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Tom tat

Trong nghién ctru nay, nhém téac gid dé xuat mot gidi thuat xwr ly dnh dé xac dinh do dai day cta céu truc
container (khodng céch tir hé camera dén vi tri ngam kep container) va goc l4c cda ngam kep container lam
co s& cho viéc thiét ké thuat toan diéu khién chéng ldc cho cu truc container. Gidi thuét xt ly dnh bao gém
céc buéc chinh: chuyén déi tir khéng gian mau BGR sang khéng gian mau HSV, nhj phan dnh nham trich
xuét ving déi twong da dwoc danh dau (marker). Tiép theo, ky thuat do bién Canny va xéc dinh duong bao
duge ap dung dé xac dinh vi tri cla céc diém duoc danh dau trén ngam kep container. Cudi cung, tdm cda
céc diém danh ddu dwoc xac dinh va duoc st dung dé tinh toén khodng céch tur hé camera dén vj tri ngam
kep container. D6 chinh xéac cta gidi thudt xéac dinh khodng cach la 99,79%, déap tng duoc yéu cédu do dac
cho diéu khién.

Tu khéa: Xt ly anh, d6 dai day, cAu truc container, diém dinh vi, géc lac.
Abstract

In this study, the authors proposed an image processing algorithm to detect (measure) the rope length of
container crane (distance from camera system to container spreader) and sway angle of the spearder
(container). This measurement will be the main input to design the anti-sway control system for container
cranes. The image processing algorithm includes the main steps: converting from BGR color space to HSV
color space, then, binary image is used to extract the marker area. Next, the Canny boundary detection
technique is applied to determine the boundary of the markers in the container spreader. The center location
of each marker is determined and used to calculate the distance from the camera system to the container
spreader is calculated. The rope length accuracy by the image processing algorithm is 99,79%. It is satisfied

for crane control purpose.

Keywords: Image processing, rope length detection, container crane, marker, sway angle.

1. Gi6i thi¢u

Tai cac cang bién, viéc rat ngén thoi gian cho
tau va boc d& hang hoa dong vai tro quan trong nhim
tang hiéu xudt lam viéc va tiét giam chi phi cho doanh
nghiép. Tuy nhién viéc bdc d& lai phu thudc hoan
toan vao kinh nghiém cua ngudi lai clu truc, do d6
mot ngudi lai cau truc can kinh nghiém it nhat 5 nam
dé dat ning suat bdc d& trung binh 30-35
container/gid. Van dé kho khan dit ra cho nguoi lai
clu truc do 1a tim quan sat bi han ché do anh hudng
boi khoang cach, viée bdc d& mot container & khodng
cach khoang 30m la khong hé dé& dang. Viéc nghién
ctru mot hé théng nham hd tro nguoi lai cdu truc xac
dinh vi trf cta tai 1a hét strc can thiét va co gia tri thuc
tién cao.

Hé théng dinh vi, xac dinh khoang cach tur hé
camera dén vi tri container cling nhu tinh toan goc lic
clia container trong qué trinh chuyén dong dong vai
trd quan trong trong viéc hd tro ngudi lai cau truc

ISSN: 2734-9381
https://doi.org/10.51316/jst.149.etsd.2021.31.2.11
Received: August 12, 2020; accepted: November 18, 2020

65

diéu khién bdc d& container. Cac hé thong nhu vay
dang dugc phat trién va tmg dung trong nganh cong
nghiép tu dong héa, thong minh & mot s6 quoc gia
phat trién trén thé gi6i voi nhiéu cong trinh nghién
cuiu lién quan. Tuy nhién, cic nghién ctru nhu vay &
Viét Nam 14 rat han ché. Cac nghién ctru chi dimg lai
& dé xuét sir dung mot hé gom nhidu camera khac
nhau dé thu nhan thong tin anh d6 sau cia ddi tuong
cin quan tam, tir d6 xé4c dinh vi tri cling nhu kich
thudc container [1-3]. Phan 16n cac nghién ciru nay
chi méi ¢ giai doan moé phong, chua xdy dung dugc
mot hé théng ap dung thuc té. Riéng & nude ta, cac
nghién clru ép dung nhimg Ung dung nay van con
chua phd blen chu yéu 1a ¢ kinh nghiém quan sat cua
nguoi lai cau truc, vi vy nghién clru nay la rat can
thiét va c6 ¥ nghia thyc tién.

Bai bao dé xuat mot giai thuat xir Iy anh méi dé
dinh vi, xac dinh khoang cach tir h¢ camera dén vi tri
container va udc lugng goc léch cua hé container so
v6i phuong ngang st dung cac ky thuat xt 1y anh.
Pau tién, anh thu nhan dugc tir hé théng s€ duoc
chuyén d6i tir khong gian mau RGB sang HSV dé xir
ly. Tiép theo, tim bién ddi tugng véi bd loc Canny,
tinh dién tich dudong bao cua ddi tuong dé loai bo
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nhitng ving ddi twong nhiu va tinh khoang cach tir
hé camera dén tim d6i twong. Quy trinh xir Iy téng
quat cia phuong phéap dugc trinh bay nhu trong Hinh
1. Muc tiép theo ciia bai viét mo ta chi tiét noi dung
thuc hién cia phuong phéap dugc dé xuat. Cac két qua
thuc nghiém va thdao ludn dugc trinh bay trong Muc
3. Két luan va cac dinh huéng nghién ctu tiép theo
duoc dua ra trong Muc 4 cua bai bao.

2. Thuit toan xir ly anh
2.1. H¢ théng quan sdt va dén hiéu nhén di¢n

V61 muc tiéu thu nhan hinh anh hé dén hiéu dua
vé may tinh x@ Iy nhan dién, wéc lugng vi tri tam
cling nhu khoang cach tir hé dén hiéu dén hé thong
quan sat (Hinh 2). Trong hé thong nay, chiing t6i thiét
ké mot gia dd co khi dé hd trg viéc ¢b dinh camera
Basler 1920-40gc va dng kinh Basler f16mm, camera
c6 kha nang xt Iy va xac dinh hinh anh véi khoang
cich gan nhat tir hé camera dén vat can do khoang
cach 13 350cm. Dén hiéu gitp hé camera ¢ thé nhan
dién duoc 1€ip dat trén khung chup container gém hai
dén tron mau do cé duong kinh 10 cm va dat cach
nhau 83 ¢m tinh tai tam.

2.2. Phén dogn dnh

Pay 1a mdt phuong phap co ban dugce st dung
dé phat hién ddi tugng dua trén cac thudc tinh mau
ciia d6i tuong [4]. Cac budc tiép theo cua thuat toan
s& dugc thuc hién va hién thi cho thanh ph?ln Hue cia
khong gian mau HSV [5]. Trong budc nay hinh anh
dugc loc trong pham vi thiét 1ap boi nguoi dung.
Thiét 1ap bo loc dd dugc chuan bi dé phat hién mau
cua dbi tugng. Ngo ra cua thuat toan, cac diém anh
mau tring 14 nhimg diém anh dap tmg diéu kién coa
bo loc. Nhiéu diém anh nhé mau tre‘ing 6 thé duoc
nhin thiy s& duoc x6a bo trong cac bude tiép theo ciia
thuat toan (Hinh 3). Sau d6, ham Contours duoc ap
dung dé tim va luu trir cac dudng vién mau trang tir
hinh 4nh ngudng. Tuy nhién, nhugc diém la ham
findContours tim thiy bat ky duong vién mau tring
nao dugc tim thdy trong hinh anh ngudng. Cac hoat
dong hinh thai (nhu x6i mon va pha lodng) co thé loai
bé nhiéu.

2.3. Phén tich hinh dang

Phan tich hinh dang la phan tich hinh dang hinh
hoc ciia dbi twgng quan tam [6,7]; trong nghién ciru
nay, phan tich do tron cia phan ving nhim dé ting
d6 chinh xac cua viéc nhan dang ddi tugng (Hinh 4).
Dién tich va chu vi cta tung phén vung cling dugc
uoc tinh. Toa do bién duoc sir dung dé udce tinh dién
tich va chu vi cia timg phan ving bang cach trich
xuit cac ham hinh thai va bién. Gid tri d¢ tron cua
ting phan vung dugc xac dinh bai cong thirc:

_Ar 4,

R > M
P

trong do, R;, Ai, va p; lan luot 1a gid tri @6 tron, dién

tich va chu vi cua ting phan vung. Gia tri dg tron
bang 1 cho hinh tron va nhé hon 1 cho cac hinh dang
khéac. St dung gia tri tinh toan dién tich cua tung
phan ving dé loai bo nhiéu va giir lai ving ddi tugng
can quan tim (Hinh 5).
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Hinh 1. So d6 phuong phéap udc lugng vi tri va huéng
cua doi tugng

Hinh 4. Tim dudng bién cua ddi twong

Hinh 5. Két qua khtr nhidu



JST: Engineering and Technology for Sustainable Development
Volume 31, Issue 2, April 2021, 065-071

2.4. Xdc dinh tim doi twong

Sau khi tach duoc ddi tuong ra khoi nén va
khoanh ving ddi twong bing duong bao quanh
contours, tiép theo ta tim tdm cua d6i tuong, dé xéc
dinh duoc toa d6 tdm cua dbi tuong ta phai tim mo-
men cta phan vung dugc quan tam [8].

Phuong trinh toan ciia mé-men duoc biéu dién
nhu & cong thurc (2)

+00

H, = I(x—c)n f(x)dx ,

—o0

2

trong d6, c6 n” mé-men xung quanh diém c. Khi ta
xét trén khong gian 2D, ta c6 hai bién doc lap dé biéu
dién cho cong thirc (1). Vay cong thirc duoc biéu dién
lai nhu (3):

oy = J-J.(x—cx )m (x—cy )n f(x,y)dxdy .

O day, ham f(x,y) 1a mot ham lién tuc. Vi
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Sau khi ta tinh dugc vung chtta anh nhi phan cia
doi tuong, ta can tinh mo-men thur 0.

(6))

Phuong trinh dugc viét lai nhu sau khi bo qua
Xy ,vay,
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bé xac dinh tam cda anh ddi tuong, ta cAn tinh
trén 2 truc toa do:

centroid = [ﬂ &J
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Tong s6 diém anh can xét s& dugc tong hop lai
va biéu dién nhu sau:

sum_ = Zfo(x,y),
sum,, = Zny(x,y).

~ Sau do, ta ldy trung binh bang cach chia cho
tong s6 diém anh.
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bdi v6i cac ham trong OpenCV, thi toa d§ tAm
duoc tinh nhu sau:

67

¢, =int(M["'m10"]/ M ["m00"]),

10
¢, =int(M["mO01"]/ M ["m00"]). (1
Két qua xac dinh tdm cuia dbi tuong duoc thé hién
trong Hinh 6.

2.5. Uébc lwgng vi tri va huwéng doi twong
2.5.1. M6 hinh pinhole camera

M6 hinh pinhole camera c6 bdn hé toa do duoc
sir dung: hé toa do toan ciu, hé toa do camera, hé toa
d0 anh va hé toa do diém anh [9]. Trong cac hé toa
d0, hé toa d0 anh va diém anh déu niam trén mat
phing anh nhung diém goc va hudng toa do déu khac
nhau. Anh dwoc thu thap boi Baslar camera duoc
chiéu 1én cac mat phang anh. Pdi véi hé toa do toan
cu, md hinh pinhole camera can phai dap tung yéu
ciu. Dya trén dinh nghia cia mé hinh pinhole
camera, diém P trén toa do toan cau duoc chiéu 1én
mit phing anh (P') thong qua hé toa do camera.
Theo 1y thuyét v& mé hinh pinhole camera

x] [f 0 0 0]
zcy:OfOOJZ}C, (an
1 o o 1 of™

trong do6, (x, y) la toa d¢ vat ly cia diém P dudi hé
toa do anh, va (x,,y,.,z,) la toa d6 diém P dudi hé
toa d6 camera. Va f 1a trong tam cﬁa} camera. Anh
duogc luu trlr trén may tinh dudi dang so, Chiing ta tao
ra mot hé toa d§ di€m anh trén mit phang énh. Nhu
duoc trinh bai Hinh 3, (u,v)1a hé toa d¢ diém anh
dugc mé ta & trén. Mdi lién hé gita hé toa d6 anh va
dieém anh dugc trinh bay thong qua cong thic
d, 0 —ud, |lu

0 dy —,uody v,

0 o0 1 1

X
y (12)
1

trong do, d, d, mo ta s6 diém anh trong kich thudc

don vi vat Iy. Dé so sanh hé toa d6 camera véi hé toa
d6 toan cau dugc thé hién qua cong thirc nhu sau:

xL' x]/t’
y(,‘ R t yW’
= , 13
z, {O 1} z, (13)
1

véi (x,,¥,,z,) 1a toa do cua diém P trong hé toa do
toan cau. R 1a mot ma trdn xoay voi kich thude 3x3,
¢ 1a ma tran dich chuyén véi kich thuée 3x1. Tu
phuong trinh (1), (2), (3), méi quan h¢ gitra hé toa do
the gidi va diem anh co thé bat nguon tur:
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X
u a0 0 v
X lu() R t yw
z|v|=l0 a v, 0 0 1 ,  (14)
1 0o 0 1 0 Y
1
trong d6, a, :di,ay :di. Do do, toa do p' dé

2 ¥
dang dat dugc trén hé toa do diém anh tir hé toa do
toan cau.

2.5.2. Uéc lugng khodng cach

Pé xac dinh vi tri va huéng cta ddi tuong trén
hé toa dd toan cAu ta can truy van théng tin 2D dugc
mé ta phan trén. Xdy dung cong thirc udc luong
khodang cach c6 nghia 1a thiét 1ap mot cong thirc mo ta
mdi quan hé gitra d6 16n diém anh va khoang céch tir
camera dén doi tugng (Hinh 7). Trong hé toa d§ toan
cau(x,,,,z,), duong kinh ciia ddi tuong la L.
Trong hé toa do camera(x,,y,,z, ), duong kinh cua
ddi tuong 1a /, tiéu cy 1a £, khoang cach tir camera dén
db6i tuong can tinh 1 d. Dya trén nguyén 1y hinh dnh
pinhole va tam giic dong dang, cong thirc dé dang
duoc xac dinh nhu sau:

dzf%. (15)

2.5.3. Uéc lwong vi tri va hudng

Dé du u6e lwong vi tri va hudng cua ddi tuong
cho viéc du doan qu¥ dao container, du tién hé théng
xdy dung mot mat phéng du doan bang cach st dung
phan doan mat phang. Sau do, mot hé toa do duoc
xdy dyng trén mit phiang dy doan. Hinh 8 cho thy
quy trinh timg budc cta thuat toan, moi quan h¢ gilta
cic diém muc tiéu va camera dugc thé hién trong
Hinh 9.

- Buge 1: Xac dinh toa do ddi tugng trén anh
RGB 2D. Buéc nay dugc hoan thanh béi
phuong phap nhan dang anh va xac dinh tam
dugc mo ta phan trén;

- Budc 2: Thu thap cac diém tuong dbi dya trén
toa d0 cac diém muc tiéu trén anh RGB 2D va
chon céc toa do nhu 4, B, va C. Toa 36 C la
trong tdm cua 2 diém A va B;

- Budc 3: Lap ban dd va thu thap thong tin 3D tir
cac diém miu (4, B, va C) dé tao cac
diém 4',B'vaC' tuong tng;

- Budc 4: Tao mit phing du doan trong khong
gian 3D duya trén cac diém 4", B’ vaC' (c6 cing
gia tri truc z) sit dung phuong phap phan doan
mit phang;

- Budc 5: Su dung cac diém 4', B'vaC' dé tao
cac diém A",B"vaC"tuong Ung trén mit
phéng du doan;

- Budc 6: Tao hai vector C"4" vaC"B";

- Budc 7: Tao vector phap tuyén C'N, tu hai
vector C"A"vaC"B";

- Budc 8: Tao thém mot vector phap tuyén C "N,
tr 2 vector C'N,vaC"B".
Descartes N,B"N, ;

Dung hé toa do

- Bugc 9: Chiéu hé toa do muc tiéu (container)
Ién hé toa 0 camera dé dat dugc ma trén xoay.

Cudi cung, h¢ théng dat dugc thong tin chinh
X4c vé vi tri va hudng cua container so voi hé toa do
camera (Hinh 10). Phép bién d6i cua container dén
camera dugc thé hién dudi dang ma tran d@)ng nhét
CTO (ma trén bién ddi tir camera dén dbi tuong),

By Ky Ky L

C];]: R t — r21 r22 r23 ty . (16)
0 1] | ry ry
0 0 0 1

Hinh 6. Xéc dinh tAm ddi twong

Hinh 7. So db nguyén Iy wéc lugng khoang cach st
dung camera don dén ddi tugng
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D | | 3D
Budgc 2 I Buge 3 Dich chuyén Budc 4 Budce 5
(d61 véi camera)
A(u,.v) I Liapbandd | 4'(x.».3 A"(x. 3.2,
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(15-33) I . Phén doan N
B(u,.v,) I B'(x.22.3) mét phang B"(xy.31.5,")
Thu thap céac Toa do 3D twong mg Mat phing dir doan Tao diém trén mat
diém dua I (d6i véi heé toa do phang dyr doén (chi
trén diém camera) thay dbi truc z)
muc tiéu I
Budc 1 I Buge 9 Buéce 7 Budc 6
A(u.v) Ma tran xoay T d oa
. I (doi véi camera)
I - - C'N, —
. R t
B[”J‘TJ] I Y B B
- 00 0|1
Diém muc I
tiéu (toa do Chiéu trén hé toa do Dumg hé toa do Tao vecto phap tuyén tir 2 Dung 2 vecto
tam cua hai I camera Pé cit cho vecto trén mit phang di trén méat phang
dén hidu trén container dodn (gia stz = 0) dy doéan
1

container)

Hinh 8. Quy trinh x4y dung hé toa d6 dé x4c dinh ma trin xoay lién quan dén camera.

Béng 1. Két qua do dac cta hé thong

Tap anh Tap 1 Tap2 Tap3 Téng
S6 lugng mau 28 29 28 85
Sai l¢ch trung binh (cm) 1,1 0,82 0,76 0,89
Sai s6 trung binh (%) 021 022 021 0,21

Do chinh xac trung binh

(%) 99,79 99,78 99,79 99,79

I
|

JYZ

alpha

L 00, 0) . u
lr 0 B

" 7 Naalpha

Hinh 9. Mdi quan h¢ gilta cac di€ém muc tiéu va
camera.

Distance = 358.00 (cm)
jAngle = 0.00 (degree)

Hinh 10. Két qua xac dinh vi tri va huéng cia
container

3. Két qua nghién ctru

Dé danh gia hiéu qua cua phuong phap dé nghi,
chung t6i cho tién hanh chay hé thong dé do khoang
cach tor hé camera t6i vi tri container voi 85 gia tri,
chia thanh 3 tap dit liéu twong Gng voi 3 lan do khac
nhau, sau d6 so sanh véi két qua thyc té do duogc
(Hinh 11). Dong thoi tinh toan sai s giita gia tri
khoang cach cua hé thong do duoc va thyc té (Hinh
12). Bang s6 li¢u tong hop duoc trinh bay ¢ Bang 1.
Khoang cach va goc 1éch theo thoi gian dugc thay doi
gia tri dé danh gia dap mg ctia hé thong, két qua dugc
trinh bay trong Hinh 13 va Hinh 14.

Thyc nghiém dugc tién hanh trén may tinh
nhung cia hang Cincoze, dong may DS-1000 véi
model DS-1102 dugc trang bi by vi xir ly Intel®
Core™ i5-6500 cho xung nhip 3,2Ghz-3,6Ghz, RAM
16GB, chay h¢ diéu hanh Window 10 va chuong trinh
Visual Studio 2019 cung ma nguﬁ)n m¢ OpenCV3.4.9.
Anh duogc chyp theo chiéu thing ding tir trén ciu truc
xudng vi tri container bing méay anh cong nghiép
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Basler Ace acA1920-40gc két hop véi dng kinh Basler
fléemm trong diéu kién anh sing ban ngay binh
thuong. Cac anh thu dwoc s& dugc tién hanh xir 1y vé
dang anh jpeg voi do phan giai 1200x800. Hinh 15
minh hoa két qua thuc nghiém cua hé théng.
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Hinh 12. D4 thi biéu dién két qua sai sb.
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Hinh 13. Péap tng khoang cach ciia hé¢ thong
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Hinh 14. Pap tmg goc léch cua hé thng

70

Hinh 15. Két qua thyc nghiém hé thong,
4. Két luan

Trong nghién ctru ndy, chung t6i da dé xuat mot
giai thuat xu ly anh hi¢u qua dé phat hién, xac dinh
khoang cach tir hé camera dén vi tri container va gbc
léch cua marker dit trén bé mit container so véi
phuong ngang. Két qua ctia nghién ctru nay co thé 1a
tién dé& dé phat trién mot hé théng bdc d& container tu
dong. Két qua thuyc nghiém cho thdy do chinh xac
trung binh cta phuong phap dé xuat dat dugc 1én téi
99.79%. Vi vy, c6 thé ap dung cho bai toan phat hién,
xac dinh khoang cach tir hé camera dén vi trf container
va goc 1éch cua marker dat trén bé mit container so
véi phuong ngang.

Trong tuong lai, ching t6i s& tién hanh nghién ciru,
phan tich phuong phap dé xuét, tir d6 cai tién giai
thuat dé lam giam thoi gian xir Iy ciing nhu ting do
chinh xac. Pdng thoi tién hanh thiét ké, thir nghiém
mé hinh bdc d& container tu dong.

Loi cam on

Nghién clru nay duogc tai tro boi Quy phat trién
khoa hoc va cong nghé quoc gia (NAFOSTED) trong
de tai ma s6 “107.01-2017.320”.
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