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ABSTRACT

Acrobot, which is also called gymnastic robot, is a single input-multi output
(SIMO) system which imitates motion of a barbell athlete. However, two
links of this model are just equivalent to body and hand of athlete. To
imitate better motion of athlete, three-linked acrobot- a complicated multi
input-multi output (MIMO) under-actuated system — is developed. Parts of
barbell athlete including leg, body and hand, are modelled well by this new
system. In this paper, we present a method to apply an 81-rule fuzzy
algorithm, which is popularly used for invert pendulum systems, to balance
this model at upward equilibrium point. Instead of using a complicated
729-rule fuzzy controller which is set by knowledge of experts, we use
more simple fuzzy structure. Through genetic algorithm (GA), the pre-
processing and post-processing coefficients of fuzzy controller are chosen.
With these suitable coefficients, our fuzzy controller is proved to work well
through Matlab/Simulink simulation.
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Diéu khién mo.

TOM TAT

Acrobot, con dugc goi la gymnastic robot, 1a mdt hé théng mot vao- nhiéu
ra (SIMO) mé phong chuyén dong cua mot van dong vién tap xa don. Du
vay, hai link ciia mo hinh nay chi xap xi phan than va canh tay ciia van dong
vién. Pé mo ta tét hon chuyén dong cua van dong vién, acrobot ba link —
mot h¢ thong nhiéu vao- nhiéu ra (MIMO) phirc tap — dugc phat trién.
Nhing phan co thé cta 'van dong vién xa don, bao gébm chan, than va canh
ta, dugc mo hinh hoa tt thong qua hé théng méi nay. Trong bai béo nay,
chung t6i gioi thiéu mot phuong phap st dung giai thuat mo 81 luat — von
duogc dung rong rai cho cac hé thdng con lic nguoc — dé én dinh hé acrobot
ba link tai diém lam viéc tinh hudng 1én. Thay vi dung mét bo didu khién
mo 729 luat phire tap duge xay dung boi kinh nghiém chuyén gia, ching t6i
sir dyng mdt cau triic mo don gian hon. Thong qua giai thuat di truyén, cac
thong so tién xu Iy va hau xur 1i cia bo diéu khién mo duoc chon. Véi cac
thong s6 phu hop nay, bo diéu khién mo cua ching t6i duge chimg minh
hoat dong tot trén mo phong Matlab/Simulink.

Doi: https://doi.org/10.54644/jte.76.2023.1291
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1. Gi6i thiéu

Dbi tugng con lic nguoc (inverted pendulum- IP) 1a ddi twong nghién ciru duogc quan tim trong diéu
khién ty dong [1]. R4t nhidu giai thuat sau khi dwoc 4p dung thanh cong cho hé IP da duoc mé rong ap
dung cho cac dbi twong khac c6 cau trac SIMO (single input-multi output: mot vao nhiéu ra) va MIMO
(multi input-multi output: nhiéu vao — nhiéu ra) under-actuated tuong tu, nhu can truc 2D [2], can truc
thap [3]. bay la nhirmg dang m6 hinh ma con lic thay vi dugc diéu khién 6n dinh dyng dung 1én thi duoc
diéu khién theo kiéu lam giam nhanh dao dong tw nhién khi con lic hudng xubng. Gii thuat mo 81-luat
o Bang 2 (phan phu luc) duoc dé nghi cho hé IP [4] da dugc thyc hién thanh cong & cac hé IP trén xe
[4] cling nhu IP quay [5] va giai thuat cling da dugc linh hoat bién d6i dé ap dung thanh cong & cac hé
thong can truc 2D [2] va can tryc thap [3]. O céc h¢ thong nay,mot bién trang thai (vi du nhu goc dao
dong tai) la tu on dinh theo thoi gian. Bién trang thai con lai (nhu goc quay canh tay don) 1a khong bi
mét 6n dinh khi bj tac dong léch khéi vi tri can bang. Do d6, diéu khién cac hé MIMO under-actuated
nay 1a don gian hon so véi diéu khién mot hé cin bang tai vi tri lam viée 6n dinh khong bén virng, nhu
acrobot. Tuy nhién, viéc thir nghiém giai thuat mo 81-luat trén cho mot céu trac SIMO va MIMO under-
actuated co cau triac gan véi pendubot — mot hé IP quen thudc — van chua duge ap dung thir nghiém.

Acrobot hai link (two-linked acrobot: A2L) 1a mét cau tric m ta hoat dong ctia mot van dong vién
tap thé duc dung cu, bao gdm canh tay va toan bd phan than. Tin hiéu diéu khién 1a dong co gan giita
link 1 va 2, twong tmg v&i luc quay cua canh tay nguoi van dong vién [6]. Viéc ap dung giai thuat tuyén
tinh LQR d3 dugc thanh cong dé hé thdng & vi tri TOP trén md phong [7]. Viée ap dung giai thuat diéu
khién mo dé hd tro giai thuat PD di duge ap dung thanh cong trén mo phong va thuc nghiém cho ddi
tugng nay & vi tri MID [8]. Tuy nhién, két qua thuc nghiém chwa dugc thuc hién d6i véi giai thuat mo
don thuan.

Acrobot ba link (three-linked acrobot: A3L) 1a mot dang phat trién ciia A2L. N6 mé ta chinh x4c hon
chuyén dong cua van dong vién thé duc dung cu so voi A2L. Trong cAu trac nay, 3 link 1an luot mé ta
phan canh tay, phan than phia trén (tir dau dén hong) va toan b phan chéan (tir hong xubng dén got
chén). Luc quay cua hai dong co twong ing vai luc quay cua phan canh tay va phan hong ctia nguoi van
dong vién. Trong nghién ctru [9], h¢ phuong trinh phi tuyén ciia A3L duoc phan tich. Giai thuat swing-
up di dugc thiét 1ap trén mo phong dé dua A3L dén duge vi tri TOP. Tuy nhién, trong nghién ctru do,
viéc diéu khién can bang tai vi tri TOP chua dugc dé cap dén. Trong nghién ctru [10], A3L da duoc
phan tich toan hoc mot 1an nita va mé hinh thyc nghiém di duoc xay dung. Tuy nhién, cac tac gia trong
bai bao trén chi mo ta dbi twong A3L hoat dong vai link 1 hudng xudng. Ho mé ta dao dong qua lai chir
khong diéu khién 6n dinh d6i twong trén ¢ vi tri hudng 1én. Nén tang thuc nghiém trong bai bao do ciing
khao sat d6i tuong khi link 1 hudéng xudng. Do dé, viéc khao sat A3L & vi tri thang dimg hudng 1én 1a
méi va can thiét.

Mot bd diéu khién (BPK) tuyén tinh di dwgc mo phong thanh cong & [12] dé dua ra mot giai thuét
don gian dé 6n dinh can b@'mg cho hé. Tuy nhién, dé mo rong khoang hoat dong hé théng — hé van ¢
thé vé vi tri 6n dinh khi gia tri ban dau cua bién trang thai ¢ xa so voi vi tri lam viéc — thi mét giai thuat
lai, PD-truot — duoc dé nghi & [11]. Giai thuat lai ndy da chimg minh duoc tinh hi¢u qua trén m6 phong.
Tuy nhién, thong qua ly thuyét thiét ké truot [11] va LQR [12], cac BPK trén doi hoi viée xac dinh
thong sb mo hinh rat chinh xac dé c6 thé dua ra BDK hiéu qua. Diéu nay kho dat duoc véi cac mo hinh
dugc tu ché tao, thong sé dong co khong dugc chinh xac, cac thanh link duoc gia thiét 1a dai dong chét...
Trong truong hop nay, giai thuat md 1a mot giai phap phu hop. Pbi v6i diéu khién mo, viée xac dinh hé
phuong trinh trang thai, thong s6 mo hinh chinh xéc 1 khong can thiét. Viéc thiét ké chu yéu dua trén
hiéu biét chuyén gia vé hé thong, qua trinh thir sai dé xac dinh cac thong s6 diéu khién mo.

Trong bai béo nay, nhém tac gia mé rong luat mo, von duge dé nghi cho hé IP va thanh cong & cac
hé MIMO under-actuated dang can truc, sang hé MIMO under-actuated dang acrobot ba link. Cau truc
acrobot 1 hoan toan khac va phirc tap dang ké so v&i mét 16p cac ciu tric dang cau truc nén dong gop
ctia nghién ctru nay 1a dang ké.
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2. M6 hinh toan hoc
2.1. Gidi thi¢u mé hinh

Trong nghién ciru [13], mét cau tric acrobot n-link dugc gidi thi¢u. Tuy nhién, mé hinh trong nghién
ctru d6 duoc gioi thiéu & dang téng quat, con dao ham riéng, nguyén ham nén vi¢c sir dung dé mo ta lai
riéng cho truong hop riéng la 2-link, 3-link trong mo6 phong 1a khé khan. Do d6, nhom tac gia hudng
dén dang md hinh A2L, A3L di dugc ching minh sin trong céc tai liéu [6], [12]. Viéc phat trién thém
cho hé cao hon 3 link c6 thé dugc xem xét thém trong tai lidu goi y & [13]. Tuy nhién, trong nghién ctru
do, tac gia Sergej Celikovsky dit bién strang thai trén tinh than tao ra cdu tric robot di bg.

M0 hinh toan hoc cia A3L dugc phan tich o [9]. Tr tai liéu d0, ta cling c6 mo ta hé thong thé hién &
Hinh 1. Hé phuong trinh dong luc hoc dugc thé hién ¢ (1).

Bang 1. Thong s6 va bién s6 mé hinh A3L

Thong s0/|Dién giai Gia tri lya|Pon vi

Bién sb chon

gi Goc léchq link i so véi rad
phuong thang ding (i=1:3)

u, Momen do déng co DC gin Nm
0 link 1 tac dong vao link 2

u, Momen do déng co DC gin Nm
¢ link 2 tac dong vao link 3

m, (i=1,2,3) Khdi lugng link i (i=1,2,3) [0.05 kg

Ci Heé s6 ma sat ciia khép i (i=1, Nms
2,3)

I, (i=1,2,3) Chiéu dai link i (i=1,2,3) [0.2 m

| (i=1,2,3) |Khoang cach tir truc quay|0.1 m

C — “ link i dén trong tdm link i
(i=1,2,3)
Hinh 1. M6 hinh toan A3L |, (i=1,2,3) Momen quan tinh cia linki | 1 kgm?
= § mi Ii

m,; (i=1,2) Kh(”'),i lugng cua dong co tao kg

ra caC momen ui

Hé phuong trinh toan hoc cua hé thong duoc thé hién théng qua hé phuong trinh trang thai sau:

A(X)X =B(X,X)X+C(X)+D 1)
Trongds, X =[4, 6, 6] ; C(X)=[Csing C,sing, C,sind]; D=[-u, u-u, u,;
Ail AZCOS(QZ—@) A13COS(93—91)
A(X)=| A,cos(6,-6,) A, A c0s(6,—6,) |;
A&3COS(93_91) A23(303(93_‘92) A%s
By Blzsm(ez_el)gz B135in(‘93_‘91)93
B(X,X)=| Bysin(6,-6,)4, B,, B,,sin(6,-6,)4, |;
_B13Sin(‘93_‘91)‘91 Bazsin(63—92)92 By,

A.Ll:ml|12+‘]1+(m + M, +MC, +MC, )Lf'aﬁz :(m2|2+(m3+mcz)|-z)|-1; A13 = m3|3|-1;
Ay =ml7 +J,+ (m +mc )I-z Ag=mbll,;  Ag=mli+J;  Bi=-(¢+¢,);
B12:C2+(m2|2+(m3+mcz)|-z)|-1? By =myl,Ly; le:Cz_(mz|z+(m3+mcz)L2)L1i
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B, :_(Cz +Cs)i By =C; + Myl ; B, =C; —myl,L,; By =—Cy;
Cl:(m1|1+(m2+m3+mcl+mcz)|-1)g; sz(mz|z+(m3+mcz)|-z)g; C3:m3|39

Tir (1), hé phuong trinh dong luc hoc cta hé théng duoc viét lai dudi dang sau dé c6 thé mo ta trén
Matlab/Simulink:

X =A™(X)B(X,X)X+A*(X)C(X)+A™(X)D )

3. Giai thuat mor

Dé diéu khién hé A3L, néu chi 4p dung mot BDK mo duy nhét véi s6 ham lién thuée mdi ngd vao
14 3, s6 luat mo tbi thidu 1a 3° luat. Day 14 s6 luong luat md rat 16n. Do dé, viée hiéu chinh luat mo theo
kinh nghiém chuyén gia 1a rat kho khan. Do d6, hudng tiép can ctia chung t6i ap dung luat mo von don
gian hon va ap dung nhhiéu khdi mo dé giam tai sy phtrc tap ctia mdi bd mo trong c64u traic BDK. Cau
trac BPK md dung cho hé SIMO béc thip duoc ap dung chinh trong bai bao ndy twong tmg véi bang
luat md & Bang 2 (phu luc) duoc thé hién & Hinh 2 va Hinh 3.

_M
L 1A Kl
cac bién = “|input 1 B6 didu ki tin hiéu
trang tha —5\3//\% input 2 °° iéu khien t*@% dieu
2 e : mo p dung cho ~ OULPU ¥
ciahé  _[gg—~sjimput3 ' khien
: = . hé SIMO
thong SIMO . mput 4
—KI>
Hinh 2. Cdu triic b diéu khién mo cho hé SIMO mét vao/ bon ra
2 £
__NE _ZE PO _NEZE PO
| : output
I I input i 1 1
-1 0 Il -1 ﬂ) !
@) (b)
Hinh 3. Ham lién thudc ciia cdc ngd vao/ra ciia bé diéu khién mo ¢ [4]: (8)- ngé vdo input thir i; (b)- ngd ra

out put

Trong céu tric ndy, cac théng sé Ki (v6i i=1:5) ciia mdi BDK mo 1a cac khdi tién xir 1i/ hau xur i
duoc lua chon dé chuin hoa céc khoang gia tri cia cac bién trang thai ngd vao/ra cia BBK vé dang
chuan hoéa (tir -1 &én 1) cua cac ham lién thudce (duoc thé hién & Hinh 3). Vi ngd vao nao duoc wu tién
diéu khién hon thi tién xur 1i twong tmg ngd vao do s& dugc hiéu chinh ting 1én trong dbi so voi cac ngd
tién xir 1i cta cac ngd vao khac. Dé ting cuong su tac dong cua tin hi¢u ngd ra, khoi hau xur 1i s& dugc
hiéu chinh tang. Tuy vdy, viéc hiéu chinh tang giam cac khdi tién/ hau xtr li déu anh huong qua lai lan
nhau giita cac bién trang thai va ngd ra nén viéc hiéu chinh cac khdi xir li cling 1a tvong ddi.

CAu tric BDK m¢& dang nay da duoc 4p dung tt cho cac hé SIMO hai bac nhu IP trén xe [4] va IP
quay [5]. Bé ap dung dugc BDK md ciia SIMO hai bac cho A3L, ching t6i xap xi hé thong trén vé hai
hé thong SIMO hai bac tuong dugng duge thé hién & Hinh 5. G Hinh 5a, sy két hop ctia link 2 va 3 s&
tao ra mot khoi gia 1ap. Trong tam khéi gia 1ap nay két hop véi truc quay dong co DC 1 tao ra mot goc
12 a1 (d9) so voi phuong thang dung. O Hinh 5b, su két hop cua link 1 va 2 s& tao ra mot khéi gia 1ap.
Trong tam kh01 gia lap nay két hop vt truc quay dong co DC 2 tao ra mét goc 1a 1 (d9) so voi phuong
thing dung. Dé don gian, ta gia thiét khi A3L can bang thi cac cong thirc sau dugc x4p xi:

=0, 5~6 ©)
_ Cau triic mo ép dung cho A3L duoc thé hién ¢ Hinh 6. Trong do, BDK mo 1 va BDK mo 2 duoc 4p
lan Iuogt dugc ap dung dé diéu khién cac doi tugng A2L-1 (Hinh 5a) va A2L-2 (Hinh 5b).
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(b)

Hinh 4. M6 ta thanh phan trong tdm cdc khéi link

Hinh 5. Sy twong duong cia A3L voi hai hé SIMO hai bic tuong duong: (a)- hé A2L-1 gom métpﬁ&n gom
chi link 1 va mét phan gom ca link 2 va 3; b) hé A2L-2 gom mot phan gom ca link 1 va 2 va phan gom chi link

3
B9 J
dieu
. Kkhié
o k_h,(")i tinh toan |[&1 111?111
H¢é 1 bién trang thai L}
- acro.bot mo1 cho A21-1
ba 2
2 - [ kh'c“')i tinh toan yz; duw/dt Bf)
link o, bién trang thai ! dl'_a;ll
mai1 cho A2L-2 khién
mo 2
du/dt

Hinh 6. Cau triic diéu khién mo cho hé A3L

O dbi tuong IP trén xe (cart and pole — C&P) — mét d01 tugng SIMO hai bac, ngd vao khéi mo &
Hinh 2 14n luot 1a vi tr xe, van tdc xe, gbc con lic, van te goc con lic.
bé ap dung luat mo SIMO cho dbi tuong A2L-1, ta nhan thay.
- Khi 61 duong thi u; can 4m dé can bang. Piéu nay nguoc chiéu quy wdc khi ap dung BDK mo & Bang
2. Do d6, ngd vao input 1 cua BDK m¢ 1 1a -61 (rad), ngd vao input 2 cua BDK mo 1 1a -6; (rad/s).
- Khi a1 dwong thi u; cin duong dé can bang. Piéu nay cung chiéu quy wéc khi ap dung BPK mo &
Bang 2. Do d6, ngd vao input 3 cia BPK m¢ 1 1a a1 (rad), ngd vao input 4 cia BPK mo 1 1a a4 (rad/s).
- Do céc input dd dugc chinh phu hop chiéu dwong quy wdc voi ngd ra ux nén cac thong sb tién xur i va
héu xtr li cita BDK mo 1 (lan luot duge chon 1a K1 1,K2 1,K3 1,K4 1,K5 1)s€ dugc lya chon véi
gia tri duong.
Tuong tu, dé ap dung luat mo SIMO cho dbi tuong A2L-2, ta théy:
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- Khi 1 duong thi uz can duong dé can bang. Diéu nay 1 phi hop véi chiéu quy ude khi ap dung BDK
mo ¢ Bang 2. Do d6, ngd vao input 1 cia BDK mo 2 1a f1 (rad), ngd vao input 2 cia BDK mo 2 1a 1
(rad/s).

START

khai bao s6 Irong ca thé trong
quén thé, khai s6 nhiém sic thé
ctia mbi ca thé; ti sb lai ghép; ti
sb dd bién;...

Chon gia tri ham thich Jmin ban dau

A
chon ngéu nhién cac nh'iém‘séc thé ban dau tuong
rng cho cac bd thong s6 dicu khién (cac ca the)

I

Tac ca thé da lai
ghép du cap chua?

YES

tién hanh lai ghep ngiu nhién céc
ciép, thu thap thé hé con twong g

nap bo thong sd diéu khién tuong tmg thé hé con
vira cO duoc vao chuong trinh moé phong

tién hanh mé phéng va thu thap dir
liéu dé tinh ham thich nghi J

NO |giam ti 1& mdt cach ng?lmu
N nhién cac nhi&m sic thé E——
khéng phu hop khi lai ghép

qua trinh m6 phong
co k<t qua on dinh
hé thong thanh

Luu tri dir liéu phu hop nay va tang ti
1€ mot cach ngau nhién cac nhiém sac
thé phu hop khi lai ghép

v

thé hién ca thé (bé théng sé didu khién) téi wu
nhit, trong g ¢6 J (Jmin Iic nay) nhé nhit

Hinh 7. Luu do tinh todn GA dé tim kiém va t6i vu héa BPK mo cho A3L
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- Khi @, dwong thi uz can duong dé can bang. Diéu nay 1a phu hop véi chiéu quy udce khi ap dung BDPK

mo & Bang 2. Do d6, ngd vao input 3 cia BDK mo 2 1a 6, (rad), ngd vao input 4 cia BDK mo 2 1a 93
(rad/s). ‘ o

- Do cac input dé dugc chinh phu hop chi€u duong quy wdc voi ngd ra u nén cac thong so tién xu li va
hau xt li cia BPK mo 2 (lan lugt dugc chon la K1 2, K2 2, K3 2, K4 2, K5 2) s dugc lya chon voi
gia tri duong.

Viéc lya chon cac thong sb tién xtr 1i va hau xir 1i ciia cac BPK mo 1 va 2 ¢6 thé duoc lua chon phu hop
thong qua thur sai. Tuy nhién, viéc ap dung phuong phap nay 1a khé khan va t6n nhiéu cong ste. Do do,
viéc ap dung giai thuat tim kiém nhu PSO hay giai thuat di truyén (genetic algorithm -GA) 1a can thlet
Theo 1y thuyét, néu thoi gian tim kiém 1a du dai thi giai thuat tim kiém nao ciing dan dén két qua ti uu
nhat. Trong hai giai thuat trén, GA 1a thong dung hon. Tir d6, viéc ap dung GA duoc chiing ti ap dung
dé tim kiém cac thong sb tién xur 1i va hau xir 1i phu hop. GA ¢6 hai tac dung chinh trong 4p dung thiét
ké BPK 1a “tim kiém” va “ti uu hoa” thong s6 BDK. Qua trinh tim kiém va t6i wvu héa BPK dung GA
dugc thyc hién nhu ¢ Hinh 7. Ham thich nghi dugc lya chon 1a

1=336 (k) @

Trong d6, N 1a s6 miu thu thap dugc trong qua trinh mé phong (vi du: néu ta chon thoi gian ldy mau 1a
0.01s va thoi gian m6 phong 1a 10s thi N=1001). Ham thich nghi cang nho tirc théng s6 BDK tim dugc
cang toi uu.

4. Két qua md phong

Chuong trinh mo phong dugc thé hién & Hinh 8. Thoi gian mo phéng duoc chon 1a 10s. Thong s6
mo hinh & Bang 1 dugc chon nhu sau:

L1=0.25; L2=L1; L3=L1; 11=0.125; 12=11; 13=11; m1=2; m2=2; m3=2; mc1=0.3; mc2=0.3; 5)
¢1=0.7; ¢2=0.7; ¢3=0.7; g=9.81;

Gia tri ban dau cda cac bién trang thai dugc lya chon nhu sau:

. . . 6
6,=0; 6,=0; 6,=0; 6,=0.1 (rad); 6,=0; 6,=0 ©
_Thot gian léy~m§u, 12 0.01s. Cac thong sc”:) cua gidi thuat GA dugc chon nhu sau: Sé cé the trong quan
the 1a 20; s6 nhiém sac thé trong moi ca thé 1a 10 (do co 10 thong s6 mo can tim kiém); hé s6 lai ghép
12 0.6; hé s6 dot bien 1a 0.4.

Qua trinh chay GA la qua trinh mé phong nhiéu lén’ duoc md ta nhu & H\Inh, 7. Gia tri hg‘lm J duoc
cap nhét vai giatri giam dan theo qua trinh chay cac thé h¢ cua GA. Ta nhén thay, J giam dan khi GA
chay du lau. Qua qua trinh m6 phong, khi s0 theé hé dat 10000 thi gia tri J khong thay d6i nhiéu nira.
biéu nay dua ra cac ket luan:

- Chu tric BPK mo duge dé nghj & bai bao nay da dicu khién thanh cong md hinh A3L. Diéu nay do
GA da tim dugc thong so phu hop dé qua trinh mé phong chay dugc hét toan thoi gian mo phdng (trong
truong hop nay, thoi gian mo phong duge nhém chon 1a 10s).

- GA 14 phu hop dé tim kiém va t&i wu hoa thong s diéu khién mo.

- O thé hé thu 10000 tro di, ¢6 kha nang chuong trinh GA da roi vao cyec tri cuc bd. Viéc hi¢u chinh tam
va khoang tim kiém cé thé la mot bién phap.
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Hinh 8. Chuong trinh mé phong mo cho A3L

Giai thich cac khdi trong Hinh 8:

(1) - Cac khdi tién/ hau xir 1i cia BPK mo thir 1

(2) - Céc khéi tién/ hau xt 1i cia BPK mo thi 2

(3) - BBK mo thir 1

(4) - BBK mo thir 2

(5) — Khéi mo ta hé A3L

(6) — Khdi tao tinh trang dirng mé phong dé tranh treo chwong trinh néu bién trang thai vuot gidi han
cho phép

Hinh 9. Su thay doi gid tri ham thich nghi J theo sé thé hé GA

Trong Hinh 9, gid trj ham J & (4) theo thoi gian dugc thé hién cac thé hé. Ta nhan thy ham nay cang
giam chumng to tong binh phuong cac sai s6 1a giam theo thé hé. Diéu nay tuong Gmg vi¢c bam vi tri TOP
cau A3L 1a tét dan theo thé he. Két qua mo phong cua cac gla tri thong s6 didu khién & cac BDK 1 va 2
sau khi dugc tim kiém bang GA ¢6 thé dugc so sanh & hai gia tri & cac thé hé thir 9000 va 10000. O thé
hé 9000 va 10000, ta lan lugt c6 théng sé dicu khién dugc tim ra boi GA duoc liét ké ¢ (7) va (8).

K1 1=94.2231; K1_2=2.4881; K1_3=45.2189; K1_4=92.5734; K1_5=57.3298; J= 88.16 (7)
K1_1=23.7239; K1_2=4.2377; K1_3=19.34258; K1_4=86.4634; K1_5=23.3234; J=80.87 (8)

Dap tmg hé thong dudi tac dong cua cac BDK c¢6 thong sé nhu & (7) va (8) duogc thé hién lan lugt &
Hinh 10 va Hinh 11 dudi day.

JTE, S6 76, 04/2023 28


https://jte.hcmute.edu.vn/index.php/jte/index
mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Pai hoc Su pham Ky thuat Thanh pho H6 Chi Minh

HCMUTE Website: https://jte.ncmute.edu.vn/index.php/jte/index
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

™
N

Goc cac link (rad)

Thaoi gian (s)
Hinh 10. Pdp img A3L véi bé thong sé & (7)

Trong Hinh 10, ta thiy link 1 dao dong tir -0.6 rad dén 0.6 rad va 6n dinh dao dong sau 3s. O trang
thai 6n dinh, link nay van dao dong tir -0.3 rad dén 0.22 rad chi khong vé vi tri 0 han. Link 2 dao dong
trong khoang tir -0.5 rad dén 0.42 rad trudc khi roi vao trang thai dao dong on dinh quanh khoang -0.41
rad dén 0.3 rad sau khoang thoi gian xac 1ap 3s. Dao dong cia link 3 13 it nhét, tam -0.1 rad dén 0.1 rad
quanh vi tri can bang. Nhu vy, hé A3L 6n dinh thanh cong nhung dao dong con nhiéu.

0.
0.
—_ D_
=
= 0.
o
=
e
S
o -0
3
-0
-0
0.5 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 5] I g 9 10

Thoi gian ({s)
Hinh 11. Pdp img A3L véi bé théng sé & (8)

Trong Hinh 11, link 1 dao dong trong khoang -0.7 rad dén 0.7 rad va 6n dinh dao dong sau 5 gidy.
Nhu véy, khoang thoi gian xéac 14p cua hé thong ¢ Hinh 11 1a dai hon so véi & Hinh 10. D6 dao dong
ban dau ctia hé théng (d6i v6i link 1) 1a 16n hon & Hinh 11 so véi & Hinh 10. Tuong tng, link 2 ciing
dao dong 16 (-0.6 rad dén 0.6 rad) so voi Hinh 10. Thoi gian xéc 14p cia link 2 ciing 1a 5s, 16n hon so
v6i 3s & thi nghiém trude. Tuy nhién, khi 6n dinh rdi thi d6 dao dong cta link 1 va link 2 1a nho hon
nhiéu so voi thi nghiém trude: link 1 dao dong trong khoang -0.04 rad dén 0.04 rad (thay vi -0.3 rad dén
0.3 rad & thi nghiém trudc); link 2 dao dong trong khoang tir -0.05 rad d0én 0.05 rad (thay vi -0.41 rad
dén 0.3 rad & thi nghiém trudc). Link 3 & Hinh 11 dao dong rat nhd quanh vi tri 6n dinh trong khi link
nay dao dong 16n tir -0.08 dén 0.08 rad quanh vi trli can bang & Hinh 10.

Théng qua Hinh 10 va Hinh 11, théng s6 duoc GA ti wu hoa da cai thién rd rét su dao dong sau khi
on dinh xac 1ap ctia hé¢ A3L. Tuy nhién, thong s6 tdi wu hon lai lam x4u di dao dong ban dau, khi qua
d6, cua hé thong. Tuy vy, viéc ap dung GA di cho ra thong sd tdi wu hon theo thoi gian khi so sanh
ham thich nghi J cé dugc (6 (7) va (8)). Bap trmg BBK ¢ Hinh 11 ¢6 gia tri ham thich nghi nhé hon &
Hinh 10 (J=80.87 so v&i J=88.16) nén c6 dap tng t6t hon.

Tuy vdy, dao dong ctia hé théng & mo phong khong bi triét tiéu hoan toan, ngay ca khi chuong trinh
GA chay rat lau. Diéu nay c6 thé dugc 1y giai 1a cac luat mo trong Bang 2 1a chura pht hop hoan toan
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cho d6i twong A3L. Mit khac, viéc két hop 2 BPK mo ¢6 thé lam mot s6 luat khong con chinh xac so
v&i khi dugce ap dung cho 1 hé SIMO hai bac don 1é (nhu IP trén xe). Nhu vay, viéc ap dung BPK mo
cho hé SIMO 1a phy hop nhung can dugc cai tién thém. Mot bién phap cai tién 14 stra chita cac luat mo
trong Bang 2 trude khi ap dung cho A3L.

O Hinh 12, tin hiéu momen U va U tir Hinh 1 duoc trinh bay. Céc tin higu diéu khién nay dugc tuong
ing voi by thong s (8), tuc tuong tng voi BDK fuzzy da dugce t6i wu hoa thong qua GA. Ta thay, tin
hiéu diéu khién & céc link ciing khong vé han gié tri 0. Tin hiéu u; dao dong quanh gia tri 0, trong khoang
tir -0.1 Nm dén 0.1 Nm sau khi dao dong 16n tir -0.8 Nm dén 0.85 Nm. Tin hiéu uz dao déng quanh gia
trj 0, trong khoang tir -0.02 rad dén 0.03 rad. Tuong g voi cac bién trang thai khong vé 0 dugc va dao
dong quanh vi tri can bang (Hlnh 11), cac tin hiéu diéu khién ciing khong vé 0. Diéu nay khang dinh lai
su chua téi wu trong cac luat diéu khién ¢ Bang 2 khi ap dung cho h¢ A3L. Trong truong hop ndy, GA
khong phai 1a giai phéap tuyét d6i dé cai thién chét lugng diéu khién. Ciing trong Hinh 12, ta thay, tin
hiéu diéu khién us 1 16n hon va dao dongg manh hon Up. Didu nay duoc 1y giai 1a do us phai chiu sirc
nang cua ca 2 link (link 2 va link 3) so v&i uz chi chiu sttc ndng cua 1 link (link 3).

-8

s R = R = [ = |
]

BNoNE

o
0

Thoi gian (s)

Hinh 12. Tin hiéu momen (Nm) tdc déng vao cac link 2 va 3
6. Két luan

Trong bai bao, ching toi mé rong viée ap dung BDK mo - von chi danh cho hé SIMO hai béc- sang
dbi twong can béng MIMO under-actuated phtrc tap nhu hé A3L. BDK mo ¢ [4] da duoc chiang t6i 4p
dung thanh c6ng bang cach xdy dung ciu trac ghép phu hop va dleu nay da dugc chimg minh thong qua
md phong Matlab/Simulink. Viéc tim kiém va t6i uu héa thong s6 diéu khién ctia cau triic mo nay duoc
GA thyc hién thanh cong. Tuy nhién, két qua mé phong ciing cho thdy BPK chua triéu tiéu duoc dao
dong khi xac 14p cua cac link. Piéu nay dugc ching t6i 1y giai 1a do cac luat md trong Bang 2 1a chwa
hoan toan phu hop voi hé A3L. Viée thay doi luat mo phai dua vao kién thirc chuyén gia trong qué trinh
van hanh hé théng. Trong trudng hop nay, day 1a su két hop cia hai bd mo khic nhau nén viéc hidu
chinh tirng luat trong mdi bo mo 14 rat khé khan. Py 1a mot vin d& mé nghién ctru trong twong lai.

Loi cam on

Cong trinh nay thudc vé dé tai nghién ctru khoa hoc T2022-50, duoc tai tro kinh phi boi truong Dai
hoc Su pham Ki thuat TPHCM (HCMUTE), Viét Nam.
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Phu luc 1
Bang 2. 81-ludt mo dp dung cho hé IP [4]
No Inputl Input2 Input3 Inputd Output 41 ZE ZE ZE ZE ZE
1 NE NE PO NE NB 42 ZE ZE ZE PO PS
2 NE NE PO ZE NB 43 ZE ZE NE NE ZE
3 NE NE PO PO NM 44 ZE ZE NE ZE PS
4 NE NE ZE NE NB 45 ZE ZE NE PO PS
5 NE NE ZE ZE NM 46 ZE PO PO NE PM
6 NE NE ZE PO NS 47 ZE PO PO ZE NS
7 NE NE NE NE NM 48 ZE PO PO PO PS
8 NE NE NE ZE NS 49 ZE PO ZE NE ZE
9 NE NE NE PO ZE 50 ZE PO ZE ZE PS
10 NE ZE PO NE NB 51 ZE PO ZE PO PM
11 NE ZE PO ZE NM 52 ZE PO NE NE PS
12 NE ZE PO PO NS 53 ZE PO NE ZE PM
13 NE ZE ZE NE NM 54 ZE PO NE PO PB
14 NE ZE ZE ZE NS 55 PO NE PO NE NM
15 NE ZE ZE PO ZE 56 PO NE PO ZE NS
16 NE ZE NE NE NS 57 PO NE PO PO ZE
17 NE ZE NE ZE ZE 58 PO NE ZE NE NS
18 NE ZE NE PO PS 59 PO NE ZE ZE ZE
19 NE PO PO NE NM 60 PO NE ZE PO PS
20 NE PO PO ZE NS 61 PO NE NE ZE ZE
21 NE PO PO PO ZE 62 PO NE NE ZE PS
22 NE PO ZE NE NS 63 PO NE NE PO PM
23 NE PO ZE ZE ZE 64 PO ZE PO NE NS
24 NE PO ZE PO PS 65 PO ZE PO ZE ZE
25 NE PO NE NE ZE 66 PO ZE PO PO PS
26 NE PO NE ZE PS 67 PO ZE ZE NE ZE
27 NE PO NE PO PM 68 PO ZE ZE ZE PS
28 ZE NE PO NE NB 69 PO ZE ZE PO PM
29 ZE NE PO ZE NM 70 PO ZE NE NE PS
30 ZE NE PO PO NS 71 PO ZE NE ZE PM
31 ZE NE ZE NE NM 72 PO ZE NE PO PB
32 ZE NE ZE ZE NS 73 PO PO PO NE ZE
33 ZE NE ZE PO ZE 74 PO PO PO ZE PS
34 ZE NE NE NE NS 75 PO PO PO PO PM
35 ZE NE NE ZE ZE 76 PO PO ZE NE PS
36 ZE NE NE PO PS 77 PO PO ZE ZE PM
37 ZE ZE PO NE NM 78 PO PO ZE PO PB
38 ZE ZE PO ZE NS 79 PO PO NE NE PM
39 ZE ZE PO PO ZE 80 PO PO NE ZE PB
40 ZE ZE ZE NE NS 81 PO PO NE PO PB
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