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Piéu khién chdng rung cho co ciu vin chuyén chit 16ng sir dung phwong
phéap Hybrid Shape

Sloshing suppression control of rectangle liquid container transfer using
Hybrid Shape Approach

Pao Quy Thinh, Pinh Van Nam, Dwong Minh Dirc
Truong PHBK Ha Noi
e-Mail: thinh.daoguy@hust.edu.vn, dinhnambk@amail.com,

duc.duongminh@hust.edu.vn

Tém tit

Bai bao nay trinh bay phuong phap Hybrid Shape lam
giam rung dong trong qua trinh van chuyen chat long.
Trong phuong phap nay bo dleu khién duogc thiét ké
trong ca mién tin s6 va mién thoi gian. Ngoai viéc
giam rung dong ciia bé mat chét long thi b didu
khién van phai dam bao tdc d6 di chuyén nhanh va
dimg chinh xac theo yéu ciu cong nghé. Hé thong
duoc kiém nghiém béng md hinh thuc nghiém st
dung PLC cua hang Rockwell Automation.

Tir khéa: Chong rung, van chuyén chét long, diéu
khién t6i wu, diéu khién bén vimg, Hybrid Shape.

Abstract: This paper is concerned with the
advanced control of liquid container transfer, with
special consideration given to the suppression of
sloshing while maintaining a high speed of transfer
for the container, and accuracy of position. The
controller is design by the Hybrid Shape approach,
which  consider both time and frequency
characteristics. The effectiveness of the proposed
control system is shown through experiments using
Rockwell Automation PLC.

Keywords: Sloshing suppression, liquid container
transfer, optimization methods, robustness, Hybrid

Shape.
Ky hiéu

Ky hiéu Ponvi Y nghia

J ham muc tiéu

Gservo(S) ham truyén dat ctia dong co
AC servo

Km m/sV Hé s ty 1é dong co servo

Tm S Hing s6 thoi gian cia dong
CO servo

Gslosh(s) Ham tmyén dat cua rung dong

on rad/s Tén sb ty nhién cta dao dong

g m/s? Gia tdc trong truong

h m Chiéu cao muc chat long

a m Kich thudc day binh chat 1ong

Kp m/sV  H¢ s6 khuéch dai bo diéu
khién PID

T S Héng s6 thoi gian bd loc
thong thap

4 Heé $6 b0 loc Notch
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K B¢ diéu khién Hybrid Shape

K; Thanh phan tht i cia bg didu
khién Hybrid Shape

W, Ham phat tng véi tiéu chudn
thir i

Ik Nghiém cua ddc tinh tan sé bd
diéu khién Hybrid Shape

o Nghiém cua dic tinh tan sé hé
thong

u \Y! Tin hiéu dau ra ciia bo diéu
Khién

Os [%] Do qué diéu chinh

e [m] Sai 1éch tinh

Ts [s] Thoi gian xac 1ap

fmincon Cong cu giai bai toan tdi wu
fmincon ctia Matlab

Chir viet tat

PLC Programmable Logic Controller

SIMO Single Input — Multi Output

PID Proportional Intergral Derivation

IMC Internal Model Controller

1. Giéi thiéu

Trong cong nghé diic ty dong, thong thuong hé théng
khudn diic s& chay lién tuc va dimg & vi tri ¢6 dinh, tai
d6 co clu rot s& d6 day kim loai 1ong vao khuén, sau
d6 hé théng khuon lai tiép tuc chay. Tuy nhién nhu
véy thi ning sudt san xuat s& khong cao do cé thoi
gian nghi cua hé théng khudén dé dam bao viéc rot
chat 1ong vao khuén chinh xéc.

Dé ndng cao ning sudt san xuat,ta phai diéu khién sao
cho hé théng khuén s€ chay lién tuc, con hé¢ théng rot
s& chay dong toc véi hé thong khuon khi d6 kim loai
long, sau do s& tang toc toi vi tri tiép theo nhu hinh
H.1. Tuy nhién véi hé thong nhu vay, co ciu rot di
chuyén véi téc do rat cao giira hai lan rot s& gay ra
rung dong rat 16n trén bé mit kim loai 16ng, thim chi
chan ra ngoai lam tén hao kim loai, gay nguy hiém
cho ngudi va thiét bi. Do vay viée diéu khién dé vira
han ché viéc rung dong bé mat chét long khi di
chuyén, vira dam bao téc do di chuyén cao va bam vi
tri 1a v6 cung quan trong. Mt khac, sau mdi lan rot
mirc chat long trong co cau 1ot cling giam dan theo
thoi gian, din t6i tham s6 cta d6i tugng diéu khién
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thay d6i. Bo diéu khién dugc thiét ké phai dam bao

tinh bén viing véi su thay d6i nay.

Trén thé gi6i da c6 nhicu tic gia nghién ciu van dé

han ché rung dong néi chung va giam rung dong bé

mit chat 1ong cho co ciu van chuyén chat long n0|
riéng. Y.Noda [1] da st dung mét bo loc c6 hé s6
khuéch dai thay ddi tiy thudc vao vi tri cta co chu rot

trong qua trinh di chuyén ciia co ciu. K.Yano [2]

nghién ctru phuong phap Hybrid Shape dé chdng rung

cho co céu di chuyen chat long hinh try trong khong
gian. Bo diéu khién duoc thiét ké trong ca mién thoi
gian va mién tan s6 thong qua giai bai toan t6i wu
bang phuong phap don hinh Simplex. M. Grundelius

[5] nghién ctru cac phuong phap chong rung két hop

v6i viée giai cac bai toan tdi ‘uu nhu t6i uu thoi gian,

t6i wru nang lugng, ... Mot s6 phuong phap khac nhu

sir dung bd quan sat trugt [6], diéu khién theo md

hinh du béo [7], diéu khién phan hoi trang thai [8],

cling duoc 4p dung cho diéu khién giam rung dong

cho co céu di chuyén chét long.

Trong nudc ciing da c6 mot s6 tic gia nghién ctru cac

phuong phap chéng rung cho cic tmg dung trong

cong nghiép. Minh Duc Duong [9] dd s dung
phuong phap tao dang dién ap dau vao dé triét tiéu
dao dong.

Trong bai bao nay trinh bay phuong phap gidm dao

dong ciia bé mit chat long khi di chuyén bang phuong

phap Hybrid Shape, dic biét thiét bi diéu khién 1a

PLC mot thiét bi phd bién trong cong nghiép nham

tién t6i tmg dung phuong phap trong thuc té san xuat,

céc ndi dung cu thé nhu sau:

e S0 d0 cau trac mé hinh thyc nghiém va mé hinh
toan hoc cac ddi tugng trong mé hinh nhu mod
hinh rung dong, moé hinh dong co truc vit, s& dugc
trinh bay trong phan 2.

e Tinh toan thiét ké bo diéu khién theo phuong
phép Hybrid Shape. Pua ra cac diéu kién rang
budc va giai bai toan t6i wu dé tim cac thong sO
clia bo diéu khién s& duoc trinh bay trong phan 3

e Cudi cung cac két qua mo phong bang phan mém
Matlab/Simulink ciing nhu két qia cia md hinh
thuc nghiém s& duoc trinh bay trong phan 4.

Kim logi kong
Bimg tai
Khudae cy ~

Lo cim rot

N~ 1 ¢ -~

Khudn

H.1  Hé thong khuén diic

2. Xay dung mo hinh thwe nghiém
2.1 So dd nguyén ly.
So d6 nguyén ly cia m6 hinh thyc nghiém dugc trinh
bay nhu trong hinh H.2:
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Level sensor

Tank 0,1x0,1x0,1m
Encoder

Limit switch

Si
/ crew .

H

AC Servo Motor

% 1.0m

Servo PLC -
Driver r& 1769 LBZEﬁ PC

H.2  Sodo nguyén Iy mé hinh thiec nghiém

Céc thiét bi chinh trong mé hinh nhu sau:

e Binh chira chét long co kich thudc a x a x h 1a
0,1[m] x0,1[m] x O 1[m]

e  Binh chira chi di chuyén thang sir dung truc vit vo
tdn do dai 1 [m], duong kinh 0,03 [m], budc ren
0,01 [m/vong].

e Heé truyén dong dong co AC Servo R88D-UA cua
Omron.

e B0 diéu khién sur dung PLC cua Rockwell
Automation, CPU 1769 L32E.

Thiét bi do mirc chét long bang séng siéu am dugc
gan & canh binh chira (noi ¢6 rung dong 16n nhit) dé
giam sat rung dong cua chét long.
Do kim loai long c6 d6 nhét twong ty nudc, vi du do
nhét dong hoc cua kim loai 16ng ¢ 1350°K va 1400°K
twong tng 1a 1,365x10°[mPa.s] va 1,237x10°[mPa.s],
con do nhot dong hoc cua nuéc tai 293°K la
1,237x10°[mPa.s] [2], nén trong mo hinh nay ta si
dung nu6c thay cho kim loai long lam dbi twong
nghién ctru.

2.2 M hinh héa ddi twong

Ham truyén cua dong co AC servo 1a khau tich phan

quén tinh bac nhét c6 tré nhu cong thirc (1):

Guno(§)= ) = _En &
E@) s(T,s+1)

Trong d6: Ky, T 14n luot 12 hé s6 ty 18, hiang s6 thoi

gian cua dong co servo. Thong qua viéc nhin dang

bang dap ung budc nhay ta thu duoc K, = 0,025

[m/sV] va T, =0,022 [s].

Ham truyén cta rung dong cua bé mat chat long phu

thuoc vao gia téc dong co dugce biéu didn nhu cong

thie (2), 1a mot khau dao ddng bac 2 [4]:

n KIWnI

i 1 s?+ 2w,,z;s+ W

)

slosh (S) =

Trong do:

op: 12 thn s6 dao dong ty nhién cua ddi tuong

¢: 1a hé sb tat dan

K: 14 hé sé khuéch dai cua dao dong.
Va dé cho don gian, trong pham vi bai bao nay ta chi
xét t6i thanh phan bac 1 cua dao dong. Ddi véi binh
chtra hinh try, kich thudc day 1a a[m] x a[m], chiéu
cao cot nude 1a h[m], thi tin sb dao dong tw nhién bac
1 dugce xac dinh bdi cong thuce (3) [4]:

w, = %tanhh—p 3)
a a



V6i théng s6 binh chét 16ng trong md hinh a = 0,1[m],
h=0,1[m] vag=9,81[m/s?] tacé w, = 17,51 [rad/s].

3. Thiét ké bd diéu khién
3.1 Lua chon bd diéu khién
So db cau trac cua hé théng diéu khién cho co cu di
chuyén dugc trinh bay trong hinh H.1
Rung dong
chit long

Co clu truc
vit
Chuyén dong
tinh tién

Vi tri dat

Controller Rockwell
Automation

T 1769 L32E

H.3  Cdu tric ciia hé thong diéu khién

Déi tugng diéu khién ¢ day 1a hé SIMO, chi c¢6 1 dau
vao va 2 dau ra, do d6 véi céu trac diéu khién phan
hoi thong thuong chi c¢6 thé 6n dinh 1 trong 2 dau ra
la rung dong hodc vi tri. Dé giai quyét van dé trén
phuong phap Hybrid Shape [2] diéu khién vi tri bam
theo vi tri dat, déng thoi bd sung thém cac bo loc kem
cac diéu kién t6i wu dé giéi han do dao dong trong
pham vi cho phép ma khong can phai phan hdi d dao
dong cua chét 1ong.

Cu thé bo didu khién cia hé théng gdm cac thanh
phan nhu trong cong thirc (4):

3
K(s)= 4 K@) (4)

i=1
Trong d6 K 1 thanh phan diéu khién vi tri. Theo
cong thie (1) thi doi twong vi tri ¢6 chira thanh phan
tich phén nén K; dugc lua chon 1a bo diéu khién ty 1&.
Ki(s) = K, ©)
Dé loai bo thanh phan rung dong béc cao cting nhu
cac thanh phan nhiu bac cao khac, by dicu khien s&

dugc bo sung thém mot bo loc théng thap Ky(s)

K= T ©)

Thanh phan cubi cung Ks(s) cua by dleu khién 1a mot
b6 loc Notch c6 tin sb bang voi tan sé dao dong tu
nhién bac 1 cua rung dong bé mit chit long trong
cong thure (7):

Dong co
Servo

2 2
G(s) = S 2+ 2w, XS + V\;n %
S°+ W XS+ W,
Nhu vay, ham truyén cua bo didu khién dugc biéu
dién nhur cong thl'rc (8).
k()= K, (s%+ 2xw, s+ w?) ®
- 1 (T,s+ D(s*+ w, s+ W2)
Trong d6 cac hé sb Kp, T, 1a cac thong sb can Xxac
dinh. Va nhu d dé cap & phan trén, hai tham s6 nay
s& duogc xac dinh thong qua giai bai toan tdi uu cac
diéu kién rang budc
3.2 Tinh toan bj diéu khién
3.2.1. Cac diéu kién rang bugc
Trong phuong phap Hybrid Shape [2] dua ra rat nhidu
tiéu chuan diéu khién trong ca mién thoi gian va mién
tan s6. Céc diéu kién nay dwoc xay dung bang cach st

K(s)=
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dung cac ham phat, cac ham phat dugc dua ra dga vao

céc tiéu chuan tir (I) dén (IV) sau day

o Tiéu chuan (I): Bo diéu khién va hé thong kin
phai 6n dinh. Do d6 ham phat s& duogc dwa ra néu
diéu kién sau day bi vi pham

Re[r, 1< 0, Re[r,]<0 g
Ko>0T,>0 ®©)

Trong d6 ry va ry lan luot 1a nghiém cua dic tinh tan

s0 clia bo diéu khién va hé thong kin.

e Tiéu chuan (II): Hé sb ty 1¢ cua b diéu khién
phai nho hon 0 [dB] tai cac tan sé o, = 314 [rad/s]
va o, =17, 55 [rad/s] dé giam anh huong cia cac
rung dong tan sd cao cling nhu dap dao dong tai
tan sb tu nhién. Do d6 ham phat dugc dua ra khi
diéu kién sau day bi vi pham

|K(en)| <0 [dB] (10)
, Ko <0[dB] (1)

e Tiéu chuan (III): Gidi han tin hiéu dieu khién u tir
PLC ra bd diéu khién Servo khong vuot qua
10[V]

Max[u] <10 [V] (12)

e Tiéu chuan (IV): Phai dam bao vi tri dirng chinh
xac hay sai 1&ch cua vi tri khong vuot qua 102[m]

Max [O4] < 10°°[m] (13)

3.2.2. Ham muc tiéu

Duya vao céac diéu kién ¢ cic cong thirc tir (9) dén (13)

nhur trén ta dua ra ham tdi wu:

min J=T +J, (14)
K(s)
Trong do:
4
J, = qlwi (15)
To=min{t]ly:- yOK .} (16)

on 12 ham phat twong Gmg véi tiéu chuén thir i
nhén gia tri 1a 10° néu tiéu chuin bi vi pham.
Vi la vi tri dat
Ve la sai 1éch cho phép gitra vi tri dat va vi tri
thue.
Muc tiéu dat ra 1a phai t6i thiéu héa T, dé co ciu rot
¢6 thé bam nhanh nhét v6i su di chuyén cta hé thong
khuén duc.
3.2.3. Giai bai toan t6i uu
Vi céac didu kién rang budc va ham t8i wu nhu trén ta
sir dung cong cu giai bai toan t6i wu fmincon cta phan
mém Matlab/Simulink.
Véi théng s6 dau vao : y; =
thu duoc két qua:
e Céc tham s xac dinh duoc nhu sau:

0,5 [m], ye = 10°[m] ta

K,=35
T,=0,13 [S]
T,=2,209 [s]

e Dic tinh tin s cua bo diéu khién:

Dic tinh tan s6 cua bo diéu khién thu duoc nhu hinh
H.4. Hé sb khuéch dai ctia bo diéu khién < 0 [dB] tai
tan sb dao dong tu nhién 17,51 [rad/s] va cac tan sb
>100 [rad/s] dam bao lam giam rung dong ciling nhu
giam anh huéng cua nhiéu va cac dao dong bac cao.
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Magnitude (d8)

Phase (deg)

Frequancy (rad/s] .
H.4  Dac tinh tan so cua bo diéu khién

4. Ket qua m6 phéng va thuc nghiém

4.1 Két qua md phéng

V6i cac thong s6 mé hinh va bo didu khién nhu trén ta
tién hanh mo phong s dung phin  mém
Matlab/Simulink. Va dé danh gia hiéu qua giam rung
dong cua bo diéu khién Hybrid Shape ta tién hanh so
Sanh v6i phuong phap ding bo diéu khién PID (duoc
téng hop theo tiéu chudn mo hinh ndi IMC). Quy dao
dit theo dang 2-1-2, v6i khoang thoi gian gia tdc,
giam tdc 13 0,1 [s]; téng quang duong 1a 0,5 [ml]. Két
qua mé phong dugce trinh bay trong hinh H.5.

— poe_tef
pos_ti
e gt U0

(c) Do rung
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V_PID
W_Hyb
V_setpoint

) (d) Vén toc dat va van toc thuc
H.5  Keét qua mé phong bang phan mém Matlab/Simulink
Bang B.1 so sanh két qua két qua mo phong ta nhan
thdy ca hai phuong phap PID va Hybrid Shape dap
ung vi tri déu bam voi luwong dat, tuy nhién do rung
ctia phwong phép PID (=0,04 [m]) 16n hon nhiéu so
véi phuong phap Hybrid Shape (=0,02 [m]):

Tiéu chi PID | Hybrid Shape

Vitri | Os [%] 0 0

Error [m] <0,01 <0,01

Ts [s] 3,0 2,2
bo Bién d0 ~0,04 ~0,02
rung | [m]

SO lan dao | Lén 2

dong

B.1. Bang so sanh két qud mé phong theo phwong phdap
Hybrid Shape va PID
Dé xét tinh bén vimg cta hé thong ta tién hanh thay
d6i tham sd cta ddi twong véi gia thiét mdi 1an chiét
rot muc chat 1ong trong binh giam di Aa = 0,01 [m].
Hinh H.6 14 két qua mé phong do rung ctia mirc chat
long 6 h=0,1 [m] va 0,05 [m] va 0,03 [m].

B i headn o e

H.6 D¢ rung bé mat chat long tai h = 0,1; 0,05 va 0,03 [m]
Nhin vao két qua ta nhan thay khi mirc nuéc thay doi
thi d rung ciia bé mit chat long thay d6i khéng dang
ké. Diéu nay 1a hop 1y vi theo hinh H.4 h¢ s6 khuéch
dai ctia bd diéu khién < 0 tai mot dai tan s6 kha rong
xung quanh tin sb dao dong ty nhién.

4.2Két qua thyc nghiém

Sau khi tién hanh mo phong cho két qua hop 1y, ta
trién khai xay dung md hinh thyc nghiém véi cau tric
dd néu trong phan 2. M6 hinh duoc trién khai tai
phong thi nghiém Rockwell Automation, truong Dai



hoc Bach Khoa Ha Nbi, hinh anh thuc té ciia mé hinh
duoc trinh bay trong hinh H.7

s .,'
\ J

H.7  Hinh dnh thuc té ciia mé hinh thuc nghiém
Ciing tuong ty nhu qué trinh mo phong & phan 4.1, ta
tién hanh thyc nghiém véi ca hai bo diéu khién P va
b6 diéu khién Hybrid Shape véi quy dao dat dang 2-1-
2, voi tong chiéu dai quing duong 1a 0,5 [m]. Céc
thong s6 thue nghiém cu thé nhu sau:

TT | Théng sb cai dit Gia tri Pon vi

1 | Budc ren tryc vit 0,01 m

2 | Thoi gian gia toc 0,1 S
dong co

3 | Thoi gian giam toc 0,2 S
dong co

4 | Tyl¢toc do dong 300 vong/phatV
co/dién ap dau vao

5 | Gia toc toi da 4 m/s”

6 | Chuky quétcia PLC 2 ms

B.2 Thong so cai dat khi chay thuc nghiém
Ket qua thuc nghlem nhén duoc nhu trong hinh H.8:

) e ] e ek DR ek
(a) D6 thi vi tri va d§ rung khi sir dung bé diéu khién
Hybrid Shape
Ve U - rb !

() D6 thi vi tri va do rung khz su dung bo diéu khzen P
H.8  Két qud thic nghiém
Do thiét bi do mirc ty ché tao nén két qua do co do
chinh xé4c chua cao. Tuy nhién két qua ciing cho thiy
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duoc hiéu qua chéng rung cua bo Eiiéu khién Hybrid
Shape so voi bo dicu khién P. Két qua cu thé nhu
trong bang B.3.

Tiéu chi PID | Hybrid Shape
Vitri | Os [%] 0 0
Error [m] 0,01 0,01
Ts [s] 2,7 2,2
bo Bién d6 [m]| 0,033 0,026
rung | SO lan dao | Lén ft hon

dong

B.3. Bdng S0 sanh két qua thuc nghié{n St a{z.mg bo diéu
khién Hybrid Shape va bg diéu khién P
Ca hai bo diéu khién déu cho dap ung vi tri bam véi
lwong dit, sai 1éch vi tri déu 13 0,01 [m], bién d6 rung
16n nhat ctia bo P 12 0,033 [m] véi s6 1an dao dong rat
16n bién do rung cta bd Hybrid Shape 1a 0,026 [m]
v6i 56 1an dao dong it hon dang ké.

5. Keétluan

Bai bao nghién ctru mot phwong phap diéu khién cho

cho co cdu van chuyén chat long dugce thiét ké theo

phuong phap Hybrid Shape. Bang cach giai bai toan
tbi uu cac diéu kién rang budc trong ca mién tan s6 va
mién thoi gian. Céc két qua da dat dugc:

e Chi sir dung mot bo diéu khién phan hdi cho
mach vong vi tri nhung vin dam bao giam rung
dong (so véi b didu khién P thong thudng) trén
bé mat chét 16ng khi di chuyén.

e Khao sat dugc tinh bén virng cia hé théng vOi su
thay doi ctia tham s dbi twong trong qua trinh
hoat dong.

e Ung dung mot thiét bi thuong gip trong cong
nghiép 1a PLC dé thay cho cac card DSP chuyén
dung trong mo hinh thyc nghiém.

Mot s6 van dé can phai nghién ciru thém nhu: hoan
thién bo diéu khién Hybrid Shape cho cac dbi tuong
rung dong khac trong cong nghiép nhu cau truc, can
truc, ...; tu diéu chinh online tham sé cta by diéu
khién thay cho viéc nhan dang ddi tugng offline; su
dung thiét bi do muc c6 do chinh xac cao hon dé ¢
thé khao sat dugc tinh bén virng cia bo didu khién
theo sy thay doi cua tham sé di tuong.

Tai liéu tham khao

[1] Y. Noda, K. Yano and K. Terashima: Tracking
Control with Sloshing-Suppression of Self-
Transfer Ladle to Continuous Type Mold Line in
Automatic Pouring System. SCE 2002 Aug. 5-
7,2W2, Osaka.

[21 K. Yano, S. Higashikawa and K. Terashima:
Liquid Container Transfer Control on 3D
Transfer Path by Hybrid Shaped Approach.
Proceedings of the 2001 IEEE International
Conference on Control Applications, September
5-7, 2001 Mexico City, Mexico.

[3] Ken’ichi Yano, and Kazuhiko Terashima:
Robust Liquid Container Transfer Control for
Complete  Sloshing  Suppression.  IEEE
Transactions on control systems technology,
Vol. 9, No. 3, May 2001.



Hoi nghi toan quoc lan thir 3 vé Piéu khién va T dong hod - VCCA-2015

(4]

(5]

(6]

[7]

(8]

(9]

[10]

Mattias Grundelius and Bo Bernhardsson,
Control of Liquid Slosh in an Industrial
Packaging Machine, Proceedings of the 1999
IEEE Inlemalional Conference on Conlrol
Applications, Kohala Coast-Island of Hawai'i,
Hawai'i, USA * August 22-27, 1999.

Mattias Grundelius: Methods for Control of
Liquid Slosh, PhD thesis, Department of
Mechanical Engineering, 2001. Proceeding of
Natl. Sci. Counc. ROC(A), vol.25, no. 4, pp.
254-258, 2001.

Kurode, S. ; Bandyopadhyay ; Gandhi,
P.S. “Sliding mode observer for estimation
of slosh states in a moving container ”, Industrial
Technology, 2009. ICIT 2009. IEEE
International Conference.

R.Shibuya, H.Okatsuka, Y.Noda, K.Terashima,
“Transferring and tilt motion control of the
liquid container to suppress sloshing by using
Generalized Predictive Control method”,
System Integration (SII), 2011.
Reyhanoglu, M. ; Hervas, J.R. “Partial-state
feedback control design for liquid container
transfer  with sloshing suppression”, IECON
2012 - 38th Annual Conference on IEEE
Industrial Electronics Society.
Minh Duc Duong and Kazuhiko Terashima,
“Input shaping based GUI tool for vibration
suppression control and its applications to
industrial processes”, Ho1 nghi Piéu khién - Tu
dong hoa toan qudc lan thir 2, 2013.
K. Yano, and K. Terashima: Sloshing
Suppression Control of Liquid Transfer Systems
Considering a 3-D Transfer Path. IEEE
Transactions on Mechatronics, Vol. 10, No. 1
Feb 2005.
Pao Quy Thinh sinh ndm 1984.
Anh nhan biang ky su chuyén
nganh Ty doéng hoa Codng
nghiép va bang Thac sy chuyén
nganh Ky thuat tu dong hoa tai
=] truong Pai hoc Bach Khoa Ha
Noi  (HUST), trong cac nam
) 2007 va 2009. T thang 9 nim
: 2011 dén nay anh 13 giang vién
= b6 mdén Ty dong hodéa Cong

nghiép truong Dai hoc Bach Khoa Ha Noi (HUST).
Huéng nghién ctru chinh hién nay cua anh 1a vé di€u
khién logic va PLC; di€u khién chong rung va robot.

Pinh Vin Nam sinh ndm 1992.
Anh nhin bing cir nhan Céng
ngh¢ chuyén nganh Ty dong hda
Cong nghi€p nam 2015, hién
dang tiép tuc theo hoc hé ky su
cung chuyén nganh tai truong Dai
hoc Bach Khoa Ha N6i (HUST).
Hudng nghién ctru chinh hién nay
cta anh 13 vé vi diéu khién, diéu
khién chdng rung.

VCCA-2015

Dwong Minh Pwc sinh nim
1979. Anh nhan bang ky su
chuyén nganh Ty ddng hoa
cong nghiép tai trudong Dai
hoc Bach Khoa Ha N§i nam
2002. Sau d6 anh nhan bang
Thac sy va Tién sy vé Dién
—bién tir - Cong ngh¢ thong
tin tai dai hoc Cong nghé
Toyohashi, Nhat Ban trong
cac nam 2005 va 2008. Tur

nam 2002 dén nay anh 14 Giang vién by moén Ty

dong hoa Cong nghiép truong Pai hoc Bach Khoa

Ha No6i (HUST). Hu6ng nghién ctru chinh ctia anh

hién nay trong céac linh vuc van hanh tir xa song

phuong, diéu khién chong rung va Robot.


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kurode,%20S..QT.&searchWithin=p_Author_Ids:37569594100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bandyopadhyay,%20B..QT.&searchWithin=p_Author_Ids:37299193300&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Gandhi,%20P.S..QT.&searchWithin=p_Author_Ids:37338486000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Gandhi,%20P.S..QT.&searchWithin=p_Author_Ids:37338486000&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=4939649&ranges%3D2007_2015_p_Publication_Year%26queryText%3Dliquid+sloshing
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=4939649&ranges%3D2007_2015_p_Publication_Year%26queryText%3Dliquid+sloshing
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4912735
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4912735
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4912735
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Reyhanoglu,%20M..QT.&searchWithin=p_Author_Ids:37299185200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Hervas,%20J.R..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6388703&ranges%3D2007_2015_p_Publication_Year%26queryText%3Dliquid+sloshing
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6388703&ranges%3D2007_2015_p_Publication_Year%26queryText%3Dliquid+sloshing
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6388703&ranges%3D2007_2015_p_Publication_Year%26queryText%3Dliquid+sloshing
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6373889
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6373889
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6373889

