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Currently, automation models are born to solve all the unnecessary
risks of traditional models and in the supply chain, warehouse
automation has brought great efficiency in warehouse management.
This paper approaches the obstacle avoidance method for AMR robot
in warehouse automation proposed based on the calculation of the
probability of collision that may occur between the robot and the
objects when a robot is on its trajectory, and the adjusted trajectory
during the movement processing. The calculation of the collision were
provided to support the robot to choose a safe area to move through and
over obstacles. An obstacle avoidance algorithm based on complement
of probability is proposed. The results of the probability calculation and
the robot path finding algorithm are tested and simulated.
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Hién nay, cac mé hinh ty dong duoc ra doi dé khac phuc tat ca nhirng
rai ro khong dang ¢ ciia nhitng mé hinh truyén théng va trong chudi
cung tng, tu dong hoa kho hang ra doi da dem lai hiéu qua rat 16n trong
cong tac quan 1y kho. Bai bao nay tiép can phuong phép tranh vat can
cho robot ty hanh AMR ng dung trong ty dong hoa nha kho (warehous
automation) dugc d& xuit dwa trén tinh todn xac suit va cham co thé
Xay ra giita robot va cac d6i tuong khi robot di chuyén trong quy dao
cho truée ciing nhu quy dao diéu chinh theo thoi gian thyuc. Viéc tinh
toan x4c suat 1 co sé cho robot ra quyét dinh cho robot lya chon ving
an toan dé di chuyén xuyén qua va tranh chuéng ngai vat. Phuong phap
tranh vat can dua trén phan bd phan bu xéac suat dugce dé xuat, két qua
tinh toan xac suit va thuét toan tim dudng cho robot duoc thir nghiém
va mod phong.
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1. Gioi thigu

Tu dong hoa co gidi 1a mot cach sir dung cong nghé dé giam thiéu sy di chuyén cua nhan vién
va xdy dung quy trinh 1am viéc hiéu qua hon. Pong thoi, cung la mot phan cua du 4n tu dong hoa
doanh nghiép gitp loai bé viéc st dung nhiéu lao dong dén cac cong viéc co tinh chét lap di lap
lai (nhap/xuét dit liéu hay phan tich dit liéu thu cong).

Hinh 1 mo ta cac thanh phan chu yéu ciia hé thong tu dong nha kho gom: 1- Ty dong hoa ki
thuat s6 (Digital Process Automation) sir dung dit liéu va phan mém dé giam thiéu cac quy trinh
lam viéc thu cong. Vi du nhu: cong nghé nhan dang va thu thap dir li€u ty dong (AIDC), nhu ma
vach di dong...; 2- Ty dong hoa vat ly (Physical Process Automation) 1a mét cach st dung cong
nghé dé giam thleu su di chuyén ctia nhan vién va xay dung quy trinh lam viéc hiéu qua hon. Bao
gom: str dung hé thong robot AGV, AMR, hé thdng bang tai thong minh...
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Hinh 1. Hé thong tw déng nha kho [1]

Cong nghé tw dong hoa kho bao gom:

1. Giao hang tan noi (GTP): 1a mét trong nhitng phuong phap phd bién nhit dé ting hiéu
qua va giam tac ngh&n. Danh muyc nay bao gém bang tai, bang chuyén va hé thong nang thang
dung. Khi duoc ap dung dung cach, cac hé théng GTP cé thé ting gip doi hoac gap ba toc do lay
hang trong kho.

2. Hé théng luu trir va truy xuit tw dong (AS/RS): cong nghé thyuc hién GTP gom cac hé
théng va thiét bi tu dong nhu xe cho vat li€u, xe dua don tote va may xuc 1at mini dé luu trix va
léy vat liéu hodac san phém.

3. Xe c6 hwéng din tw dong (AGV): nhing xe nay str dung dai tir tinh, day dién hodc cam
bién dé diéu huéng mot con duong ¢ dinh qua nha kho.

4. Robot di dong tw dong (AMR): AMR sir dung bd cam bién tinh vi, hé théng GPS, tri tué
nhan tao, may hoc va dién toan dé 1ap ké hoach duong di nham dién giai va diéu hudng trong mot
truong lam.

5. Ngoai ra, hé thong con bao gom: Hé thong Pick-to-Light va Put-to-Light, Chon bang giong
noi va nhiém vy, Hé théng phan loai tu dong... nham t6 vu hoa kha nang van hanh.

Trong tu dong héa nha kho, robot AMR (Autonomous Mobile Robot) 1a mot thanh phan quan
trong gop phan tu dong hoa cac quy trinh van hanh [2], [3], mang lai hi¢u qua vé ngudn lyc, kinh
té va thay thé con nguoi lam viéc tai moi truong doc hai, nguy hiém. Boi vay, 16p bai toan tim
dudng, dan dudng cho céc robot nay 14 muc tidu nghién ciru tap trung vao viée tim duong di ngin
nhéat, tranh va cham véi cac chudng ngai vat c¢b dinh, chudng ngai vat dang di chuyén. Hinh 2,
cho thdy hé théng cac robot AMR hoat dong trong nha kho théng minh v6i nhiém wvu
nhan/phat/sip xép hang hoa trén hé théng ké hang.
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Hinh 2. Robot AMR trong tu dong hoa kho hang

C6 nhiéu phuong phap tim kiém dudng di cho robot AMR duoc nghién ctru: thuat toan dya
trén d thi nhu thuat toan Dijkstra hay thut toan A* dugc d& xuét boi Guo va cong su (2012) [4];
Liu va cong su (2019) [5]. Hiéu qua cta nhitng thuat todn nay phu thudc vao viéc xay dung thong
tin ban do (dd thi). Tuy nhién, do su thay doi thiét ké cuia hé thong nha kho xay ra thuong xuyén,
nén viéc thay dbi théng tin ban dd ciing phai thay dbi thuong xuyén theo, khong co tinh ké thura,
linh hoat trong cap nhét. Phuong phap Simultaneous Localization and Mapping (SLAM) de xuat
bd sung viéc cip nhat toa d6 ban dd gan nhu tu dong [6]. Tuy nhién, dé tao ra ban d6 thyc té, can
phai lap thu cong cac nat chinh trén toa d6 dan dén t6n thoi gian tinh toan.

Phuong phap Model Predictive Control (MPC) dugc dé xuat boi Li va cong su (2019) [7]; Xu
va cong su (2020) [8], cac phuwong phap nay tham chiéu dén duong dan dugc thuat toan A* tao
trude. Boi vy, cac phuong phap nay cling doi hoi phai tao ban d6 mdi khi thay ddi bd cuc cua
kho hang. Shini va cong su (2022) [9], d3 d& xudt mot phuong phap dé thuc hién quy hoach
duodng dan cho nhiéu robot chi sir dung MPC linh hoat hon, dap tmg véi nhimng thay ddi trong
viée bd tri kho hang. Pong thoi, tic gia gidi thiéu mot sd thay ddi trong thiét ké cia ham muc tiéu
cua MPC trong diéu kién MPC dugce sir dung mdt minh va robot khong thé di chuyén do co su
ton tai ciia giai phap cuc b tbi vu.

Hau hét cac phuong phap trén déu dwa vao hé thong ban dd cho trudc, tuy nhién trong tim
duong, viéc phét sinh cac tinh hudng thuc té ciia robot ddi véi cac vat can (robot khac, con ngudi,
may moc) la khong thé tranh khoi. Boi vay, ing vaéi bai toan thuc té khi robot hoat dong trong
mdi truong dong (dynamic enviroment) thi cac phuong phap ndy con han ché. Do vay, chung toi
dé xuat mot phuong phap tranh vat can cho robot AMR khi gdp chudng ngai vat dua trén tinh
toan xac sudt va cham co thé xay ra.

2. Tinh toan va cham cho robot tw hanh

Trong diéu khién robot, viéc tranh va cham voi cac vat thé trong ving lam viéc 1a hét stc
quan trong, van dé mau chot 1a lam sao danh gia dugc kha nang xay ra va cham cua robot voi cac
chuyén dong trong khong gian c6 quy dao phuc tap va c6 cac chudng ngai cling chuyén déng.

2.1. Tinh todan va cham dwa trén ky thudt hgp bao

Tinh toan va cham duya vao hop bao AABB di dugc dé cap boi S. Kockara va cong su [10].
Trong do, viéc phat hi¢n va cham gitra hai hop bao AABB xac dinh bai [Cy, ag, a1, 8] va [Ca, by,
b1, b,] voi gia st a;>0, b0, i,j = 0,1,2 dugc xac dinh thong qua toa do cao nhét va thdp nhét cua
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mbi hop bao. Ki hiéu (Xmint, Ymints Zmint)s Kmaxt, Ymaxts Zmaxt) 12 toa @6 thap nhit va cao nhat cia
hop bao c6 tam C; duge mo ta trong Hinh 32,

rs ¥
*min1 *min2  *max1 Xmax2 X T Ird
(@) (b)
Hinh 3. Ky thudt phdt hién va cham
(a) Tinh toan va cham theo AABB (b) Tinh todan va cham theo OBB
& )
Xmin1 = Co — o Xmax1 = Co +?
by by
Ymin1 = CO 7 Ymaa = CO +— (1)
2 2
C,
Zmint = CO 2 Zmaxy = C0 +?0

Tuwong tu, tinh duoC (Xminz, Yminz Zminz), (Xmax2» Ymaxes Zmaxz) 1& tc_)a’dcf) thép nhat va cao n}}ét cua
hop bao xac dinh béi tam C,. Hai hop bao AABB va cham nhau néu xay ra mét trong bon diéu
kién sau:

( minl» Ymmll mml) |:(Xmin2’ yminzl Zmin2)1 (XmaXZv Ymaxzv max2 ]
(Xmaxl! ymaxl' maxl) e[(xminz’ yminz' ZminZ)* (Xmale Ymaxzl max2 )]

)

m|n2’ ym|n2’ mlnz)e[(xminzv yminz! Zminz)v (Xmaxz7 ymava maxz):|
(Xmax2' ymaxZ' Zmaxz)e[(xminZ' ymin2' Zmin2)v (Xmax2! ymax2’ ZmaxZ ):|

Pé tim diém va cham, ta chon diém va cham la dinh twong (g véi mot trong bén truong hop
trén. Phuong phap nay tinh todn don gian, dé cai dit xong do chinh xac khong cao.

Tinh toan va cham dua vao hop bao OBB (Oriented Bounding Boxes): dugc Devid Eberly
[11] d& cap ap dung phat hién va cham giita cac ddi twgng trén md hinh khong gian 3D. Trong
d6, hinh hop OBB (Hinh 3b) bao gdm mét tam C, ba vector Ay, A, A, chi huéng ciia hinh hop va
3 hé sb do dai twong wng vdi kich thudce cia hinh hop 1a ag >0, a;>0, a>0. Khi d6, 8 dinh cua
hinh hop sé dugc xac dinh nhu sau:

2
C+ZSiai*Ai |S| |:1,i:0,1,2. (3)
i=0

Viéc tinh toan diém va cham giita hai OBBs duoc thuc hién bang viéc tim chinh xac diém va
cham. Di vai hai hop bao, néu chiing va cham véi nhau ¢ dang dinh - dinh, d@inh - canh, canh -
canh, dinh - mgt thi diém tiép xuc 1a duy nhat. Nhung néu chiing va cham véi nhau ¢ dang mgt -
mdt, canh - mdt thi s& c6 vo sé diém tiép xtic, khi d6 chi can dua ra mot diém bat ky 1a duoc.
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2.2. Tinh todn va cham duwa trén xdc suit

Céc nghién ctru V& tinh toan xac sudt va cham giita cac dbi twong dugc ung dung khong chi
giai quyét van dé tranh vat can [12]-[14] (cac tau van tai, thiét bj tu 14i, robot ty hanh,...) ma con
trong khoa hoc quan su nhu: tinh toan diém chinh xac, viing chinh xac tao va cham (d4nh chan,
tinh toan diém muc tiéu cta vii khi va tén lia,...)

Nhimg nam gan day, da c6 nhiéu phuong phap tinh toan xac suat va cham da dwoc dé xuat
nhu: Chen va cong sy [15] da nghién ctu mot phuong phép bang cach sir dung logic mo sir dung
ly thuyét thoi gian va khoang cach dén diém tiép can gan nhat (Time to the Closest Point of
Approach —TCPA, Distance of the Closest Point of Approach-DCPA) dé nhan biét tranh va
cham; Son va cong su [16] dya vao fuzzy logic da tinh toan rui ro va cham c6 st dung TCPA va
DCPA 14 ham thanh vién; Namgung [17] ndm 2019 str dung neuro fuzzy dé tinh toan chi s6 rii ro
va cham (Collision Risk Index -CRI); Fulgenzi va cong su [18] thuc hién cac m6 phong tranh va
cham trong modi truong dong (dynamic enviroment) bang cach két hop cac ludi cong suat dong
duoc cung cp bai cam bién va xac sudt van téc cua chudng ngai vat (Probabilistic Velocity
Obstacles - PVO); Kim va cong su [19] nam 2022, st dung bd loc Kalman két hop véi buéc du
doan cta bo loc UKF (Unscented Kalman filter).

Hau hét cac nghién ciru trén tap trung vao trang thai hién tai cua dbi tuong va tinh toan nguy
co va cham duya trén cac phuong phap VO, viée xac dinh quy dao chuyén dong cua dbi tuong tap
trung vao viéc tranh cac vung c6 kha nang va cham, cho nén duong di cia robot tu hanh 1a khong
t6i wu vé& quang dudng, ton kém thoi gian.

3. Phuwong phap tim dwdng cho robot bing dd do va cham

Chung t6i dé xuat phuong phap t6i uu dudng di cho robot ti hanh dua trén phuong phéap tinh
toan xac suat va cham, tir d6 giup robot ty hanh lya chon ving di chuyén va quy dao chuyén
dong an toan.

Xét mot vat thé duoc gigi han boi mién Q . Khi d6 dudng kinh cta vat thé duge dinh nghia 1a
2r = Max p(M;; M,); YM;, M, € Q

Gia str chung ta c6 m vat thé O(M;,1),i=1...m ciing chuyén dong trong mot khong gian quan
sat H gigi han 0< x < xmax;0<y < ymax;0 < z < zmax; Vvéi cac gia thiét sau:

Xét hai vat thé gioi han boi hai mién Q;,Q,, d6 do kha nang xay ra va cham giita chiing
dugc xéac dinh boi cong thic (4) trong d6 V 1 thé tich cac mién twong Gng.

pl12, (= 10 )
(V)

Cong thirc (4) duogc coi 1a cong thire tdng quat tinh xac suit xay ra va cham giita hai vat thé.
Trong truong hop dac biét khi hai vat thé di chuyén tring khit vao nhau thi x4c suat bang 1 va
khi hai vat thé tach roi nhau thi x4c suat bang khong. Dong thoi, do do cang 16n thi kha ning xay
ra va cham cang cao.

Xét 2 vét thé duge md ta bang hai mat tron O(My,r1), O(Mary). Ki hiéu d = p(M;,M,). 1a
khoang cach giita 2 tam. Khi d6 diéu kién dé 2 mit tron giao nhau 1a d <r, +r,.

D& thay rang:
J (n- h1)><\/r1 —-(n—
+1, arcos( J (r,— h2)><4/r2 —(r,—h,)?

S(O,N0,)=x arcos[
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2,42 .2 2,42 .2
o +d”—r. ry +d°—n
Trong 86, hy=r,—-2——2 :h, =r, - 2—— L
g h’l 1 2q 2 2 2d
Va cong thic tong quat xac dinh d6 do va cham gitra 2 vat dugc xac dinh:
—S(olmOZ); In—rl<d<n+rn;
S(0,U0,)
p[L2,t] = 0; d>n+1,; (5)

P 2 2
min(zn°, zry ) . d<|r—1,|.

max(zr?, 7r7)
Vi khong gian 3 chiéu, cong thirc tong quét xac dinh do do va cham giira 2 vat 1a:
h
A (1 = )+ 72—
2 h ~ In-n|<d<n+r;
gﬂ(rf +13) - zhi (1, _E)—”hzz(rz —32
plL2t]= 0; dzp+n;  (6)

(4 44
Mln[s;rrls,:;;rrfj
Max(4zzrl3,47rr§J

3 3
Trong trudng hop tong quat, voi m vat thé dugc xac gigi han bai cac mién Q,i=12,..,m thi
cong thie xac dinh kha ning xay ra va cham gitra m vat thé tai thoi diém (t) 1a.
m
D V(@ NnQ))
]
pIL 2, mt]=H (7
Zv (@ uUQ))

i)

; d<|n—n

‘ Bat diu |

Tinh toan
xac suit va cham

!

Tinh toan phan b xac
suat va cham

!

Lwa chon vung an toan
dwa trén phan bl xac

!

Anh xa toa dé vé toa dé
thuwe, di chuyén

‘ Két thic |

Hinh 4. So dé thudt todn tim dwong
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Y tudng phuong phap tim duong cho robot ty hanh duge dé xuat dua trén phan bu cta xac
suat va cham tinh dugc. Sau khi tinh toan dugc xdc suat va cham, viéc xdy dung huéng di
chuyén, quy dao di chuyén cua robot ty hanh s& duge anh xa 1én hé thong dinh vi GPS trén co s&
quy dao tinh toan ctia phan bu xac suat va cham. Tai mdi thoi diém t(i) robot ty hanh s& thuc
hién: 1- Thyc hién tinh toan do do va cham cua Xe tw hanh, 2- Xac dinh phdn bil cia xdc sudt va
cham; 3- Xdy dung do thi cua phan bu, lwa chon diém di chuyén tiép theo cho xe tuw hanh; 4- Anh
Xa nguwoC Véi méi trwong thuc té hién cé cua xe tw hanh. Hinh 4 mo ta thuat toan tim duong cho
robot ty hanh.

4. Két qua tinh toan va md phéng

Vi dit ligu dau vao thur nghiém r,=50, r,=60, t=100, n=100, két qua tinh toan xéc suét va
cham theo cong thirc (5) da duoc thé hién trén hinh 5. Trong do, rl, 12 1a ban kinh ving an toan
tuong ing cua robot tu hanh va vat can, t 1a bién thoi gian, n 1a cira s6 quan sat ctia mo phong.

Dong thoi quy dao tinh toan phan bu xac suat va cham da dugc thé hién & hinh 6. Viéc anh xa
quy dao nay nhu 1a mdt goi y cho viéc xac dinh thuat toan tranh vat can cho robot.

COLLISION PROBABILITY COLLISION PROBABILITY
50

(

Ul
n"//fl/ﬂ{‘vc‘mm\m\m‘r h\\“

w
B 8
ity
o
=

8
Collision probabil
o
=

y-axis of observe window (cm
n N
o
=} M

@
S

10 g
50

< 10
5 10 15 20 25 30 35 40 45 50 o o

x-axis of observe window (cm) x-axis of observe window (cm)
y-axis of observe window (cm)

Hinh 5. Két qud tinh todn xdc sudt va cham

COMPLEMENT OF COLLISION PROBABILITY

COMPLEMENT OF COLLISION PROBABILITY

y-axis of observe window (cm)
Collision probability (%)

20
10 20 30 40 50 60 70 80 90 100 o o

x-axis of observe window (cm) y-axis of observe window (cm) x-axis of observe window (cm)

Hinh 6. Quy dao goi ¥ cho robot ty hanh tranh vdt can

Dix liéu duogc cai dit trén robot ¢ cu tao duge mo ta trong Hinh 7.

Hinh 7. M6 hinh robot thuc té phuc vu cai dat
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5. Két luan

Hudng tiép can vé mot phuong phép tranh vat can cho robot ty hanh AMR dya trén xac suat va
cham d duoc trinh bay 1a co s cho robot ra quyét dinh di chuyén qua ving an toan va xay dung
quy dao cho né. Két qua tinh toan xac sut va cham da klem chtrng m6 hinh toan hoc trong cong
thirc (5) va (6). Tiép theo, ching t6i tiép tuc nghién cau Vé bai toan tranh va cham Vvéi cac vat thé
chuyén dong, trong do6 co yeu t6 moi trudng, dong thoi tlen hanh phan ving dong mic va cham cho
bai toan du doan va cham dé robot ty hanh dua ra cac quyet dinh chinh xac, an toan va tin cay.
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