.
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UNG DyNG LOC KALMAN MO RONG TRONG THIET KE
BOQ DIEU KHIEN DY BAO PHAN HOI DAU RA CHO POI TUQNG
CONLACNGUQC QUAY (ROTARY INVERTED PENDULUM)

Hoing Bire Quimh"’, Nguy&n Vin Chi®, Nguyén Nhwr Hifr’, Nguyin Doan Phuéc’
" 'Truimg Cao déng Cing nghé v Kinh 1 Cong nghiép

*Bat hac K thagt Cong nghidp ~ DI Thai Nguyén
'Dei hoc Bick Khoa Hi Ni

TOM TAT
Béi bio nay gioi thigu phuomg phip thiét ké by didu khién phin héi diu ra theo nguyén Iy tich
g d6 img dung & i i

PATVANDE

Céc phuong phap didy khién dy bao phan hdi
diu ra duge dp dyng nhidy trong thuc té vin
<hi ding Iai 14 diéu khién du béo tuyén tinh
Biydoawi phin Iom cic két qué nghién
oia v& diéu khién dy béo phi tuyén chi tp
trung vio phin hdi traug thai (5),(6]. Bsi viy,
Vi¢e img dung trve tiép vao hiteg qua trink
cbug nghiép mi ¢ dé nhidu bifn trang thai
khiing do dirgc 14 khéng thé.

Dé co thé chuyén déi dugc cic b didu khidn
d¢ béo phan héi trang thii thanh bé didu
khifn phan héi diu ra, mdt xu huéng rit oy
nhién I sir dyng thém bg quan sit trang thai
nbiim xéc dinh xdp xi trang théi ciza déi tuong
didu khién tir nhimg g4 tri tin bigu do duge
khdc mi & day chinh 13 céc tin hig vio ra ciaa
dbi trgug. Bai béo & trink biy két qua nghién
i xdy dyng b4 diéu khién dy bio phi tayén
phin béi dhu ra theo nguyén Iy tich 2171
trong dé sir dung bd loc Kalman lam ba quan
Sét trang thai hé phi tuyén. Mo hinh phi tuyén
b¢ théng con lic nguoc quay & duge sit dyng
48 thiét ké diéu khién cho dbi tuoug nay.

* Tel, 0982 235309, Emad: hoangaucquynk@gmail.com

e

MO HINH TOAN HE THONG CON LAC
NGUGC QUAY
M3 hinh vat ly hé con ic nguge quay dugc
gidi thigu wén hinh 1:

Pondutum

P osendomapar

hcoder

Hinh 1. MG hink vit Iy hé con ldc nguge quay
Hé théng nay bao gm:
Canh tay (Arm): gin vio truc déng co mot
ciuée (DC motor) quay quanh truc thing
dimg. Con lic (Pendulum): 13 khop quay ty
do gén vao fuc cha cim bién goc quay
(Potentiomcter) & dhu canh tay, ty do trong
mit phing vudng gée véi canh tay. Con lic
khéng én dinh, no luén dé xuéng, trir khi o
luc the déng thich hop vao cinh tay.
Hinh 2 14 50 dé vat 1y twong duong clia con
Ve nguge quay. Tir mé hinh vit Iy nay, ngudri
ta 42 xay dung dugc mé hinh todn clia nd ¢
dang nbu sau [8],[9]:
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Jg+mlyemiflsm” g

—tmyloh cos F)
KKy 1
R

Cp - w-?m][]zﬁsm 28

-(%mlllzasm 25)

0 [ KK
' [-m,gq smﬁ) =t ff]n v
trong da:
a(rad). Géc gilia canh tay va truc T
Btrad) Goc quay clia con lde hugng lén,
u(PWM) : Tin hidu diéu khién déng co.

Cic tham s§ khac cta mé hinh giéng nhu &3
g1 thagu trong [8] va [9).

Hinh 2: M5 hink tsomg diramg hé con leic nguoe quay
it bién trang thas:

=ln.a.o.n] =la.ep01
Bién dé1 mb hinh 2) vé dang song tuyén
(bilincar):
dr - 5
ﬁ =A(z)z+ Blaiun
S0z + Dign S

k| ’(Jt' +y [?{qull s 1), &y =(myLo coszy),
=(Cy 4=t R, +E,”'!H'\s'“h3)'

by =(mLghaysin +~m‘ll Iysm 2r])

KK,
hg=—tu Loy = (J,w:l'h I3 k7=(2mvflﬂz5m21’3),
A=k =myghsmuy

mllohtnsﬂ\LﬂJ*
semt B

1
myLghBsim B +7m1!12a5|n 28 (”)
2

<y (2)

K llamhds oo bhsrheh o haky

(ki ~433 et i)
Aehs Ks_‘w(*z’w “6"3]*"7 ‘I‘e ~4)
(ks =433 "61‘ '
1, < Jelbohs Fhet)+hsthiks i
hgtiig ~id)
Ko = Bhoiolbiks =k) (o hoths
ke (hybg = 2) Atk =)
Q | 0 0
o= g K1+;(3/11 -K; o= IE,, .
0 Ks+Kqlv, ~ig 4
@)= 0), D(z)=0

Diu ra & diy duoe chon 13 vi tri gac lie 4
Luong tir héa mé hinh bén tyc trén theo théi
gian vén chu ky trich mbu T, . Chon tnrée, ta s&

duge mb hinh khéng hén tuc hrong (mg:

{i‘m =Alg)z + Bz oy

4
=0z + Diz ug @

gir @=L A@). Bz, ) =T, ).
Cla)=~Cl,)

V61 md hinh todn dd duoc bién dd) vé dang

song tuyén theo trang thé1 dang khéng lién tuc

nhu (4), tép theo, ta s& tén hank thidt ké by

diéu khién phan hét diu ra cho déy twong con

lic ngwoc quay

THIET KE BO BIEU KHIEN

Thiét k€ b3 didu khidn phan hi trang thii

G phuang phap thiée ké didu khuén dur o &

xuit ndy, ta khang st dung trwe hiép mé hinh

phi tayén (hay song tuyén) cua dé) tuong lam

mé hinh dy béo ma s& thuc hién tuyén tinh




r

Hoing Pryc Quimh vi Dig
héa timg dogn hé phi tmyén (hay song tuyén)
d?c theo truc they gian vi s& dwgc thyc hicn
doug thi cimg vei buge dich chuyén cia cira
30 dur bdo c6 o £ong hitu ban nhu minh hoa &
hish B3, trong 46 H, 13 cic md hink tuyén
ﬁn.hduc_rcsl'rduugdédubéon’nhiéudéum
§,,, cho hé phi tuyén thudc cia b du bao
hién tai [£,k + N, toe 1a véi 0<i< iV

+ Cita 36 diy bdo tiép theo
-

e
i )
1 Giva 5§ de bdo hién 1a; ' :
e H KT,
, ! ! e
B Hy, Hyn Hing

Hinh 3. Nguyén Iy didu khidn dw bio phin hii
trang thdi phi tuyén trén cr sé tupén tinh hia timg
doan mo hink d bio
Véi bii todn diéu khién phan héi trang thai,
tic 13 véi gia thiét trang thai z, & thdi diém
t=kT, 14 d& biét, b (4) ciing & thei didm d6

SE trér thank;
{z:m =Az, + Beuy
Hy:

5
Y =Gz + Dy &

trong d6:

A = Al R, By = Bz, k),
Ci =Clzy 8, D, = D(zy k) =0
tic nay trd thimh cic ma trdn hing. Ta s& s
oyng mé hink tuyén tinh (5) ndy d& du bdo cic
tin higu ra ¥y,; thube cira sé dyr béo hign tai,

O]

Z Az A B+
i il
Ui = Celizy +Cp A ' Bruy+ .+
CeAiBytyy s+ o, +Dyug,,;

CABry o+ B,

"E&HV) @]
thi todn b3 gid i du r dr bao
Your? 0<1< N séduge viét chung lai thinh:

Ky hige: p = col(uy. g,
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LN C;
G
¥= !‘f‘ = M‘ iz, +
Yeow el
Dy [} - 8 e
Ci8; D, - 8 @
: H . : 4
Cedf 7B, G af s, CeBy D
=Fz, +Fp &)

trong d6 & L ky hiéu cia ma trin c6 tit ca
céc phin tir bing 0.

Do z; 13 d4 biét nén y trong (8) chi con 13
him phu thuge p trong do chia 1. Bé xdc
dih tin bigw ddu vao w, ¢ théi diém hitn tai
t=kT, sao cho hé bim theo duge tin higy ra
miu {w,), ta xBy dumg bam sai Iéch bam
trong toan bj cira s6 dir b4o hign tai nhir sau:

L3 1y
e= L"’f" -y= yf" Bz -Fp=a-Fp
LY L/ Y
!k
voi =] Y | po ®
Yesnw

1 m@t vector da bidr.
T dﬁ_y, v6i muc dich cuc fién héa him muc
tiéu ve sai Jéch dir bao:
Jip) =eTA,‘e+£TL,‘B
T

:(z-Fg) A,,(z—FE]AfPTLkB

= zTAkz—ZzTAkFE +

Fd (FTA,,F+ Li)p > min

- Tz
7@ =2 A Fp 5T (Far +L)p - min

T r

€6 bai ma brdn trong s6 A,, Ly d6i ximg xac
dinh duong 13 tiy chon, ta s& ¢ duge nghigm
i cho taximg hop khéng c6 ring buge
4, €U nhusau[(]:
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2= (AT Fer ) e

Swy ra tin luéu didu khién u, cin tim & that

didm léa tw £ =k, sé &

(1o o)

i (10)
-rhe el Fen) Flae
Thiél &€ bé quan sdt trang this Kabnan me
ronyg (EXF)

Loc Kalman mo réng, viét it 13 EKF, ducc
hi¢u 14 ohimg img dung cua loc Kalman myén
tinh (KI) vio hé pht tuyéa khéng hén tuc, mé
ta bon

y ng,u)i-g k=12, . On
D cé ndu @i iy nghién curu dé émg dung
loc Kalman cho hé phi myén va cling e6 rat
nhida phién ban khac nhau cua FKF s dung
cde phueng phip tuyén tinh héa khic nhau
nhu tuyén tinh hoa nho phép dé1 bién w
phéi, mym tinh héa xung quanh quy dao tién
dmh, twyén tinh héa cic huade tinh bén trong
cus KF San diy, bir bdo sé gicn thigu 1 bo
quan sdt EKF s dung phuong phap tuveén
tinh hda cae bude tinh bén trong <ua KF thea
cde 1 (13, [10). [11] v& dwoc cu thé hoa
bing cic buée cua thuat 10dn nhur sau

Phinh nghia kar gid tr1 can trds Ly {~) va pha
£ (+) ¢ho gid tri thie I, nhr sau

L) e )

Li+r=1, (-

AENUETRENS

u)]

, la cic nhidu phan bé chuén, ¢4 ky

vong blng 0 {nhidu Gauss).
Sau léch theo gia trs cin phat va 4
Sl = g ()= (-

G n hd nzomy quan ein e vg phat ciiz sai léch
R R ARSI R VT e 0 I}
MY aky ey phep tinh iy ky vong

Thujt toin: Quan sat trang théi he pht ruycn
bing b loc Kalman oo ring (EKF)

188

1) Tuy chon dhéu kién dau Fo = ry(+) va
Fy(+) Gan k=1
2) Tioh 2.2 = £, (= 6000,)
)|

A Bty )

* =) i Lyt
R()=F_ A m)ﬂ’.v‘n |
= AEG G RO o)™
l(*"(j’[(AGAJPL(‘)
2 (=2 0= Ky (g, ~Gr )

3) Xuit g,
s5dt duge cua hé (111 & thot diém & Gin
k.=k+1 viaquay ve 2

2, (+) 14 gd ) trang thar quan

A hé thing
nhigu dou ra

86 fifu
hien gy

86l trony H
@iy kinén

du iriic he dicu khuén phan hér dov ra
thew nguvén {§ ick
Két hop griia bo diéu khidn dy bdo phan héi
7 that v61 bd lgc Kalman me rdng di thigl
ke, ta 53 co duge bo didu khidn dy bao phin
hés dAu 1a bim theo gid tri d3t nhr mé 1
trong hinh 4 Txep theo, ta s& tién hanh md
phong theo dé dénh gia chit luong cia bg
diéu khién, Trang thil quan sét duec s¢ duoe
dua 181 b dicu khién phin hé trang tha)
KET QUA MO PHONG CHO DOT TUONG
LCON LAC NGUOC QUAY
S dung b6 cic tham s8 vt 1y sau cho hé théng
{theo tai héu [4], (9]) dé thc hién md phong'

m =0\(2‘319(kg)‘ =0,15720m),
= 0,0636. 0 0706 K, = 0,0707,
/a ~0,9, L, 2. J, = 0,008591.

(0=UOU()4US N = OOUOA]7 Cy =0.000158

Hinh 5 bidu didn két qua mo r:hnng b6 diéu
Khidn phan héi diu ra cho hé con lic nguov
quay No cho thiy HLL sir dung 1hém bé quan
sat \rang théi EKF gan nhir khéng lam thay
déi chit luong bam gid tr &3t cia bd didu
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khién phin haj trang thai, hic 14 b6 didu khién
d‘v,:( béo phin hdi diu ra ciing 43 khéng dugc
tot hidu &n tring c trong hé.

] S £ W =

Hinh 5: Kér gud m6 phng bg diéu lhién phin héi
v 7 56 5hnk 61 bg didia khidn MPC phin hdi
Irang thai

KET QUA THI NGHIEM

Ti€p tuc kidm chitmg két qua trén hé thong thi
nghiém con lic ngrge quay, v&i so 4§ két néi
nhir trén hinh 6.

= Quacner
Thea

B Vg

: 1

0 o

Hinh 7: ¥ir tc cank tay va win 1de con e thur
vd quan sdt 1gi Vi tri phia trén
Chc két qua quan sét trang théi (vin tho cinh
ty va vin toc con lic) dwgc thé }_ﬂén trén
hinh 7, két qué khi s dyng b3 didn khidn
phdn héi trang thai va b§ didu khin phan héi
ddu ra dé n dinh h¢ con léc nguge quay & vj
tri phia trén dugc thé hién trong céc hinh 8 va

hinh 9. Két qui so sinh duge thé hién trén
hinh 10.

i ks

§ < e i o Y

0 " O O | P
TR DN
i N . . e |

o e
Hiuh 8 Géc va vdn tdc ciia con i kht didu lehién
bang b didu khién dir bio phén héi trang this

Hinh 9: Gdc va viin téc ciia con ldc khi didy khitn
bang b diéu khién du bio phin hdi ddu ra
85,

Thon gens)

Hink 10: So sink géc con I.a"c diege didu khidn )
trong hai trudmg hop phén hoi ddu ra va phén hoi
trang this
Nhign xét: Két qui quan st trang thai trén
hinh 7 cho thiy cac trang thai quan sat doe
hodn t0an tring khdp voi céc trang thai thye
clta d6i trgng, Céc bd didu khidn d bdo phan
héi trang théi va du bdo phin 1di ddu ra géu
dige kiém chimg va thé hign kit qui diéu
khién 81 dinh vi tri goc thc trén cdc hinh 8 va
9, vi trf con tc dige digu khién bam theo gid
tn dt i goe lac bang 0. Hinh 10 cho ta két
qué so sinh vé chit leong lim viée gilta hai
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bd diéu khién. bd didu khién du bac phan hbi
dhu ra di cho chit lvong diéu khnén fuong
duang nhe bp didu khién phan hdi trang thay
KET LUAN

Ba: bio di thuc hién 1hiét ké ba didu khién
phan héi dau ra theo nguyeén Iy tach trong dé
img dung bé loc Kalman mo réng (EKF) dé
quan sat trang thar cho dé: tugng con lae
nguov gquay Mé hinh phi tuyén cua con lic
nguoce quay di duoc bin déi thanh dang md
hinh song tuyén khéng lién tuc dé s dung
laém mé hinh du bio trong bd diéu khién. Tin
hiéu difu khién duoc tinh toan thong qua
théng qua cut tiéu héa sai léch bim giira giva
g2 (r1 dat va gid tri thue Bé loc Kalman mo
rong (EKF) tam viéc trén co s tuyén tinh hoa
cdc bude tinh bén trong cia b6 loc Kalman
Iuyc‘n tinh (KF) duoc sir dung dé quan st
trang thar cho dd1 (wong dong thé giam thidy
ank huong cua cde thanh phin nhidu tin sé
cao ln chit lvong diéu khign. Cac két qua
md phéng va thi nghiém kiém <hing ¢a cho
thiy chit hteng woeng duong ver b6 didu
khién dy bao phan hé: trang thar va tinh ung
dung cao cua b Llleu Kiuén dur bao phan hds
dhu ra vao thue (€, dnng tho eling d3 khang
dinh chal lwong bim bén virng cao vén ahiu
tin 58 cao (én trang) cia bd didu Khidn trong
thuc té.
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