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TOM TAT

B0 truyén dong co nhan tao khi nén (PAM) 1a mét loai bo truyén dong mo phong sinh
hoc, dang duoc sir dung rong rai trong tng dung robot mé phong sinh hoc va cac thiét bi
phu trg y t&. Tuy nhién, cac hé théng PAM thuong c6 d6 phi tuyén tinh cao, d6 khong dam
bao va cic dic tinh thay doi theo thoi gian, ddc biét 1a anh hudng cua khoi luong tai. Dé
danh gia sy anh hudng cia tai trong trong viéc diéu khién vi tri co nhén tao khi nén, trong
bai bao nay, vi tri PAM duoc diéu khién bai bo didu khién vi tich phén ti 18 (PID) trong
nhiéu truong hop tai trong khac nhau. Két qua cho thay sai sé trung binh binh phuong
(RMSE) ¢6 xu huéng ting dan tir 2.2 mm dén 4.8 mm, khi vi tri d4t khac nhau tai 10 mm
va 30 mm véi cung khdi luong tai 1a 20 kg. Bén canh do, két qua thyc nghiém tai vi tri
dat 10 mm va thay d6i 1an luot khoi lugng tai 1a 10kg va 25 kg cho thdy hé s& 6n dinh hon
khi tai trong tang.

Tir khéa: Co nhan tao, bo diéu khién PID c6 dién, thiét bi truyén dong thong minh,
khi nén, hai vong diéu khién

ABSTRACT

Pneumatic artificial muscles (PAMs) are a type of biomimicry actuators, which are
being widely used in the application of bio-simulation robots and medical auxiliary devices.
However, PAM systems often have high non-linearity, uncertainty, and characteristics
that change over time, especially the effect of load volume. To assess the effect of load
on pneumatic artificial mechanical position control, in this paper, the PAM position is
controlled by a proportional-integral-derivative controller (PID) in various load cases.
The results showed that the root mean squared error (RMSE) tended to gradually increase
from 2.2 mm to 4.8 mm when the placement was different at 10 mm and 30 mm with the
same load volume of 20 kg. In addition, the experimental results at the 10 mm placement
and the change in load mass of 10 kg and 25 kg respectively show that the system will be
more stable as the load increases.

Keywords: artificial muscle, classic PID controller, transmission equipment

1. GIOI THIEU yéu cau hon veé hiéu suét tir cic bo truyén

V6i sy phat trién nhanh chong cia dong va hé thong co dién tir khac nhau
cong nghé ché tao robot, nd mang lai nhiéu  [1]-[3]. La mét thiét bi truyén dong phong
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sinh hoc mdi, co nhan tao khi nén (PAM)
bao gdm mot dng cao su hinh try dugc bao
quanh bén ngoai boi mét 16p soi va hai dau
cua PAM duoc bit kin béng nut kim loai.
Khi khi nén dugc bom vao bong cao su bén
trong PAM, “’co™ s€ ngén lai va tao ra luc
co doc truc; khi giam ap suét, no sé gian ra
va trd lai chidu dai ban dau [4], [5]. Do do,
PAM chi ¢6 thé cung cdp luc co mot chidu
va chiéu dai cua no s& khong bao gio vuot
qua chiéu dai ban du khi né hoat dong. So
v6i cac bo truyén dong truyén thong (vi du:
dong co va bo truyén dong thuy luc), PAM
gidng véi cac co sinh hoc vé hinh dang va
hanh vi. Do d6, PAM dang dugc coi la mot
loai thiét bi truyén dong véi nhiéu vu diém
nhu: an toan, sach s¢€, trong lugng nhe, ty 1€
luc/khdi luong cao, v.v. [6]. Tt nhitng nam
1950, PAM lan dau tién duoc ap dung cho
thiét bi chinh hinh y té boi nha vat 1y J. L.
McKibben. Ngay nay, PAM, con dugc goi
la co McKibben, né ngay cang dong vai tro
quan trong hon trong nhiéu linh vuc [7],
ddc biét la trong cac tng dung cua robot
phong sinh hoc, bd xuong ngoai va robot
phuc hdi chite nang. Tuy nhién, do ciu tric
hinh hoc phtrc tap cta 16p sgi bén, do dan
hoi ciia bong cao su, kha ning nén khong
khi cao, ma sat nhét, v.v., hé théng PAM
thuong chiu tac dong cta do phi tuyén cao
(vi du: do tré va do rdo), su khong chic
chin, va dic diém thay doi theo thoi gian.
Do d6, day 1a mot chu dé nghién ciu day
trién vong va day thach thiric dé co duoc
cac mo hinh dong luc chinh xéc ctia cac hé
théng PAM ciing nhu thiét ké cac bo diéu
khién kiém soat.

Pé dat duoc cac muc tiéu diéu khién
on dinh vi tri, mot s6 phuong phéap diéu
khién duoc trinh bay [8]. B diéu khién
dao ham-tich phan-ty 1& (PID) va mot sb
bo diéu khién PID mé rong thuong dugc
ap dung cho cac hé thong PAM [9]. Mic
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du cac phuong phap PID dugc sira d6i nay
tang cuong tinh manh mé cua phuong phap
PID thong thuong & mot muc dd nao do,
nhung hi¢u suit kiém soat cua chung c6
thé bi han ché trong mot s6 trudng hop do
céc hé théng PAM thuong c¢6 do phi tuyén
tinh cao, do khong dam bao va cac dac tinh
thay dbi theo thoi gian. Do d6, mot sé so
dd diéu khién dua trén mo hinh toan hoc
duoc dé xuat [10]. Mic du di co6 rat nhidu
nd lyc ¢ ¥ nghia, nhung d6i voi cac hé
thong PAM van con ton tai nhicu van dé
can nghién ctru. Trong d6 ¢ sy anh hudng
clia tai trong trong qué trinh diéu khién vi
tri PAM. Dé 1am rd van dé nay, bai bao dé
xuat phuong phap diéu PID kinh dién, dé
dang ap dung vao viéc diéu khién cac hé
thong khong yéu cau qua khit khe vé vot
16 va thoi gian qué do. Pau tién tién hanh
thuc nghiém cung mdt tai trong vdi cac vi
tri dat khac nhau. Sau d6 thuc hi¢n thay
ddi cac murc tai khac nhau tai cung mot vi
tri dat. Phan con lai cta bai bo nay dugc
t6 chirc nhu sau. Phan 2 trinh bay phuong
phap nghién ctru, két qua va thao luan. Két
luén dugc trinh bay trong phan thi 3.

2. NOI DUNG
2.1. Phuong phap nghién ciru
2.1.1. Thiét bi thwe nghiém

Viée thue nghiém dugc tién hanh trén
PAM cua hang FESTO (loai MAS-20-
200N), ¢6 duong kinh 20 mm va chiéu dai
200 mm khi ¢ trang thai ban dau. Thuc
nghiém cho thay PAM dich chuyén 37 mm
& 4p sudt 6 bar véi tai trong 20 kg. D6 dich
chuyén duoc do bang cam bién khoang cach
KTC cua hang Accuracy™ c6 khoang do tir
0-100 mm va 4p suat bén trong PAM duoc
do bang cam bién ap suit SR13002A c6
day do tir 0-10 bar cua hang Georgin. Khi
nén dugc cung cap thong qua van ti 1 diéu
huéng 5/3 (FESTO loai MPYE-5-1/8-HF-
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101B). Tt ca dit liéu I/O déu duoc nhap va
xudt boi bg vi diéu khién C2000 cta hing
Texas Instruments (loai TMS320F28379D
LaunchPAD), dugc nhing vao may tinh
thoi gian thyc. Cac thuat toan diéu khién
va do luong dugc thuc hién dua trén phﬁn
mém MATLAB/Simulink. Tat ca dir liéu
1/0 duoc truyén boi bo vi diéu khién Texas
Instruments C2000 (loai TMS320F28379D
LaunchPAD). Dé thu duoc cac két qua
trinh bay trong nghién ctru, mé hinh thuc
nghiém dugc trién khai theo ciu tric &
hinh 1a va mé hinh thuc nghiém dugc thiét
lap ¢ hinh 1b.

Tin hiéu DAC

. Van khi nér .a
Air | seohuomgt te s b 4 suts tin_ hiéu ADC
[ ]

T1 C2000
TMS320F28379
L

Computer

MATLABISimuIink}

Tin hiéu ADC

Hinh 1b. Mé hinh thu'c nghiém
2.1.2. B) diéu khién

Céu tric bd diéu khién cua hé thong
duoc trinh bay trong hinh 2, véi hai vong
diéu khién. Trong do, vong di¢u khién
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bén trong st dung bd diéu khién PI cho
viéc kiém soat ap suat, diéu nay dam bao
cho viéc kiém sodat vi tri PAM be"mg bo
diéu khién PID & vong diéu khién bén
ngoai.

PID

P Y
Diéukidn |9 Kiémsodtdp | Va}ndlgu’ PAM
o = Inéng ti 18
Vit suat
Cam bidn |

apsudt |
Cam bién | o
dogéc |

Vitricin
didu khidn

Hinh 2. Cdu tric Bé diéu khién PID-PI

Str dung phuong phap chinh dinh dya

trén dap Urng ctua h¢ nhu sau:
- DatKi=Kd =0. Tang Kp dén khi h¢

thong dao dong tuan hoan.

- bat thoi ,gian tich phén, Ti bang chu
ky dao dong dé xac dinh h¢ so Ki

- Piéu chinh lai gia tri Kp cho phu hop.

- Néu c6 dao dong thi diéu chinh gia
tri Kd.

B diéu khién PI: B diéu khién ti
1¢ P 1a du cho viéc kiém sodt h¢ bac nhat
nhu 4p suat. Tuy nhién ap suat trong PAM
khong chi phu thudc vao tinh phi tuyén ctia
Iuu lwong khi di qua van diéu huéng ma con
phu thudc vao sy thay doi thé tich, nhiét do
khong khi va su ro ri khong khi qua van. Do
do, thanh phén I duoc thém vao dé loai bo
céc trang thai khong on dinh. Thong sb cia
b6 diéu khién PI duoc xéac dinh 1an luot, Kp
la 1.45 va Ki la 3.87. Bo diéu khién PI cho
viée kiém soat 4p suat duoc gitr khong ddi
trong tat ca cac thuc nghiém ctia nghién ciru.

B diéu khién PID: Bo diéu khién
PID ¢ vong ngoai dugc xay dung cho muc
dich kiém soat vi tri PAM thong qua pham
mém MATLAB/simulink. Véi cdc hé sb
Kp, Ki, Kd tim dugc tir phwong phép chinh
dinh dwa vao dép tng cua hé thong 1an luot
1a 0.2, 1, 0.01.
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2.2. Két qua va thio luin & céc vi tri dat khac nhau ctia bo diéu khién
Sai s xéic lap 2% duoc sit dung lam  F1D €0 dién d6i véi PAM la kha thi. RMSE
tiéu chudn danh gia cac két qua vé do vot lan luot 1? 22 mm va 4.8 mm t:"ll V} tr da}
16 POT va thoi gian qua do trong nghién %0 mm va 30 mm. TI;OHgAl?hl' do,, do vot 19
ctru. Thir nghiém thér nhat duoc trién khai ¢ trj tri 10 mm cao gdp d6i vi tri 30 mm la
e L. . 2.8% va 1.2%. Thoi gian qua do déu vao
véi cung tai trong 20 kg, két qua dugc trinh =77 o :
bay ¢ hinh 3 cho thay kha nang kiém soat khoang 4 gidy.
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Hinh 3. Ddp ting cua hé tai vi tri ddt 10 mm va 30 mm vdi tdi trong 20 kg
tiéu chuan sai sé xac 1ap & 2%, gan nhu
khong c6 vot 16 & ca 3 truong hop. Tir do,
thoi gian xac 1ap dugc xac dinh lan luot
1a 2.3 gidy, 2.6 gidy va 2.7 gidy. Diéu nay
cho thdy véi tai trong ning hon thi thoi

Thr nghiém ther hai dugc trién khai
voi cung vi tri dat1a 15 mm va khdi luong
tai thay d6i lan luot 1a 15 kg, 20 kg va
25 kg. DO thi tai hinh 4 cho thay bo dicu
khién PID van té ra hiéu qua véi RMSE

lan lwot 12 2.9 mm, 3 mm va 3.2 mm. V&1 gian xac 16n hon.
m = 15 k; m =20 k m = 25 k;
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Hinh 4. Ddp ting ctia hé vai cdc tdi trong khdc nhau
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3. KET LUAN

Trong nghién ctru nay, bo diéu khién
PID kinh dién duoc sir dung cho viéc diéu
khién vi tri PAM véi cac diéu kién vao
khac nhau. Két qua cho thay véi tai trong
cang l6n thi thoi gian x4c 1ap cang tang, tuy
nhién v6i chénh léch chi 0.4 gidy dbi voi
céc hé thong thuc té 14 ¢ thé chap nhan
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dugc va sai sd xac lap gan bang 0 ¢ tiéu
chuan 2%. Pap ting tir cac thir nghiém thay
d6i tai trong c6 thé thay rang khi sir dung
b6 diéu khién PID cho viéc diéu khién vi
tri PAM ¢ tai thap thi d6 vot 16 cao hon va
tai cang cao thi thoi gian xac 1ap cang cao,
tuy nhién bo diéu khién vén to ra hiéu qua
trong viéc kiém soat vi tri PAM.

TAI LIEU THAM KHAO:

[1] Y. Wang and X. Jing, “Nonlinear stiffness and dynamical response characteristics
of an asymmetric X-shaped structure,” Mech. Syst. Signal Process., vol. 125, pp.
142-169, Jun. 2019, doi: 10.1016/j.ymssp.2018.03.045.

[2] H. Dai, X. Jing, C. Sun, Y. Wang, and X. Yue, “Accurate modeling and analysis of
a bio-inspired isolation system: with application to on-orbit capture,” Mech. Syst.
Signal Process., vol. 109, pp. 111-133, Sep. 2018, doi: 10.1016/j.ymssp.2018.02.048.

[3] M. Al Janaideh and O. Aljanaideh, “Further results on open-loop compensation of
rate-dependent hysteresis in a magnetostrictive actuator with the Prandtl-Ishlinskii
model,” Mech. Syst. Signal Process., vol. 104, pp. 835-850, May 2018, doi: 10.1016/j.
ymssp.2017.09.004.

[4] M. D. Doumit and S. Pardoel, “Dynamic contraction behaviour of pneumatic artificial
muscle,” Mech. Syst. Signal Process., vol. 91, pp. 93—110, Jul. 2017, doi: 10.1016/j.
ymssp.2017.01.001.

[5] J. Sarosi, L. Biro, J. Nemeth, and L. Cveticanin, “Dynamic modeling of a pneumatic
muscle actuator with two-direction motion,” Mech. Mach. Theory, vol. 85, pp. 25—
34, Mar. 2015, doi: 10.1016/j.mechmachtheory.2014.11.006.

[6] A. Merola, D. Colacino, C. Cosentino, and F. Amato, “Model-based tracking control
design, implementation of embedded digital controller and testing of a biomechatronic
device for robotic rehabilitation,” Mechatronics, vol. 52, pp. 7077, Jun. 2018, doi:
10.1016/j.mechatronics.2018.04.006.

[7] H. Al-Fahaam, S. Nefti-Meziani, T. Theodoridis, and S. Davis, “The Design and
Mathematical Model of a Novel Variable Stiffness Extensor-Contractor Pneumatic
Artificial Muscle,” Soft Robot., vol. 5, no. 5, pp. 576-591, Oct. 2018, doi: 10.1089/
soro0.2018.0010.

[8] T.D.C.ThanhandK.K.Ahn, “Nonlinear PID control to improve the control performance
of 2 axes pneumatic artificial muscle manipulator using neural network,” Mechatronics,
vol. 16, no. 9, pp. 577-587, Nov. 2006, doi: 10.1016/j.mechatronics.2006.03.011.

[9] T. Wang, X. Chen, and W. Qin, “A novel adaptive control for reaching movements of
an anthropomorphic arm driven by pneumatic artificial muscles,” Appl. Soft Comput.,
vol. 83, p. 105623, Oct. 2019, doi: 10.1016/j.as0c.2019.105623.

[10] E. Arabi, T. Yucelen, B. C. Gruenwald, M. Fravolini, S. Balakrishnan, and N. T.
Nguyen, “A neuroadaptive architecture for model reference control of uncertain
dynamical systems with performance guarantees,” Syst. Control Lett., vol. 125, pp.
3744, Mar. 2019, doi: 10.1016/j.sysconle.2019.01.005.

14 TAP CHi KHOA HOG | +1ing:5202:




