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TOM TAT

Bai bdo nay tong quan vé cdc phwong phdp diéu khién cho hé thong truyén dong khi nén, tdp
trung vao iing dung trong co dién tir. Bai bdo phén tich ba loai phirong phdp diéu khién chinh: diéu
khién cé dién (PID), diéu khién hién dai (LOR, MPC), va diéu khién théng minh (Fuzzy, ANN, va
cdc phwong phdp lai). Moi phicong phdp dwoe danh gic wu diém, nhuwoe diém va pham vi img dung.
Bai bdo ciing dé cdp dén cdc img dung trong robot cong nghiép, robot mém, truyén dong chinh xdc,
va khung xwong tro luc. Bai bdo nhan manh sw can thiét cia viéc tich hop cam bién, hoc mdy va
cong nghé song sinh sé vao thiét ké diéu khién twong lai cho hé thong truyén dong khi nén dé t6i uu

hoa hiéu qua va mo rong kha nang ung dung.
Tir khéa: Truyén dong khi nén; Robot cong nghiép.
ABSTRACT

This study presents a review of control methodologies employed in pneumatic actuation
systems, with an emphasis on mechatronic applications. Three primary control paradigms are
examined: classical control (predominantly PID), modern control (including LOR and MPC), and
intelligent control (fuzzy logic, artificial neural networks, and hybrid schemes). The strengths,
weaknesses, and suitability of each approach are evaluated. The study further considers applications
within industrial robotics, soft robotics, precision motion control, and powered exoskeletons.
The necessity of integrating sensor technologies, machine learning capabilities, and digital twin
modelling into future pneumatic drive system control designs is underscored to achieve optimal

performance and expand the range of practical applications.
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1. PAT VAN PE

Trong nhiing ndm gan day, cac hé thong
truyén dong sir dung co cdu chap hanh khi nén
(pneumatic actuators) ngay cang dugc ung
dung rong rai trong cac linh vuc cong nghi¢p
va robot nhd uu diém vé ciu trac don gian,
trong lugng nhe, chi phi thép va kha nang hoat
dong trong moi truong khic nghiét [1, 2]. Tuy
nhién, dac tinh phi tuyén manh, do nén cua khi
va cac hiéu ung tré dong luc khién viéc thiét
ké bo dicu khién cho cic hé thong truyén dong
khi nén tré nén dac biét phuc tap [3]. Cu thé,
tinh phi tuyén nay bt ngudn tir mot sé yéu t6
chinh: (1) Lwc ma sat cao: Ma sat trong cac
thanh phan co khi ctia hé théng khi nén co thé
anh huong dang ké dén d6 chinh xac va hiéu
suat cua hé théng; (2) Kha ning nén cua khong
khi: Tinh chat nén ctia khong khi dan dén dong
luc hoc hé théng phirc tap va kho du doan; va
(3) Vung chét (dead band): Su ton tai ving chét
trong van diéu khién lam giam do chinh xac
va do nhay cta hé théng. Do nhiing tinh chét
phi tuyén nay, viéc st dung cac bo diéu khién
thong thuong nhu PID don gidn thuong khong
mang lai hiéu qua cao.

Nhiéu phuong phap diéu khién khac
nhau da dugc nghién cuu dé cai thién do chinh
xac va dg tin cdy cua cac co cAu chép hanh khi
nén, bao gdm diéu khién PID mé rong [4], diéu
khién thich nghi [5], diéu khién md va mang
no-ron nhan tao [6], cling nhu diéu khién t6i
uu nhu LQR va MPC [7]. Tuy nhién, khong c6
mot giai phap diéu khién duy nhét nao c6 thé
ap dung hiéu qua cho tat ca cac loai tai va diéu
kién van hanh khac nhau. Do d6, viéc téng hop
va danh gia cac phuong phap diéu khién hién
c6 dong vai tro quan trong trong vi¢e xac dinh
xu hudng nghién ctru va ing dung trong tuong
lai.
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Control Valve
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Hinh 1. So' do hé thong diéu khién khi nén [5]

Muc tiéu cua bai bdo nay la trinh bay
mot cai nhin téng quan toan dién vé cac phuong
phap thiét ké bo diéu khién cho hé thong truyén
dong bang co ciu chp hanh khi nén, phan tich
vu nhuoce diém cua ting phuong phap, dong
thoi dé xuét cac hudng nghién ciru tiém ning
nham nang cao hiéu qua diéu khién va kha
ning Gng dung thuc té.

2. TONG QUAN VA PANH GIA PHUONG
PHAP PIEU KHIEN

2.1. Diéu khién co dién

Phuong phap pho bién nhit 1a PID nho
céu trac don gian, trién khai dé dang trong cong
nghiép. Tuy nhién, dbi v6i hé thong khi nén
v6i tinh phi tuyén va tré thoi gian, PID truyén
thong khong dam bao hi¢u qua diéu khién [1].
Céc bién thé nhu PID thich nghi hay PID theo
mo hinh giup cai thién kha niang bu phi tuyén

[2].
2.2. Piéu khién hién dai

Céc phuong phap nhu LQR va MPC
t6i wu hanh vi hé thong theo ham chi phi. LQR
mang lai dap trng nhanh nhung phu thudéc mo
hinh chinh x4c. MPC linh hoat hon nhung tinh
toan phuc tap [3], [4]. Cac phuong phép thich
nghi nhu MRAC hay Adaptive Backstepping
6 thé tu bd sung su thay ddi tham sb, bu phi
tuyén [5].
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2.3. Piéu khién thong minh

Phuong phap nhu mo (Fuzzy) va mang
no-ron (ANN) gitp xir 1y hé thdng phi tuyén
khong can mé hinh. Cac phuong phap lai nhu
PID-Fuzzy, ANN-PID két hop wu diém cac loai

diéu khién [6], [7].
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Hinh 2. Cdu triic diéu khién MN-PID [5]

2.4. So sanh cac phuwong phap véi nhau

3. UNG DUNG TRONG CO KHi VA CO
PIEN TU

3.1. Robot cong nghiép, cobots

Dung trong tay gap, truc truyén dong,
thiét bi thao tac san pham. Céac bo diéu khién
thich nghi gitip tdng do an toan khi robot lam
viéc cung nguoi [1].

3.2. Robot mém, thiét bi y sinh

Co trac d& bién dang, dung trong phuc
hdi chirc ning, thao tac vat dé v&. Piéu khién
fuzzy, MPC, hay ANN gitip ting hiéu suat [2],
[3].

3.3. Truyén dong chinh xic

Trong CNC, méay déng géi, thiét bi ga,
céc bo PID nang cao hodc LQR gilip can bang
d6 chinh xéac va téc do [4].

3.4. Khung xwong tr¢ luc, tay gia

Dung cua khi nén dé ho trg van dong,
cac bo dieu khién di€u chinh theo phan hoi sinh
hoc giup tao cam giac ty nhién va an toan hon

4. KET LUAN VA PINH HUONG NGHIEN

Bai bao nay di téng quan vé cac thiét
ké bo diéu khién duogc sir dung pho bién cho
hé thong truyén dong khi nén, tap trung vao ba
loai chinh: PID, SMC va Adaptive Control. Cac
hé théng nay, mdc du c6 chi phi thép va dé bao
tri, lai gap kho khin do tinh phi tuyén vén co,
bao gdm ma st cao, d6 nén cua khong khi va
hién tugng ving chét. Bai bao da tong hop cac
phuong phéap diéu khién duoc ap dung trong hé

Phlr(,mg Uu diém | Nhuwgc diém Ung
phap j dung
PID | DU gem o m
X khai, tinh . ;
truyén todn don truong phi Cao
thong . tuyén
gian
PID thich Cli‘}lnﬂtlzn Kho thiét 1ap | Trung
nghi thay déi tham s6 binh [5].
LQR On dinh, | Can mé hinh Trung
nhanh chinh xac binh .
Xt ly ra Tinh toa cuu
MPC |\ petbt | g | TP
: ang
Thich BuAp i ]?e milt on Trung
nohi tuyén tu dinh néu sai binh
& dong mo hinh
Fuzzy/ | Khong can Ylelll giulglll:n Trung
ANN | mé hinh yem ! binh
giai thich
. Kéthop | Thiét ké phirc | Trung-
Lai 2
uu diem tap Cao
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thdng truyén dong sir dung co cdu chap hanh
khi nén, tir ¢ dién dén hién dai va thong minh.
M&i phuong phap déu c6 nhimng thé manh va
han ché riéng, tuy thudc vao déc tinh tai, do phi
tuyén va muc tiéu diéu khién.

Trong tuong lai, cac hudng nghién ctu
tiém nang bao gom:

+ Phat trién céc thuat toan diéu khién
thich nghi thong minh lai dé xu ly hi¢u qua
trong moi truong bién dong.

+ Tang cudng tich hop cam bién va hoc
may dé du doan va diéu chinh hanh vi hé thong
theo thoi gian thuc.

+ Ung dung cong nghé song sinh s
(digital twin) cho mo6 phong va di€u chinh diéu
khién to1 uu.

+ Tbi wu hoa chi phi tinh toan cho cac
bd dieu khien MPC va hoc sau nham tng dung
trong h¢ thong nhung thyc te.

Céc nghién ctru nay s& gbp phan nang
cao hiéu qua diéu khién, mo rong kha ning tng
dung cuia hé thong khi nén trong san xut thong
minh va y té tuong lai.+
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