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TOM TAT

Bai bdo trinh bay thiét ké va so sanh hai bg diéu khién PID va MRAC diéu khién lwc ddy cho
hé thong waterjet ding trong phu’o‘ng tién ciru ho khong nguoi ldi (USVs). Ham truyén dwoc xdc
dinh thuc nghzem lam co so thiét ké. Két qua cho thdy PID don gian nhuwng bi anh hwong boi nhiéu
va thay d6i tham sé, trong khi MRAC cé kha ndng thich nghi tot hon.

Twr khéa: PID; MRAC; Thrust controller;, Waterjet propulsion.
ABSTRACT

This paper presents the design and comparison of two controllers - PID and MRAC - for
thrust control in a waterjet system used in unmanned surface vehicles (USVs) for rescue missions.
The system's transfer function is experimentally identified and used as the basis for controller
design. Results show that while PID is simple, it is sensitive to noise and parameter variations,

whereas MRAC demonstrates better adaptability.

Keywords: PID; MRAC, Thrust controller, Waterjet propulsion.

1. TONG QUAN

Pubi nude 1a mot trong nhitng nguyén
nhan giy chét nguoi hang dau. Theo nhu T
chirc Y té Thé giéi WHO, ti 1¢ tir vong do dubi
nudc chiém 7% tong sb ca tir vong trén toan thé
giéi nam 2011 [1]. Tai Viét Nam, tinh hinh dudi
nude dang & muc bao dong. Theo nhu thong ké
ctia BO Y té ndm 2022, c¢6 gan 2000 ca tir vong

do dudi nudc ¢ tré em dudi 16 tudi [2]. Trong
bdi canh do, viée ctru nguoi la nhiém vu quan
trong va phu thudc rat 16n vao thoi gian ctru nan.

Céac phuong phdp ctru ngudi nhu boi
hay dung thuyén, thudng gip nhiéu han ché
do cham tiép can nan nhan va bi anh hudng
boi thoi tiét. Dé khic phuc, nhiéu nghién ctru
tap trung vao phat trién céc thiét bi ctru nguoi,
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trong do6 c6 cac phuong tién khong nguoi lai
(USVs) dugc thiet ké riéng dé thyc hién nhi€ém
vu ctru ho 3], [4].

Hé thong day nude (waterjet propulsion)
da tro thanh mdét lya chon 1y tudng cho cac
USVs ctru ho. So v6i cac hé théng canh quat
(propeller), waterjet mang lai nhiéu uu diém
nhd vao kha ning co dong tdt trong ving nudce
néng, nhiu vat can [5]. Diéu nay gitp tiép cin
nan nhan nhanh hon va hiéu qua trong céc tinh
hudng khan cip.

Hién nay c6 nhiéu nghién ctru vé hé
thdng waterjet, chii yéu tap trung vao tdi wu
bién dang dé tang hiéu sudt hoat dong va tdi
vu thuét toan diéu khién [6], [7], [8], [9] Tuy
nhién chua c6 nhiéu tai liéu nghién ctru vé didu
khién lyc ddy ctia hé thong waterjet. Day 1a bai
to4n quan trong vi diéu khién lyc ddy ¢ anh
huong t6i viée didu khién van toc va hudng di
cua con tau [10].

Do dd, muc ti€éu nghién ctu cua bai
b4o nay 1a thiét ké bo diéu khién lyc dy cho
hé thdng waterjet, cu thé s& thiét ké va thuc
nghiém bo diéu khién PID, dong thoi s& kiém
chtng tinh kha thi cua bo diéu khién MRAC
bang mo phong.

2. PHUONG AN

1) Tong quan vé hé théng
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Hinh 1. Céu tric mach cia hé théng waterjet

Hinh 1 mé ta tong quan hé théng do
luc day cua waterjet. Trong hé thong nay, nudc
dugc hut vao bén trong waterjet va sau do
phun ra phia sau v6i van tdc cao. Phan luc tir
dong nudc nay tao luc diy 1én than tau, gitp
tau di chuyén vé phia truéc. Pong thoi, luc
day nay tac dong 1én may do luc dugc dat phia
trude, cho phép do ludng chinh xac luc day do
waterjet tao ra.

2) Phwong phap

Nghién ciru nay sir dung by PID nham
kiém soat luc diy trong qua trinh van hanh.
Qua trinh thiét ké PID chi yéu cau ba tham sb
co ban: P, I, D gitip viéc thiét ké dé dang, tiét
kiém thoi gian va ngudn lyc cling nhu dé dang
ap dung cho nhiéu loai hé théng [11].

B diéu khién thich nghi theo mo hinh
tham chiéu (MRAC) ciing dugc sir dung do phu
hop voi cac hé phi tuyén nho kha ning diéu
chinh cac tham sé diéu khién dé phu hop véi
moi truong hoat dong theo thoi gian thuc [12].

Nghién ctru nay s€¢ st dung mo hinh
tham chiéu duoc suy ra tir thuc nghiém PID
thay vi t6i uru tir ban ddu nham giam do kho bai
nghién ctru, giup don gian hoa quy trinh thiét
ké va tao duoc co so dé so sanh cong bang giita
PID va MRAC.

3. THIET KE BQ PIEU KHIEN
1) B diéu khién PID

Dé danh gia thiét ké, 1y yéu cau bo diéu
khién PID: OS < 10%, t < 5s,vae <5%. Ham
truyén ctia hé thong waterjet duoc tim ra bang
data thuc nghiém v6i input 1a 100PWM, output
1a lyc ddy va dong thoi st dung 1énh System
Identification trong Matlab. Dudi day la ham
truyén cta hé thong:
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Q(s)
(s) = G
0.0003268

(1

- 52 + 0.08204s + 0.003911

Vé6i: Q(s) — Luc day cua waterjet; U(s)
— Xung (PWM) cap vao driver.

Heé s6 PID sau khi tunning, sir dung PID
tunner trong Matlab:

Bdng 1. Hé 56 [

K, 12.5
Settling time 2.01s
Overshoot 0%

Steady state error 0.001%

Step response of the waterjet propulsion

-

Amplitude

Time (seconds)

Hinh 2. Bé thi mé phéng dap ieng ciia bo
diéu khién

2) B diéu khién MRAC

B diéu khién MRAC giup hé waterjet
bam sat dau ra tham chiéu mong mubn trong
diéu kién c6 nhidu hodc bién dong tham sb.
Bo MRAC lidy mé hinh tham chiéu 1y tudng
(Model Reference) va cac luat thich nghi
(Adaptive law) dé diéu chinh lién tuc tham sb

dicu khién, giam thiéu sai so0 gitra h¢ thong thuc
té va mo hinh tham chiéu.

* Mo hinh tham chiéu (reference model)

Mo hinh dong luc hoc tham chiéu duoc
suy ra tu (1):

Zyep + 0.08204%,,5 + 0.00391 1%,
= 0.0003268u )

Voi: ref ref va xref Gia toc
van toc, va chuyén Vl ctia khéi nude trong
waterjet m - Hé sb quan tinh tham chleu,

— Hé sb can tham chiéu; k — Hé so dd
cung tham chiéu; va f .— HE so glu’a tin hi¢u
PWM va lyc day.

* Mo hinh thye té (actual model)

M6 hinh hé théng thuc té co dang dong
luc hoc:

(mref + 'rdm):‘c' + (Cref
+ rdm)x 3)
+(kyes + rdm)x = u

Véi: X — Gia toc cua luc déy thuc té; x
— Van toc cua luc day thuc t€; x — Luc day thuc
té; rdm — Bién s6 ngau nhién (-1, +1).

Sai s6 giita hé thong thuc té va mé hinh
tham chiéu:

e =X- xref (4)
e=x— xref (5)

V6i: e, € — Sai s0 va dao ham sai so.
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* Bé mit truot
Bé mait truot dugc dinh nghia:
s=¢e+ Ae (6)

* Luat diéu khién

Luat diéu khién MRAC duoc thiét ké
dé giam thiéu sai s6 e va bé mat truot s, dam
bao dau ra hé thong thyuc té bam theo mo hinh
tham chiéu:

fﬁ = _]"mSﬁref (7)
é - _]‘,csxref ()
E - _]‘rksxref 9)

Véi: M- Ude luong khdi lugng quan

;‘ o
tinh; € — Luc can udc luong; k- Do cing udce
luong; vay , v, v,— Cac h¢ s6 twong Gng vai
m, ¢, va k.

* Phuwong trinh tin hi¢u diéu khién
u(t) = [, (t) — 22(1) — A2e ()] (10)
S+Cilyper (1) + kxpor (£) (11)
4. KET QUA
1) Thye nghiém bj diéu khién PID

Thyc nghiém bo didu khién PID dugc

thuc hién & trén hd boi di dong vaéi kich thude
4 x2 x 1 (m).

Hinh 3. Thuc nghiém do luc dcfy cua hé théng
waterjet

Waterjet duoc sir dung duong kinh dau
phun (Nozzle) 30mm, dong co DC 775 cong
suat 0.15kW, téc do dinh danh 12000RPM.
bong co dat gén tdc d6 dinh danh va luc dﬁy t6i
da x4p xi 78N. Do dé, nghién ciru nay sé thuc
nghiém véi ba murc luc 40N, 50N va 60N, moi
muc 25s, nghi 5' dé mat nudce 6n dinh trude khi
tiép tuc. Bang 2 va Hinh 4 mé ta mdi quan hé
giira luc day va thoi gian trong thyc nghiém.

Bdng 2. Pap img hé thong PID cho cdc mirc lyc

day khac nhau
40N | 50N | 60N
Settling time, s 146 | 3.11 | 3.46
Overshoot, % 5 9 9.17
Steady-State Error, % 0.1 2 0.83

- Thrust Control of Watsrjet Propulsion

RTINS A

5 L 5 2 25
Time (s)

Hinh 4. P6 thi PID giita lwc ddy va thoi gian
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B9 PID chi st dung h¢ ) K, dé han ché
vot 16 trong 1y thuyét nhung thyc nghiém van
ghi nhén vot 16 & mirc tir 8.75% dén 9.17% do
c6 song doi lai, tac dong vao may do luc. Du
vay, PID van dap tng t6t cac muc tiéu thiét ké,
v6i thoi gian 6n dinh dudi 5s, do vot 16 dudi

10%, va sai sb trang thai on dinh nho hon 5%.
2) M6 phéng b diéu khién MRAC

Tuy PID hiéu qua trong diéu kién méi
truong 6n dinh nhung han ché khi dong hoc hé
thdng hodc didu kién moi trudng thay doi. Do
d6, phuong phép diéu khién MRAC duoc dé
xudt nho kha nang tu diéu chinh tham s dé
bam sat tham chiéu va thich nghi tot hon trong
cac diéu kién thay doi. Bang 3 mé ta dap Gmg va
dd thi mé phong cua MRAC véi mic luc 60N
va duoc mo phong véi 3 murc nhiéu: 10%, 30%,
50%.

MRAC Thrust Tracking with Difersnt Noise Lewls

e, e o, ot B il )

Thrust (W)

-]
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— i 1
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Hinh 5. D6 thi MRAC giita luc ddy va thoi gian
véi mike nhiéu 10%, 30%, 50%

Efror between Reference and Actual Thrust at Diflerent Noise Levels
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Hinh 6. D6 thi sai s6 ciia lyc day giita mé hinh
tham chiéu va mo hinh thuc te

Bdng 3. Pdp g hé thong MRAC cho cdc mirc lic

day khdc nhau
Noise 10% 30% 50%
Settling time, s 125.62 | 150.44 | 270.92
Overshoot, % 4.68 1.64 2.46
Steady-So;ate Error, 12 0.83 159
o

MRAC bam sat tham chiéu (Model
Reference) rat tot, v6i sai s6 on dinh xdp xi
1.6% va d6 vot 16 nho, dao dong tir 1.64%
dén 4.68% so véi PID & cac truong hop nhidu
10%,30% va 50%. Tuy nhién, thoi gian 6n dinh
ctia MRAC lai rat 1au (~270s) so véi PID (1-
3s), didu niy cho thdy mo hinh tham chiéu dugc
thié,t ké chua phu hop. Cg’lc tham s6 m_.c..k
khién tin hiéu tham chiéu dap ung cham, anh
huong téi hé théng. Do d6 can phai tdi vu mod
hinh tham chiéu dé t6i wu hoa viéc thich nghi
theo muc luc day dé rat ngén thoi gian dap ung
va nang cao hiéu suét toan hé thong.

5. KET LUAN

Bai nghién ctru nay dé xuit phuong

phap st dung bd PID dé diéu khién luc ddy cho ¥
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hé waterjet, dong thoi kiém chimg bd MRAC
qua md phong.

Bo diéu khién PID dat duoc cac muc tiéu
da dé ra nhung bi nhidu do song va vao thanh bé
va doi lai trong lac thyc nghiém. Vi vy, can sur
dung bé boi triét song dé giam nhidu.

Bo diéu khién MRAC cho thay kha
ning bam md hinh tham chiéu tot voi cac sai
s6 thap. Tuy nhién, thoi gian x4c 1ap rat 1au do
chua tdi wu duge md hinh tham chiéu. Vi vay,
nghién ctru tiép theo s& tap trung t6i ru mo hinh
tham chiéu va thuc nghiém bo MRAC dé danh
gi4 hiéu qua thyc té.
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