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Abstract

This project plans to develop adaptive electrical actuator control
technology for advanced electronic control systems in advanced more
electronic aircrafts. This project will focus on the development of DSP-based
adaptive ac servo control techniques. A permanent-magnet AC (PMAC) servo
motor with 28V input, 1/2 HP output power, and an integrated resolver will be
chosen as the platform in design of the digital adaptive controller. A DSP-based
controller suitable for digital motor control will be constructed, and by using
the constructed DSP controller, software control techniques for the torque,
velocity, and position control of PMAC servo actuators will be developed. This
project will adopt the multiple-loop cascaded integral-proportional control
scheme as the basic control structure and try to develop practical adaptive
control algorithms for high-performance digital servo actuators. We will
investigate practical adaptive control mechanisms, such as model-reference
adaptive control (MRAC), auto-tuning adaptive control (ATAC), etc. to
improve dynamic responses and robustness of the digital ac servo control
system. This project will realize the developed adaptive control algorithm by
using a single-chip DSP controller. Experimental verification and performance
evaluation will be given by using a brushless dc motor with a resolver. In the
future, based on the developed adaptive digital servo control techniques, we
can develop high-performance robust servo actuator used in a ball-screw driven
mechanical transmission system for the wing actuator of a light manless

aircraft.

Keywords: permanent-magnet servo motor, digital signal processor, digital

motor control, model matching control, adaptive control
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argGliw,) = -7 (3-4a)
o) =2F_ L ]
Glio,)| = T (3-4b)

u

HE &K, A &SRR S (utimate gain) > TR A R A G(s) L3 B IEHTF >
R AR R AR R B B 0 T o, 43 B 4% MR 38 B (ultimate

period) 7, %

T == (3-4¢)

FIR 4 E B BT AT 3] B @ ke 4] & > B Ziegler #v Nichols 4.2 &
H—EEHER]  RIBK AT, REEHRZ PID #HHBMLHM » Wk 3.3
P~ o 2R Ziegler-Nichols FiA A R L A KRB L € H 425 > ki KRG
# (overshoot) » Bl $u# — t4R#E Ziegler-Nichols 4k 2 % & 7 55 [82]-[83] » &
PID 4] 5 £ $do & 3.4 PR ©
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% 3.3 Ziegler-Nichols i@ % 3|32 PID #£ 4] & -3

L E: K, T T,
p K, /2 ] ]
PI K, 122 P /12 ]
PID K, /1.7 P /2 P /8

% 3.4 % R Ziegler-Nichols Fji@ 3% 8] :X 2 PID # 4] 8 48

E B K, T, T,
Z-N K, /1.7 P /2 P /8
Some Overshoot K, /3 P /2 P /8
No overshoot K, /5 P /2 P /8

3.2.3 Frequency-Domain Method

S3R T ik 77 R AR AE 48 13 3% R (phase margin) & 3% % i X (gain margin) #Y
BMaRFI - B35S AH-HENHNERAKLTAE -

+ U

u, G.(s) - G,(s) > Y

B3.5 Pl sl & %y RmE

REAarg R g, TRT A

¢, =m+argG, (iw,)G (iw,) (3-5a)
Hp ]Gp (iw,)G, (ia)g)l =1 Ho, %3 % X A8 & (gain cross-over frequency) ;

MmEBBERA4, A

20



1

A, = (3-5b)
" G,(,)G.(o,)

# ¥+ o, &F84 R ASE % (phase cross-over frequency) e

# 2 (3-4b)RB-4c)F e K, BT, T oA/ 584935 > Rl TH# bR ghafrd i
¢ 91 BEB—EAMEGKXTFRFE PID I By 5 ([84] > 4o

K, =K, cosg, (3-6a)

T, = f; (tan¢m +q/l+tan’ g, ) (3-6b)

T, =T, /4 (3-6¢)
e e X FRALEAGEERM LA DGRELER FRATERYEER
ol o HREG-DRAZX ML E M E » ARS]FPNET —FTUE
BAG4EBEER A, RFE PIEMHE LB TR 2o

al

= 3-7
Ke=ouxz (3-7a)
T,=T (3-7b)
bR R BT AAF B AR A iE R g, A
B =7 (0-1/4,) (3-8)

21



3.2.4 Pole Placement Method

B A %

Kp
5= st G2

A GEAE A ENPIDEFH B TS ATEHNSLE HbER
PID 4| BT A &R b ER 42 469452 ZH PID 4 8288 I

G,(5)
2
GC(S):K(1+sT,. +s°T.T,) (3-10)
T,
HAEFBE B 3.5 A > BITHBIEFHRFIRILAE
K KT K K K K
57 +s? L et DO O O ) el O (3-11)
n'1, 11, ) \LT, 1T, ) ITT,
BHAH—ZEZBAS  AIAHEERRTRATRTS
(s +am)s® +2lws + %)= 0 (3-12)
HEAHG-1D)EG-12)K, > T /33|
1 1 KPKTd
—t— = = 2 -
T Tz% IT, o(a +24) (3-13a)
L KK v (3-13b)
LT, TT,
KPK 3
=aw (3-13¢)
I,
BRI T IA4F 3] PID = B 28 3 B
2 —
- LLo* (1+2¢) -1 (3-14a)

K

p
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T=Iﬁ%ﬂ0+2&ﬂ—l

3-14b
= (3-14b)

_TLTLola+20)-T, T,
‘T T+ 2w’ -1

(3-14c)

T EBEEa ~ 0 &S Fo—ub 2 S4B B B ik FiE % k& PID 3

T, +17, B

BHRE S o= T Tkt S
BREH O EFEENXE w=0,= TT.(@+20)

T,=0 > Bp PID §= %]

BHER—EHEPIEHN S B Ro<o, AT, <0 BAF o HRARTZR
NER S Ro b BEEA \é%
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3.2.5 Optimization Method

EE R A R A iR E 8 B A2 % #(cost function)’ 4o IAE~ISE #2 LSE
2> B AEAENBENEFRR G BRERIE > W52 PID #EH BSR4
fE o A pb3R H — BT B RESA AL PL4x 4] 55 B 23 ey Hok([79] ) A EHE
B F (weighting factor)ay IAE /F A B &3 > B 3.6 AURKAEBEGE
(Modified Two-Degree-Of-Freedom, M2DOF) &y H &£ % B~ & B -

A
P2 Boundary of parameters [Pi(max), P2(max)]

{P{min), P2(min)]

' : i ] :

N S S S

IR
Pl, T P1

First convergence

3.6 M2DOFZ g kR

HhARE—@ Pl R B SR d  BERBEDZAGLMF/E
REFEE R E —EERREMA PR R SRR
(performance index) > #F R A2 4 PIZ4I B 4% BB R B — @A
R RAFER O BB RAFLE > KRR DY MEAEIEAREBr Bk O LA Y48
HE A BX AT S REFABEHONITLHETR BT RERBE LINTE S
FEHRAHEGRAE LURD RARANHE > BRI RE S HELES
B —ERREGHRKIE -5 HABERESHG  PHLE SR
HBHRESLE LHTEIE —RUHE S BETRE N EFHESLHEHE
B BEAFE RO AR EHENRESEAE -

24



2 2 x5 A X B 38 JE A7) AR 4

AZEESABRENS B REEAHEAIASEGRERD ;

RAFER G EERAUBR RS ER DGR BE IH =
A BB 63T F I o TR/ I T oy BRI SIS - 4T
B X 38 A ARAE H] 84 R SR o

&
&

}\m

&

c?&* F\m

41 KX EEHEHVH T

RBEAHRHFEF TS kXX ABEREREN T2 TEL
B 4.1 AKX XAEEHREALTRE - EHEATREBBEER > R
FRBEF TR B, =010, =i, > BBt RE 41 KX AEEHE
BAFTRBLES  TUREFZLHBFABAIRNSEGEELY  wh 42
Fiom o BB 4288 KA RREER G ERBRMLOGKITTFE d-qg #HEAR
A REEY  MEN KA AR EHEEY > Bk ERT 548 Knt
ARMBENBEYRL — BN EARSE ZBUABCRLESRG S
BIER A& moir Ekt B @RAMRIES S - £ 41 AAHRAZK
BARREGENEE S HE -
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1 s

{
!
i
|
I
v

A

qs

+ J.s+B,

m

A

A

rd

B4l AKX T AEESHERN

JS+ B

R AR AR A R B E ) B T RE

41 HESHHEBE

2 HR A

HfE
TS B ER 0.7 (mH)
EFHEER 0.724 (Q)
#EE=E 8.05x107 (kg-m”)
FLR BB 1x10-5 (N-m-sec)
K B FH 0.18 (N-m/amp)
K, BRILEEH ¥ 0.18 (V/(rad/sec))
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42 S BURE

SERA BRI AEEEN A AT A LOER BR LB ENEER
HTFE BN A ST BRI H A RS L REQERRS >
Mo ERELSERUE BEELRTRARMEARERNRESE 44

B —ERAEHEEED -

R ERAREG S MHS R RS RGN ELTED RS S anE

1 % ko T

Y(s) _ w? @-1)
R(s) s*+2w,s+w]

B 43 ARE_MBERBGTHRERE  APRABRERALNTEA

tmax = _“_ﬂ"‘—’ (4_2)
w, 1-—4’2
RABHBEHMES
T
o, = eﬁ (4_3)
#10% EFHE] 90% FFE e EERT A
[ = 0.8+2.5¢ 0<c<l s
wn
BASRE WG BOID S%EET)
t,= 43¢ ¢ >0.69
5 (4-5)
= 52 0<¢ <0.69
cw,
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RGE S

Unit-step input Muximum
7

/ | overshoaot
103 B
.90 / ?
:
H
£
3
i
1
x §
. ; ‘
L L e ; |
Delay /3 i |
e ] i |
‘ ¥
1 i '
: i
; £
: £
| ;
10 foewd : ‘
: i i
g — P
TRise time s \
I,
+ Setting .
time 1, »

B43 RE-_ERBEIABZSTHERE

—#mE o KA REENTEETRE - BRE — RS REFIR
BEMBERER A EBRAZRRINAERS ISORYE  RRIHFE
FAI0EE £ qERE IO ZEARIZT > THSE HEMHRBE AR
e WA SEFRA R AR EAFE G RA -

R 42 (I REXREHES EHEA > THERAER MG

L@ K,

i JS+B (4-6)
BHRqQEBBERL 10 RBHSHER > THLEXETA
KT
10 7
@, (8)=— (4-7)
5 s+ 5
J
4 b X 3834 5k 85 35 (time domain) @ T 4%
10-K, -2
w, ()= (1-e”) (4-8)

B
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¥ b X 8y exponential &R B - E SRR H IR RPM » 45

0,() =7~ =t (4-9)

4500 T T T T 1 T T T T
T e e i
S S O
]
E 11 1] S S R N S Tt SRR -
=3 :
= :
50 S T o L e e L RE LI CEEL -
oo i
s e S S S
L e e S S
PSS R R O R NN - —
{ i i 1 i i i i i
0 0002 0004 0006 0O0B 001 0012 0014 0016 0018 002
time {sec)

Bld4.4 B10ATHRRF T BiERiEmR B E

B BHiEey B4R A 1500RPM > & B 4.4 KA F(4-9) T4 £ q b
TAMRA S 10 e EARST > AF Tms 9550 > BEF M H ik
édmeM,@%%ﬁ#%%&%%%’&%EPWMﬁww&~ﬁm&
BB RS EEAG L A 10ms » Fob 0 RBERER T REZ
MR A XA 0T07 AR ETRERNAE S% YRAE £ 4
1 MIAAMERERTeARBAER L EREREEHNZSK  FEAR
MEREMEORME  Hib BREFHMAGER 09 EFAKER
B R RARBAE NN 1% -

461 =10ms ~ £=0.9 KA X F(4-4) > 55 0,=305 HEH ¢ B o, KA,
F@4-1) THEERVZAZE _BELHHE
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o,(s) 93025

AL (4-10)
,(s) s°+5495+93025
BALRER A 1ms > AL BB I A
w,(z) _ 0.0388z+0.0323 (@-11)

w.(z) z*-1.5065z+0.5775

3 R ERAS T
B 4.5 AR EAMFAGSHFER ’K%ﬁ;&ﬂﬁ&i‘”"%l R AR TIRE
REER G 0 RBBRBE R SEEA > FE T L) RIES AR SR
B o, REMS0 0 BBPIRAEHEAEL g MEAREHNRKL - &
#1 MIT rule based adaptation mechanism %y 1 2 g &5 /74413 m}% . F8 a0

BIAEG ¢ mEMEHNGLL  RALABENREFITRZREE R0, -

# & » MIT rule based adaptation mechanism AR 351k E 44 0, ~ 22 A
REFRATHREERNREZS UAREEFBELZ ¢ BERITHR
i, » #&d MIT rulebased 3t 5 - &4 —18 g $hERGMME AR, > HITH
FEHAGZERREEREAREZRELERAER o

AR R R BIRA 9B P 0 B LR RIRE K K (error function) &

eE=w, -0, (4'12)

i H B 4Z & K (cost function) B & & %
J(@)==-¢ (4-13)

B Z AR 4 MIT rule - # % 1 H update equation 2

i =~—y-sign aJ
qe }/ g al*

qc

)-e (4-14)
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e B MIT Rule Based - error
i Adaptation 1< Q
Mechanism | +

PMSM Drive System

Bl4.5 B2 A8 A2 AR IE 5] & 4075 B

H P y#%4% 2 E B -F(learning factor) » #FH EZT 4
Yl az].[”jr} (4-15)
Ly

(4-12)-(4-15) X Br B Ak st B ey BRI HRR] » F— & REmE L ER
RIS BT EE R X E R EIRIE S A G BE B R R RIS
REHRFBREERGERE -

B IE ] F SR

B 46 RMFEANERBILEHAKFIRES A SR Z 28 M
SIMULINK #i# 73 E > £+ 86 7Rtz 2HHA ~ Btz B
B FREHRE - BREEHNSE > RRAA MATLAB & XA KRB
#H o B 4.7 £ SIMULINK §RZEMR EHEH BB BFTRE » %A
PI 354 % BREEFE A A Ims: B 4.8 & 24 SIMULINK B 5 2 34 X, TR %)

KRB AE A P HEHE > RESMA 100us; B 49 A%tz Big
A iy SIMULINK #4532 B » B4k 65 4 100us -
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Closk :
fimer | oo3sez0a23
22.1.50852+0.5775
Digital Reference Model(0.001)
J{CF ‘|
- 3 P’z Cument
] | } (SR MATLAB piC P
Furiction R
cc —TL Speed
Spead command g lof MATLAB Fen Cutrent Controller
Discrate fotor0.0601)
speed cantroller iscrete MatorD ) {rad/sec) to (RPM)

B4.6 S48 B4 X @R ERESR R AZEET AR

Co— [ 2 -~
SR il
ZO0H SKi Discrete-Time
Integrator
O [1
SF
Z0aH1
SKp
Bl4.7 Bk EIEF @82 TR E
CZ DA »J—H‘ e
cR Current Limites ZOH
o D3 Bb . 1)
-~ Va
a2 _P'L » CKp duty t0 woltage
LF
seatng ZOHY

4.8 B X EREH B EETR
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QOK3E02.0,1356
) )
25180830 ) 017 Cument

Vato lg

0.01542+0 014
221 80B32+0.9017

TLielq

@ > 2.0154240 0149 Y @

224 86632+0.09017 Spacd

Vato speed

1,241 124,418

>
£
? 51 306320 9017

k4

Thto speed

B49 Bz BT RE

Bl 4.10 ZERAF4 PIIEH S M Rio L BRI RS 9B E R &
BBER T RERRIEFEREL R ERBESFEA RS 58
B RTHRNREERAEESRHR B R BEER » LBERREEY
RAEPIEHBHEF L BB TERES SN -

Speed Command & Spesd Feedback
(REM) 2000 Speed Cnmmﬁnav T T T T
1500 l A : ;

1000 -

500

2}

500 i i i i i

B4.10 PIEBRIEH A o2 B R
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411 R o BB RIEFIH ) FURIE SR R 918 410 B E S
JEEE RV 0 AR IR R T A R R R B TR
REFRFALZT BABHREL UG O IR A BEG L PBE L
SAEBUGERER - B 411 9 F ZBRVE L BRIER BB B R
B9 4% %145 1% 71 (control effort) o

Speed Command & Speed Feedhack
T

(RPM) 2000 7
Speed Commiind

- (A2 Pt Comm it S S— .
1000 ff == mmmemmmmnneny () RRLECRERE AR 4. VNP S T TISTRNNN £,
5O (o -oemeeeeneeen e TR B L P R S e —

0F - Speor Petbml--+— e S S
50 | i ; 1 i

¢] 0.05 0.1 0.158 02 0.25 03

Current Command

{10mA) 1000
500

-500
-1000

(10mA) 2000
1500

1000
500
0

-500
o

814,11 8 A6 b Ao APLEV A ) 08045 R (e )

Bl 4.12 Rk Ae b3l R4 S B IRAE ] A S & RS S e
R £ 01 BEHN—ME 02N-m &) & RIn%E > o B 7T 408 B 1% 5] 48 5] 84
ZEHBERARFLEOBRN TAF = BB VELE N RE LR OELHE
B REERAME -
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Speed Command & Speed Feadback
(RPM) 2000 I

1000 -

i

RS (U R pp—

-1000
0 D05 0.1 A1) 02 0.25 0.3
Cunrent Command

(10mA) 1000

-1000

(10ma) 600D
4000
200
0
200,

BI4.12 388 2 $14 5] o AP IRIE 5] 2 4o H 56 43 2
(0.1seche AN0.2 N-mé&h 246 & #%)
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RE¥

MATLAB -2t & B4 %] F i&

5.1 REERA

EHFZFNBTHS PID 28 aHAE ik £ ¥ AT AMEALY
T ik A B T B4R AL ik (optimization methods) ;@ #b B FEIEH] B ey ¥ &
STHAEER  FARERFRITADALYSLME  LEREMELGR
HEEBELBENGEERE  UREALYBNE S B2Z# 8RN0
B TR R ENTHIRMA SR AHBRYERSHMARLSL > # B
R % 9 B AR & $(cost function) 2 H th 4 st % $t 48 F 49 M 4 45 $t(performance
index) » 3t Bo&— 18 =T LA [F] 0 38 A5 /18 £ #4438 % 55 R (M2DOF) & & F — 4
RSB 0 £38 RS-232 Wiy REATHREBA —BARFETHEF
AR MR EE PR TR A REALBAKE NG " HY s
BB 51 ALSERAEMBXAMASEARZEHFTRE » ALt 2
PSR R AR B AT B MR B U TFHE— B MATLAB
B R e R R -

50.1 28 ERERMBEHRT

B ETARERNANNE SR - AARXTERTAGHALH LS
B HFERBEERBGRSE UBRERGERREESEL B LT SR
- LHRBENARTAREANCRERY  RASRERTHRET  TH
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1

1
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t

1

r~ -
s H S
: POSlTlON CONTROL i VELOCITY CONTROL i CURRENT CONTROL :E Vq’ltage Source
. < " PositionLdop : - * Velocity Loop Current Loop :: v Inverter T
k Conimller . A Controller ‘ﬂ Controller ~4 Coordinates  Phases Hi SRR
i S o 4 ; v, Transformer Transformer :: o e
_,.L)S\..__) G,(s) "3 0> Gs) W : 3 PMAC Motor
R o -A A I ;
A B @, R ! ] L : r !
R  Curent Lo i, &) i PWM :l Base | =3
wrent Loop + I Drive | 4
GrHe _:.._‘\.Conn-ollcr Genera —_——h . Drive ‘ )
><>—> - e
A : ,rr [ {

_______________

Bl5.1 B3 2 A8k 305 F RIS E

CHELMEE VR F AL BRI B FER R E » TH &K
AEHERLHME A RORE  #¥wEAEROHN  £5 T4
BRBRMHE  RAEEAATBE -

—EREREARTHR RERRT — AL EEE » shinie1E 6
?ﬁﬁ%ﬁ%%ﬁ%&ﬁﬂ%ﬁ%%ﬁﬁ%%%%i’ﬁ%%%%&ﬁ%%
TR — B R F L THA R BB ERRR LB AT S REE -
Flkey > SeAnse B a8 G FIE 5 5 00 BB M 45 RO KL B 051

512 Rl EEa A 4

BETE T BATERFMAGBRAIE > o T & 4 — b B3R B A
R TR ETREIL B FREE 2 S BN 65 I 24 B
RBAIR > 2o sb B TH A B E 3t EAF B S SR e BB > 4o L 5B
Bl URERZ REREE  BTRARTURTEZAHYIE - 4225
B)Z > BN RE| RS-232 BRI S HEFHERNBE > w LB EEH0 T
M ELAEE RS HARTENERYEE LB B AIREAERY S
MEST—EXEQTEER > Bib i FAELE 4 50% B EI M F o4 m
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T BREVEEHR 1S BAEY  wE 5257 ERENRTEE E/E
PLIE 50% e BERME S R4 o B S20) AT AR AREN TR E T
HRERERNBELRE AR ABYBEREYGLSEREEELRE -

200ms

fe—>] Data |+

250ms 100ms
(b)
52 RIFGIRATHBERELE () FEk 550% (b)Y BAEEE R £50%

513 BRERHEHE

BRSBTREZNEZNERETREL ERHEFHEEW BRI R

7@ = w(e@) et +w, J‘ e)|de (5-1a)
w, (e(t)) =w,, (high gain) Jor e(t) <0 (overshoot) (5-1b)
=w,, (low gain) fore(t)>0

ﬁ‘#’f(l‘),éjg#—,—&%’(a e(t) Bk £ H g > t, ~t, 2y ¥ RE 5 JEFE N2 AL B 4
REGRE > 6, ~, REANBEERAR S ZRBREREE  w®)h—H2
RE UG 2 F & B (weighting function) » & % J& & 4 B4 3R, % (overshoot)
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o AR BRANEIREwERIESE v ABEEOHERTF
(weighting factor) » & F N TRFEZRAK BT RERARANHERF » L
BRI R EAERER -

5.1.4 FEELR)

ERZFFOEMENNBERN A LR M2DOF » 4
53 Fiw o AMBLRERTELFHEE THELHBALENYMA > kA
TEBCGRAENBNE  SHAERA  BRRMERERY  ER AR E
EEHER AR ZAREM  BREB ALY EE R o> (2574
Hho g AKRKER - Bl B RBESAHRE F-RABRLMBRA
UERFEZBUBER  BEE _BRBBMBE N BTEH a8
CAHAR S HAE R R R G ER 25 o e H AT A MR 23 8 BB B
T RARPECYIF B S BOR A - BN L R B R T 205 AT — R L H Y
ABE 0 RABTT —REBIE BRI URD B FILKER o

A

P2

Boundary of parameters [Pl(max), P2(max)]

[Pl{min), P2(min)]

R N PR JUP JU. WP
v

Pl P1

First convergence

B 53 M2DOF&) & xR+ EE
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52 MATLAB#: % B 3R,

AR N FTAREALBE R H RPN A HF 5 1E2 Hloikid
Balbeymct R FTAB LB R REARI THE S mREE
kit R E B IS BRI RAEB B 54 FroF

Rest Test_set
I Read Parameters l

I Store parameters ]

R

l Tuning parameters_l

Change
Delta_kp
Delta_ki

Initialization

BS54 MATLAB & ¥4 B3 a 28

52.1 X2 3RHA

WARH I BERZAAEHEN IR BT a— iy EER
BREHR IHRAINSK BBt BT REY BH &1 &) % X 8y
ZARNE -



Init;

tic;

while Tuning_flag ==

Flag_old = Flag_new;
Flag_new = Read_flag(buf_sel);
while Flag_new == Flag_old

Flag new = Read_flag(buf_sel);
end

if Flag_new==0
Command=Read_data(l,3);
Feedback=Read _data(l,4)};
elseif Flag_new==1
Command=Read_data(0,3);
Feedback=Read_data(0,4);

end

[Start_index, End_index]=Full_step (Command) ;

if Start_index(1l) > End_index (1)
if length(End_index)<2
End_index = 300;
else
End_index(1l) = End_index(2);
end
end

Cost = Cal_cost{Command, Feedback,Start_index(1l),End_index(1));
Cost_buf (Test_set)=Cost(1);

if Test_set ==

Kp_buf (Test_set)=Kp(l);
Ki_buf(Test_set)=Ki{l);
Command_buf(Test_set)=Command (1)
Feedback_buf (Test_set)=Feedback(l);

end

if Test_set < Test_number
[Kp_new,Ki_new] = Next_set (Kp,Ki, Test_set,Test_number,Tuning_trend);

if Kp _new > Kp_limit e poundart

Kp_new = Kp_limit;
elseif Kp_new < 1
Kp_new = 1;
end
if Ki_new > Ki_limit

Ki new = Ki_limit;
elseif Ki_new < 1
Ki new = 1;

end
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Write (kvp, Kp_new);

Write (kvi,Ki_new);
Write_flag(para_tune,1l);
Test_set = Test_set + 1;
Kp_buf(Test_set) = Kp_new;

Ki_buf (Test_set) = Ki_new;

Command_buf (Test_set) = Command(1l);

Feedback buf(Test set) = Feedback(l);
else

Kp_plot(Main_index) = Kp;

Ki_plot(Main_index) = Ki;

Main_index = Main_index + 1;
[Kp,Ki,Cost_min]=Min_cost(Kp_buf,Ki_buf,Cost_buf);
Kp_plot(Main_index) = Kp;

Ki_plot(Main_index) = Ki;

[Test_number,Tuning_trend]=Record_trend(Kp_plot(Main_index),Kp_plot(Main_index-l),Ki_plo
t(Main_index),Ki_plot(Main_index-1));

figure(l);

plot (Kp_plot,Ki_plot);
grid;

figure(2);

plot (t, Feedback, t, Command) ;

grid;

Test_set = 1;
Cost_buf=0;
Kp_buf=0;

Ki buf=0;

Finish Converge (Kp_plot,Ki_plot,Kp,Ki,Main_index);
if Finish ==
if First == 1
First = 0;
Delta Kp = 2;
Delta Ki = 20;
else
Tuning_ flag = 0;
end
end
end
end
toc;
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5.2.2 Full step &]&

AR EERMBBRIGER T BE AR LS ER > QBTH
Z3HE B 55 AR XM E FRE -

Full step ——> Start_index
Command ———» -

Function ————— End_index

5.5 Full_step&] & g A8 F B

function [Full step_outl,Full step_out2] = Full_step( Full_step in )
3 o= 1z
k= 1;
for i=1:299
if (Full_step_in(i+l) - Full_step_in{i)) > 50
Full step outl(j) = i+1;
j=3+1
end
if (Full_step_in(i+l) - Full_step_in(i)) < -50
Full_step_out2 (k) = i+l;
k =k + 1;
end
end

5.2.3 Cal _cost & =,

R X EREIRBEALERHBZRE > R E B SR 2 0 B
5.6 At H XA E FIRE -

Start_index End_index

||

Command ——» Cal cost

,. , . —> Cost
Feedback ———» Function

5.6 Cal_cost@] & X gy A8 H H B
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function Cal_cost_out = Cal_cost( Cal_cost_inl, Cal_cost_in2, Start_addr, End_addr )
Cal_cost_out = 0;

for i=(Start_addr):{Start_addr+10)

if Cal_cost_in2(i) > Cal_cost_inl(i) % overshoot %
Cal_cost_out = Cal_cost_out + 100*( Cal_cost_in2(i) - Cal_cost_inl(i) );
else
Cal_cost_out = Cal_cost_out + 10*( Cal_cost_inl(i) - Cal_cost_in2(i) );
end
end

for i=(start_addr+1l):(End_addr)
Cal_cost_out = Cal_cost_out + abs((Cal_cost_inl(i) - Cal_cost_in2(i))):

end

Cal_cost_out = round(Cal_cost_out);

5.2.4 Min_cost 2] & =X,

HHRXEERBRBELE ALV RS2 EEIFT BRI H PRy Miels
2o URBEAAYHBHLIEE - B 5.7 ALJZXGHMASHFHE -

Kp buf ——»
Min_cost

Ki_buf ———»] )
Function

—» Cost_min
Cost_buf ——»

[ES5.7 Min_cost&] & XA H F B

A i t o NRinost !
function [Min_cost_outl, Min_cost_out2, Min_cost_out3] = Min cost ( Min cost inl,
Min cost_in2, Min _cost_in3 ) B - -
Cost_min = 0;

index = 1;

[Cost_min,index]=min( Min_cost in3 )

.

Min_cost_outl = Min cost_inl( index );
)

Min_cost_out2 = Min cost_in2( index

Min_cost_out3 = Cost_min;
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5.2.5 Record trend 2]k =,

WHXEZARBE L - RE2BAFEHMEE RAET RSB F O
B RS RS ENET i EMFRE - B 5.8 AR N eyBAE
7B

Kp old ——
Kp_new —  Record trend |[—— Test_number

Ki_old Function —» Tuning_trend
Ki new —»»

5.8 Record_trend &| & X i A% 1 7 3 B

Ty rery g SR
function [Record_trend_outl,Record_trend out2] = Record trend(P1_new,Pl_old,P2_new,P2_old)

if (P1_new-Pl_old)~=0 &(P2_new-P2_old)~=0

Record_trend outl = 6;

if (P1l_new-P1l_01d)>0 & (P2_new-P2_old)>0
Record_trend_out2 = 1;

elseif (Pl1_new-Pl_o0ld)>0 & (P2_new-P2_old)<0
Record_trend_out2 = 2;

elseif (Pl_new-Pl_0l1d)<0 & (P2_new-P2_old)<0
Record_trend out2 = 3;

elseif (Pl_new-Pl_0l1d)<0 & (P2_new-P2_old)>0
Record_trend_out2 = 4;

end

elseif (Pl_new-Pl_old)~=0 [ (P2_new-P2_old)~=0

Record_trend_outl = 4;

if (Pl_new-Pl_old)>0
Record _trend_out2 = 1;

elself (P2_new-P2_old)<0
Record_trend out2 = 2;

elseif (P1_new-Pl_old)<0
Record_trend out2 = 3;

elseif (P2_new-P2_old)>0
Record_trend out2 = 4;

end
end
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5.2.6 Next_set &% &,

b X E £ ARIE Record_trend AT4F 2] 89 2 BB E > RAXBT R
SHPFHTX - B 59 A XGFiER -

Auto-tuning of
Pland P2
Define the cost function

Determine the testing parameter sets
(P1~APLP2+APY) (PL,P2+4AP2) (P1+APLP2+AP2)
(P1-4P,P2) (PLPY) (P1+APLP2)
(PI-APL,P2-AP2) (PLP2~AP2) (Pi+APLP2-AP2)

Satisfy the Using the boundary value
boundary condition? of P1 or P2
Yes
'i Compute the cost function
' l
Determine the testing parameter sets . .
\ &P Determine the parameter set Determine the testing parameter sets
L. (1)<0,(2)>0 LA @)>0 (P1,P2) with the minimum @<o L (1)>0
(A-DAPAN) (AP (PPN | (A=A P4NF) (AP (A+AP 240D cost function (PI-API, P2+ AP2) i (Pl+APLP2+AP2)
@R AR ! B (AR Pl-APLPY  + (PlearLPD)
(P-PLP2-0P) ‘ (P+OR,P2-0P) (P1-APLP2-3P2) 1 (Pl+aPLP2-AP2)
' H&2)!=0 (Dor2y¥=0[ ___________ b e
i T T T TSP E R (1) Pi(n) - P1(n-1) @>0 o
! (2) P2(n) - P2(n-1)
. < IV (1)>0,(2)<0
L (1), @) <0 : 0>%@ (P-8PLP2+APD) (PLP2+APD) (Pl+APLP2+2P2)
(A-AP2N) H (PSP D&MD) =0 | TTmmmmmmmmesse——eee——
GRSV Y ! ony AR h&@ @)<o
(P-APP-0) (PLP-OP) (PPN | (A=A P2-) (AP-0PD) (PP, PP (P-APLP2-8PY) (PLP2-0PD) (PL+APLP2-8P2)
B

5.9 Next_setd] & X 2

function [Next_set_outl,Next_set out2] = Next_set( Next set inl, Next_set_in2, Set, Number,
Trend )
if Number==
switch Set % kd
case 1
Next_set_outl = Next_set_inl + Delta_ Kp;
Next_set out2 = Next_set_in2 + Delta_Ki;
case 2
Next_set_outl = Next_set_inl + Delta_Kp;
Next_set_outZ = Next_set_in2;
case 3
Next_set_outl = Next_set_inl + Delta_Kp;
Next_set out2 = Next_set_in2 - Delta Ki;
case 4
Next_set_outl = Next_set_ini;
Next_set_out2 = Next_set_in2 - Delta_Ki;
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case 5
Next_set_outl
Next_set_out2

case 6
Next_ set_outl
Next set out2

case 7
Next_ set_outl
Next_set_out2

case 8
Next set_outl
Next_set out2

end
elseif Number==
if Trend==
switch Set
case 1
Next_set_outl
Next_set_out2

case 2
Next_set_outl
Next_set_out?2

case 3
Next_set_outl

Next_set_out2
case 4
Next_set_outl
Next_set_out2
case 5
Next_set_outl
Next_ set_out?2
end
elseif Trend==
switch Set
case 1

Next_set_outl
Next_ set_out2

case 2
Next_set_outl
Next_set_out2

case 3
Next set outl

Next_set_out2
case 4
Next_set_outl
Next_set out2
case 5
Next set_outl
Next_set_out2
end
elseif Trend==3 %
switch Set

Next_set_inl - Delta_ Kp;
Next_set_in2 - Delta Ki;
Next set_inl - Delta Kp;
Next_set_in2;

Next_set_inl - Delta_Kp;
Next set_in2 + Delta Ki;
Next set_inl;

Next_set in2 + Delta Ki;

Next_set_inl + Delta_ Kp;

Next_set_in2 + Delta_Ki;

I

Next_set_inl + Delta_Kp;
Next_set in2;

Next set_inl + Delta_ Kp;
Next_set_in2 - Delta Ki;

Next_set_inl - Delta_ Kp:
Next set_in2 + Delta_Ki;

Next_set_inl;

Next_set_in2 + Delta_Ki;

Next_set_inl + Delta Kp;
Next_set_in2 + Delta Ki;

Next_set_inl + Delta_ Kp;
= Next_set_in2;

Next_set_inl + Delta_Kp:
Next_set in2 - Delta Ki;

Next set_inl;
Next_set_in2 - Delta Ki;

= Next_set_inl - Delta Kp:
= Next_set_in2 - Delta Ki;
§& PR2iny~P2in-1)<C
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case 1
Next set_outl = Next set_inl + Delta_Kp;
Next_set_out2 = Next_set_in2 - Delta_ Ki;

case 2
Next_set_outl = Next set inl;
Next_set out2 = Next set in2 - Delta_Ki;
case 3
Next set outl = Next set inl - Delta_Kp;
Next_set_out2 = Next_ set_in2 - Delta Ki;
case 4
Next_set _outl = Next set_inl - Delta Kp;
Next_set_out2 = Next_set_in2;
case 5

Next_set _outl = Next_set_inl - Delta Kp;
Next_set_out2 = Next_set_in2 + Delta_ Ki;
end
elseif Trend==
switch Set
case 1

Next_set_outl = Next_set_inl + Delta_Kp;
Next_set_out2 = Next set in2 + Delta Ki;
case 2
Next_set_outl = Next_set_inl - Delta Kp;
Next set out2 = Next_set in2 - Delta Ki;
case 3
Next set_outl = Next_set_inl - Delta Kp;
Next_set_out2 = Next_set_ in2;

case 4

il

Next_set outl Next_set_inl - Delta_ Kp;
Next_set_out2 = Next_set in2 + Delta Ki;

case 5

Next_set_outl = Next_set_inl;
Next_set_out2 = Next_set_in2 + Delta Ki;

end
end
elseif Number=
if Trend== &6 PZ
switch Set
case 1
Next_set_outl = Next_set_inl + Delta Kp;
Next_set_out2 = Next_set_in2 + Delta Ki;
case 2
Next_set_outl = Next set_inl + Delta Ki;
Next_set_out2 = Next set in2;
case 3
Next_set_outl = Next set_inl + Delta_ Kp;
Next set_out2 = Next_set_in2 - Delta Ki;
end

elseif Trend==2 %
switch Set
case 1
Next_set_outl = Next_set_inl + Delta Kp;
Next set out2 = Next_set_in2 - Delta Ki;
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case 2

Next_set_outl = Next_set_inl;
Next_ set_out2 = Next_set_in2 - Delta Ki;
case 3
Next set outl = Next_set_inl - Delta Kp;
Next set_out2 = Next_set_in2 - Delta Ki;
end

elseif Trend==3 %

&& P24i{n)-P2in-i

switch Set
case 1
Next_set_outl = Next_set_inl - Delta Kp;
Next_set_out2 = Next_set_in2 - Delta Ki;
case 2
Next_ set_outl = Next_set_inl - Delta Kp;
Next set_out2 = Next_set_in2;

case 3
Next_ set_outl = Next_set_inl - Delta_Kp;
Next_set_out2 = Next_set_in2 + Delta_ Ki;
end
elseif Trend==4
switch Set
case 1

Y= && Pai{n)-P2i{n-1)>0 %

Next_set_outl = Next_set_inl + Delta Kp;
Next set_out2 = Next_set_in2 + Delta Ki;
case 2

Next set_outl = Next_set_inl - Delta_ Kp;

Next_set out2 = Next set in2 + Delta Ki;
case 3

Next set_outl = Next_set_inl;
Next_set_out2 = Next_set_in2 + Delta_ Ki;

5.2.7 Converge 2| &,

HERXEZRHAGLHABERT CLEMH -

: H-Co ¢, el
function Converge_out =
Plot_index )
if (( Converge inl( Plot_index - 1 ) == Converge_in3 )& ( Converge_ in2
== Converge_in4 ))

Converge_out = 1;
else

Converge_out = 0;
end

Converge ( Converge_inl, Converge_in2, Converge_in3, Converge in4,

( Plot_index - 1 )
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. Communications
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AUTO-TUNING ALGORITHMS

MEX Files

QVSATLAB/S!MULINK

ActiveX ActiveX
Container -\ Container
MATLAB ActiveX
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AUTO-TUNING CONTROLLER

[tk = f.(k=1)+w, (k) x|, (k)] g’t'fa‘?;s
AK ps AK is
L - ’ Current
w, (k) Aw, (k) : X Limit z';(k)
Hl —>| 10— O—8 (KPS+AKPS)+(K’]‘+A_{<“) S >
Periodic Tl ~Z
step input
plep @, (k)
Speed_ B “iewit L — __H_ﬂ_ﬂ_
Computation |~ REG ZCH
— Encoder
feedback

B6.2 @ RiEHEH A AERTRE
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