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Giai thuat chong lic tich hop hé thong
vision cho cau truc container

Nguyén Québc Chi, Nguyén Tién Khang

Tom tit— Trong nghién cu’u nay, mdt giai phap
diéu khlen nhiam ty dong héa cin cau container dwgc
dé xuét. Muc tiéu diéu khién bao gom diéu khién vi
tri cho xe diy (trolley) va khir dao déng cia tai.
Trong dé, gidi thuat PID (Proportional Integral
Derivative) dugc sit dung cho diéu khién vi tri va giai
thuat PD dwoc sir dung cho diéu khién khir dao dong.
Giai phap diéu khién nay sir dung tin hiéu hdi tiép
ciia goc lic ciia tai dwoe thu thip tir hé théng vision.
Giai phap diung h¢ théng vision nhim khic phuc
kh6 khin k§ thuit khi lip dit cic cam bién vi tri
thong thuo’ng (encoder, potention metter) 1én hé
thong can cau container trong thuc té. Mo _phéng va
thue nghiém da dwgc thuc hién nhim kiém chirng
tinh kha thi ciia giai phap diéu khién dwoc dé nghi.

Tir khéa— Diéu khién cin ciu container, bam ddi
tuwgng, khir dao dong, tw dong héa cang.

1 GIOI THIEU

gay nay, khoang 90% hang hoa dugc dong

trong cac container va hon 200,000,000 TEU
(twenty-foot equivalent unit) dugc chuyén cho trén
thé giéi thong qua cac cang trong nam 2015 [1]. O
Viét Nam, khoang 11,000 dén 12,000 TEU da
dugc van chuyén trong ndm 2015 [2].

Céc cau truc ding dé bdc d& container giir vai
trd quyét dinh dam bao ning suét cho cang. Do
vay, tbe do xép dd cta cac clu truc container va
(nhu mét hé qud) anh huong 1én chi phi van
chuyén ciing nhu muc tiéu hao ning luong va khi
thai. Mot didu luu ¥ ring, hiu hét hiéu sut lam
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viéc cula cac clu truc container hién nay phu thudc
vao trinh d¢ van hanh va kinh nghiém cua cac
cong nhan. Kho khian 16n nhit ma nhiing cong
nhan van hanh gip phai 1a van dé dao dong cia
thung container trong qua trinh xép dd. Khi xuét
hién dao dong cla container, ngudi van hanh bang
kinh nghiém va kha ndng quan sat s€ thuc hién cac
thao tac dé khtr dao dong. Do do, khir dao dong
clia container xuat hién trong qua trinh van chuyén
mot cach nhanh nhét va tu dong hoa thao tac khu
dao dong nay s¢€ lam tang hi¢u qua st dung cla cac
cau truc.

Hé théng cau truc duogc chia lam 3 phén chinh:
Phan khung chinh, xe con (trolley), va spreader
(ngang), nhu trong Hinh 1. HE spreader va
container dugc treo véi trolley thong qua céc
nhanh day cap, do vay khi trolley di chuyén, hé
spreader va container s& co chuyén dong lic nhu
mot hé con lic thuan. Bé nang cao nang suit van
chuyén container, trolley mang container phai
ngén thoi gian cho mdi chu ky bbc d& container s&
cang 1on gdy mat an toan cho hé thdng xung quanh
pham vi lam viéc cta cau truc. Chung ta biét rang
khi ning sudt tang thi d6 an toan giam va ngugc
lai. Theo bao céo [3], c6 dén 30% thoi gian trong
van chuyén cac container 1a ding dé khir chuyén
dong lic cua container. Vi vy, can phai c¢6 cac
bién phap nham triét tiéu goc lac trong qua trinh di
chuyén tdc do cao cua ciu truc.

Phin khung
chinh

Hinh 1. Céu tao co ban cua ciu truc.
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Cac bién phap dé khir chuyén dong lic cua hé
spreader dugc chia lam hai loai chinh: ban ty dong
[4-6] va tg dong hoan toan [7-11]. Giai phap ban
tu dong la trang bi cho ciu truc mot hé théng giam
sat voi nhi€ém vu 1a giGp cho nguoi vén hanh ra
quyét dinh dé dat dugc kha niang thuc thi tot hon
cua cau truc. Hé théng nay cling cé thé hd tro tu
dong van hanh dudi sy giam sat ctua ngudi didu
khién. Giai phap nay duoc ap dung phd bién vi
tinh don gidn. Tuy nhién, d chinh x4c khong cao
va tinh hi€u qua phuy thudc vao kha ning quan sat
va xtr ly ciia nguoi van hanh. Giai phap tu dong la
trang bi cho cau truc mot hé thong c6 thé thay thé
hoan toan ngudi van hanh. Hau hét cic phuong
phép diéu khién bao gém ty dong hodc ban ty
dong da dugc phat trién déu doi hoi phai do duge
chuyén dong lic cua container. Mot diém déng luu
¥y 1a viéc cau truc thudong lam viéc trong nhimng
moi truong khic nghiét 1a mot trd ngai 16n trong
viéc trién khai cac nghién ciru vao thuc té vi cac
cam bién vi tri thong thuong (vi du nhu: encoder
va potention metter) khong thé lap dat vao cau
truc. Do Vay, mdt sO san pham cong nghlep cho tac
dong khtr lic dwoc phat trién dua trén nén tang la
hé thong vision dugc st dung dé do cac dich
chuyén cua container ¢ thé ké ra nhu sau: Smart
Crane [12], TMEIC [13], va Mircoview & Linzhi
[14].

C6 thé thiy rang giai phap tich hop hé thong
didu khién str dung hé thdng vision nhu 1a mot bo
cam bién 1a mot giai phap co tinh kha thi cao duoc
cac nha nghién ctu [6, 8, 15, 16] cing cac hang
cong nghiép quan tim va phat trién. Tuy nhién,
khoang cach gilta nghién ctru va Gng dung trong
thuc tién van con 16n. Trong thyc té cac bo didu
khién str dung trong nghién ctru nhu input shaping
[17], feedback control [18], feedback control st
dung giai thudt xur 1y anh phirc tap (vector code
correlation) chua kha thi dé img dung trong thuc té
[19,20]. C6 2 nguyén nhan can phai khic phuc. Ly
do thtr nhét 1a do phirc tap cia cac giai thuat anh
huong dén tinh bén viing ciia b diéu khién. Vai
mot bo diéu khién qua phirc tap str dung v&i ché do
tr dong hoan toan, mot sy ¢d xay ra voi cac thiét
bi cam bién s& dan téi nhitng chuyén dong ngoai
dy tinh ctia ngudi van hanh. Ly do tht hai 1a hau
hét cac bo diéu khién nay chua thé cung cip dap
mg tot nhu ngudi van hanh c6 k§ nang cao. Do
vdy, trong nghién ctru nay, ching t6i dé xuat mot
giai phap diéu khién c6 tinh bén vitng dé dong gop
cho hudng cai tién cac bo diéu khién cau tryc theo
ché do tu dong.

Chiing t6i dé nghi mot bo diéu khién c6 thé hoat

dong tu dong diéu khién vi tri va khur lic cho cau
truc. Giai thuat PID s& dwoc s dung cho diéu
khién vi tri ciia cu truc va giai thuat PD cho khir
dao dong s& duoc thiét ké. Viéc sir dung hai giai
thuat PID va PD nhiam hudng dén trién khai ung
dung trong thyc té vi d tin cdy ciing nhu kha ning
¢6 thé trién khai dugc trong cac phan cimg thong
dung.

2 MO HINH DONG LUC HQOC CHO HE THONG
CAN CAU.

Xem xét cin ciu container dugc minh hoa trong
Hinh 2. Container duogc git bdi ngam kep
container (spreader) va ca hai dugc lién két véi xe
day (trolley) bang mot diy c6 chidu dai 1. Khoi
luong cua xe ddy va tai trong tuong tng la mt va
mp. Mot luc diéu khién fx duogc tac dong vao xe
déy (luc ma sat dugc bd qua). Luc ma sat [udn tdn
tai trong thuc té. Tuy nhién, dé xac dinh c4c mo
hinh ma sat va cac hé s6 ma sat trong mé hinh la
rit kho khan. Do vay, trong nghién ctru khoi dau
nay chung toi gia sir ma sat dugc bo qua trong diéu
kién 1a luc cung cip boi dong co 1a rit 16n (so voi
lyc ma sat) va can cau dugc bao dudng tét. Trong
thuc té, mot cn cau container st dung hé bén day
cap dé lién két ngam kep voi xe day. Tuy nhién,
trong nghién ctru nay khoi dau nay, can cau
container dugc mo hinh hoa 1a mét sgi day lién két
giita tai va xe ddy. Gia thiét ring chuyén dong cia
xe dy va chuyén dong lic cua tai cing nam trong
mot mat phéng XY. biat x 1a vi tri xe déy trén truc
X, 0 1a goc lic va g 1a gia tdc trong trudng.

Pong niang T va thé ning U cua toan by hé
théng duoc xac dinh nhu sau:

T :lmt)t2 +£mp(l‘cose—lésin )?
2 2
1 _ ' 1
+Emp(>'<+lsint9+|6cos¢9)2
U =-m_glcos®& 2
bat g=(x,0) l1a toa 6 suy rong twong tng voi
luc suy rong f=(f,,0), st dung phuong trinh
Euler-Lagrange,
i[ﬂj L . 3)
at\2a, ) g, og

phuong trinh chuyén dong ciia hé cau truc dugc
xdy dung nhu sau:

f, =(m +m,)X+mising+mlfcoso
+2m [fcos®—m 167 sin 6,

0=m,IXcos@+m1°0+2m 116 +m,glsind. (5)
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Tir (4) va (5), phuong trinh hé thong dugc viét
lai nhu sau:

x=h,(6,0)+g,(0)f,, (6)
6=h,(6,6)+9,(0)f,, )
trong do,
1 (6,6) = m, sin@(gcos@+16° - ) @®
m, +m, sin’ @ ’

O~

/.

Y
Hinh 2. Phan tich luc hé can cAu container.
. —(m,_ + sin@+m_i'sin@cosd
(0,0 = M M0 m,
ml+m Isin“ @ ©)
om, 16% sin @ cos @ 2|9
mI+m Isinzg |’
1
0,0)=——""">-, (10)
m, +m, sin® @
cosé
9,(0)=— (11)

ml+m Isin? 6

Trong moé hinh déng lyc hoc dugc trinh bay,
chung t6i chua xem xét dén dong ning quay va
anh hudng boi luc gié bdi vi nhitng 1y do sau: (i)
Trong thuc té, khi xe ddy truot trén ray thi goc
quay RPY (roll, pitch, yaw) co xuat hién. Tuy
nhlen dé khir cac chuyén dong nay can thém mot
co cdu chép hanh khic véi dong co dan dong xe
day; (ii) Luc gio rat dang ké tuy nhién can mot by
wdc luong dé xac dinh mé hinh va théng sd cua
luc gi6. Trong pham vi muyc tiéu ctia nghién ctiu
khéi ddu nay, ching toi xin ding lai & md hinh
don gian nht va sé& tiép tuc phat trién & cac nghién
ctru tiép theo.
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3 THIET KE BO BPIEU KHIEN VI TRi VAKHU
DAO DONG KET HOP.
3.1 Thiét ké gidi thudt diéu khién

Trong phan nay, mot bo didu khién vi tri két hop
voi khtr dao dong sé duoc thiét ké dé dat duoc cac
muc tiéu sau: (i) Diéu khién xe dat dwoc vi tri xd
dat trudc; (ii) gitt dao dong cula tai trong ngudng
an toan @y duoc dat trude.

Hoat dong cia bo diéu khién nay dugc mo ta
trong Hinh 3. Xe ddy dwoc xuét phat tir A va dén
vi tri mong muén 1a B. Lyc tic dong vao xe day
Fcon bao gom 2 luc: (i) Luc diéu khién vi tri 14i xe
day tir A dén B 1a Fyo; (ii) Luc khir dao dong Fo.
Trong khi xe ddy di chuyén, goc lic 0 cua tai dugc
quan sat boi hé théng vision (s& dugc trinh bay
trong phan 3.2). Néu|6| <6, , nghia la dao dong
clia tdi van con trong ngudng an toan (vi tri O
trong Hinh 3), lyc Feon Chi bao gdm lyc diéu khién
vi tri Fpo. Khi dao ddng cua tai vuot qua gia tri cho
phép|6] > 6, , luc Fyo ngimg tac dong, xe ddy dugc

dung lai dé cho luc khir dao dong Fo dua gia tri
dao dong cua tai vé dudi gia tri cho phép. Sau do,
lyc didu khién vi tri tiép tuc 1ai xe ddy dén vi tri
yéu cau B.

Set Om
Start Stop
S B RS :
[ [ ,“ i
H [
/1 /o
| /
m, CmoCm m,
L .{mml} ‘
Feon e qur[H};ﬂw]*ﬂF. . l'\-sl;n(l?\ ﬂ‘h”:“"t

Hinh 3. So dd thudt toan qua trinh diéu khién.

Cong thuc tinh cho lyc Fcon nhu sau:
_sgn(0]-6,)+1

E ) E, +1—Sgn(|29 | =6 F.
(12)
Trong d6, luc Fpo dugc cho boi:
Ry, = KPe+Ki°de/ dt+KP* e, (13)
v6i
e=X; =X, (14)
va K%, K, va K la céc hé sb diéu khién s&

dugc xac dinh mot cach thich hop bang phuong
phép thuc nghiém (trinh bay trong phan 4). Giai
thuat PID duoc lya chon dua trén tiéu chi la nhdm
giam do vot 16 cho xe day khi tién dén vi tri mong
mudn x¢. Luc khir dao dong cua xe dugc tinh nhu
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Sau:

F, =—K’Isin@—KZd(Isin6)/dt, (15)

véi K7 va K la cac hé s6 diéu khién. Trong do,
ludt diéu khién PD di dugc str dung vai tiéu chi 1a
tang thoi gian dua dao dong cua tai vé khong.

3.2 Hé thong vision cho quan sdt goc lic

Hé théng vision quan sat goc lic 6 duoc trinh
bay trong Hinh 4. Trong d6 mot camera dugc su
dung dé quan sat mot dén hdng ngoai (sau day
dugc goi 1a ddi tugng) dugc gin trén spreader
(nham loai bo cic yéu td nhidu sing vio ban ngoai
va thiéu anh sang vao ban dém). Tién trinh thu
thap va xu 1y dir liéu ciia hé thong camera dugc
trinh bay trong Hinh 5. Giai thuat phat hién d6i
tuong dugce dé nghi dua trén co s¢ két hop phuong
phap optical flow [21] va phuorng phép phat hién
db6i tuong dya vao mau sac. Phuo’ng phép phat
hién dbi twong nay s& c6 vu diém 1a hoat dong
dugc trong cac truong hop ddi tugng c6 dai tée do
chuyén dong kha rong. Sau d6 thuét toan theo vét
mau (colour-based trackers) [22] s€ dugc s dung
dé bam theo ddi tugng. Sau khi ddi tugng duoc
phat hién va bam, b xir 1y s& tién hanh phan ving
dbi twong va cung cip toa do cia trén frame dudi
dang pixel.

d=3-50m

1-Camera;2-Dén hdng ngoai (di twong camera theo ddi); 3-
Day céap; 4-Puli; 5-Spreader
Hinh 4. Hé théng vision.

Chubi anh ‘—)’ Tién x0 1§ auh ‘—p Phit hién doi
tuong
Xac dinh toa d6 cia Bém bat doi
spreader d— tugng

Hinh 5. Tién trinh xir 1y cia hé théng vision.

Cong thire sau day dugc dung dé tinh toa do thuc
cua spreader:

X
foo0o0] |

~K|0 f 0 0D | (16)
0010

< X

1
Trong d6 ma tran thong sb ndi K dugc cho bai:
k, k,cotéd u,

u

K=|0 Kk, /singd v, |, (17)
0 0 1
va ma tran D cho bai
D= { R T} (18)
o 1|

v6i ma trdn R va vector T mé ta hudng, vi tri
tuong ddi gitta h¢ toa do camera va hé toa do cb
dinh. Trong nghién ctru nay K, R, va T dugc xac
dinh bang phuong phap thyc nghiém sir dung
Camera Calibration Toolbox for MATLAB. Toa
d6 cua dbi twong tim dwoc qua (15) s& duoc ding
dé tinh d6 dich chuyén theo tryc x va truc y, a
=|X-Xo| va b=|Y-Yq|. Trong d6, (Xo,Yo) 12 toa d6
cua spreader & vi tri can bé‘mg, va (X,Y) la toa do
clia spreader tai thoi diém bi lac. Trong nghién ciru
nay, chung toi chi xét truong hop can cau chuyén
dong trong miat phing. Do viy, goc lic theo
phuong X dugc tinh la 6 = arcsin (a/l), trong do 1
1a chidu dai cta day treo tai.

4 MO PHONG VA THUC NGHIEM BE KIEM
CHUNG GIAI PHAP PIEU KHIEN.

4.1 Mo phong

Mb phong s didu khién vi tri xe ddy két hop
khir lic cho tai sir dung MATLAB. Phuong trinh
dong lyc hoc hé thong (6)-(7) dugc st dung dé mo
phong. S6 liéu diu vao cia mé phong nhu sau: mp
= 2.25kg; mt = 20 kg; g = 9.81 m/s?; | = 0.5 m.
Trong d6, m6 phdong dugc chia thanh 2 truong
hop: (i) Chi c6 diéu khién vi tri va khong c6 khir
lic v6i Feon = 10 N; (i) Bo diéu khién vi tri két hop
khir lic v6i Feon durge tinh nhu cong thire (11).

Két qua dugc trinh bay trong Hinh 6 cho thiy:
Vi luc Foon = 10 N khong doi sé tao ra dao dong
v6i bién do kha 16n cla tai xung quanh vi tri can
bang (dmax = 0.06 rad = 4 d6). M6 phong hé
thong v6i Feon dugc tinh theo cong thirc (11), trong
d6 cong cu PID tuner trong MATLAB duogc sur
dung dé tim cac hé s6 PID i wu: (i) KP =180, ,

KP =51, va KP =115 cho diéu khién vi tri ciia
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xe day; (i) K? =150 va K{ =115 cho diéu khién
khir dao dong cua tai. Pap mg cua hé théng dugc
mo ta trong Hinh 7. Véi két qua 14 dao dong cua
tai gan nhu dugc khur hoan toan sau 1 gidy (ciing 1a
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AC servo of
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lic xe day dat vi tri cudi cung).

o

w
o
Q
N

08 : : : : : T T T T 0.08
07 0.06
06 0.04

g

o5 002 §

el

E g

= 04 0o =

= Q

= <

(8]
o
)

o
N

o
[

o

thoi gian (s)

Hinh 6. Két qua md phong v6i Fcon=10N.
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Hinh 7. Két qua m6 phong vai diéu khién PID cho bai cong
thae (11).

4.2 Mo phong

Trong thuc nghiém, mot mé hinh cau truc duogc
xdy dung nhu trong Hinh 8 (a). Hinh 8 (b) thé hién
hé thong vision dung cho thuc nghiém. Hinh 9 (a)
mo ta qua trinh thyc nghiém nhim thu duogc cac
ma trdn va vector K, R, va T (xem (15)-(17)).
Trong khi d6 Hinh 9 (b) cho két qua ciia qua trinh
do goc str dung camera.

@

(b)

S o

S 50 U7C A1

(b)

Hinh 9. Thuyc nghiém do goc stir dung hé¢ théng camera: (a)
Hiéu chinh cac thong so trén camera; (b) Thuc nghiém xac dinh
d0 léch cua tai.

B6 diéu khién két hop vi tri va khir lic duoc thir
nghiém 1= 0.5 m v&i cing hé sé diéu khién khi
mo phong.

Két qua dap tmg cho truong hop 1= 0.3 m dugc
trinh bay trong Hinh 10. C6 thé thiy ring két qua
thuc nghiém da ching minh dugc tinh hiéu qua
clia ctia giai phap diéu khién khi hé théng cau truc
di chuyén véi van toc xép xi 0.9 m/s nhung dao
dong toi da chi 14 0.06 rad véi thoi gian dé khir lac
1a khoang 10 gidy.
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Hinh 10. Két qua thyc nghiém véi diéu khién PID cho béi cong

thire (11).

Trong thyc té, viéc bé tri cac camera dé do dugc
céc dich chuyén s& gip phai cac van dé sau day: (i)
o} khoang cach xa viéc xac dinh diém mdc dé nhan
dang cac dich chuyén s& bj anh hudng boi cac
nhiéu anh; (ii) Camera c¢6 thé 1am 1dn ddi tuong
can bat voi cac ddi twong khéc; (iii) Su khac biét
gilta toa d0 cua camera va toa do cia can cu; va
(iv) Trong diéu kién ban dém hodc anh sang khong
t6t (qua sang hodc qua toi) thi camera s& gip rat
nhiéu khé khan trong viéc xac dinh dugc dbi
tuong. Trong pham vi cia nghién clru nay, chung
t6i chwa giai quyét triét dé van dé ung dung trong
diéu kién thyc té vi kho khan trong kinh phi ciing
nhu phdi hop cac don vi tng dung. Chung toi s&
tiép tuc nhitng vin dé néu ra trong nhitng nghién
ctru tiép ndi.

5 KET LUAN.

Trong nghién ctru ndy, chiing t6i di dé xuit mot
bd diéu khién cho diéu khién vi tri va khu lac cho
clu truc. Cac didu khién PID vi tri va b diéu
khién PD cho khir dao dong da duoc thiét ké nham
huéng t6i trién khai Gmg dung trong thuc té vi do
tin cdy ciing nhu kha ning c6 thé trién khai dugc
trong cac phan cimg thong dung trong cong nghiép
v6i gia thanh chap nhan dwoc. Mot hé thdng vision
va cac giai thuat xur Iy anh da dwoc thiét ké dé xac
dinh goc 1éch cua tai. HE théng camera dé& xuét
nhim khic phuc khé khin k¥ thuat khi khong thé
1ip cac cam bién vi tri théng thuong trén cac cau
truc container. Cac moé phong da duogc thuc
nghiém dé kiém ching tinh hi¢u qua cua giai phap
didu khién. Cac thuc nghiém da duoc tién hanh dé
kiém chimg d6 chinh xac ctia camera. Thuc
nghiém voi cic truong hop chiéu dai day khac
nhau d3 minh hoa duoc tinh hiéu qua cta bo diéu
khién.
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A vision anti-sway control algorithm for

container cranes

Nguyen Quoc Chi, Nguyen Tien Khang

Ho Chi Minh City University of Technology, Vietnam National University — Ho Chi Minh City

Abstract— In this paper, a control scheme is proposed for an automated container crane. The proposed
control scheme includes position control (for the trolley) and sway control algorithms (for the payload)
where PID control is used for position control and PD control is assigned for sway control. The proposed
control scheme employs the feedback signal of the sway angle, which is acquired by a vision system. The
idea to employ the vision system is to overcome the difficulty in installing a conventional sensor system
for measuring the sway angle. Numerical simulations and experiments have been carried out to verify the
effectiveness of the proposed control scheme.

Index Terms— Container crane control, object tracking, sway suppression, port automation.



