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ABSTRACT

Recently, research on quadruped robots has not gotten much attention in
Vietnam due to complicated mechanical structures of the robots as well as
unstructural working environments. Employment of simple control methods
such as Proportial-Integral-Derivative (PID) controllers for such the systems
is feasible but the control performances have not been maintained in some
cases that could make the robots danger. Obviously, the complicated
controllers seem to be promissing if the system is equipped with strong
hardware. In this paper, we propose a new adaptive Jacobian-based PID
controller for low-level control of a quadruped robot system that could
possibly be deployed into low-cost hardware. The proposed controller is first
built on a conventional PID structure. To suppress internal/external
dynamics of the robot in various working conditions for a minimal control
error, a nonlinear adaptive rule is then integrated to update the control gains.
Effectiveness and feasiblity of the designed controller are intensively
verified in a simulation enviroment. The comparative results obtained
confirm that the proposed controller is simple, adaptive, robust and efficient.
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TOM TAT

Hién nay, tinh hinh nghién ctru cac robot bdn chan & Viét Nam it duoc quan
tam bai vi su phirc tap vé cAu tric co khi ctia robot ciing nhu méi truong lam
viéc bét dinh. Trong bai bao nay, ching toi dé xuit mot bo diéu khién méi,
bd diéu khién PID thich nghi v6i phuong phéap diéu khién tryc tiép diém dau
cubi str dung céach tiép can dya trén phuong phéap Jacobian, dé 4p dung cho
mo hinh robot dong vat bon chan c6 thiét ké phan ctng gia ré. CHt 161 ciia bd
diéu khién PID thich nghi dugc xay dung dwa trén bo diéu khién PID truyén
théng. Trong do, cac thong s6 bo diéu khién s& cap nhat lién tuc nham triét
tiéu cac dong luc hoc bén trong va nhiu dong tir bén ngoai trong cac diéu
kién 1am viéc khac nhau dé giam thiéu sai s6 diéu khién. Tinh hiéu qua va
kha thi cta bo didu khién PID thich nghi dugc kiém chimg théng qua mo
phong thyc té. Cac két qua mo phong so sanh dat duge da xac nhan rang bo
diéu khién duogc dé xuat 1a bo diéu khién don gian, bén viing, thich nghi va
¢06 hiéu suét diéu khién cao.
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1. Gioi thiéu

Ngdy nay, su phat trién nhanh chéng ctia nén khoa hoc quoc té cling nhu nudc nha da thuc ddy va
tao tién dé to 16n cho cac nganh cong nghiép mdi. Mot trong s6 do 1a cong nghé robot va tri thong minh
nhan tao, mot huédng di miii nhon néu chung ta tap trung khai thac c6 hi¢u qua. Thong qua do, dé thuc
day nén khoa hoc cong nghé cuia nu6e nha, nhitng Gng dung robot két hop véi tri tué nhan tao da va
dang bit ddu khoi sic manh mé, thu hit nhiéu chuyén gia nghién ctru trong va ngoai nudc, trong do6 co
cac sinh vién theo hoc tai cac truong dai hoc, cao dang chuyén nganh lién quan dén linh vuc khoa hoc
va cong nghé van dang tich cyc tham gia va déng gop cong suc cua minh cho nén cong nghiép chung
d6. No giong nhu mot thude do chuan muec cho sy doi méi va phat trién vé k¥ thuat cia mot vai quoc
gia. Pap g ngay cang nhiéu nhu ciu khic khe ciia nguoi tiéu dung.

Robot duoc nhic dén ngay cang nhiéu trén cic trang tap chi, bao chi va truyén théng trong nudc va
quéc té. Viéc hang loat robot ra doi voi nhiéu ng dung da dang trong hau hét cac linh vyc vira 1a loi
thé, cling vira 1a thach thirc cho c4c thé he tré tiép theo. M&i mot san pham robot 1a su két hop hai hoa
gilta cau trac co khi linh hoat va mot bo diéu khlen t61 wru [1-8]. K& tir khi robot bon chan ra doi [6],
nganh robot di nhanh chéng phat trién 1én mot tim cao méi. Nhiéu kiéu Robot bén chan da ra doi nhu
StarETH [7], MIT Cheetah 3 [1], ANYmal [4], ANYmal Wheeled-Legged Robots [5], etc. StarETH [7]
va MIT Cheetah 3 [1] st dung co ciu truyén day dai va cao su giam chén & diém dau cubi chan giup
giam thiéu phan luc tir mat dét 1én than robot. Trong khi d6, ANYmal [4] c6 cac khdp duogce truc tiép
truyén dong tir motor, didu nay s& giup robot giam trong lugng ciing nhu mé rong ving 1am viéc cua
céc khdp chan robot 1én dén 360 do, pham vi hoat dong rong hon s& giup robot di chuyén duogc trén
nhiéu dang dia hinh g6 ghé, bac thang cao hon. Mot loai robot bon chan két hop voi banh xe cling dugc
ra doi (ANYmal Wheeled-Legged Robots [5]) dé dap tmg nhu cau cao hon vé téc do va sy linh hoat
trén cac dia hinh khac nhau [9], [10] nhung né ciing ¢6 mot nhuoc diém 14 thay d6i hudng di chuyén
chua duoc linh hoat & nhitng goc cua gap.

Trong cac nhiém vu diéu khién thuc té, bo didu khién vi tich phan ty 1€ (Proportial-Integral-Derivative
(PID)) thudng dugc wu chudng do tinh don gian cua nd [11], [12]. Néu mot bo diéu khién tét hon duoc
sir dung thi hiéu suat diéu khién s& dat duoc cao hon [13], [15]. Rat nhiéu nghién ctru da duoc dé xuat
dé cai thién hiéu suét ctia bo diéu khién PID bang cach sir dung cac phuong phap tiép can thong minh
nhu t6i wu héa tién hoa va logic mo [14]. Cac phuong phép nay cho thay két qua diéu khién day hua
hen nho sir dung ca phan thich nghi true tuyén va ngoai tuyén [16]. B6 diéu khién thich nghi truc tuyen
¢6 thé linh hoat lwa chon céac théng sé PID thich hop dua trén dg vot 16, thoi gian qua do va sai s0 Xac
1ap, trong khi bo diéu khién thich nghi ngoai tuyén sé& str dung cac sai s6 diéu khién dé diéu chinh cac
thong s6 logic mo nham tdi wu hoa lai hé thong, cai thién dang ké chat luong hé thong. Tuy nhién,
phuong phap diéu chinh ciia bd diéu khién logic md chu yéu dua trén kinh nghiém ciia ngudi van hanh
[17]. Mot loat cac phuong phap diéu khién théng minh dya trén cic dic tinh sinh hoc ciia dong vat,
trong do thuét toan di truyén duogc két hop voi phuong phap tim kiém thirc an cua vi khuin dé mé phong
cac qua trinh tdi wu hoa ty nhién nhu lai ghép, sinh san, dot blen chon loc tw nhién, ... [18]. Sy phat
trién nay co thé mang lai giai phap t6i wu nhét. Qua trinh giai quyét yéu cdu mot sb hIO’ng 16n mau thir
va mat mot thoi gian dai dé thu dwoc két qua nhu mong mu6n ddi khi han ché kha ning 4ap dung cua hé
thong. Gan day, viéc diéu chinh cac thong sb diéu khién PID bang mang noron da trd thanh mot phwong
phap tlep can hiéu qué véi nhiéu dong gop quan trong [19] [20]. Ban than PID thong thudng 1a mot b
diéu khién bén viing [21]. Cac bd diéu khién tich hop c6 kha nang hoc s& 1am cho né linh hoat hon véi
mdi truong lam viée. Viée chua xem xét mét cach thiu d4o cac quy tic hoc trong trang thai xac 14p co
thé 1am cho hé thong mét 6n dinh trong mot thoi gian dai str dung [3], [22], [23].

Trong bai bao niy, mot bo diéu khién PID thich nghi tryc tiép cho bai toan diéu khién vi tri s& dwoc
nghién ctru va ing dung cho md hinh robot déng vat bn chan. Phuong phép ndy c6 uu diém 1a khong
can giai quyet bai toan dong hoc nghich cta robot, nguoi van hanh chi can dua ra gia tri vi tri mong
mubn, bd dleu khién s& ty tinh toan va diéu khién robot vé vi tri mong mubn d6 [24-26]. Qua trinh nay
s& gitp ich rat nhiéu vi trong thuc té c6 kha nhiéu robot véi cau tric phan ctng kha phirc tap cang lam

JTE, Issue 71B, August 2022 2


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

JT E JOURNAL OF TECHNICAL EDUCATION SCIENCE
Ho Chi Minh City University of Technology and Education

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

cho viéc tinh toan dong hoc nghich tré nén kho khan. Robot cang co nhiéu bac ty do thi qua trinh tinh
toan cang kho, doi hoi nhiéu thoi gian va cong sirc hon.

B cuc ctia bai bao dugc sap xép nhu sau: Phan I trinh bay tong quan dé tai va cac dong gop cua bai
bao; Phan 2 trinh bay c4u hinh ctia robot dong vét bbn chan va vain d& diéu khién can giai quyét; Phan
3 trinh bay chi tiét qua trinh thiét ké bo didu khién va cac phan tich 1y thuyét lién quan; Phdn 4 thao luan
vé cac két qua mo phdng; va cac két luan duoc tom tit lai & Phan 5.

2. Thiét ké robot ddng vat bén chan

Robot dong vat bdn chan duge thiét ké véi mudi hai bac tu do, trong d6 mdi chan c6 ba bac tu do
véi co cau truyén dong banh rang nhong xich vai ti s6 truyén 1:2. M6 hinh robot dugc thict ké trong
Solidworks va mé hinh thuc t€ dugc thé hién lan lugt qua Hinh 1va Hinh 2.

Hinh 1. M6 hinh Solidworks ciia Robot

Ground Frame
z

Hinh 3. Cau hinh moi chan cia Robot Hinh 4. Cdu hinh robot dgng vét bon chan

Cac hé tryc thich hop dugc dit cho mdi chan va cho ca robot dugc phac hoa nhu trong Hinh 3 va
Hinh 4. bé dieu khién robot nay mdt cach dé dang va hiéu qua, mot b diéu khién PID thong minh s&
duogc thiet ke dua trén phuong phép di€u khién vi tri truc tiép ket hop véi mot co ché thich nghi h¢ so6
di€u khién méi. Viéc hop nhat nay 1a mdt bude ngodat 16n.

Tht nhét, bo diéu khién dugc dé xuit s& giup ngudi van hanh bd qua khau tinh toan dong hoc nghich
cua Robot. Pay 1a mét cong viéc phuc tap va kho khan trong viéc diéu khién robot.

Thir hai, bd diéu khién thich nghi dem lai cac két qua t6t hon so voi bo diéu khién PID thong thuong
vé do vot 10, thoi gian qua d9, sai s6 xac 1ap. Bo diéu khién thich nghi gitp robot hoat ddng chinh xac
hon, dong thoi toi uvu hoa khong gian 1am vi¢e cta robot.
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3. B§ diéu khién PID thich nghi truc tiép (APID)

Céu tric ctia bo diéu khién thich nghi dya trén céu trac cta bo PID truyén thong [16] nhu trinh bay

o phuong trinh (1).
t
r:J*[er+Kd€*+Ki I edaj (1)
o=0

trong do, e = Xqg — X la vector sai s6 diéu khién, x 1a vector vi tri diém du cudi thuc té cua chan robot, Xq
1a vector vi tri ddt trude cta chin robot, J* 1a nghich dao cua ma trin Jacobian J, 7 la vector mé men
cua cac khop. K, K;,K; la cac h¢ s6 di€u khién. Khi di€u khién thyc t€, thi cac h¢ so di€u khién can
dugc chon khac nhau ddi véi timg truong hop 1am viée cu thé. Y tudng chinh 1a bo diéu khién s& thu
thap sai sb diéu khlen hién tai dé thuc hién cac thay doi thich hop trén hé sO diéu khién. Luat thich nghi

nay s€ day cac sai s6 diéu khién hoi tu vé cac ving sai s6 mong mudn. Dé hd trg tinh ning nay, co ché
diéu chinh tu dong dugc thiét ké nhu sau:

Ko =Bs (lel* son(e|—e))
6B ezt )

K, =B, (e, sgn(e[—e,))
f,=1+1sgn(le[-1) (0<A<1)

)

trong d6, Bp,B3; va B, 1a h¢ s6 hoc duong, €1a sai s thuc té, €, 14 sai s6 mong mudn, va 2 1a do dbc
cua ham f, .

Trong hé phuong trinh sb (2), hé s6 diéu khién Kp s& duoc ting 18n khi sai sb diéu khién nim ngoai
khu vue sai s6 mong mudn. A cang tién gan vé 1 thi gia tri ciia ham f, cang 1on, diéu ndy c6 nghia la
Kp s& thay d6i dot ngot va doc. Bat cir khi ndo sai s tich lity co ciing ddu véi sai sé hién tai, no co nghia
1a hé thdng can nhiéu ning luong hon dé loai bo sai sé diéu khién bu dap, hé sé diéu khién Ki s& ting
khi sai s6 sai s6 thuc té € 16n hon sai s6 mong mudn €, vanguoc lai. Trong khi do, hé s6 diéu khién
Kd s& duoc giam khi sai sb va dao ham theo thoi gian cia né c6 dau nguoc nhau, cho thy su hoi tu cua
hé thong vong kin. Mot diém dang quan tam hon ntta c6 thé dugc quan sat 1a tdc d6 hoc tap cia hé sb
diéu khién 1a khéc nhau tuy thudc vao sai s6 hién tai so v6i sai s6 mong mudn. Do d6, luat diéu khién
nay co thé giam do vot 16 cua hé thong.

Cach xac dinh gia tri ban dau Kp, Ki, Kd ciia bo diéu khién PID théng minh nhu sau. Nhém s€ chon
cac trong s6 Kp, Ki, Kd theo phu’ong phap PID truyen thong cho robot trudc. Tu tap horp céc hé s diéu
khién d6 s& cho do vot 16, thoi gian qua do, sai sé xac 1ap tot nhit, nhom s& chon cac gia tri nay va dat
ching lam gia tri khoi tao dau tién ciia Kp, Ki, Kd ciia bd diéu khién PID thich nghi. Bat dau tir cac gia
tri ban dau do, robot bat dau hoat dong va tu cap nhat sau mdi chu ky dé sai sb diéu khién 1a nho nhét.
Tuy vao hé théng diéu khién ma ta chon A cho phi hgp. Néu hé thong can dap vira phai trong cac diéu
kién thay d6i tan sé 1am viéc thi ta nén chon A nam tir 0 t6i 0.5. Néu hé thdng cin d4p (mg nhanh trong
cac didu kién thay d6i tan s6 lam viéc thi ta nén chon A nam tir 0.5 t6i 1.

Y tudng thiét ké bo diéu khién PID thich nghi duoc phac hoa trong Hinh 5.

4. Két qua mo phang kiém chirng

Phan nay trinh bay cAc két qua thir nghiém ciia robot dong vat va bo dicu khién thich nghi vira dé
xut trong mé phong trén méi truong Matlab/Simulink. Nhém s& thir nghiém trén ca 2 bo didu khién
PID thong thudng va PID thich nghi dé thiy rd duoc su ndi trdi ciia né [15]. Cac thong s cua b diéu
khién PID thong thuong va PID thich nghi d4 dugc lya chon nhu trong Béng 1.
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Folding
Learning
Rule (2)

i

[Kp; Ki; Kd]
PID | Matrix Robot
Controller F Multiply T Joint e
0 J 1 | Jacobian
Transpose

eeﬂ,

Hinh 5. So d6 diéu khién ciia b diéu khién thich nghi PID

Bang 1. Cdc théng s diéu khién va thong sé thich nghi dwoc sir dung béi cac bg diéu khién PID va APID
trong cdc thi nghiém mo phong.

PID

X Y Y4
Kp 400 45 125
Ki 39.9 10.97 35.1
Kd 4 7 2

PID thich nghi

X Y Z
Be 3000 3000 3000
B; 60 60 60
B, 300 300 300
A 0.9 0.9 0.9

Nhom thye hién mé phong robot dong vat bon chan nhu sau: tir 0 gidy t61 5 gidy, robot s€ dung yén

dé 6n dinh trudc. Tiép dén, robot s& thuc hién dong tac nhac than va ha than vdi tan s6 f, = 0.5hz trong
khoang tir 5 gidy t6i 15 gidy. Sau do, robot sé tiép tuc nhac than va ha than voi tin s6 cao hon 1a f, =1hz
tir 15 gidy toi 25 gidy. Va cudi cliing, robot s& trd lai dong tac nhic than va ha than véi tan sé ban dau 1a

f, = 0.5hz tir 25 gidy dén 35 giay.

Tu thé ctia Robot dong vat bdn chan trong thi nghiém nhac than va ha than duoc thyc hién trén moi
truong mo phong, dugc v€ nhu trong Hinh 6.

os 0.5

Hinh 6. Robot dong vit bén chan thue hién dong tac nhéc than va ha théan
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Quy trinh Robot ddng vat bdn chan nhic than va ha than bao gém hai giai doan. Giai doan 1 duogc
thé hién nhu ¢ Hinh 7. Robot & trang thai thip nhét c6 d¢ cao tinh tir tAm than robot so véi diém dau
cudi cua chan la 409.76 mm. Sau d6, Robot s& tir tir nhac than 1én véi dd cao Ah =0.04m =40mm .

Giai doan 2 duoc thé hién nhu ¢ Hinh 8. Robot ¢ trang thai cao nhét co d0 cao tinh tir tam than robot
so voi diém dau cudi ciia chan 1a 449.75 mm. Tiép dén, Robot sé& tir tir ha than xudng véi do cao
Ah =0.04m =40mm . Sau d6, Robot lap lai giai doan 1 roi dén dén giai doan 2. P9 cao thu duge tir md
phong 1a Ahg; - =39.99mm so v6i muc tiéu dit ra ban dau 1a Ah =0.04m = 40mm.

Sim

0.5

04 r

0.3

0.2

T
N XX
coo
&

0.1}

(m)

0F

-0.1F
X:-0.3179 X: 0.2821
02h Y:-0.23 Y:-0.23
2:-0.08026 2:-0.08026

03

04

05 | | I L | | I L | |
-05 -04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5

05

04

03

0.2

0.1

E O0Of

| |
X:-0.319 X:0.281

02+ Y:-0.23 Y:-0.23

Z:-0.07895 Z:-0.07895

011

0.3

-0.4

_05 L 1 1 L 1 L 1 1 L ]
-05 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5

(m)
Hinh 8. Robot ¢ trang thdi cao nhat

Dé quan sét tryc quan hon, nhom di quay lai mét video thuc hién mé phong trén Matlab va di upload
I&n Youtube theo dudng link sau: Simulation Nhéc than va ha than 0.5Hz to 1Hz - YouTube .

Két qua sai s6 cua diém dau cubi cua hai bo diéu khién duoc thé hién thong qua Hinh 9. Pon vi &
Hinh 9 1a mi ly mét. Dit lidu diéu khién cac khop ciia chan Robot cuia hai b diéu khién duge thé hién
thong qua Hinh 10. Pon vi & Hinh 10 1a d¢. Trong d6, duong mau do nét lién 1a dit lidu cta bd dicu
khién thich nghi APID va duong mau xanh nét cham la dit liéu cia bo diéu khién PID truyén thdng.
Nhom chon sai s6 mong mudn e, =0.1 mmcho bo diéu khién APID.
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X error

O S - N -

Y error

Z error

Theta 1

05
0
05— -
1 | | | | !
0 5 0 15 20 % 30 35
Theta 2
B[ f f f f | —
= APID
/79 SR S A SR A SN L U A W A S | S N T U U " S A A U S W pID
a2 -
44
45 - —
| | | | |
0 5 10 15 20 2% 30 35
Theta 3
100 = T T T T =
— APID
e B L S A e A T L S B B 1 B O o e L B B A & e & B I T T S T S R (- PID
[ | | | |
0 5 10 15 20 % 30 35

Hinh 10. Dir liéu géc khdp 1, 2 va 3 ciia chdn Robot ciia hai bg diéu khién (d9)

Tu Hinh 9, ta théy duogc khi robot hoat dong & cac tan s6 khac nhau (f,=0.5hzva f, =1hz) thi vdi bd
diéu khién thich nghi APID s& luén giam thiéu sai s6 clia h¢ thong nho nhat dé thoa mén diéu kién sai
s0 mong muon e, =0.1 mm. O day, néu robot dugc hoat dong vdi khoang thoi gian 1au hon ¢ céc tan
s6 f,va f, thi sai s6 ctia hé théng s& tién tdi sai s6 mong mudn e, =0.1 mm. Piéu néy c6 thé thiy rd
trong Hinh 9, khoang thoi glan tr 15 glay toi 25 gidy khi duong sai s6 cua diém dau cu01 b diéu khién
APID phuong X va Z nhé dan rdi tién t6i sai s6 mong mudn e, . Trong khi do, sai s6 cuia hé thong cua
bd diéu khién PID truyén thong s& khong thé dam bao nho nhat trong cac diéu kién 1am viéc khac nhau
ctia h¢ théng, do bo diéu khién PID khong c6 ludt hoc thay ddi cac hé s6 diéu khién K, K; va K, nhu
b diéu khién thich nghi APID. Qua déy, nhom da cho thiy dugc thé manh cia b diéu khién thich nghi
APID so véi bd di€u khién PID truyén thong khi ap dung cho cac truong hop diéu khién phuc tap.
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5. Két luan

Trong bai bao nay, mot bd didu khién thich nghi duogc thiét ké dé t6i wu hoa hiéu sudt diéu khién vi
tri ctia robot dong vat bon chan. Bo diéu khién duoc phat trién dua trén ciu tric PID thong thuong. Cac
hé sb hoc phtt hop dugc thém vao dé cai thién tinh bén viing cho hé thong, dong thoi dem lai do chinh
X4&C cao trong qua trinh 1am viéc phirc tap. Cac thi nghiém so sanh chuyén siu da duoc tién hanh trong
mdi truong mod phong dé danh gia hiéu qua lam viéc ciia bo didu khién thich nghi APID nay. Céc két
qua dat dugc cho thﬁy rﬁng b6 diéu khién duoc dé xuét co d6 chinh xac cao, linh hoat, va bén viing hon

cac bo diéu khién PID truyén thong.

L1 cam on
Nghién ciru nay dugc tai trg boi Quy Phat trién khoa hoc va cong nghé Qudc gia (NAFOSTED)
trong dé tai ma s6 107.01-2020.10.
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