial condition: |
s —
0 Initial value
Ganl Inteerator? Intearatord Integrator2
- [T] Limit output
@ : Upper saturation limit: i
I Gai — L
] || Lower saturation limit:
I @ B |[-inf
(Gant -
[7] Show saturation port
P
1 1 i H
T 4y I M Shoer state nart Sl I
Gah Integrator Ihtegrator 1 I J oK ] [ Cancel ] ’ ﬂelp ﬂpph-'
|
»
Ready 100%
|5 . TE— —
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Example: 5 :.:
« FEETREZA T

m¥ = mg + b(x) — a; X — a, |x|x

b6 =,

k(x—x) (x> Xo)
(X < Xo)

* X vk NEERE > X0 5 7 5 At

M E = > KGEMFRE

, a5 7‘8—

D

g EINNZRE
SSH T &R EY -

* b(x) ko =alklx FEGAIR - FTLAMLEE) TR EOR

SFUERUT TTIESN » EAEE

N
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Nonlinear Simulink model
s

Sbungee - - = i B o IS— i R
File Edit View Display Diagram Simulstion Analysis Code Tools Help =9 "" dERREE R ¥
58 @ S IR O OIOM N~ w— e N
bungee
@ |[a]bungee v
&
mkg
E |
Constant X
=
= Integrator Integrator! .
H —P{:
Canstant! Soope
Gaint
Constant3 =
a*abs(upku [ ‘:
(7 x0
Fan : Congtant?
/_ Gair?
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b
Switch
» Corgtantd i
I Ready 125% odeds
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* [l 7E R e ] B B W S~ SRR
* o PRERAE A A BRT— (& En A S e
y(n)=u(n)+u(n-1)+3y(n-1)
time=n x sampling time
* BEAENRE 240 BEUiRRE(discrete state)
* Fi—{Eoutput Fr—1E JREE(state)
* BEHUINEEE & AT —(EENS T EAVECIEAG |

&
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ﬂLlhrﬂry simulink3/Discrete
File Edit Miew Formal Help

1 T
3 b - — p
4 =1
Zaro-Order Unit Delay Dizcrete-Time
Hald Integrator

win'F Cealn i Dulnd
sk TR nBuln)

Liscrete State-Space

[¥]
L'd

1 1 1
3 4 =N

-4 -_—p
1+0.5z1 H1.5 2z-0.5)
Driscrete Filter Dizcrate Discrete
Transfer Fon Zaro-Fale
b ’A/ b

First-Order

Block Parameters: Unit Delay

— Unit Delay

&

* * Zero-Order Hold

ST e N SRR SR

* BRI
. ® Unit Delay
Ll o InputiEss—(m e fir s
(sampling time)
* =Z7EInitial value

Sample and hold with one zample period delay.

— Parameters

|nitial conditians:

E

Sample time;

|1

k. I Cancel Help

Al
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noesd, " mageniie f- ﬂ ;
i — &

Wl 234824 172 (Difference equation)
{EFUnit Delay

= | 5=l N
X o _L[:»H,E?AHS/\(

* JAEblockzZEE 241 delay:
Ex: y(n-1) For—{Edelay; y(n-2)F& -~ {Edelay
* RIFITIEI EHREEinput Edoutput blocks

* FEMIGE (initial value).
* ST EHUEFE (sampling time).
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SR
* Z-transform
* x(n) --> X(2)
* x(n-1) --> z-1X(z) (delay one unit)
* y(n)=u(n)+u(n-1)+3y(n-1)
-->Y(2)=U(z2)+z1U(2)+3z1Y(2)

Y(z) 1+z7°

> _
U(z) 1-3z°

Filter representation: num=[1 1], den=[1 -3]

&
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Z-DomainZ =t
* JE Rz zx(filter): num=[n0 n1 n2], den=[d0 d1]

-1 2
n,+Nnz +n,z
-1
d, +d;z

o P E (transfer function): num=[n0 n1 n2], den=[d0
d1 O]

2 1
n,z°+nz +n,
d,z* +d,z
* EELixELZero-pole: gain=K, zeros=[z1 z2], poles=[0
p1]
K (Z B Zl)(z B Zz)
Z(Z - pl)
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Moving average filter 5[5
* Moving average filter 5241

4

1
y, = E(””‘ ‘U, | F U,y F U, 3+ U, g)

STE HRAIAY output BETIU(E output fY3F-15

Y(z)= l_(l +z 4z 4z 7+ 27 }U(:)

50

&
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Moving average filter 5[5 (%)
20 Y HY Simulink model 41

Chirp fEEW T
ffarger - fO
=T Tt

I; arg ef

f@&)=fo+

chirp (mask) (link)

Output a linear chirp signal (sine wave whose frequency varies
linearly with time).

Parameters

Initial frequency:
| Target time: I
100

I Frequency at target time:
10

Interpret vector parameters as 1-D

r — N
Source Block Parameters: Chirp Sign‘a_l‘ u

~
o S W =
Eile Edit View Display Diagram Simulation Analysis Code TJools Help |

i u |
-8 a BH-EHEOP 2 ©- w0 fem 7] @ -
meanfilt
@® [Pa/meanfilt e
8 Frequency of Chirp Signal
]
— Digital Clock

Onginal

W

Chimp Signal  Zero—Order
Hold

Filtered

» || (Il >

FixedStepDiscrete

Ready 150%

[ ok |[ cancel |[ Help Apply |

(|12

5 HAIHY output ELRFITVU{E output HY~F15
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Moving average filter 5 (%)

ﬁ DL BE % Ediscrete filter block 2% 7F i
/T E‘Q/\% \ A%E‘%

7l meanfift test S Funct\on Block Parameters Discrete Filter “ A &- ﬁ
File Edit Yiew Display Diagram Simulation Analysis Code Tools Help
“-@ e BO-EHEOP = @ o Discctoiter -
[ meaniit st | il Independently filter each channel of the input over time using a discrete IIR filter. Specify the n
© [Fimeantilt_test » - denominator coefficients in ascending order of powers of 1/z.
q Frecuency of Chirp Signal i i . .
@ A DSP System Toolbox license is required to use a filter structure other than Direct form IL
= Digital Clock Fon | L
= Main | Data Types | State Attributes
|
Qriginal >
| Filter structure: lDirect form II -
i Data |
Chirp Sigral Zero-Order l .
Hold Subsystem Scope Source Value I

Numerator: [11111]
Denominator: [5]

Discrete Flter EXXHE $\ *:7 Iil%& :?‘

1+ M3 G4

\

Q

(L1} 3

0K ” Cancel H Help Apply
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il »

Ready 150% FixedStepDiscrete JJ
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o B B (40

o HH4EEA L E IR 25 B F discrete filter block

R, * - ;
wmelocd i

$HUA/)J@/EZE’§ F oS SR E 2N
» HEA FR S AEAE=Z20 Hz B2 40 Hz #3FAH -

° | freqz ?E ,ﬁ.‘il[lgz\‘galg I % "y EEIA:?\’( ©
, | ———

File Edit View ols Desktop Window Help

I@ﬁtﬂé [%'J'\ {"?@-p/ 2|08 =@

. ; i
0 02 0.4 06 w 1
I MNormali uency (xmrad/sample
! f f !

i i i
0.2 04 06 0.8 1
MNormalized Freguency (= rad/sample)
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PEBR AR (8])

. RBSEREHLOBTESE » Normalized Frequency 0~1
%ﬂﬁ?ﬂO%OHz Fir210.488H0.8 % EEE20 Ei40 Hz -

B Figure 1 = Source Block Parameters: Chirp Signal Lﬂ_hj
File Edit View Insert Tools Desktop Window Help ~ . .
chirp (mask) (link
EEF IR PRI p (mask) (link)
QOutput a linear chirp signal (sine wave whose frequency varies
0 linearly with time).
@ 20 Parameters
)] [
I 2 I Initial frequency:
5 -40
| £ 0.1]
60 ‘ i ima-
I 0 02 04 06 08 1 Target time:
Normalized Frequency (xm rad/sample) 10
I 100 . . T
= Frequency at target time:
(1]
5 o0 50
=
g 0 Interpret vector parameters as 1-D
i -100
150 |
0 0.2 0.4 0.6 08 1
Normalized Frequency (xm rad/sample) [ 0K ] [ Cancel l l Help Apply
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o« AN[EHUERZRAVEES S 4T - upsamlping,

downsampling, decimation, interpolation

« LPF(anti-aliasing filter) fji{£ Upsampling 7 1%
downsampling 7 Fij

x(n) — TU

Fs

i

T

UFs

LPF

— y(m)

UFs

UFs/D
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Example : Multi-rate model (up sampling)

File Edit View Display Diagram Simulation Analysis Code Tools Help

- i - .
s = B g o< e /Upsampler =M (73] Sample Time Legend -g
' e ——

E-8§a EG-EEODP - @ Horna - Eile Edit View Display Diagram Simulation Anal
resample .
& Palresample » IEJ - ﬁ (::I i EE i % @ HD- » @ -
4 LY
8 r Upsampler
. P Origral ) |[Palresample » | Upsampler
Interpclated il D :@
.—< _—
Sine Wawe Scope —
Sine Wawe Resampls Scops ‘E"‘E‘ﬁ - |:|
+—w{Orighnal Upsamgld o Pulse
™ uke Orighal -
Ureampler Discrete Filter Gieneratar > UDSEI mpbd
*® SCope
! >
e
Probe Probel Product e
(D Upzampled
Disghy Doy Original
Ready 150% FixedStepDiscr =@ |"Q" & | & A | = B

Fulse

Time offset:

0.2sec

resample

Sample Times for 'resample’

Color Description Value
Discrete1 0.2
Discrete2 04
Discrete3 0.6
Constant Inf

Sampling timef£0.6sec %
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~
#} resample *

& anfilter RHVESR

-
Bl Scope

File Edit View Display Diagram Simulation Analysis Code Tools Help
ENCIERS EH-E P @ = - @~
resample
® [*a|resample »
|
. N .
E3 Upsamp“ng Eﬂ’f[}% Upsampled Onigiral ]
= % Ihterpolated [: > E'
= " >
I Scope | |}
J Resample SoorE
— COriginal Upsampled L @ P COriginal Downsampled
1
|Upsampler Discrete FllterT Downsampler
L . .
Upsampling &£
Probel ATr I Proke?
i
» |« Il }

150%

FixedStepDiscrete

Time offset:

]

Interpolated
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Example : Multi-rate model (down sampling)
« HUGHFEIFRO. 2P EUE — R EFN0. 4PV EUG —K - JRAGERFEUR 2#R0.6

Fb - Overall 2 (& HUG 2R 2 [EASHY 1548 -

%@!M Sample Time Legend i ERES

File Edit View Display Diagram Simulation Analysis Code Tools Help
= 8 = MG Ee-E 4P @ » @~ File Edit View Display Diagram Simulation resample

mmple’ P - & <« > us> 4 '\y > ., (| Sample Times for 'resample’
& Interpolated ;I—I - Downsampler | Color Description Value
a g > @® |[*alresample ¥ [pa| Downsampler | B Discrete1 0.2 I
N Scope Se B Discrete2 04 |
B Disccte3 06
I

1 Constant Inf

te Filter

I Resample
@ P O riginal Downsampledl | J_LI_ :

it}

Original Downrdl

Downsampler § Zero—Order
|||

‘
== i oo |

» |4 1
Ready 200%
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Hybrid systempyi
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C? = Oy + Op : 2
T, () = T, (0) + 4si11[—r}
7 7 24 % 3600
Oxr = RR |
File Edit View Display Diagram Simulation Analysis Code Tools Help Eile Edit View Display Diagram Simulation Analysis Code Tools Help
B a <« ke AM=IRYCN (® v 372473600 > () v v -8 a < ¢ HEE-E 4P ® v» D~y
aquarium X Aguarium aguarium Aquarium >
[balaquarium » v @ |Palaguarium » [P2] Aquarium -
@ ol D) TR
£ & Foom Temp
- DoC =
Text
AV, RoomTempL
[ -
Sine Wawvel Room Temgrateﬂemp ey )
T
S .
Ground g e Heater Water Temp
Aquanum Cain Integrator
. Heater Ground
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» Initial Ji % 5205 » ZIR{F20 &4 L BiE =
%E&D?

7

u Scope H@ﬁ

Time offset: 0
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£ hizieEymodel (band-band)

* ROmEHERHYEET TF I s HYGH R » SOAEAEETS
e Y EE VT
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OFF |---7-—--- a

: : BE , B A [ERNE BESE IR sk
=1 77 AR = =N ia_{mfﬁfﬁﬁzpm,ﬂﬂﬁ%&
a5 turn offiZ (- Nzs

oM~ (R E (DR R 2 U2, JIEN

zZsturn on
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High lowZ 7~
heater off

plidicy b
spec

A DA G
sampleing
time [Z{EaR
4

B INR e EEEE

Water Temp

Sampling.time
=1800sec

80 @« i 550§

Sampling time
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