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TOM TAT

Nghién ciru nham cdi tién thudt toan PD dya trén mé hinh bang cdch sir dung logic mo Sugeno
chinh dinh truec tuyén cdc gid tri tham sé cia bé diéu khién, nang cao chdt lwong bam quy dao va
khd ndng bén viing véi nhiéu cho robot song song Delta. Nghién cieu sir dung céng cu mé phong
Matlab&Simulink dé kiém nghiém tinh tin cdy cua b diéu khién trén quy dao dat hinh 56 tam. Cac
két qua mé phong cho thay, hiéu sudt diéu khién tot khi c6 thé kiém sodt chuyén déng ciia robot
song song Delta 3-DOF di theo quy dao mong mudn va én dinh véi thoi gian xdc ldp nhanh, ngay
cd khi hé thong chiu dnh hwéng ciia nhiéu ngodi khong biét trude.

Tir khoa: Delta 3-DOF; Diéu khién PD dua trén mé hinh; Logic md Sugeno; Didu khién bam quy dao.
1. GIOI THIEU

Robot Delta 3-DOF (Degrees of freedom), Ia mét dang robot song song 3 bac tu do, ¢6 do cing
viing cao, c6 uu diém vé do linh hoat va toc do, gia thanh va d6 chinh xac [1, 2] da tré nén phé
bién hién nay va dugc ing dung trong nhiéu linh vuc nhu y té, gido duc, ddc biét trong cong nghiép.
Nho vay, Delta 3-DOF dang thu hat dugc nhiéu su quan tam tir cac nha nghién ctru déc biét trong
linh vuc diéu khién, co khi va robot.

Hién nay, dd c6 nhiéu cong bd trong viéc diéu khién quy dao chuyén dong cta robot Delta nhu
sir dung bo diéu khién PID (Proportional-Integral-Derivative) kinh dién dugc dé cap trong [9],
cac phuong phap diéu khién thich nghi dugc trinh bay trong [2-4, 6], t6i uu hoa [5] hay phuong
phap diéu khién PD duwa trén mo hinh [1]. Bén canh do, dbi v6i linh vuc diéu khién robot cong
nghiép noéi chung, mét sé phuong phap didu khién nang cao khac nhu diéu khién dy bao MPC
(Model Predictive Control) [10, 13], diéu khién trugt va no ron [15], hoc ting cuong [11], hoc sau
[12] hay hoc ting cudng sau [14] ciing dugc ap dung.

Phuong phap PID kinh dién [9] uu diém ¢ kha ning tinh toan don gian va linh hoat, tuy nhién,
viéc hiéu chinh cac tham sb trong bd diéu khién tuong dbi phure tap dac biét voi dbi tuong phi
tuyén robot Delta. Do d6, nghién ctru [2] d d& xuét sir dung logic mé Mamdani trong viéc hiéu
chinh tyr dong tham s bo diéu khién, qua d6 nang cao chét lwong kiém soat quy dao hé thong. Mot
cach tiép can khac sir dung bo diéu khién PD dya trén mé hinh [1], cho phép robot Delta di chuyén
nhanh va chinh xac dé dat dwoc quy dao mong mudn. Tuy nhién, khi chiu anh huéng boi nhidu
ngoai khong biét trude hé théng s& mit 6n dinh. Bén canh d0, cac tham sb trong [1] chi dugc hi¢u
chinh tht céng. Cac phuong phap dua trén t6i wu héa nhu GA [5], MPC [10, 13] cho phép t6i uu
héa ham muc tiéu nhim dat duoc hiéu suét tdi uu cua hé théng, tuy nhién doi hoi khéi lugng tinh
toan lon. Cac nghién ctru thiét ké bo diéu khién khong phu thugc vao mé hinh ma dya trén ki thuat
hoc may trong [11-12, 14] c6 thé ty dong diéu chinh, cai thién chat lugng diéu khién cho robot
theo thoi gian va tim ra cac chién lugc kiém soét t6i wu mot cach ty dong. Tuy nhién, cac phuong
phap nay cé thé doi hoi mot lugng 16n dir liéu dé huan luyén, lam cho ching phtrc tap hon dé thuc
hién va diéu chinh so véi cic phuong phap diéu khién thong thuong. Cach tiép can diéu khién
thich nghi khéc [3, 4, 6, 15] str dung mang no ron véi kha ning hoc truc tuyén, cho phép uée luong
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céc thanh phan phi tuyén chua biét cua m6 hinh [16], nharn ‘nang cao hiéu sudt diéu khién. Tuy
nhién, cac phuong phap nay lai yéu cu sy am hiéu sau vé kién triic mang.

Tt nhiing phén tich trén, nhom nghién ctru dé xuét phuong phap diéu khién thich nghi str dung
ky thuat PD dya trén m6 hinh [1] két hop logic mo Sugeno [7] chinh dinh tryc tuyén cac gid tri
tham so cua bo diéu khién, nang cao chat luong bam quy dao cho robot song song Delta. Qua do,
céi tién truc tiép nghién ctru [1] trong viéc tu diéu chinh tham sé va kha nang 6n dinh cua hé thong,
thoi gian xac 1ap nhanh ngay ca khi chiu anh hudng boi nhiéu ngoai chua biét trudc. Bén canh do,
khéc véi ky thuat cling dya trén logic mo trong [2], nghién ctru ndy sir dung mo6 hinh mo Sugeno
12 mot sy cai tién ciia md hinh mo Mamdani. Ngoai ra, phuong phéap nay cé khéi lugng tinh toan
it hon so voi GA [5], MPC [10, 13] va khong phu thude dir liéu, phic tap nhu cac phuong phap
dua trén hoc may [11-12, 14] va mang no ron [3, 4, 6, 15].

Phan con lai ctua nghién ctru ¢ cdu tric nhu sau: Noi dung 2 trinh bay vé co s& 1y thuyét va
phuong phap dé xuat, noi dung 3 1a cac két qua va thao luan. Cudi cing, ndi dung 4 néu 1én két
ludn va cac hudng phat trién.

2. GIAI THUAT PD KET HQP LOGIC MO CHO ROBOT DELATA

2.1. M ta hé thong robot song song Delta

Mo hinh toan hoc cua Delta 3-DOF da dugc trinh bay chi tiét trong cac nghién ctru [1-5]. Chu
tao cta robot dugc thé hién trén hinh 1 va hinh 2 bao gom: ban may co dinll A, ban may dgf)ng P,
ba khau chu dong AB, (i =1,2,3) va ba khau bi dong B.E, (i =1,2,3) vdi moi khau 1a mét cau tric
hinh binh hanh. Déi véi mé hinh nay, khau B,E, di duwoc mé hinh héa bang thanh cimg c6 do dai
tuong tmg v6i khdi luong tap chung & hai diu nhim don gian hda mé hinh.

Ban may cb dinh
A

Khép chi mjmg )

Hinh 1. M6 hinh robot song song Delta 3 bdc ty do (Della 3-DOF).
Thanh cting B,E, c6 chiéu dai L, véi hai dau thanh cting B, va E,, mdi diém c6 khi lugng m,
. M6 hinh dong luc hoc dugc thé hién trén hinh 2 bao gém 4 vt ran, trong do: khau AB; chuyén
dong quay quanh cac truc vudng goc voi mit phang OAB, tai AB; c6 khdi lugng m,, chidu dai L,
3 chat diém tai B; c6 khéi lugng m, =0.5m,va ban méay dong P c6 khéi lugng m, +3m, . Trong
d6, m,1a khéi lugng cua khau thao tic. Trén cac khau AB, dit cac luc md men phat dong
7,(i =1,2,3) tuong ng.

Hinh 2. M6 hinh déng luc hoc robot song song Delta cong nghiép [1, 2].
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Tién hanh dat S, =[6?1 o, 6, ]T la véc to dai dién cho toa do cua cac khop chu dong, va
S, =[% Vp 2Z] la vécto toa do tim ban may dong P, véc to trang thai duoc chon dé thiét
1ap phuong trinh chuyén dong ctia robot song song Delta dwoc biéu dién nhu sau:
T T 1
SZ[SZ SpT] 2[91 0, 0 X Y ZP] @
Bén canh d0, theo cac nghién cuu [1-5] hé phuong trinh lién két hinh hoc cho cac chan cua
robot song song Delta dugc thiét 1ap nhu sau:
f, =12 —(cosa,(R—r)+L cosa,cos6, — %, )’ —(siney (R—r) + L sine, cosé, -y, )°
—(Lsing,+2,)*=0
f, =12 —(cosa,(R—r)+L, cosa, cosd, — %, ) —(sina,(R—r) + L sine, cosé, - y, )’ 2
—(Lsing, +2,)* =0
f,= L2 —(cosa,(R—r)+ L, cosa, cos, — X, )’ —(sinag(R—r) + L sine, cosd, -y, )°
—(Lsing, +2,)> =0

2.2. Phwong trinh dgng luc hoc ciia robot song song Delta

Mo hinh dong luc hoc cua robot Delta dua thiét 1ap dua trén phuong trinh Euler-Lagrange, theo
nghién ctru [1-5] phuong trinh dugc biéu dién nhu sau:

M(s)s + C(5,9)5+9(s) + @] (s)h =T (3)
f(s)=0
Trong d6: AeR*! 14 véc to nhan tir Lagrange, s R®*1a véc to trang thai ctia hé thong,
M(s) e R®® 14 ma tran khéi lugng suy rong d6i ximg xac dinh duong, C(s,$) € R®®1a ma tran

quan tinh ly tm va Coriolis, g(s) € R®* 14 véc to téng hop ciia thanh phan trong trudng va mo
of : . ;
men trong truong. P (s) = P e R*® 1a ma tran Jaccobi ciia cic phuong trinh lién két trong (2),

t=[t, G)M]T eR** 1a véc to tin higu diéu khién. Trong do6, hai véc to T, =[Tl,T2,T3]T la
moment lyc sinh ra boi ba dong co gin véi ba khdp robot, 0,, € R*1a véc to chira toan phan tir
khong. Ngoai ra, ki hi¢u f :[ f, f, f, ]T 1a véc to biéu dién phuong trinh lién két hinh hoc ctia
Robot Delta va I,, 1a m6 men quan tinh. Theo nghién ctru [1-5], cac thanh phan trong phuong

trinh dong luc hoc (3) c6 gia tri nhu sau:

M(s):diag(l,y+mbLf,I,y+mbLf,I,y+mbLf,m,,+3mb,mp+3mb,mp+3mb) )

C(,8) =046 Tz[Tl 7, 7300 O]T'g‘z[jl z ﬂ’o‘]T ©)
[ of, of, | T (6)
A Y m m
o6, 0z, —ng(—1+mbjcose,—ng(—l+mb)cosez,

of o : 2 2

‘I’S(S)=£= oo 8e)= .

oy oy —ng(?l+mbjcose3,0,0,(mp+3mb)g
| 06, oz, |
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2.3. B diéu khién PD duya trén mé hinh cho robot song song Delta
~ Phuong phép thiét ké bo diéu khién PD cho robot Delta da dugc nghién ciru tai [1] voi so do
cau tric dugc thé hién trén hinh 3 va dugc ching t6i trinh bay ngan gon nhu sau:

Hinh 3. Cdu triic bo diéu khién PD dira trén mé hinh cho robot song song Delta.
Nhiém vu ctia bai toan diéu khién robot Delta 1a diéu khién chuyén dong ctia ban may dong P

bam theo mot quy dao cho trude, tirc 1a 1am cho S, =[Xs,Y¥p,Zp ]T tién t6i vi tri dat
r,=[XsYq,24] , bing cach tac dong tin hidu diéu khién t,, dugc tinh toan bai bd diéu khién PD
1én hé théng Robot Delta. Tin hiéu ra cua b diéu khién PD dugc tinh toan nhu sau:

1, =M(¥, +Kpe, +Ké,)+C$, + g @)
Trong do: 1, =[6,6,4,6, ]T la gia tri mong muébn ciia ba goc khép, r, =Xy, Y4, 7 ]T 1a quy
dao dat ciia tim ban may dong P, e, =r, —s, 14 sai léch diéu khién ddi voi ba goc khép, K, va
K, la cac ma tran tham s6. Bén canh do, cac gia tri véc to trong (7) nhu sau: M = RTM(S)R ,
C=R"(M(s)R+C(s,9)R) va §=R"g(s) véi R=[I, —cp;,lcpa]T . Ngoai ra, ®, 1a ma tran
Jaccobi tmg voi s,, @, la ma trdn Jaccobi ing vdi S, va I, 1a ma tran don vi kich thudc 3x 3.
Nhan RT vao 2 vé cta phuong trinh (3) ta thu duoc:
R™(M(s)s +C(s,8)$ +g(s) + @] () =Rt =71, (8)

Tur hé (2), két hop véi matran @ | khong suy bién ta co §, =—@,'®@,$, . Nhu vay, suy ra:

§=R$, va §=R5, + RS, 9)
Thay (9) vao (8), két hop R'®! =0 ta thu dugc:
R'M(s)Rs, +R" (M(s)R +C(s,9)R)$, +R'g(s) =1, (10)

Thay phuong trinh (7) vao phuong trinh (10), ta co:
Ms, +Cs, +§=M(F, + Kpe, + K8, )+Cs, +7 (11)
Vi matran M(s) 1a ddi xtmg, xac dinh duong nén ma trin M=R™M (s)R ciing déi xang va
xac dinh dwong. Do d6, M kha nghich va tir (11) suy ra:
€, =-Kpe, —Kpe, (12)

-K, -K

C) I ) .
Trong do: K, va K dugc chon sao cho théa man ma tran H :{ &3 : } 14 Hurwitz. Khi
P D

do, sai s6 goc khop e, sé tién vé gia tri khdng sau mot khoang thoi gian hitu han va tinh 6n dinh
trong qué trinh van hanh cua robot Delta s¢ dugc dam bao.
2.4. Pé xuit giai thuat PD dya trén mé hinh két hop logic mo Sugeno cho robot Delta

Trong luét (7), cac tham sé K, va K, duoc tim dya trén phuong phap thir sai thoa man H la
Hurwitz, nén chét luong s€ bi anh huong truc tiép thong qua viéc lya chon b tham $6 nay. Do do,
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chién lugc diéu khién PD dya trén md hinh két hop loglc m¢ Sugeno (PD-FS) duoc chung t6i
nghién ctru nhiam chinh dinh tryc tuyén cac gia tri tham sb K, va K trong (7) xuyén sudt qua
trinh van hanh cta hé thong. Hon nita, véi viéc chinh dinh tham sO truc tuyén, sé gitp hé thong
dam bao tinh 6n dinh khi chiu anh huong cua nhidu ngoai tic dong 1én mé men khdp, diéu ma giai
thuat PD [1] chua giai quyet duoc. So dd céu trac cua PD-FS duge thé hién trén hinh 4.

Tinh toan trung binh sai
1éch goc khop

nguoc

E
Robot Delta

Hinh 4. Cdu tric gidi thudt PD dwa trén mé hinh két hop logic mo Sugeno.

Hé suy dién cho mé hinh md Sugeno duoc str dung vi hai dau vao bao gdm trung binh sai 1éch
3
€ . .
goc khop e= E b 3 » trong do, e, la sailéch bam goc khop thtr k , va dao ham de cua no, hai

k=1

dau ra gdm k,k, v6i K, =k1,, K, =k,l,. Bén canh do, cic khoang gia tri ciia bién ngon ngir,
bién vat 1y va cac dang ham lién thudc dugc xay dung dua trén kinh nghiém.

Céc tap mo cho bién ngdn ngir ddu vao e va de duoc biéu dién & hinh 5 va hinh 6 véi e =
{ ém it, zero, duong it }={ NS, ZO, PS }, de‘= { am nhiéu, &m vira, zero, duong vura, duong
nhiéu }={NB, NM, ZO, PM, PB}. Hai gia tri dau ra k; = {trung binh, 16n, rat l6n}={M, B, VB }
={1800, 1900, 6000}, k, = {trung binh, 16n, rat Ion}={ M, B, VB }={135, 180, 280} va chi tiét
céc luat hop thanh thé hién trong bang 1.

NS Z0 Ps

1

0 T T T T T T T T T
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Hinh 5. Tdp mo cho bién ngdn ngit dau vao e.

NB NM 0 PM PB

Hinh 6. Tdp mo cho bién ngén ngit dau vao de.
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Bing 1. Chi tiét cdc ludt hop thanh.

k.. k, e
NS Z0 PS
NB M, VB VB, B B,M
de NM VB, B VB, B VB, B
Z0 VB, B M, M VB, B
PM M, M VB, B VB, B
PB M, VB VB, B M, M

Luat hop thanh trén duoc xay dung dua trén hai yéu td, g@)m kinh nghiém thuc té voi robot
Delta va su hiéu biét vé tac dong cua cac tham s6 PID 1én hiéu suét diéu khién [2, 8]. Khi xem xét
mot truong hop cu thé (e, de) = (ZO, ZO), chiing t6i di quan sat thdy su tiém cén cua sai 1éch
gdc khép trung binh e va dao ham de ciia n6 dén gia tri 0, xu hudng bién dong lac nay giam dang
ké. Khi d6, viéc chinh tham s6 K, va K dat gia tri (M,M) s& dam bao hiéu suat diéu khién va
tinh 6n dinh cta hé thong. Twong tu v&i cac truong hop khac cua (e, de).

3. CAC KET QUA VA THAO LUAN

Nbi dung nay, kiém ching chat luong diéu khién ctia FD-FS do ching toi dé xuat trong viéc
kiém soat quy dao chuyén dong cuia robot Delta. Chat luong bo diéu khién FD-FS duoc so sanh
voi giai thudt PD ¢ tai li€u [1] trén quy dao dat hinh s6 8, trong hai kich ban 5.1 va 5.2. Cac kich
ban nay dugc mo ta nhu sau:

¢ Kich ban 1: Day 1a kich ban don gian nhét, khi cac thong s6 mo hinh dong luc hoc cia hé
thong duge xac dinh chinh xac. Bén canh d6, khong c6 nhidu ngoai tac dong vao méd men
khop.

e Kich ban 2: Trong bai bao nay dé thir kha ning khang nhiéu ciia bo didu khién chung t6i
mo phong hé thdng bi anh hudng ciia nhiu ngoai co gia tri 3 (N) tac dong vao mé men khép
trong sudt 0.5 (s) dau khi hé théng hoat dong (hinh 8).

e Kich ban 3: Pay 1a kich ban kho khin nhét, khi hé théng phai chiu tic dong cua nhidu
khong biét trudc, ¢ gia tri thay dbi ngau nhién trong dai tir 1.5 (N) t6i 6 (N) tic dong vao
mo men khop trong sudt qué trinh hé thong hoat dong, ké tir khi thay dbi quy dao dit sang
hinh sé 8 (hinh 10).

Dé dam bao tinh khach quan trong viéc danh gia va thuan loi cho viéc dbi sanh két qua, thong

s6 mé duoc 1y tir [1] bao gdm:

=0(rad),a, = 27/ 3(rad),a, = 4/ 3(rad), g =9.81(m/ s°),m, =0.42(kg), m, =0.1(kg),
m, =0.75(kg), R = 0.266(m), r = 0.04(m), L, =0.3(m), L, =0.8(m), K, =2561,,K, =32I,

Phuong trinh quy dao hinh sé tam cho boi:
X =0.1+0.2cos(2t);y, =0.1+0.2cos(2t)sin(2t);z, =—0.7

3.1. Kich ban 1: M6 hinh hé thong khdng c6 nhiéu ngoai tic ddng vao md men khép

Trong truong hop nay, ca hai giai thuat PD-FS va PD déu cho chit lugng diéu khién rat t6t. Tur
két qua trén hinh 7 ¢6 thé thdy hiéu suit cia PD-FS va PD gan nhu twong duong, diéu nay ching
t6 kha niang suy luan tot cua logic mo Sugeno trong viéc chinh dinh tham s6 bo diéu khlen Bén
canh do, quy dao chuyén dong mong muon cua robot Delta nhanh chéng dat dugc, sai s6 xac lap
hoi tu vé 0 va on dinh sau thoi gian rt ngén chi khoang 0.15 (s). Thuat toan PD-FS ¢6 thoi gian
6n dinh ngan hon va cling dao dong nhé hon khi ¢ trang thai 6 6n dinh so v&i thuét toan PD.
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Hinh 7. Pdp itng quy dao hinh s6 8 va sai léch bam vi tri ciia hé thong khi khéng c6 nhiéu.
3.2. Kich ban 2: mé hinh h¢ thong bi nhiéu ngoai tic dong vao mé men khép

Disturbance (N}

[

0 0.1 02 03 04 05 06 07 08 09 1
Time (Seconds)

Hinh 8. Nhiéu ngoai khéng biét trude tic dong vao mé men khép.

(((((

(((((

1
Time (Second)

Hinh 9. Pdp iing quy dao hinh s6 8 va sai léch bam vi tri ciia hé thong khi c6 nhiéu.

Tir két qua mo phong trén hinh 9 ¢6 thé thdy mic du hé théng da chiu anh hudng cta ngoai luc
nhung thuat toan PD-FS van mang lai chat lugng diéu khién kha tot va gin nhu khong c6 su thay
ddi vé hiéu suit so két qua & 3.1, khi van diéu khién robot Delta nhanh chong dat dugc quy dao
chuyén dong mong muon voi sai s6 xac 1ap hoi tu vé 0, va 6n dinh sau thoi gian rat ngén chi
khoang 0.15 (s). Trai lai, PD cho chat lugng diéu khién khong tdt, cho dén khi két thic tic dong
nhiéu (sau 0.5s) thi méi dua robot vé vi tri mong mudn vai 1 chat dao dong (khong dang ké) ¢ dau
ra thir 2. Tir d6, ta thay rang thudt toan PD-FS d& xudt co thé cai tién chét lugng diéu khién robot
Delta trong truong hgp khong c6 hay c6 nhiéu tac dong. Ngoai ra, voi thuat toan PD-FS hai gia tri
K, va K con dugc cdp nhat tu dong thong qua suy ludn cua logic mo Sugeno.

3.3. Kich ban 3: M6 hinh h¢ thong bi nhiéu ngoai thay déi ngiu nhién tic dgng vao md men
khép trong suot qua trinh hoat djng ciia h¢ thong

Disturbance (N)

0 05 1 15 2 25 3 is 4 45 5
Time (Seconds)

Hinh 10. Nhiéu ngodi c6 gid tri thay déi ngau nhién tac dong vao mé men khop.
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Hinh 11. Ddp irng quy dao hinh s6 8 va sai léch bam vi tri ciia hé thong khi ¢é nhiéu ngdu nhién.

Két qua mé phong trén hinh 11 cang khing dinh rd vu diém cta thuit toan PD-FS ma nhom
tac gia dé xuat, khi giai thuat van cho chat luong diéu khién khé tot va on dinh khi kiém soat quy
dao ban may dong cua robot Delta. Trong toan b¢ thoi gian hoat dong cua hé thong, giai thuét PD-
FS van dam bao cho robot Delta nhanh chong dat dugc quy dao chuyén déng mong mudn, véi sai
sO xéac 1ap hoi tu vé 0, va 6n dinh sau thoi gian ngan chi khoang 0.3 (s), trong trudng hop chiu anh
hudéng béi nhiéu ngoai dang ngau nhién duoc minh hoa trén hinh 10. Trai lai, trong trudng hop
nay phuong phap PD cho chét lugng didu khién khong t6t, khi khong c6 kha niang diéu khién robot
bam theo quy dao dat.

4. KET LUAN VA HUONG PHAT TRIEN

Nghién ciru di céi tién thuat toan PD dya trén mé hinh bang cach sir dung logic md Sugeno
chinh dinh tryc tuyén cac gia tri tham s6 ctia bo diéu khién, nang cao chét lugng bam quy dao cho
robot Delta. Thuét toan duge dé xuét dam béo tinh 6n dinh va bén virng cua robot khi chiu tac
dong cua nhidu va da dugc kiém chimg qua cong cu md phong Matlab&Simulink trén quy dao dat
hinh s6 tam. Cac két qua mo phong cho thiy, hiéu suit cua bo diéu khién rat tot khi c6 thé kiém
soat chuyén dong cua robot song song Delta 3-DOF di theo quy dao mong mudn va on dinh véi
thoi glan xac 1ap nhanh ngay ca khi h¢ thong chiu anh huéng cua nhiéu ngoai khong biét trudc. Su
don gian va tin cdy cua phuong phap diéu khién do nhém tac gia dé xuit di tao nén tang cho viéc
thiét ké, ché tao va kiém soat quy dao chuyén dong thuc té cho robot Delta. Trong tuong lai, nhém
nghién ctru s& tap trung ap dung thudt toan vao mot mo hinh thuc té. Pong thoi, chung toi s& tiép
tuc nghién ctru phat trién cac giai thuat diéu khién thong minh khac.

Loi cam on: Nhom tac gia cam on sy tai tro vé kinh phi ciia truong Pai hoc Cong nghiép Ha Néi, dé tai
ma so6 32 2022 RD _HD DHCN.

TAI LIEU THAM KHAO

[1]. Nguyén Dinh Diing, “Péng luc hoc nguwgc va diéu khién chuyén dong ciia robot song song delta khong
gian”, Luén an tién si k¥ thuat co khi va co k¥ thuat, Vién Han 1am Khoa hoc va Cong nghé Viét Nam,
tr. 78-79, (2018).

[2]. Lé Minh Thanh et al, “Chinh dinh b diéu khién pid bang hé mo ap dung cho robot delta ba bdc tu
do”, Tap chi Khoa hoc va Cong nghé Pai hoc Thai Nguyén (2022).

[3]. Le Minh Thanh et al , “Evaluating the Quality of Intelligent Controllers for 3-DOF Delta Robot
Control ”, International Journal of Mechanical Engineering and Robotics Research (2021).

[4]. Le Minh Thanh et al, “Delta Robot Control Using Single Neuron PID Algorithms Based on Recurrent
Fuzzy Neural Network Identifiers ”, International Journal of Mechanical Engineering and Robotics
Research (2020).

[5]. Le Minh Thanh et al , “Optimization of PID controller by genetic algorithm experiment on delta
robot”, Measurement, Control, and Automation (2022).

[6]. Aguilar-Mejia et al, “Adaptive control of 3-DOF Delta parallel robot”, In 2019 IEEE International
Autumn Meeting on Power, Electronics and Computing (2019).

Tap chi Nghién ciru KH&CN qudn su, 93 (2024), 38-46 45



Ky thudt diéu khién & Dign tiv

[7]. Sugeno M, “Industrial applications of fuzzy control”, Elsevier Science Inc (1985).

[8]. R. Tipsuwanporn et al, “Fuzzy Logic PID controller based on FPGA for process control”, |EEE
International Symposium on Industrial Electronics, vol. 2, pp. 1495-1500, (2004).

[9]. Castafieda et al, “Robust trajectory tracking of a delta robot through adaptive active disturbance
rejection control ”, IEEE Transactions on control systems technology, 23(4), 1387-1398 (2014).

[10]. A. Zubizarreta et al, “Robust Model Based Predictive Control for Trajectory Tracking of Parallel
Robots”, In book: New Advances in Mechanisms, Transmissions and Applications (2014).

[11]. Y. Hu et al, “Reinforcement Learning Tracking Control for Robotic Manipulator With Kernel-Based
Dynamic Model ”, in IEEE Transactions on Neural Networks and Learning Systems (2020).

[12]. Xi Chen et al, “Industrial Robot Control with Object Recognition based on Deep Learning”, Procedia
CIRP, Volume 76, Pages 149-154, ISSN 2212-8271, (2018).

[13]. Tobias Gold et al, “Model Predictive Interaction Control for Industrial Robots”, IFAC-PapersOnLine,
Volume 53, Issue 2, Pages 9891-9898, ISSN 2405-8963, (2020).

[14]. Rongrong Liu et al, “Deep Reinforcement Learning for the Control of Robotic Manipulation: A
Focussed Mini-Review ”, Robotics 10(22):1-13, (2021).

[15]. Yen, V.T., Nan, W.Y. & Van Cuong, P, “Recurrent fuzzy wavelet neural networks based on robust
adaptive sliding mode control for industrial robot manipulators ”, Neural Comput & Applic (2019).

[16]. Dang, Son Tung, et al. “Adaptive Backstepping Hierarchical Sliding Mode Control for 3-Wheeled
Mobile Robots Based on RBF Neural Networks.” Electronics 12.11: 2345, (2023).

ABSTRACT

PD algorithm combined with Sugeno fuzzy logic improves trajectory tracking control
quality for Delta parallel robot

The research aims to improve the model-based PD algorithm by using Sugeno fuzzy
logic to adjust the parameter values of the controller online, improving the trajectory
tracking quality and robustness to noise for the Delta parallel robot. The study uses Matlab
and Simulink simulation tools to validate the reliability of the controller on an eight-shaped
trajectory. The simulation results show that the control performance is very good when it is
possible to control the motion of the Delta 3-DOF parallel robot follow the desired
trajectory and maintain stability with a fast settling time even when the system is affected
by unknown external disturbances.

Keywords: Delta 3-DOF; Model-based PD controller; Sugeno fuzzy logic; Trajectory tracking control.
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