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Experimental Study of High Speed Active Vibration
Controller and PILS System

Seo, Hae Yong

Department of Mechanical Engineering

Graduate School of
Korea Maritime University

Abstract

This thesis deals with the experimental study of the vibration
suppression of the smart structures. First, a new high-speed active
control system is presented using the DSP320C6416T microprocessor. A
peripheral system developed is composed of a data acquisition system, A/D
and D/A converters, piezoelectric (PZT) actuator/sensors, and drivers
using PA 95 for fast data processing. Next, the processing time of the
peripheral device is tested and the corresponding test results are
provided. Since fast signal data processing and algorithm is important
for the active vibration control of the structures, achieving of the
control system were focused hardware and algorithm. The control algorithm
using PD controller in addition to FIR filter is implemented. Finally,
numerous experiments were carried out on the aluminum hull to validate

the superior performance of the vibration control system at hardware.
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Fig.2. 1 System of active vibration control system
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Table 1 Parameters of PZT sensor
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3.1.2 MFC &%7]

B o= NASA Langley d7-40A 7§38l oL, Smart Material Aboll Al A}-8-3}&}
o FE=3 = MFC(Macro Fiber Composite) 25 7]& HAZ dtef A4kt
MFC #Zts7l1e 4 241 Algky stelvl & 7|22 sto] 7]E9] Axsds @i
= Gge] FrEdE 48] ol 4 AeE ARgste] 2 FAE aEs 2
oA sl Thsdtth. MFC #s7]= AR el b Aty stolw s A st
, %= A= (Interdigitated electrode)s AH&3F1 0w, 3o e} Tholr] Aol =}
ol A= Abolell= Al FAIE AFdste] M= HHshs A Sl ol E o
A== &tk Fig.3.1¢14 MFC #5719 7] 225 Uehd A

;2

tﬂ—

o K
uE

4x

Interdigitated

electrode pattern on
polyimide film (top and
bottom)

Structural epoxy

Inhibits crack
propagation in ceramic
Bonds actuator
components together.
Permits in-plane
poling and
actuation of
piezoceramic (d;,
versus ds,
advantage)

Sheet of aligned
rectangular
piezoceramic fibers

Improved damage
tolerance and flexibility
relative to monolithic
ceramic.

Fig.3. 1 MFC's primary structure
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3.2.1 AlojA2H EE=

(TMS320C6416TDSK)
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Algorithm Driver Amp
’—6 convertor —>» (PAGS)

(DAC712 : Plate
A signal
amplification
7
L His) €<—
| —

;' o = natural frequency of structure

A/D =
| Rmoen [I;:E] 7= Mode of controller

(ADS7803)
[ —_

Fig.3. 2 Control system configuration

Ao} AzEe] FHL A
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3.2.2 Al ZZ M| A 2] T4
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Fig.3. 3 DSP6416DSK's configuration, and memory structures

Fig.3.3 & TMS320C6416DSK Starter kit & 743} wl&2g] FZxojt}. USBE
3t Embedded JTAGE &star glom, AIC23 #YS o] &3to] Qe &S &
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v 3k Z A HEYHE 7R JoH, B Ao A= Memory Exp 9 Peripheral
ExpE AH&3te] AD ¥ DA W3k 3|22 ADS7805¢ DAC712& FW G2 A&

A= TS,

o]-&
5
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3.2.3 High speed analog to digital converter®] T4

Aol M= 16bite] AL eyt 10use] arsel I S8 ZE ADWE 3
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= offset AL £AFHI] AT Aolth AAE AEF MEC 4% A AR FEL
AR 54 Wl glAe) A% s ol wASG o, olefd A AF
= A3 93] A ZZ )2 0] 838 Voltage follower 3] 22 AF&3}o]
LI 25 FASY. AMAEY H$ Op-ampe] A/ FEHA HAS DC A&
Ast7] flal AFS-E AT

2000 X/

27 )45V
£ 0.1uF == 10uF

1]
332k9% m‘; 3?76 z

B15(MSB) -= 2

2
o
= |-
B14 <—|: Y - . BO(SB) ;
ADS7805  |— AOns min
2

Bps max
B13 <—|E 1 B1
9
10

B2

Bl -] D ———
B10 <—E F— B4
— 3 b
ne

B2 - —

16 ———— B6

B7

Fig.3. 4 Circuit of ADS7805
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TTTTTTTT TTTTTITT TTITITTT TTTTTTTT

.......................................................... 1

2 QE o]~ 3| Re= 741388 o] &% o=~ tlEY I, TMS320C6416DSK 9
oj=g 2~ Wae} dolE W2, GPIO W& AMEELh o= Mo tays A
EEs 7t 3wtk /RC 2l&ef /CS 4l

A= skl o] &3ttt

tloJE] F4e] dF oA

#define ADCO *(unsigned volatile int *)0xA0000300
#define ADC1 =*(unsigned volatile int *)0OxA0000304
#define ADRO  *(unsigned volatile int *)OxA0000200
#define ADR1  *(unsigned volatile int *)0xA0000204

Fig.3.39] wl&g] Fxo|A CE2FES AHg3 Bojna, F4 g2 0xA0000000%4-
B sleE gl 671x A9 v ZaAA9e T3S 95l o was

EA2HE] A|Astm &, o=~ B 229 2~9% 714
Frie] 1~3W B} 69 ol dFste] zhzhe] of
gz s A8d 5 A skt

ADCE ADS7805° ¥ ® Heke AW E(Convert)E AlZH8l7] $18 Zlo]w, ADRS
ZAWE ¥ e dolg #BlezRE 9o =g7] 9Ig Zlelth.  ADRS 717
ADS78059] W2k A2} Read Eol® S Alo] &17] 9lsto] &g Aot
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ADC1 = 0;

while((GPVAL & 0x0080) == 0);
ad_dataO = ADRO;

ad_datal = ADRI;

HQl A2=e 'ADCx = 0" 9] #hS Addshd, oj=dls BlioM = ve] ddd F49
gtol =951, doly wzoAM 05 9o HaL, 741389149 oj=ds Hads

3l ADS78059 WS AlztelAl w.

While #9] 4% GPIOZ A}&3le] BUSY AAE & 5 JLF T4 ZlojH, o] &
25 33 el AD Wdte] EwEA A=Al Hal, 'ad_datax = ADRx' 0.2 A<
3 Fo=H WE kS Yoj=elWA WS ad_dataxel AFskA #rh
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3.2.4 High speed digital to analog converter®] T4
B Aol A= 16bite] i Falls 10pse] & AIEW £XE 2HE DAWSE 34
DAC7129] 59 Q¥ do]x 3=E 433t
16bit dle]8 TELS TMS320C6416dsk ¢ dHloly 3} Z+zt A4 sla, 74138%
o]&3t ol A Hagor ZF F4 ko] E¥d met /WR IS
/A0~1¢] 75 GPIO®F s443ste] DACY =€z A& AT =

2999999999999779

A, O Input Latch
A0
s ~ B
WR O
CLRO D/A Latch A

*%
o 16-Bit DA Converter >—< -
Circuit .
= VOUT

s )
Gain Adjust VRer out Bipolar Offset Adjust
+10V

Fig.3. 6 Logic of DAC712

tloly 49 & oA

#define DAWO =*(unsigned volatile int *)OxA0000214
#define DAW1 =*(unsigned volatile int *)OxA0000218
#define DAC_INPUT GPVAL &= OxFFEF

#define DAC_LATCH GPVAL &= OxFFDF

#define DAC_NOC GPVAL [= 0x0030

o714 DAWx+= DAC7129] /WRH S HHE WHANT= IS ki, GPIOS 4~5

H WS o] g3te] /AO~19 AHE Ao 4 Jdx= GPIOY Value A dA 2
GPVALS] #ks ¢l shslth
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wQl Az oA
DAC_INPUT;//DAC

DAWO = FunctionO(ad_data0);
DAW1 = Functionl(ad_datal);
DAC_NOC;

DAC_LATCH;

DAWO = FunctionO(ad_data0);
DAW1 = Functionl(ad_datal);
DAC_NOC;

DAC_INPUT W#H& kA ¥, oFg] %] Load input Latch ¢ ZE|2 A0~19]
Bl 7} WA H WA /WR ®o] et WshrE 7ivhels et "k o] DAWxS
Fao] e 2AE ZoR oj=#s vl AL WeA Ha, e uAY ge
opg 21 ® WIslo] DACT7129 @] 7]=3% )

DAC_NOCE Alg3d ¥H3I® #e A% A4 52 s+, DAC_LATCH3FH
DAC7129] x| 7]=9 ko] HolH IS T &5, tA] DAWxE AHEgto
ZHM DAC7129] /WR ¥ AZE Q7istd ofd2 1 gto] dolg HAE T3 &9

Hrt.
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3.2.5 A& I=9 T4

Jd

CON2

1 AD_input
2 AGND

DA_OUT

AGND

J5

1 +5VD
2 Gnd
L1
, -12A
CON2
BEAD
~- cs ce
47 25V 100uF " R5V 100uF
4 -12 L2 /\
3 Gnd AGND
= +12
1 +5VD
BEAD
~ ¢c10 cn
CON4 P5V 100uF “P5V 100uF
L3
/\ +12A
Jo V
4 -12 BEAD
3 Gnd
2 +12
1 +5VD
CON4

Fig.3. 7 Circuit of power disconnect
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Fig.3.72 BeadE& Al&3lo] 443t Power 3|Zolt}, ofd2ie} tixd Fieol #
def Felok 2o 9&s s, AT = e 2T ARl FEol i ZE 9
7Ie % gt mS dYbe gES Fol7] e AMAHE FASST

Fig.3.8& ¥ AEE Ao EFolth. 4x4¢] AD/DAM ] 7hsdtes -5}

now, 8o wgko] rhestes S
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3.2.6 High speed amplifier®] 4

APEX AFe] 1179t % 3145 Operational Amplifier ¢ 3254 MFCe 745 FHuj
-500~+1500Ve] EA¢e Do s, B AT E £400V7HZe o] rbs
g LS AT

Supply Voltage:x &3 Ao +Vs 9 -Vs 9 Aozt o] thst HAhx= vhepd
ZAolth, B AFoaE Ho +450V¢ Reference YHo| 7Fs3star, 0.1A¢] Output
currentS Zt= PA9SE ARgete] Wb SHo] Thed TF IRE FAGt] dee

Fig.3.113} 2ol 443 PA9Se] Wb 3% 3|Zo|A tho]le= D1, D2& 949 Azl
B 1% 293 wE wol=E WAshy] 913 BF 3| Zo|th PA9SS A o
A JE&s B AF A 75s ATt PAISSY AFAT 7ss AHEEA &F
i QPEE FET A A =" E4do] BT shsAdo] Ak B AT 1 RCL
o] A3 2005 AHEEtY 30[mAlZ AFE Asidon, HAES T3l NS
tH kol

PA95E +50~300VY At 53 da=® 3, dAF A 715 o, 30V/us<
Slew rateE 713 1A W w59 AA FE7]o|t}, A|2H AT HZEE ¢
A

T& S Abgsiglen, dal de HAECA
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Rin 1
VWV PIEZO DRIVE
PA95 7 ——0 Vigur
2 /'\N\/
COMPUTER 8 - L
FOCUS cL —
COMMAND T
VOLTAGE
V
Fig.3. 9 Interface of pa95
—IN +IN iy CC2 OUT him -Vs +Vs

© @

® O 6

A ®

"
RLim
¢

Fig.3. 10 Pin array of pa95
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-IN

+IN

N2

D1 % % D2| PAgY5
+

“ 10

Z2

Fig.3. 11 Basic circuit of pa95

T

Fregol>? nn 532.59 Hz

maximumo]2 gE6 my

imumC12 -1.094 W

periodCl> Inn 1.877608 ms

1 ms BlL pkpkCl12 2.0 W

1 .5 W poc

2 5 W poc | 1 pc 2.5 W

Fig.3. 12 Amplitude at 1V input
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ALD. 40DV 330uF
L- c2
40DV 330uF
H_BRIDGED
ACD+
o
o
Act I 400V 330uF
KBPCZ e
40DV 330uF
z ] s
H_BRIDGE
AC1+

Fig.3. 13 Circuit of H-Bridge

dE3w3 2 2 JE535I= A4S o] &3te] REstE PCB 73S Al&siglon,
Fig.3.149] Control boxE ATt Al2"Hle] HA7F &o]st== 3lo], 60HzY A

=4
9 ol =2 Qg Al2ge] olizk WS 2 YA

N
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Fig.3. 14 Figure of the Amplifier Kit

Fig.3.14+= A4 g2 2 F33|27}F 3kt Control box® T4 ¥ EFo|t)
Z 8 AEE 49 Amplifiers SgAd 2 o]5 4] 7bsgt 7hH A o] L EH
of AXEYO]HQ o]5 xdo] BVt & A FEoR fE o|5x%

= AAseh.

o}

°] 7hEste

it
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3.3 FardRde 474 R REHY

Aol & el $ELEA wAe wE] s HEuly Ade 9Y TRES

=
AAE3, Modal test® E8F RE3]4 2 MFECY 52 92 M55t}

11
1

4
— |¢—10.0 | SENSOR | I ACTUATOR | Icomou.ml

cle|e
_ole]e | I
&1&718
el|e|e

v \
Y ! |

Fig.3. 15 Design of construction hull
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400

2.0

Fig.3. 17 2nd mode test at 426Hz
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Fig.3. 18 3rd mode test at 523Hz

Fig.3. 19 4th mode test at 771Hz
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SENSOR ACTUATOR CONTROLLER

Fig.3. 21 Position of MFC sensor and actuator

MFC¥ Actuator, Sensor, Controller® ©]Fo|*] 1, Actuator MFC + Function

generator ¢ AZE ZZ 3| F2ES 717 A17]3, Sensor MFC & FxE9 AT E

44 AD/DA 2 %538 A5E Adstal, Controller MFC £ X&S Alojslr] 93 &
#

L2 204 "tk Modal test® 41€ WE5A0] wel MFC| x5 A48
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4.1 System7]Z 24

requirements

specification

field diagnosis
calibration
modeling P
tests <: { hardware
simulation < > inthe
loop
) processor
rapid <«— > inthe
prototype 1 oop > test
on-target software
rapid <—> inthe
prototype loop

production : :
code generation implementation

Fig.4. 1 Matlab's system design using V cycle

12 st AEshed gelA A%stn ZAHe Eol
ooAEE Ao 4EEs R A S F8d Biolv, dA Azwe] gAls
7] AN AEE AEAY R 9IS AR A

42l Zo] Processor In The
Simulation(PILS) ¥ Hardware In The Loop Simulation(HILS) 4537}l 3 4= ¢}
t}. Fig.4.1> Mathworksjitol Al #|-&3l= Al=8 AA Wy olo

Loop
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model | Model-in-the-Loop |

=
—_—
SiE /| [Software-in-the-Loop ]| ]
test stimuli ‘ Q pass
‘ S| — | — i\ i“. S > - >
- =
C code (host) e fail

comparnson

| Processor-in-the-Loop |

\ A

v

Fig.4. 2 Matlab simulink verify using 3step

"
¥

C code (target)

Fig.4.2001 4 PILSE 7Mde] H814¢l T2 QA ES §ASHA AAIZF Al B ol 8
Ao g Aojxm, vide] HILS & AA A|&ge] st=dojE A &3ste] AT A &Y
]

>

old sk Aeolth 9o F A AeHrt BF Tty dubHo® PILS Al&HS

g A5HNE 59 & F A4 AN L WA AFE ST AASe] HILS A2
9 olgd A¥HrtE FasA By

I .
HE BEZ olAW A Al=¥le HILSE 9

Alz"le]l AE dAE HILSE u IR 3k sl=9)
o] 7)dle] M)A ¢grom R Modeling @ PILSE 7|RFo 2 A ~Hld 283l &
AHE 2ol HILSYHAS AXA i A|2"S AT & AeH o S 532
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PILS A5 9lalA = Matlab simulinkEs +5& HAFES A5l J-Tag ¥ Code
composer studio® 32402 A3t Nano Sece9e diks sta AFsAY &
#HEo)7]d FEI £EE Mok ). o]E ¢33 Matlabol A& Benchiles 4=

Aes Wrketr AFEE HAAs=E vk HAEE whA AL Bench® H7b7|Eo] &
ol

f

o2l

X 489 Parameter estimation?t%] % Code generation 2ZF¢jol] A3}

A A7 Dual core CPUZE o]83F A& oA Estimation @ PILSTZ0A] &

-

%= CPUAFYS Bench mark® 50% o] A%5S 38 & 4= glojoF 38 23¥
0w BelHY
MATLAB Benchmark = -

Relative Speed

Linux Debian 5 (64-bit) 2.66 GHz Intel Core 2

Windows 7 (32-bit) 2 66 GHz Intel Core 2 | R

Windows XP (32-bit) 2.66 GHz Intel Core 2 | -

Windows 7 Enterprise (64-bit) 2.27 GHz Intel Xeon | B

Windows Vista (64-bit) 2.66 GHz Intel Core 2 Quad ‘ B

Linux Ubuntu 9 (64-bit) 2 27 GHz Intel Xeon | B

Mac 10.6 (64-bit) 2.66 GHz Intel Xeon | B

Mac 10.5 (64-bit) 2.66 GHz Intel Xeon | -

Windows Server 2003 (64-bit) 2.4 GHz AMD Opteron | R

Windows 7 (32-bit) 1.6 GHz Intel Atom 2]

T T S T S R T SO S RO TR SN TR S S T S
0 4 8 1216 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84

Fig.4. 3 Bench for simulink test
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SimulinkE °o]-&

o o
& A="EE

rW

+ Modelingol A PILS#H =
=y

;O

755

W QeAEe A8 el et 2

= o

Matlab Simulink

=) | Code Composer
Studio

td

[

J-TAG
TDS560

Processor

DSP6416T

T3
——)
e——)

1

Hardware Part |

-

AD/DA
Controller

\

1l

OP-AMP
Controller

1l

MFC
(Actuator & Sensor)

[Construction ]

Fig.4. 4 PILS for verification of system configuration
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4.2 Parameter estimation

AgdelAg TR fd AR FARDS AME AAck @k o 4

Matlab simulink®] Parameter Estimation ToolS ©]-&3 Parameter #S 2, =d
g kAt Zd H429S Actuator MFCE o] &3 33 ax R =9l 523Hz2 %

A7l dHlolHE 4F3te] Parameter EstimationS $33}% Y. Fig.4.5% Function
generator® HE 4 e =Z A3Fo|y Fig.4.6& MFC SensorZ HE e Als

ol .

26-Aug-10
17:04:35

3
.55
1.00W

k W\ —ul

1 s BHL
1 1 v 0C

5 kS/s
2 1 Vv O 1 DC-B.12 ¢

0 STOPPED

Fig.4. 5 Function generator input signal at 514Hz
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26-Aug-18
17:05:25

%

1 s BHL
1 1 v OC

21 v o 1 DC-6.12V

5 kS/s

[ STOPPED

Fig.4. 6 Sensor output signal at 514Hz

In1

Bias thets

Out1

, 4
|III+
P
II‘I.A
Y
wl
fj

le
"

D@( bets.s+slpha
il Ll
d d
tau.s+1
Transport
Delay Dynamics

Fig.4. 7 Dynamics for parameter estimation

Fig.4.7% SimulinkZ ©]-&3F Parameter estimationS 337 93 Blocko|H,
MFC SensorZH-E 1% 55712l dle]gE Wo} Matlab Matrixell #]7s}o]
Parameter Estimation Tools ©]-8-3ll Parameter estimations 3 3F3lt}.
Estimation< €1¢} Z& Spring damper system ©| Bias® Transport delay, 1%
Order dynamics modelings}i, o] FZEo] 3 Hojsle] HEE 1y A9
FAFS ParameterE 743} ).
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Fig.4.82 Parameter estimations 3}7] 93] 2 A do]EE Matlabol 483 133
o]t} Fig.4.991 4= Output H°]E = #|2]3F Sensor Hlo|E S A k¥ Parameter
estimation®] 22 % Modeling®] 2 A Output HolHE ¢H3S wf Simulation ¥

A% vwsgn.

Input Output
signal signal
ARt ﬂ{lm :
” | r Wi wwr\rﬁ y
500 0 1 2 Al \ 8 “j 5 x1046
Fig.4. 8 Data for parameter estimation at 523Hz
3000 . : . . . T T
2000 |- i
1000 - -
RN, /2! IHWHHHMHM.‘
i n||m|||
1000 |- -
2000 |- -
30005 200 20 50 50 000 7200 00 1600

Fig.4. 9 Graph of real sensor data
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Fig.4. 10 Graph of simulation sensor data
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2000 -
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Fig.4. 11 Graph of real data and simulation data
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Table 2 Parameter compare estimated with experimented parameters

Parameter / Test type

Estimated parameters

Experimented parameters

M

6.228

5.2

C 0.338 0

K 0.018 0.0001
Td 0.0932 10

U -3.5949 200
Alpha 13.76

Beta -0.12592

Theta -0.0091442

Fig.4.107} Fig.4.11°14 Parameter estimation= 33 A3} A zk3} Simulation
e dEs] FARES ER1SESITE. Table 204 574 gtk AA| kel #pol= st=4of

-
ParameterS +4, 7
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4.3 PILS(Processor in the loop simulation)

Process—in-the-Loop (PIL) A]
AdS BT AEdeldelt. C,’JHHQE gl
gl
3

nqn
-
rlo
z
I

el el e AIZIES

Fe71E AT LB

ul

-g,— S 014 ]aifﬂ "éaﬂu}i el #HE Wi
2 93t ¥ WHo =z PIL(HIL) AlE#H oA
S AEA Ak Fig.4.12% Tiite Mathworksiib el A% 5ol that B wo|d,

»  Model and Simulate in Floating- and Fixed-Point
*  Generate embeddable C-code from Simulink and / or Embedded MATLAB
» Rapidly Prototype and Implement on Tl processors and boards

MATLAB® Simulink® Stateflow®

* Link for use with Code Composer Studio
» Real Time Workshop Embedded Coder
* Targets for TI C6000 (DM6437), C2000

Instruments
e Composer Studio™
Environment

Fig.4. 12 Interlocking Matlab with CCS
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Process—in—the-loop (PIL) Al&E# oA BFA A4 w$ AA|HA 7]7] A

AE A AA, dolE F$AS A AFddelH, Holy ZazAdE 93 AEEH,

HMI(Human Machine Interface) ¥ 7% & AlE#olAd B4 ZHEFo] Qt}p. 1&=
el
=

AE dedos sdsor stnR PILSHS @& Fdsdy. PILS H5< ¢33

HH Real-Timex 8] & &loF 322 Fig.4.13% & 2N A S L3519}

Simulink
Controller Model 3 Plant Model
=
o
-§ E Execution
o * Host/Target
=
Y e (ﬂ,-; 7 * Non-real-time

Embedded Target

=] Studio TDS560

Matlab Simulink | ™| Code Composer " sl "
L=] &

—

Processor
DSP6416T J

Fig.4. 13 Architecture of Processor in the loop simulation
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—

Iieg C¥rlUsersshywDocuments#MATLAB

ClCommanaWindow

. >> mex -setup
Please choose your compiler for building external interface (MEX) files:

C _ﬁ_r' Would wou like mex to locate installed compilers [y]in?l

Fig.4. 14 Language setup for simulink

Al b =Bex
R Contiguation Parameters. etec/lantguation (Actve) LE BB

Regen

g Mavirum e allowed 0 bl project (s) ) \

S Cade Manirum teme akowed 1 corpless OF operaton (s 10 .
Intertace Expon DE Sk h 4

gl (TS Erpont O ek hanSeo basw s gace

Code Sy 10 ik hancie name: (D€ 08

Temgistes

Code Placemert Thomssios

Source Sle replacement (warming ~)

Fig.4. 15 Configuration parameter for PILS

Matlab simulink®] FAFE A& AA37] 9lste] Fig.4.159F &2 520 A Aol
I g 3ttt Matlab®] Max AL o] &3l Windows languageE A3} simulink=

o) g3 Colole] Fgel oA FAF AV AEE AN & vk
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PILS A=S 98+ Matlab simulink®] Configuration Parameters settingS A%
8] Fasth. AAAQD Al~"2 Configuration®] setupell gk A4 ghell ola) ALt
T2 PILS block TE3F o|E nlgto g A FTE Real-time setup % Sampling time<
Code generation ©]% Z 85X o 22 Discrete solverE o]-g&3ht},

PILS #HZ& 93 ModelE &3} o] PILS block¥® Simulation blocks A AJ7Fo

Alz~®" dad]Ee AFS 93519 Sin wave ¥ White noiseE PD controllerE o]&

sto] Aglstes sttt

PILSHSS 918l Fig.4.16% 22 Blocke] Z44 o]t} PIL block CCSE A
SAIE 218 build, downloads 9] %45 7FA™ PIL blocke] QA o=

[e]

AAE A ko PILSHTS E71s35Ht)

WA Function Block Parameters: untitled

Processor-in-the-Loop (PIL)

Specify the path of a Simulink system as the source of the
generated PIL algorithm to cosimulate with.

Choose a PIL configuration, then build and download the PIL application.
Simulate this block in place of, or along side, the source system.
Parameters

Simulink system path: untitled

Configuration: | TMS320C6000 -
Aoplication: Name: untitled. out -
pplication: Status: Download complete. =

| Build | [Download |

[ ok ][ cancel ][ Help. ][ &pply

Fig.4. 16 Block of PILS
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Fig.4. 17 Algorithm for PILS verify
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Fig.4. 18 Compare with simulation data and real data

99 2=+ Simulation data®} Processor in the loop simulation ZA3¥}o|t}. F
data®l AF}r} LdAsto R Noise?lt Sin waveE ZAEg3 2SS PID Aloj7]9f
Weighted moving average filter® A8 % Az A7t 7Fs3t HAeS 71

Processor® AT A& &<l & 4= Q).
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4.4 Code generation using matlab simulink

Mathworksjil ¥ Simulink AF&2}e] 7M2374 G828 =o0]7] 935te] Code generation
71HS A -83F3ith Matlab simulink blocks 7]¥F2. 2 Model base?l blockE2 EF
Coe], C++ 2 o] Foizl AZEYAE AFoz AYANAFL

Al B olAE El a8 ulE Code generation 7]Hel o8] Az 2 4 ger
AL AFstes dAZF & dAY A&70®" Processor in the loop simulation<
Model base3} ® Simulation? H]ulgk 23 fFAbsieh. th2 Mathworksiit®] Code
generation 7|Wo] A&¥ A9 dEAQ AZESO s A-E Hug EAL

ol .

9 ol
2w

| Variant (B): model-based implementation |

Requirements Physical model Implementation model s ECU
B) Code generator autocode
conversion

AN derivation I
—f '-'=: — '-':: _____________________________________________

i i j (A) —

DOORS Floating-Point Fixed-Point ==

Arithmetic Arithmetic \ P —_— el —> @
MATEAR MATLAB

Simulink/Stateflow  gjmylink/Stateflow ~ SW-developer
+ TargetLink

manual code

| Variant (A): “traditional” programming approach |

Fig.4. 19 Compare tradition software design with code generation
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w ATl AbgE AZEYY] NS 98 IeA g g 543 et
ZES 714 & Sensor® A9E 7y FEgoE AAA TR AdEE 17
of A4 g FEHHS 7] 918t Weighted moving average filters AH&-3}3l T}

Weighted moving average filter+= Digital filter2 A}-8 %™ Lowpass filtere} FA}3H
7S 7HAAITE s AFsta bgAl dSsteAed lojA el Holuhal AD/DA

=

Al 2~E]S 7R = B Al 2" Aty #stE Y. 422 Sin waveo| Weighted

J

moving average filterg 283 459 A&3HA] XUS 459 23 Aol

Source signal

“9% %2 U 0a T Jo8 08 1o

Fig.4. 20 Test of weighted moving average filter
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o gz e} o] Athe] 9dE SignalS Weighted moving average filter & 2§
st s Aol FREH st=dolE AAWA FFEol EAPAINE Weighted
moving average filterg AF&%F A= stekol] & signal®t o] Hf ks FA3HA
A EEEE AL Fo & 4 It 22 Weighted moving average filter?] 7]¥-2
ot}

y(n) =b,x(n) +bx(n-1) +---b,, ,x(n—(M -1))

MZb x(n—k) = Zh(k) x(n—K)

= b, =h(k)
0<k<M-1 (3)

Weighted moving average filter= 100Khz®] Sampling time©°l 3]93}= AD/DA &
20stepo.2 1o &3l 523hz, 771hzolA LPFH: o]9]¢] FIR filter Bt} 3=
B AA B2 NoiseZHF-H GaFo] 2 AE | #&o] tdstr, &Aoo lofA
Agts AdAor Fdsiia, lEAefd du ARgH™  A8o] &olFd PD
ControllerE Weighted moving average filtere} $t7 DSP GPIOE %3k MFC Ao &
3}7] €3k Simulink code generation® $3k T3 S System= Simulink tool<

ol gate] AT
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4.5 Applying algorithm using matlab simulink

uncontrolled

Controlled (—14.86dB)

Fig.4. 22 Result of at 523Hz

uncontrolled Controlled (—15.65dB)

Fig.4. 23 Result of at 771Hz
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