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System I dentification of a Pneumatic Artificial Muscle Using

an Embedded System




SRS N
BAL%e 2Hd

(B NN A BT 2 LT 2XF )

RERE TR e LI AR 4R 8 g
iz FERY BHeE B2 e

R ﬁﬁ‘ﬁﬁ%mﬁ7Fﬂ*¢£¢(§%ﬁ)’ﬁﬁiﬁﬁéﬁﬂw%@%%’ﬁﬁﬁﬁﬁ*%
* ]v}fﬁ-’r %%fﬁ

é,x:}} N I»'J»’%ﬁ' %ﬁ 2\ l 7}%1;%]F+§/zﬁgfﬁg%gﬁ:

=



B2

RS TN TSRS T A R
teAh 2 1 LuGre B#&HINE > A 1 vvp FRADBEERET] T uRpFHEHE
it /ﬁbg‘-/;(PSO)j\ﬁ;%\-%f'Eﬁ@ Kﬁ';; y 1R e AL E’UPQ ;ﬁ @ﬁﬂ—m,l 5 ;%%.EJJ o

AT I TN GRE S FPSOCIT L A 1vepg § BRinF %L 5 ahf
Flige+ ;ﬁ“c} BB EATRIE D O ELE DA e § BB A B
BoXBPE AT RE WU 4 1§ RapenilF 4 AL (Hysteresis curve)

S-S EURE

BE4Es : LuGre B3] ~ A 1 9vf § B~ & 7F & S (Hysteresisloop)
FFEIRLFE 2 (PSO)



Abstract

Pneumatic artificial muscle is a highly nonlinear system because of the
internal friction effects, so the LuGre friction model is developed for the friction
model of the pneumatic artificial muscle in this paper, and the Particle Swarm
Optimization Algorithm (PSO) is used to solve the unknown parameters of the

friction model for the system identification of the pneumatic artificial muscle.

In addition, the Programmable System on Chip (PSoC) is used for the data
acquisition of the pneumatic artificial muscle system. The data about the
displacement and the pressure of pneumatic artificial muscle are measured for the

development of the hysteresis loop in the pneumatic artificial muscle.

Key word: LuGre Friction Model ~ Pneumatic Artificial Muscle~ Hysteresis loop
Particle Swarm Optimization Algorithm (PSO)
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Materials
Sectional view

Fluidic muscle

[1] Union nuts

Wrought aluminium alloy, clear anodised

[2] Flange Wrought aluminium alloy, blue anodised
(3] Intemnal cone Wrought aluminium alloy, clear anodised
4| Cupsprings Steel

[s] Sealingring Nitrile rubber

[E] Diaphragm hose Chloroprene, aramide

- Adhesive Loctite 243 (thread lacking agent)

- lubricant Kliberplex BE 31-102

Nate on materials

Copper, PTFE and silicone-free

Bl 1-2 4 3 9ep g BRanz i [2]

Pressure/volume = Constant
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General technical data

Size 10 20 40

Prneumatic connection = Adapter MXAD-... from page 30

Design Contraction diaphragm

Maode of operation Single-acting, pulling

Internal dia. [rmim] 10 20 40

Nominal length [mim] 40 .. 9000 60 .. 9000 120 .. 2000

Max. additional load, freely suspended [k 30 B0 250

Mazx. permissible pratensionsing! Without force | 3% of nominal length 4% of nominal length 5% of nominal length
compensator
With force 1% of nominal length 3% of nominal length 3% of nominal length
campensator

Max. permissible contraction 25% of nominal length

Max. hysteresis = 3% of nominal length I-.; 2.5% of nominal length

Max. relaxation = 4% of nominal length | = 3% of nominal length

Repetition accuracy = 1% of naminal length

Type of mounting With accessories

Assembly position Any (an external guide is required if lateral forces occur)
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3.1.2 % g & # % (Pulse width modulation,PWM)[16][17]

s 0 RS EE S iy g 1T )]* FEHL I AT E AR
- W T MELE M A LR gl (analog signal) £E #ic iz g (digital signal)
oo K BELNET R AIE R IR T S0 2 B rig B b
FAITRFRL G U L F B E < DRt R o B UELAR L o J LB TRL
ARAEL B o BARY PN EFLAORITEE S AR s
FpEIla 4 ES o E R AVRER 2 BEFRMNENH ST Y R
FOBCERUBLE AL T T R M A R E & DR UEL T R AR SRR
W ATILR W AR Y« FRLECEARLTE S g o

W5 enE B 8 Bk d B E % R R R 3 % (Pulse-Width Modulation,
PWM)[16] e it » AT 5 %% * 7 4255 (b 4 8 & 2 ¢ 7 PWM < i 24
WBIRR 4R e A g g 1F o R B E R 33 % (Pulse-Width Modulation, PWM)
Bl AT RDEERERMGLRE h- AL 0 HEF T RILE R R
(pulse) ie & Uit » 2 18 @ * PR b 450 SUBLIE (T4 > 3538 v LB RR
ik AL R AR R AT M EL e A R R P - H K
e B o PARRME LA A IR PR R T A - At T R
B 5 0%k o o) 3-3[16] 4T o+ Bl eAER R e AN R 2 &% e o
PRl A AN A AN RN T B MR AR EER AR D % (PWM)
AHL e BRI DAL IS F M T LN R LA S UL

FARF & BAOfRR S §AR] o P P hdR g FR iy 3T ] TR AL

e by o

"% e R R 3 % (Pulse-Width Modulation, PWM)» ¥ 12 40 ™ #8344 i >

1 j f(t)dt (19)

_|

f(t)=y, . ,0<t<DIT ~ f(t)=y,, ,DIT<t<T (20)
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#5520 ~ 2 (19)7 @

DT/ + T [~ D) /i

_ 1 DT T
y=2( lymadeDImymmth

T (21)
=D Eymax +(1_ D) Eymin
K Ymin=0 & > 3%4(21) > plv @
y =Dy, 2

g T 3aE ~ T 5 9% ek chik 8 - D % £ 1 iFix ¥ (Duty Cycle) » % % 4r

B 3-4 #+7 [16] -

| " | 1 I | ron n n (R
1= —--| 1 E
L |||'|
E N
=]
B a
# ™
; /
o - 1 -
| Ll 1 1 1| | L1l ] 1] Ll
| 1 m| 1 i L
| = p— e S
3
=L
=
[/} T - [ - - L
1 11 11 1 11 il il il 11
Tima

Bl 3-3 ML 2 4 B g 5 PWM % ieg [16]

23



FI.'L'IJI

Amplimde

!"rm L i

] | 1 ] | ] |
0 DT T (T+DT) 2T (2T+DT) 3T (3T+DT)

Time

Bl 3-4 PWM #% it [16]

R 1S Pk e B R A e LR - e B R ena T
W R E R AR AE B S A R A 1 (T g e - R (EpF
Pk b * R A R PE R et T e 54 (28) 47T

P, =R, = P. x100% (23)

He Py & e E %t ena (T3 8 ~ Py A & e % B B - Pr it & e g 0%
EIE o 3 TR H At EAR S R AR R RARD R 0 MELGR A S AR

s ho @ 3-5[17] %77 - B 3-58 7% 1 = 67 F ch PWM 2 55> B 352 () 4
- B e G 10%:0 PWM 82 B 35 2 (b) £ B itk i 50%:h
PWM #i; 21 » ] 3-5 2 ()€~ 1 iF3k 4 5 90%:H PWM i 1 > 2k pr 5
ot GRS R AT RE D10V 5 ) B 35 2 () (0) £ (04 Wk & 10v>
50v £ 9.0v %7 F&@a} °
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B 3-5= 74 F 1 (£ik 8 0 PWM 35 [17]
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313 R4 R

AR gt GRS R A AR Festo = #2412 £ 4o ] 3-6 #7om e
WHUEA RT OUEE R~ G R PWM SRR R R TR R DR
,»‘ﬁ%ﬁt“}ﬁ';#']‘la’“}* FRaehh § B g ki %(@?J/\&—’x & B % 10v

Ve < B 4L 6bar e

H
=&

B 3-6 v G4
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314 T HEHEBR

AT R TSP R EILD p Ao KEYENCE 2 7 954 4 &
IL300 3 644 b4 {c % % 4o B 3-7 #7717 > 2 1L1000 3z« B fice 4o B] 3-8 #1777 o
WA BRCET TR on Ry TR A FEER T F
Flc kR hio ] LREES Z 160mm - £ Rl Fl 5 160mm 3 450mm - 4F &
i 30ume

W38 T A SR K Y
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3.1.5 PSoC CY8C29466-24PX| & * & CY3210 B # 4

AFE Y @ F T AN kA H B P (PSoC) [18] & B g F A d R en
Cypress = & #t:1) & »4c ] 3-9 #77+ 2 §] 3-10 #777 » 4 u] 5 CY8C29466-24PX|
go 7 22 CY3210 B # 4% - CY8C29466-24PX| & 7 3 = I Port 4 %] 5 PortO-
Portl £ Port2 >4+ 3 B Power %2 1 BE R &% 25 28 £ PIN
% e PortO~Port2 ¢ 24 & PIN % 7 &l 5 Stz gy » /35 > & Port0 %
Port2 0~Port2 3+ 12 & PIN #%ry # ¥ 5 47+ 5~ > Port0_0~Port0_3 % 4
g PIN %r p] v F 2 35 ﬁi;-l 2 o CY3210 Bt en IC & b 7 14
#&+ CYB8C29466-24PX| & % 22 CY8C27443-24PX| & % B4 ¥ & (759 %
i & 4%~ LCD & RS232 i fij 57 % % chpe i -

B 3-9 CY 8C29466-24PXI s

~E
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® 3-10 CY 3210 R % =

32 VAL ALEH & 5 (PSoC)[18]

S PR o B R R he G ¢ R kARG < o Ry ] B
(Microcontroller Unit MCU)4e 3 18 & = & 7 [ é0at 5L 7 il jo& £R7L 72
Bl s (&5 IC 3 R BE Pl s § ALY AR o
Cypress =~ # 4 & ¥ 425V i k L H & 5 (PSoC) [18] ¢ *tds # p VP 2E3F 5 F
PRSI ART PVl REIRELHIFI AR VERYHORY)
ivenig * X /A @ (Graphic User Interface, GUI)4r ) 3.11 > i {8 B 3 e ¥ 1Y
Foooom D QAR FF A o G L THRFEALA TR Aok
FOLE Y G {EE G PR PRI TARRE T et i 0 T T MY
ST DTSR o H{ IR L KR A g f Ran2 KR i B RS F ARG
et o

FAEN G 5 E & 2 (PSOC) [18]p i ehE 3 A E et 16 A ek b
TR EHE PWM16 ~ = e 12 i+~ et [ & 4% e ADCINCI12 ~ -
2 UART @i ~ = 2 16 =7 - o B ke Counterl6~ w je ¥ 4255 33 %
B ¥ B PGA~ 2 LPF Ml jhk BHe s dg = % 0 LCD fle— % o
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TR kA H B 2 (PSOC) [18]# i1 A fEIE B AN AR F T eh 50
[19]) - 52 63F7 - s CHFF AL NCHFF EFvHATER

PANED A5 4ol 311 77 cBANAEFRFORF A F 28T

(PSoC)» # =¥ p T TR EFE T o 4oB 3-12 #7571 > B 3-13 5 & 7
THRGTAE B3I EHIPETI AL
BPAEE - BrE®gE T BEAE THE T S K
REF R g e P B e ol e, Y - BERER LS 1920 %
BcH 6 Counterl6 * 128 F B eanpr P2 % > d % fdh EpF R a0 Counterl6
T a 2HZ » T BERER BT E O S 960 4 0 4 ifa‘{lG s
BB F AL k#!intﬂi%] N#F ksl E i€y ) el

FOHBEERATBBHARS R AN AR IR F - T QY
2 (S ARG eI p 8 Mk o STl RIATSN P * RN ELE A E BRI B S/
B e a2 RF G R AESY ARG
AR o i A W R B R R B WL R ET RE GIR AR AT iyt
mDﬁ@ﬁ&%$?%’éﬁﬂwﬁa%ﬁiiﬁﬁM%&ﬁﬁﬁﬁ
ADCINCI12; 3% &3 R & bR 4 W eh I % irg 2 23 %2 PWM16> 7 &
for xx M) B 4. ﬂi%l (2 R AT RMELZ BT B>t LCD 2 * cnd_LCD #ie
LR R AR @R Y I UART @tk o 55 08 R s il

16 mendicdy » BT 28 A GUI G A3THRE ¥ Dleha g = o
Hiﬁiﬁﬁﬁﬁﬁ#ﬁ&im’ﬁmﬁmﬁwg{ufﬁm$czﬁ

;\: ,ﬁiﬂ_l%] s -!1('%] 3-15 #5551 » 1L % Kﬁ'&:‘f"“ E"ﬁﬁii\‘ PG o
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EX

newboard pulse with counter uwart - PSoC Designer 5.0

File Edit Yiew Eopot Intoonmsct Bull Debug Progem  Jook Window Help

@, EE S T Genenis Configumtion Files for ewbosrd_pule_with_counter_vart' Projest 4+ LR | b b @z mmaa .
Start Page | newboard pul..er_uart [Chi)” main.c - 4 b x | Wodpae Bl A%
e —1 [ = I sevbosd_pulse_with_sounter_var [
70 PUM16 WritePulseWidth(i); 8 ol Lot St
1 delay( ): H = [ newboard_pulse_with_comt:
e ! : [ ADCINC1Z_1
: [ ADCING12 2
= B Comnerlf
i for (i=1599;1>0:1--) i B Counterl6_1
75 t B Counterlf 2
76 digital =i+ Counterls_2_wReadCounter (] ; £
k&l value = n-digital+::
78 DisplayLCDa (] :
79 | =
80 //UMRT SendsReceive
a1 UART_SendData (i 1
82 UART PutSHexInt (value): v
83 UART _FutCELF (i ; Al e i
o |Propertiss - ADCINCIZ_1 -2 x
s ey gl Heme aDCmcizi
86 DisplayLCDi(); : < ,
87 =
ag //UART ZendiReceive ADCINC1Z 1 2
3 UART SendData((::c); - THR Clork o
a0 UART PurSHexInt (iResulr): CHT Clock vel
o1 UART_PUCCRLF () ; Input ACBOL
a2 ClockPhaze Narm
93 ADCINCIZ 21}
94 DisplayLCDZ (] :
95 //ULRT SendcReceive ADCINC1Z 2
96 UART SendData{0n%c)
a7 UART PutSHexInt (Result);:
£ UART _FutCELF (j
93
100 PVMiG WritePulseWidth(i):
101 delay(7000) |
102 - ¥ Hame
ekl | Indicetes the nane weed 1o identify this User Moduls
1l .| it
| Output
Resdy 10228 Col2

B 3-11 PSoC Designer #2538 /i &

newboard pulse with counter uwart - PSoC Designer 5.0

File Edit Yiew EPojot Intoonmct Bull Debug Progem  Jook Window Help

S Hd@ ., EE & Tz Genenis Configumtion Files for newbosrd_pule_with_counter_vart' Projest 4+ LR | b b o )
(lobol Resoutoes - newboard pube_. v # X\ | 51 page newboard_pe.._uart [Chip]] _main.: | ~q x| (e O L]
Power Setting [ 5.07 / 24MHz . 7oA ey ow gy ey + [ mewboanl_pulse_with_counter_vart 4
CPU_Clock SysClk® AL i I = [ Loadabls Confignrations
33K Select  Internal - T e =[5 newboard_pulse _with_coun
el O ADCING1Z_{

FLL_Mode  Disble | [E—— il 4
Shep_Timer 512 He |

[
[ 1)
[
Q)

- [ ADCINC12 2
H Countrl6
I Counerls_L
W Countrl6_3

1721300y - Rsifseieg

st
|

VC3 Divider |1 il

| Power Setting [ Vec # SysClk freq ]
Seleets the nominal operation voliage and |

System Clock {SysCIk) sourve, from whish
- 3%
Hame ADCINGIZ 1 Al i
W | ADCINCIZ <
ersion 5 E | Usex Modules _ - 2x
TMRClock VGl = &) User Modules
CNIChbck  VCI [ ADCs
B s mmne - Amplifiers
| Wame &3 AnslogComn
- Counters
@[3 DACs
-1 Digital Comm
2 i = (¥ (3 Filters
AnslogColumn_Inputl 4 | & [ Misc Digital
AnelogColomn,_TnpuiT @ [ MUXs
AnlogColumn,_TnpuiT &3 Protocols
AnslogOutEnd 0, Angog %[ PSOC_GENERIC
SasdogOuBul 2, Anslog | -0 P
Port 0.5, dasloglnpul b || & Rovien
Port_0_6, GloballnEven_ zg l;:mpmm
AnslogColomn_InpuidC || -3 Timers

Port_1_0, SKHCET, High
Port 11, SHCET, High
Port 1 2, SHCET, High |
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EE new board _pulse_wiﬂi_cnunter_usrt'
=[5 Loadable Configurations

=

(=
f~
=
=
=0
=
=
=
=Y

=
(=
i
=
| s ]
=
=
=
=

newboard_pulse_with coun
O ADCINGCI1Z 1

B ADCINC1Z 2

B Counterlt

B Coumnterlt 1

B Countexlf 2
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h 4

FPWM

B IR

B R

¥

r

¥

ADCINC12_1

ADCINC12_2

ADCINC12_3

RN T —FEH

r

HETE SRR
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FIEREIREH

F

i AUART (st
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HREELAE SR
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3.3 W35 * % 4 & (GUI® 3+

A%ﬁ&@wﬁﬁ%$ﬁ4iﬁﬁﬁﬁ’ﬁﬁﬁu%i Sk A s
L g’ ¥ hd Matlab - LabView 2 Visual Basic ## % & * Visud
Basic 2010 A % 2% 35 4 S T fskch A 45 4 5 GUI ¢

o

AFTL AR A S A R GUI A & dhst it g fat T Sk, Ay
AT B s TR TR S TR O o AT B
Visual Basic 2010 = Timer 3+ FF & i 5 e 4sFoftena £
Bedpfoends (T30 Timer enE 29 > 7 & 5 ‘Fﬂiyihg B AR YCIE kR o F S

AR ks H & P (PSoC)en UART @@?ﬁ; w0 B 3E ST e e TR

BEF R OF R E - 42 b'“r."/ﬁ-*‘w& - BARFARTHELERTAR
Foom A HEFE e T AN % sLH B 8 (PSOC) AR ¢ B4 T
AT B IE IR T PerE o Aot )J'J' A e

=
il —
\

;
drod 3t UART i@ i o1 i i 3
TRNT R L6 T 0 5T S 2 B A T g R f 16
e e TR 5 10 il 2o 2 4 7 R 2 Click # 2

v E E chlicdh o A U BT b g

20 o k%Y 27

5 R P B e R
PWM # #4500 5 R 4 R g BR2UE ~ v GIUR 4 R 7|8 3 eng R F
PR AR TR G A BES A RO HE R

{ *% _»& m/,\k
CRCRE G B RS TR

Fg
Hawmhm & T 44 T GUI 2R E (TR R 0 4B 3-16 FrT o

YR VRS enfN AR o B 317 5 R s A 8
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EEEE o RIS N rr——
= — {HilTimergf
EEERE |— %§§§W$=+—_r——-ﬁﬁgﬁﬁﬁ
2 f
B oy . e BIEHEE
& | ETEEE R .
FELAEE I o EE163 R AT
103 £
Bl

B 3-16 GUI 2_ 3% 3+ 27 38 (7N 42 [§)

Pressuref¥ZR PWMPEER EHUBRER HEER
o [maem TR0 valve e w Lases s T
EBE [L19e4 | 0.149 [ [0.139 \ [2.399 \ |1860 \
| BEOEH ADCINCI2 2ERMI6ESRD  ADCINCIZ IEHI6HERD Encoder EHHL6HERD Time (165 i)
ooz ~| o2 ~ 00B4 A 0954 & D16F A
0B4 =| |ni33 . 00ct B 0970 - 0170 -
0964 0144 00C5 0974 0171
JO1BF 0192 00CE 0978 0172
0133 0LCF 0000 0984 0173
Jooct O1F5 00E9 0990 0174
0970 0214 00ED 0999 0175
0170 0234 00F1 0943 0176
Olda 0282 0105 09B0 0177
00cs 026D 0111 09C2 0178
0974 (2EC 0116 09CC 0179
0171 0317 0llc 0909 0174
iR '8592 0307 3 012D = 09E2 3 0178 3
"00CE | i =
O UTF O UTF7 ,8%323
@ asch O Unicode |\g)cF ADCINCI2 R0 ADCINCIZ IHU0ERD  Encoder BHUOERD Time(10EfD)
00DC 3355 A 0015 T ~ 11858 ~
0984 3311 0.028 2.379 |1859
0173 3298 0.041 |2.278 11860
JOLF5 3297 0.057 |2.377 11861
JODES 3252 0.071 [2.377 |1862
0990 326 0076 |2.304 11863
0174 3225 0.062 12.387 | 1864
0214 3167 0.099 |2.388 11865
J(0ED 314 0,109 12.392 | 1866
0999 3141 0.116 12.203 11867
0175 3.109 0.122 2.398 |1868
0234 312 > 0.129 12.399 11869
J(OFL v (3098 3 g | g | =

Bl 3-17 & Fazh A 81 &



Fri BRauE
4.1  =&iniz
A3 1 PSOC  CY8C29466-24PX| # & [18]iF 5 & tverdr i< > @
PSOC *» VL2 R & RELMF] o B o Pt PRI s PV LR
BRI R BRI G BRI E S Y AT R SR
AL R & b iReh AD(Rgv o) g e e DA(KK i 5t ) 9 3
o %~ AF PSOC Ju ¥ GRT LR R N TR R~ R AR A B
BEL A R (T d ha 17 o BRIk SLenid (TR AR 4o ) 4-1 % SLiE (F AR AT
T A G S 3R
(D) d &P PWMEREFT AR R)~ B Nl v 6B 4 R
Flig r A 2 vup F RAGE T UF R ad (T iEa @ A e R
g 4wk q\}ﬁ’ﬁ? s (F o
(2) ;ﬁd B PR BIEE VBB RPN IVRS RPEE T MR
BRI RIE A e § R D e f PP JRehg BRI ok 3 g
Q) JdAFHEHBERFAZDTRAGEE BT LY i [
# B (ADCINCI12)it 17 ¢ BB enggdr 223 8 » ol 4 1 oep 5 R
dfede S KR PFATRIE F I OT BB R T A 1§ Rk
B b B BB E R A LCD oo d b GBS R SRR A R R
A4 OAE B g BT R Y A (R
(ADCINC12) » - B ig A5 d v¢ G4 5 Hcid v @ 2] 4 1 vept g R
VR4 (o
(4 #plEEI ﬁvﬁ;}y‘;;ﬁ“d g # Rz UART /o ¥ RS232 B 71id 3

i

Bt
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TIEO GRS R g il £
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PWM
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4.2 Rl E

421 A 1 vep F Rip2 i d A

A1 el F R4LF A LR ;jz;{— R RZERM D LS T A F
(inflate) & 2= 5 (deflate) g4z @ ¢ & 2 BF IR %[2] » Ft € id & v § 2D
WA AR R - R eER o B W HIRS RAple T BREE > A
Ap F RGNS AR o o B 42 TR CH A e F R EF
AT 0 Bl 42 R Eh s TR SdhL A 0 H i omt %S L 1
Bof Réndple R4 pF o A 1 vepk F O RahEHy A €A o doBl 4-3 B
Bl 1ol §FORMBEFY RTT 0 Bl 43 s B4 > H =& bar o

HahFik s =8> E+-F cm-o

Hysteresis loop

Displacement(cm)

Voltage

Bl 4-2 TR A DA 1o F O REFE AR
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Hysteresis loop

Displacement(cm)

Pressure(bar)

B 43 B $ifp et 1o §REF G H

FI#* PSOC il ~ BRIEE 4 1 vup f B2 F 5T o ¥

Bk AE o AeB 44 07T G A v F BRAa2 KR E(2H) 0 B

PWM 533 851150 B i5 o o W] 44 22 ] 45 chppv v
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) Curve Fitting Tool

Bl Yiew ook Window Help
NEERIE

I Data.. ][rmg H Exclude... ” Plotting. . H Analysis...

Displacement{crm)

+ inflated_loop_Y vs. inflated_|oop_X
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inflated |oop:

General model Rat44:

f(y) = (p1*y"4+p2*y"3 +p3*y"2 +pd*y +p5) /(y"4+ql*y"3+02* y"2+q3*y +q4)

Coefficients:

pl=504 | p2=146.3 | p3=-24.28 p4 = 2.807 p5 = -0.0967

ql=1457 | 2=4726 | g3=5115 q4 = -2.338

#-inflated_loop e 24 & = ARV 7 - X pe s (67 TR R 2 AR 0 4ot
(22) » H ¢ Vinflatedy 5 4 1 3vp # R § Pr2 3¢ & 5 % inflated_loop -
WRE LSRN A BT ED A R AN 4oV (23) ) H F

Ainflatedy 5 A 1 %vp F BRip oo § PFF2_4eid B o

Vinflatedy = (4*pl*y"3 + 3*p2*y"2 + 2*p3*y + pd) /
(4* y/\3 + 3* ql* y/\2 + 2% qz*y + q3) (22)

Ainflatedy = (12*pl*y"2 + 6*p2*y + 2*p3) /
(A2*y"2 + 6*ql*y + 2*g2) (23)
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deflated |loop:

General model Rat44:

f(y) = (p1*y"4+p2*y"3+p3*y"2+p4*y+p5) /(y 4+ql*y"3+q2* y"2+q3* y+q4)

Coefficients:
pl =8.358 p2 =-88.45 p3 =344 p4 =-14.78 p5 =1.877
gl=-9.556 | q2=31.35 g3 =22.44 g4 =28.64

#-deflated _loop e 4% & 2 f258 8 (7 - X piea 187 (B P R 2 AR5 0 4ot
(24) » £ ¢ Vdeflatedy % 4 1 9©p § RiifE 5 P52 i B % deflated loop ¢
WRRE D BN BT A ST @R R AN o oV (25) 0 H Y

Adeflatedy 5 * 1 9vp § R P F PF2 deid & o

V deflatedy=(4* p1* y"3+3* p2* y"2+2* p3* y+pd)/
(4*y"3+3* qlry"2+2* q2* y+q3) (24)

Adeflatedy=(12* p1* y"2+6* p2* y+2* p3)/
(12*y"2+6* ql*y+2*qd2) (25)
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e
Htd— PSoC #2378

#include <m8c.h>
#include "PSoCAPI.h"
#include "PWM16.h"

#include "LPF2_1.h"

unsigned int digital;

unsigned int value;

unsigned int Resultl;

unsigned int Result2;

unsigned int Result3;

int n = 1920;

const char A[]="0123456789ABCDEF";

void systemset(void);

void DisplayLCD1(void);
void DisplayLCD2(void);
void DisplayLCD3(void);
void DisplayLCD4(void);
void ADCINC12_1(void);
void ADCINC12_2(void);
void ADCINC12_3(void);

void delay(unsigned int x);
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void main()
{
systemset( );
while(1)
{
for(i=0;i<199;i++)
{
ADCINC12_3();
DisplayLCD3( );
I/UART Send&Receive ADCINC12_3 with lasdr R
UART_SendData(0x2c);
UART_PutSHexInt(Result3);

UART_PutCRLF();

ADCINC12_1();
DisplayLCD1();
I/UART Send&Receive ADCINC12_1 with PWM PO_0O
UART_SendData(0x2c);
UART_PutSHexInt(Resultl);
UART_PutCRLF();

ADCINC12_2();
DisplayLCD2( );
I/UART Send&Receive ADCINC12_2 with valve psase PO_2
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UART_SendData(0x2c);
UART_PutSHexInt(Result2);
UART_PutCRLF();

PWM16_WritePulseWidth(i);

digital =1+ Counterl6_2 wReadCounter();
value = n-digital+1;

DisplayLCD4( );

I/UART Send&Receive Time
UART_SendData(0x2c);

UART _PutSHexInt(value);
UART_PutCRLF();

delay(9000);

for(i=199;i>0;i--)

{
ADCINC12_3();
DisplayLCD3();
I UART Send&Receive ADCINC12_3 with las®d_1
UART_SendData(0x2c);
UART_PutSHexInt(Result3);
UART_PutCRLF();

ADCINC12_1();
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DisplayLCD1();

I UART Send&Receive ADCINC12_1 with PWM PO_0O
UART_SendData(0x2c);

UART_PutSHexInt(Resultl);

UART_PUutCRLF();

ADCINC12_2();

DisplayLCD2( );

/I UART Send&Receive ADCINC12_2 with valve psere PO_2
UART_SendData(0x2c);

UART_PutSHexInt(Result2);

UART_PutCRLF();

PWM16_WritePulseWidth(i);

digital =1+ Counter16_2_wReadCounter();
value = n-digital+1;

DisplayLCD4( );

I/UART Send&Receive Time
UART_SendData(0x2c);

UART _PutSHexInt(value);
UART_PUtCRLF();

delay(9000);
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%tk Visual Basic #2575
Imports System.|O

Imports System.|O.Ports
Imports System.Text

Public Class Form1l

Dim instring As String

P ——————— R ——
‘2 HepLoad®F P AR anid LSSk

R R 0 TRE - B RRR S EK

ek Ak Ak ke ok PE—
Private Sub Form1_L oad(ByVal sender As System.Qpidval e As
System.EventArgs) Handles MyBase.Load

For Each sp As String In SerialPort.GetPortNames()
CmbBox.ltems.Add(sp)

Next

CmbBox.Sorted = True

CmbBox.Selectedindex =0

End Sub
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Thkkkkhkkhkkkhkkkhkkhkkhkkhkkhkkkkkhkkkhkkkkkhkkhkkkhkkhkkkkkhkkhkkkkk kkkkkkkkhkkhkk

'TOBEE R  F 4 Click ¥ i

WOE RS R Sl T R R
T M
Private Sub Button1_Click(ByVal sender As Systene®b ByVal e As
System.EventArgs) Handles Button1.Click

Dim EncodeType As Encoding

RS232.PortName = CmbBox.Selectedltem. Totri
RS232.BaudRate = 2400

RS232.Parity = Parity.None

RS232.DataBits = 8

RS232.StopBits = StopBits.One

A o 5

If rotnCodel.Checked Then EncodeType = BmgpUTF8
If rotnCode2.Checked Then EncodeType = HmgpUTF7
If rbtnCode3.Checked Then EncodeType = BHmgpASCII

If rotnCode4.Checked Then EncodeType = BmgpUnicode

If Not RS232.1sOpen Then
RS232.0pen()
Timerl.Interval = 10
Timerl.Enabled = True

Else
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MsgBoX(": 21 35 B Fads 32(E 3 3% © 44 FF £2)", MsgBoxStyle.Critical Or
MsgBoxStyle.OkCancel)

End

End If

End Sub

Thkkkkhkkhkkkhkkkhkkhkkhkkhkkhkkkhkkhkkkhkkkkkhkkkhkkhkkhkkkkkhkkhkkkkk kkkkkkkkhkkkk

"TRE B fedech Click ¥ 2

' Close™ 2B Bk Ty 2arikd hF R

ek kA ko ok PE—
Private Sub Button2_Click(ByVal sender As Systene®b ByVal e As
System.EventArgs) Handles Button2.Click

If RS232 Is Nothing OrElse Not RS232.I1sOpen Then

MsgBox (i 21 3% % & B £<", MsgBoxStyle.Critical Or MsgBoxStyle.OkCancel)
Else

Timerl.Enabled = False

RS232.Close()

End If

End Sub

70



Thkkkkhkkhkkkhkkkhkkhkkhkkhkkhkkkkkhkkkhkkkkkhkkhkkkhkkhkkkkkhkkhkkkkk kkkkkkkkhkkhkk

‘PR g &4 o Click #

POE RS R Sl TR R R

ek kA ko PE—
Private Sub Button3_Click(ByVal sender As Systene®b ByVal e As
System.EventArgs) Handles Button3.Click

If Not RS232 Is Nothing Then

If RS232.IsOpen Then RS232.Close()

End If

End

End Sub

P ——————— E——
iR KeyPressE i+ 5 gt 2 R i # o TR
P ——————— E—
Private Sub txd1_keypress(ByVal sender As SystefadDByVal e As
System.Windows.Forms.KeyPressEventArgs) HandletBted .KeyPress
If e.KeyChar = vbCr Then

If Not RS232 Is Nothing Then

RS232.Write(TextBox1.Text)

End If

End If

End Sub

71



Thkkkkhkkhkkkhkkkhkkhkkhkkhkkhkkkkkhkkkhkkkkkhkkhkkkhkkhkkkkkhkkhkkkkk kkkkkkkkhkkhkk

'#i% 2 F =g KeyPressE 2 0§ ¥R I Enterds4EpF

et R L iE )

-~

Tkkkkkhkkhkkkkkkkhkkkhkkhkkhkkkkkkhkkkhkkkkkkkkkkkkkkkkkkkkkkk *kkkkkkkkkkk

Private Sub TextBox1 keypress(ByVal sender As Qy<ddbject, ByVal e As
System.Windows.Forms.KeyPressEventArgs) HandlesBixktKeyPress
e.KeyChar = Chrw(0)

End Sub

P —————— R——
P AT e Timer % 2
'%ﬁﬁﬁ@ﬁ%*ﬂﬂ’ﬁtﬁﬁﬂﬁgﬂﬁk@%

ek kA kA ke ok PE—
Private Sub Timerl_Tick(ByVal sender As System.OhjByVal e As
System.EventArgs) Handles Timerl.Tick

instring ="
RS232.ReadTimeout = 1000
instring = RS232.ReadExisting()
If instring.Length = 0 Then

Exit Sub

Else

rxdmix.Text += instring

End If
End Sub
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Tkkkkkkhkkhkhkkhkkhkkkhkkhkhkhkkhhkkkhkkkkhhkkkhkkkhkhkkkhkkhkkhkkhkkhkkkhkkkhkkx *kkkkkkkkkkk
‘TR, B Click F 2

TR R TR L B R (T
Tkkkkkhkkkhkkkhkkhkkkhkkhkhhkkhhkkkhhkkhkkkhhkkhkkkhkkhkkhkkkhkkkkkkkx kkkkkkkkkkkk
Private Sub TransBtn_Click(ByVal sender As SystelmeCt, ByVal e As

System.EventArgs) Handles TransBtn.Click

instring = rxdmix. Text

Dim datasep() = instring.Split(",")

Dim i0 = datasep.GetLowerBound(0)

Dim i1 = datasep.GetUpperBound(0)
Dimj=0,k=1,L=2

Dimj=1,k=2,L=3, m=4

Dim HexnumberADCINC12_2 As String, tenADGIN2_2
Dim Hexnumbercounter As String, tencounter

Dim HexnumberADCINC12_1 As String, tenADGIA2_1

Dim HexnumberTime As String, tenTime

mixnumber_i0.Text = i0

mixnumber_il.Text =il

73



Thkkkkhkkhkkkkkkkhkkhkkhkkhkkhkhkkhkkkhkkkkkhkkkhkkkkkhkkk

'‘ADCINC12_2 (Pressure signal)

rxdADCINC12_2_ 16.Text = datasep(1)

HexnumberADCINC12_2 = datasep(1)

tenADCINC12_2 ="&H" & HexnumberADCINC12_2
rxdADCINC12_2 10.Text = (0.001 * Val(tenADNBC12_2)) & vbCrLf
Do

j+=4

rxdADCINC12_2_ 16.Text &= datasep())
HexnumberADCINC12_2 = datasep())

tenADCINC12_2 ="&H" & HexnumberADCIN@12
rxdADCINC12_2_10.Text &= (0.001 * Val(tenADCINC12))2& vbCrLf
Loop Whilej<=il-4

Valve_Pressure_number.Text = (0.001 * Val(tenADCIRC2))

Tkkkkkhkkkkkkkkkhkkkhkkkkkkkkhkkhkkkkkkkkkkkkkkkkk

'‘ADCINC12_1 (PWM signal)

rxdADCINC12_1 16.Text = datasep(2)

HexnumberADCINC12_1 = datasep(2)

tenADCINC12_1 ="&H" & HexnumberADCINC12_1
rxdADCINC12_1 10.Text = (0.001 * Val(tenADCINC12)1 vbCrLf
Do

k+=4

rxdADCINC12_1 16.Text &= datasep(k)

HexnumberADCINC12_1 = datasep(k)
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tenADCINC12_1 ="&H" & HexnumberADCINC12_1
rxdADCINC12_1_10.Text &= (0.001 * Val(tenADCINC12))1& vbCrLf
Loop While k<=11 -4

PWM_number.Text = (0.001 * Val(tenADCINC12_1))

Tkkkkkkkkkkhkkkkhkkkhkkkkkkkhkkkkkkkkkkkkhkkkkkkkk

‘counter (Laser Encoder)

rxdcounter_16.Text = datasep(3)
Hexnumbercounter = datasep(3)

tencounter = "&H" & Hexnumbercounter
rxdcounter_10.Text = (0.001 * Val(tencounf&)vbCrLf
Do

L+=4

rxdcounter_16.Text &= datasep(L)
Hexnumbercounter = datasep(L)

tencounter = "&H" & Hexnumbercounter
rxdcounter_10.Text &= (0.001 * Val(tencwer)) & vbCrLf
Loop WhileL<=1i1-4

Laser_number.Text = (0.001 * Val(tencounter))

Thkkkkhkkhkkkkkkkkkhkkhkkkkkhkkhkkhkkkkhkkkhkkkkkkkk

‘Counter (Time signal)
rxdTime_16.Text = datasep(4)
HexnumberTime = datasep(4)

tenTime = "&H" & HexnumberTime
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rxdTime_10.Text = Val(tenTime) & vbCrLf
Do

m+=4

rxdTime_16.Text &= datasep(m)
HexnumberTime = datasep(m)

tenTime = "&H" & HexnumberTime
rxdTime_10.Text &= Val(tenTime) & vbCrLf
Loop While m<=il-4

Time_number.Text = Val(tenTime)

End Sub

Tkkkkkkkkkhkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkk

" Ah# o % Click & 2 (4% - ADCINC12_2 valve pressure signal)
U AR R SRR A F

Y A el S

'Y ?ﬁi,;j&?;}i;‘% *

Tkkkkkhkkhkkkkkkkhkkhkkhkkhkkkkkhkkkhkkkkkkkkkkkkkkk

Private Sub#k 5 ¥ 4 ToolStripMenultem_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handgs 7 #2
ToolStripMenultem.Click

Dim fNamel As String

SaveFileDialogl.Filter =2" 3 4 (*.txt)[*.txt" "3k 24 & #¢ 4]
DialogResult = SaveFileDialogl.ShowDialogf) 5 #% ¥t = 1=

If DialogResult = Windows.Forms.DialogResult.Can@elDialogResult =
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Windows.Forms.DialogResult.No Then Exit Sub

Dim ADCINC12_2 As String = rxdADCINC12_2_10.Text

fNamel = SaveFileDialogl.FileNarge# 1§ &
Dim SaveFile As New FileInfo(fName13 * Filelnfo 4~ i*

Dim FS As FileStream = SaveFile.Creat&()' FileStreamy~ i+

e s F AL

Dim ChArrayADCINC12_2() As Char = ADCINC12.ToCharArray
Dim a As Integer

For a = 0 To ChArrayADCINC12_2.GetUpperBd(()
FS.WriteByte(Asc(ChArrayADCINC12_2(a))i' » 4% %

Next a

End Sub

-
"G HhF i % Click ® # (# % - ADCINC12_1 PWM signal)

W AR R R F A ¢

CERS LR T T

'Yo(g H ?,i,;j&?;}i;‘% ~

ek ko ok ko ok

Private Sub#% 5 ¥ 4 ToolStripMenultem1_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handes 7 42

ToolStripMenultem1.Click
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Dim fName2 As String

SaveFileDialog2.Filter =" 3 4 (*.txt)[*.txt" "3k = 4% & #¢ 4]

DialogResult = SaveFileDialogl.ShowDialogf)r = 4% ¥ > 1=

If DialogResult = Windows.Forms.DialogResult.CanGelDialogResult =

Windows.Forms.DialogResult.No Then Exit Sub

Dim ADCINC12_1 As String = rxdADCINC12_1 .Text

fName2 = SaveFileDialogl.FileNarge® 1§ &
Dim SaveFile As New FileInfo(fName2} = Filelnfo 4~ i#

Dim PWMES As FileStream = SaveFile.Creaté(): FileStreamy i

e g3 ALy

Dim ChArrayADCINC12_1() As Char = ADCINC12.ToCharArray
Dim b As Integer

For b =0 To ChArrayADCINC12_1.GetUpperBd(®)
PWMFS.WriteByte(Asc(ChArrayADCINC12_)pb'® » #h %

Next b

End Sub
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Thkkhkkhkkhkkkhkkkhkkkhkkhkkhkkhkkkhkkkhkkhkkkkkhkkhkkhkkkkkk

"F A i 4 Click £ # (# % = Counterl6_2 Laser encoder)
e R A R GER Y i”iia«pﬁ% v

gk ik 2 AR

TR ORI R

R

Private Sub®E 5 #f % ToolStripMenultem_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handigs: 4% %
ToolStripMenultem.Click

Dim fName3 As String

SaveFileDialog3.Filter =" 4§ (*.txt)|*.txt" '3k Z_4% % #¢ 3]
DialogResult = SaveFileDialog3.ShowDialogf)+ 5 4% ¥ 35 =

If DialogResult = Windows.Forms.DialogResult.Can@elDialogResult =

Windows.Forms.DialogResult.No Then Exit Sub

Dim counter As String = rxdcounter_10.Text

fName3 = SaveFileDialog3.FileNarge# 1§ &
Dim SaveFile As New FileInfo(fName3} == Filelnfo 4~ i*

Dim VRFS As FileStream = SaveFile.Creat&(y: FileStreamy~ i+

e s F L)

Dim c As Integer

Dim ChArrayCounter() As Char = counter. T@aChrray
For ¢ = 0 To ChArrayCounter.GetUpperBound(0
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VRFS.WriteByte(Asc(ChArrayCounter(c))#' » 4% %

Next c

End Sub

ek ko ko koo
"5 4 Click & # (% = Time signal)

e A A R F RO ©

AL LE R

'Y ?,i,ﬁj&?;}ia ~

-

Private Sub# 5 ¥ # ToolStripMenultem2_Click(ByVal sender As
System.Object, ByVal e As System.EventArgs) Handigs: 3 #2
ToolStripMenultem2.Click

Dim fName4 As String

SaveFileDialog4.Filter =" F #§ (*.txt)|*.txt" 3% 4% % 27 1)

DialogResult = SaveFileDialog4.ShowDialogf)r = 4% ¥ > 1=

If DialogResult = Windows.Forms.DialogResult.Can@elDialogResult =

Windows.Forms.DialogResult.No Then Exit Sub

Dim Time As String = rxdTime_10.Text

fName4 = SaveFileDialog4.FileNarge#® 1§ &
Dim SaveFile As New FileInfo(fName4 = Filelnfo 4~ i#

Dim VRFS As FileStream = SaveFile.Creaté&(): FileStreamy~ i+
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e e
Dim ChArrayTime() As Char = Time.ToCharArray

Dim d As Integer

For d = 0 To ChArrayTime.GetUpperBound(0)
VRFS.WriteByte(Asc(ChArrayTime(d)) B » #% %
Next

End Sub

End Class
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