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Thir nghiém thudt toan tim dwimg di t6i wu cho hé thong robot di dong
van chuyén hang trong kho ty dong
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Tom tat:

Robot di dong ngay cang dwoc sir dung pho bién dé van chuyen hang héa trong kho hang tw dong. Nghién ciru nay
trinh bay viéc ap dung thi nghlem thuat toan tim dwong di tdi wu cho hé thong robot di dong van chuyen hang
Thuat toan dwoc xay dung va kiém tra bang mo hinh gia lap, sau_ do dugce ap dung thir nghiém dé diéu khién hé
thong robot trong ba so dd kho hang thue té theo thir tu ting dan vé mirc do chi tlet phlrc tap do nhom tac gia thlet
lap. Mot s0 cai tién thuat toan da duoc nghién ctru khi gap cac van dé trong thuc té: quy tac chiéu dwong di, quy tic
wu tién thir tw tai giao diém, quy tic cho tai cac diém that nit (cira kho). Trong qua trinh thwe nghiém, robot vat ly
chay thuec té va cip nhat 19 trinh di chuyén theo thoi gian thye trén giao dién chwong trinh may tinh cho két qua xir
ly tot voi thoi gian xit ly nhanh va quy dao da dugc kiém chirng 1a dat mire do t0i wu van hanh, hoat dong on dinh
v6i nhiéu kich ban nhiém vu. Két qua nay giup cho nhirng nha nghlen ctru, nha quan ly kho hang cé thé dinh huéng
x4y dung mo hinh phu hop, tuy bién theo cac diéu kién thue tién.

Tir khéa: robot di dong, thuit toan A*, thuit toan Dijkstra, tdi wu quang dwong, xe tw hanh.
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Abstract:

Mobile robots are increasingly being used for goods transportation in automated warehouses. The study presents
the experimental application of a routing algorithm to find the optimal paths for a mobile robot system transporting
goods. The algorithms were first developed and tested in a simulation model, then experimentally applied to control
the robot system in three warehouse layouts with increasing levels of detail and complexity, as designed by the
research team. Several algorithmic improvements were studied to address practical issues, including path direction
rules, priority at intersections, waiting rules at choke points (warehouse doors). During the experiments, the physical
robot operated under real-world conditions and updated its movement trajectory in real-time on the computer
program interface, which shows the efficient processing results with fast computation times, while the verified
trajectory achieved an optimal level of operational performance and stable operation across multiple task scenarios.
These results provide researchers and warehouse managers with insights to design and customise models according
to practical conditions.
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1. Tong quan

Ngay nay, trong kho hang tu dong, cac robot ty hanh phai
thuc hién mdt lugng 16n hanh trinh van chuyén hang hoa trong
mot thoi gian ngan. Viéc dua ra lich trinh di chuyén cua robot
hop ly dé giam chi phi van hanh thiét bj va thoi gian cho doi la
rat quan trong. Vi vay, viéc nghién ciru cach thire dé dua ra ké
hoach, phuong phap dinh tuyén téi uu bang chwong trinh may
tinh 1a cén thiét.

Bai toan dinh tuyén nay hudng t6i viée thiét 1ap hanh trinh
cho cac robot trong kho mang céc gia ké hang ra ctra kho va
dua ching quay tro lai vi tri ban dau dé ma khong vuot qua
ning luc cua mdi robot voi chi phi 1a nho nhat. Bai toan dinh
tuyén dwoc danh gid 1a mot trong nhiitng thach thirc 16n nhat
trong linh vuc Van tru hoc subt 50 nam qua. bay la mét bai
toan thudc nhém NP - kho, d4 c6 nhidu nghién ctru dugc tién
hanh nham dé xuét cac phuong phap giai quyét khac nhau nhur:
thuét toén di truyén thuat toan sinh cot hodc k¥ thuat nhanh

.....

E. Eade va cs (2007) [1] da nghién ciru mot hé théng dinh
vi trong mdi trudng ¢6 pham vi han ché, theo phuong phap tiép
can dya trén mot camera don 1€, quy mo thir nghién ctu dugc
xdy dung thanh cac nit riéng biét, két ndi voi nhau thong qua
mot do thi 16n bang cach ap dung cac k¥ thuat toi wu hoa phi
myén. F. Dellaert va cs (2006) [2], H. Strasdat va cs (2010) [3]
da st dung cac ky thuat nhu Smoothing, Bundle Adjustment
(BA) va Mapping (SAM) dé theo ddi cac dic trung qua timg
khung hinh trong chudi anh lién tiép.

Nghién ctru cia B. Williams (2009) [4] da thyc hién nghién
ctru danh gia tim quan trong cta thu tuc vong lip déng, giup
kiém tra xem céc vi tri trong h¢ théng SLAM st dung mot
camera don ¢ (Monocular SLAM) da dugc nhan di¢n hay
chua. Phuong phap nay dugc st dung cho cac bai toan dinh vi
str dung hinh anh va sir dung ba phuong phap ddi sanh anh la:
Map-to-Map [5], Image-to-Map [6] va Image-to-Image [7, 8].
Thir nghiém dugc tién hanh trong moi trudng trong nha, ngoai
troi, voi quy dao di chuyén 1a mot vong don va nhiéu vong. Két
qua cho tha”iy, d6i sanh Image-to-Image dat hiéu suét cao nhat,
trong khi Map-to-Map va Image-to-Map c6 hiéu qua thap hon.

S. Perera va cs (201 1) [9] da phat trién mot thudt toan gidm
sat nham theo doi cac doi ‘tugng chuyen dong trong moi truong.
Thudt toan nay gidi quyét van dé nhan dién cac diém chuyén
dong tor mot camera dang di Chuyén, dua trén cac rang budc
epipolar va thong tin dugc thu thap tir thuat toin monoSLAM.
Tuy nhién, dé thiét 1ap ngudng phén loai chinh x4c cho céc
diém chuyén dong, can thyc hién nhiéu thir nghiém, phu thudc
vao s6 lwong va phan bd ciia cac diém chuyén dong dugc phat
hién trong moi truong nghién ctru.

R. Ozawa va cs (2005) [10] da phat trién mot hé thong truc
tuyén nhim tai tao ban dd 3D thong qua k¥ thudt do hanh trinh
dua trén dir lidu thi giac (visual odometry). Hé thong nay bao
gdm 2 thanh phan: thanh phan dau tién xir 1y viéc tao dung
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ban do 3D tir chudi hinh anh thu dugc tir camera-stereo, giup
mb ta chi tiét moi truong thuc té va hd trg vide 1ap ké hoach di
chuyén cho robot trén ban dd da dugc tai tao; thanh phén thir
hai do hanh trinh thi gidc nhdm két ndi cac khung hinh 3D lién
tiép dé xac dinh mo hinh chuyén dong ciia camera theo phuong
phap séu bac tu do (6DOF) cing véi thong tin vé moi trudng
3D. Cac k¥ thuat sir dung bao gdm: tinh toan d¢ sau cua hinh
anh, udc luong chuyén dong camera theo mo hinh 6DOF bing
ky thuat RANSAC [11]. Ngoai ra, dir ligu két qua tir ban do
3D dugc sir dung dé 1ap ké hoach di chuyén cho robot bang
cach két hop cac diém du doan cho nhimg bude di chuyén tiép
theo. P. Michel va cs (2007) [12] da & xuét mot phuong phap
thoi gian thyc trén GPU dé hd tro robot di chuyén va leo ciu
thang trong khong gian 3D, duya trén chudi hinh anh thu duoc
tir camera-stereo. Tuy nhién, phuong phap nay c6 gioi han nhat
dinh 1a sy 18 thudc v6i dbi trong 3D can theo di va mé hinh
3D c¢6 kich thudc nhd, nhung né dac biét hiéu qua trong cac
tinh hudng cu thé nhu leo cau thang.

Trong nghién cuu cua H.T. Tran va cs (2022) [13], phuong
phap Gradient ciing bo diéu khién md Takagi-Sugeno da dugc
str dung dé toi wu hoa cac tham sb, nham didu chinh qua trinh
diéu hudng va tranh chudng ngai vat cho robot di dong. Kién
triic diéu khién mo nay mo phong hanh vi cta robot trong moi
truong chua biét, & ddy bao gdm céc hanh vi nhu tim kiém
muyc tiéu va tranh vat can, theo doi robot. Robot di dong banh
xe ¢ trang bi b diéu khién logic md duoc thuc hién trén vi
diéu khién Atmega, v6i dit liéu dau vao tir cic cam bién kiém
soat dong co bén trai va bén phai. Ngoai ra, viéc st dung bo
diéu khién mo két hop véi thuat toan di truyén da dugc trién
khai cho m¢t nhom robot ty hanh trong nha. Trong d6, b didu
khién mo hd trg mot robot ban dau, sau d6 thuat toan di truyén
t6i wu hoa chire ning diéu khién khi di chuyén trong cac moi
truong phire tap.

Q. Liu va cs (2006) [14] trong nghién ciru cia minh da st
dyng thudt todn di truyén dé didu khién robot tu hanh (AMR),
ket hop dir liéu tir cam bién siéu 4m nham xac dinh cac thong
s6 moi trudng va 1ap ké hoach duong di. So sanh gitra hai
loai md hinh md Takagi-Sugeno va Mamdani cho thdy, mo
hinh Mamdani mang lai sy van hanh muot ma hon, trong khi
Takagi-Sugeno lai tiéu thu it tai nguyén by nhé hon, phu hop
khi str dung véi cac vi diéu khién trong thoi gian thuc.

Nhiéu nghién ctru két hop thuat toan logic mo véi cac
phuong phép tinh toan tir phan mem bao gom thudt toan di
truyen mang no-ron nhan tao va t6i wu hoa bay dan hat, nham
t6i wu hoa cac tham s6 trong bo didu khién mo va cai thién
duoc hiéu suét diéu huodng cho robot di dong [15]. Cac hanh
vi logic md co ban dugc thiét ké trong cc nghién ciru nay bao
gom: di chuyén theo muc tiéu va tranh cac chudng ngai vit.
Két hop cac thuat toan nay, robot ¢6 thé 1ap ké hoach duong di
hiu qua trong méi truong co cac chuong ngai vat dong. Thuat
toan di truyén va ‘mang no-ron ciing da dugc ap dung aé cai
thién kha nang diéu hudng ciia robot. Céc thudt toan tién tién
duoc thiét ké nham tdi wu hoa tham sd dau vao va hiéu qua hoat
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dong cia bo diéu khién mo, nang cao hi¢u sut trong cac moi
truong phitc tap. Hanh vi tranh vat can duoc diéu chinh nho dir
liéu tir cam bién pham vi dé xac dinh khoang cach téi chuéng
ngai vt g?m nhét, trong khi hanh vi tim kiém muc tiéu dua
vao cam bién la ban dé xac dinh hudng di chuyén chinh xac.
Trong nghién ctru cua M. Faisal va cs (2013) [16], thuat toan
di truyén mo (GA-FL) dugc ap dung dé giai quyét bai toan 1ap
ké hoach chuyén dong trong méi truong dong. Nghién ctru sir
dung céc cam bién khong ddy dé hd trg robot di chuyén trong
cac moi truong chira ca chudng ngai vat tinh va dong. Hai bd
diéu khién mo dugc thiét ké, bao gdom diéu khién theo dai logic
md (TFLC) va diéu khién tranh vat can logic mo (AFLC) dé
dam bao robot co thé tim kiém dudng di t6i wu tir diém xuat
phét t6i myc tidu trong nhiéu tinh hudng van hanh khac nhau.
Ngoai ra, nghién ctru ciing dé xuat phuong phap 1ap ké hoach
duong di truc tuyén theo ngudn dit lidu thu duge tir cam bién
trong moi trudng dong. Cac bd didu khién mo dugc thiét ké dé
hoat dong trong thoi gian thuc st dung vi mach (FPGA) c6 thé
1ap trinh lai. Cac luat mo thuc hién trong nghién ctru nay dugc
xay dung nham mé phong hanh vi 1ai xe clia con nguoi va di
dugc kiém chimg thong qua céc hé thong tic nhan. Trong do,
robot c6 kha ning tu hoc hoi va didu hudng hiéu qua ngay ca
trong cac moi trudng phic tap va khong chic chin.

H. Xiao va cs (2007) [17] da két hop cac 16p mang no-ron
nhén tao dé tao kho dit liéu diu vao nhan tao. Déng thoi, phuong
phap hoc ting cuong Q dugc sir dung dé phat trién thudt toan
lap ké hoach duong di cho robot di dong. Hé thong nay diéu
khién téc do dong co DC ciia robot qua vi diéu khién Arduino
Uno, véi sy hd trg ctia nhiéu 16p no-ron. Véi bd diéu khién
mang no-ron va PID dugc xdy dung va thu nghiém trén cac
robot c6 mang hdp sb tu dong. Mot sd tac gia khac dd s dung
mang no-ron dé tao ra cic duong di dan tranh va cham trong
méi truong khong xéc dinh, dic biét 13 trong cac tinh hudng yéu
cau kha ning lap ké hoach tryc tuyén khi robot hoat dong trong
moi trudng c6 chudng ngai vt khong dugc biét trude.

Mot s6 nghién ctru khac d phén tich cdc hanh vi tranh
chuéng ngai vat st dung két hop mang no-ron va hoc ting
cuorng Trong nghlen ctru, C.T. Vo va cs (2021) [18] da phat
trlen bo diéu khién mang no-ron chuyen tiép sir dung ngudn
cap dir liéu da 16p, dé tu dong diéu khién hudng 14i cua robot
trong cic moi trudong tinh va dong. Mang no-ron niy co bon
16p du vao dua trén khoang cach di téi chuéng ngai vat va dau
rala goc 1a1 cua cac robot. Tuy vy, & moi trudng nang dong va
khéng ¢6 cu trac, xac dinh duong din phi hop dé giam thiéu
va cham tré nén phtc tap hon déng ké.

Nghién ctru cua S.X. Yang va cs (2003) [19] da gioi thiéu
giai phap nham 1ap ké hoach dudng di cho robot di dong va ban
dia hoa cho robot di dong bing cach sir dung mang than kinh
nhén tao hdi quy (RNN). Nghién ctru 4p dung hai b diéu khién
mang than kinh cho muc tiéu lap ké hoach va khong ché dudng
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dan: mot bo diéu khién ho trg robot phat hién cac khoang trong
trong khong gian. Bo diéu khién thir hai gitip huan luyén robot
nhdm tranh chudng ngai vat. Hé thong ding cam bién tim nhin
loai Kohonen, duoc thiét ké chuyén dung cho viéc didu huodng
robot thong minh.

Trong nghién clru cua A. Zhu va cs (2007) [20], tac gia da
dé xuat mot phuong phap nham didu huéng duya trén 1y thuyét
cta didu khién mo, tan dung phan tng ciia cac robot & trong
mdi truong khong xac dinh. Hé thong nay sir dung 48 luat mo
dé diéu khién hai hanh vi chinh: tim kiém muc tiéu va tranh
chuéng ngai vat. Cac thong sé chitc ning cua mang no-ron
dwoc diéu chinh dé cai thién kha niang hoc tap cua robot, gitip
rat ngin duong di tir diém xuat phat dén dich. Cam bién siéu
am cung cap dir liéu vé cac chudng ngai vt xung quanh, lam
dau vao cho bd diéu khién mo, ddu ra cta bd diéu khién s&
kiém soat toc do ciia hai banh xe trai, phai. Trong mo hinh nay,
b6 diéu khién mo va mang no-ron nhan tao stt dung ham co so
xuyén tam dé kiém soat van tdc va diéu chinh sy bién d6i moi
truong.

S.U. Deshpande va cs (2013) [21] da xay dung mdt mang
no-ron mo dua trén kinh nghiém, st dung dit li¢u tir cdm bién
siéu am dé xac dinh tdc do ciia robot. Nghién ciru ap dung 16
quy tic md dé kiém soat hudéng di chuyén cua robot, v6i hai
hé thong chinh 14 hé théng than kinh mo thich tng (ANFIS) va
hé thong than kinh md lai. B6 diéu khién mo nay dwa vao dit
liéu tir cam bién gitp robot di chuyén an toan trong méi trudng
trong nha. Nghién ctru ciing chi ra rang, su két hop giita mang
no-ron va bo diéu khién mo c6 thé nang cao hiéu qua trong viée
diéu hudng, kiém soat hudng di cua robot.

Nghién ctru ctia M. Gao va cs (2007) [22] da phat trién mot
hé théng t6i wu cho bo diéu khién logic mo, nham hd tro robot
di dong trong viéc didu hudng va tranh vét can. Phuong phap
t6i wu nay két hop thuat toan di truyén véi thuat toan G mo
phdng (Simulated annealing algorithm - SAA). Thuét toan U
mo phong va bo diéu khién thong minh duge thiét ké dé robot
xéc dinh 19 trinh t6i wu trong méi trudng phuc tap. Ngoai ra,
vige tich hgp thuat toan 1 mo phong voi ti wu hoa dan kién
(ACO) da cai thién dang ké toc do diéu hudng ciia robot, trong
khi viéc két hop thuat toan 1 mé phong va mang no-ron lai giup
cdi thién vé toc do hoi tu.

Bén canh d6, nhiéu nghién ciru khac ciing dé xuét giai phap
xay dung ké hoach diéu huéng danh cho robot di dong thong
qua viéc ung dung thuat toan ACO va thudt toan Dijkstra [23]
Thuat toan ACO dugc su dung dé tim kiém cac gi4 tri t6i wu
duoc lay tir bang ludt mo, nham giam khoang cach di chuyén
tir diém xudt phat dén diém dich cua robot, dong thoi hd tro
robot hidu qua trong viéc tranh chuéng ngai vat. Cac cai tién
tir ACO khong chi t6i wu hoa toc do tim dudng ciia robot di
dong ma déap Gng linh hoat cac hanh vi nhu tim kiém muc tiéu
va tranh vat can.
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O Viét Nam, bai toan nay ciing dugc nghién ctru sdu rong tir
1y thuyét dén (mg dung vao thyc té bai cac to chirc nghién ciru,
truong dai hoc ciing nhu cac cong ty logistics. Nhom cac nha
nghién ctru cia Hoc vién Ky thudt Quan su da ché tao thanh
cong h¢ thong robot y té van chuyén Vibot vao nam 2023 [24],
tuy nhién, van ton tai mot sd thach thirc trong vi¢c phat trién
cac hé théng nay, bao gém: Do chinh xac cua cac hé théng dinh
vi va dan dudng, d6 tin cdy va do bén cia cac cam bién, phai
dam bao hé thng co thé hoat dong on dinh trong moi trudong
thay ddi va khong dong nhat. Bén canh do, viéc tich hop cac
cam bién va xdy dyng hé thong truyén thong cho phép quan sat
muyc tiéu tur xa thong qua hé théng camera dugc trang bi trén
robot & ché do thoi gian thyc ciing 1a mot thach thire trong linh
vuc nghién ctu.

N.K. Nguyen va cs (2023) [25] da xay dung thuat toan dinh
tuyén mai dya trén co so giai thuat Dijkstra ap dung cho cac
robot ty hanh trong hé théng chia chon buu phém, buu kién.
bac biét, thudt toan chu trong tdi cac yéu t6 thay doi trong qua
trinh hoat dong ctia hé thong, tir 46 diéu chinh mot cach dong
bo dé mang lai quy dao téi wu cho timg robot, ciing nhu toi
thiéu chi phi cta toan hé théng va da dugc ap dung trong hé
thong kho ciia Viettel Post. Nghién ciru nay da thiét 1ap quy tac:
Sau khi robot th& nhét xac dinh duong di, robot thir hai coi cac
nat trén dudng di cua robot 114 vat can va thay ddi trong sb dé
thudt toan xac dinh lai duong di cua robot 2 (tranh cac nit do),
tiép tuc cho cac robot sau nita. Tuy nhién, khi kho hang nho,
¢6 sb lugng dudng di it (t6i wu hoa khong gian chira hang), dic
biét 1a cac quy dao dudng di déu hudng ra cira kho nén phuong
an xac dinh nay 1a khong phu hop thuc té.

Trong nghién ctru nay, cac tac gia thir nghiém maot s thuat
toan cho bai toan hoach dinh tuyén t&i wu cta cac robot tai hang
trong nha kho. Cac thudt toan s€ dugc thir nghiém voi bai toan
gia lap dé danh gi4 hiéu qua, sau d6 s& dugc thir nghiém trén
mo hinh nha kho that voi mot sé diéu kién: chiéu di gitra cac
nit, trang thai tai/khong tai cua robot, thir tu xép hang cho tai
ctra kho... (hinh 1).
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Hinh 1. So’ d6 kho hang.
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2. Doi tuong va phuong phap nghién ciiu

So d6 mit bang cua kho hang dwoc t chirc thanh mot ban
dd, hinh 1 minh hoa mot so d6 mat béng cu thé. Theo do, ban
dd c6 cac thong tin vé vi tri ctia gia dé hang hod, dugc tap hop
thanh diy. Cac day gia hang duoc bé tri cach déu nhau, khoang
khong gian giita cac diy tao thanh con dudng c6 thé di chuyén
duoc. Thong qua toa do hoa vi tri trén ban dd bang cach gan gia
tri dinh vi cho ting nut gén trén so dd mat bé‘mg. Khi do, cac
con duong (duoc goi la canh) két ndi cac nut; mdi nat ¢6 thé
két ndi téi mot hode nhiéu canh. Gia thiét mdi canh co tuong
{tng mot gia tri chi phi, vi du d6 dai hodc thoi gian can thiét dé
di chuyén canh do. D6i véi nhitng ban do co kich thudc nho
va phuong an b tri gia hang don gian, viéc tinh toan tat ca cac
tuyén duong co thé dén dich va lua chon tuyén dwong ngin
nhét 13 kha thi. Tuy nhién, khi kich thuéc ctia ban db ting 1én
cting véi sy phirc tap trong phuong an bd tri gia hang lam cho
qua trinh tinh todn cho ban dd ¢6 sb luong nut 16n ting theo
cap s6 nhan. Do do, thuat toan tim dudng di tdi vu dugc nghién
ctru dé ap dung trong thyc t& cho nhitng mat bang kho hang
loai nay.

2.1. Thudt toan Dijkstra

Nam 1959, E.W. Dijkstra da gioi thiéu thuat toan Dijkstra,
day 1a mot phuong phap dé giai quyet bai toan tim duong di
ngan nhét tir ngudn don trong mot d6 thi ¢6 hudng voi diéu
kién khong co canh mang trong sb 4m. Thuat toan hoat dong
gia tri gn dung bang cach lién tuc cap nhat khoang cach chinh
xac hon. Ban déu, khoang cach dén mdi dinh dugc udc tinh 1a
gia tri 16n hon thyc té. Qua mdi budc, gi tri nay dugc thay thé
bang gia trj nho hon néu tim dugc duong di ngan hon.

Quy trinh hoat dong cua thudt toan Dijkstra bao gdbm céc
bude duyét qua cac dinh ctia do thi lan luot theo khoang cach
ngan nhét tir dinh xuat phat, mo rong tir dinh nay dén cac dinh
ké tiép theo c6 chi phi thip nhét, dong thoi duy tri mot bo
dwong di ngin nhat t6i cac dinh da xem xét.

Thuét toan sir dung hang doi vu tién két hop voi phuong
phép tham lam dé chon dinh gin nhat chua dwoc xir 1y, sau
d6 thuc hién qué trinh giam bot trén tat ca cac canh lién quan.
Nguyén ly hoat dong cua thudt toan bao gdm cac budc sau [23]:

Khéi tao: Dit gia tri khoang cach tir dinh xudt phat 13 0; gan
gia tri khoang qéch la +oo cho tat ca cac dinh con lai; tao mot
tap hop trong dé luu trit cac dinh da dugc xtr ly.

Ldp lgi: Tim dinh chua dugc xtr Iy c¢6 khoang céach 1a nho
nhét (dinh xuit phat ¢ budc dau); cap nhat khoang cach cho
céc dinh ké: néu khoang cach tir dinh hién tai qua mét canh dén
dinh ké bé hon khoang céch da biét, cap nhat lai gia tri khoang
cach nay; danh déu ¢ dinh hién tai 1a da duoc xu ly.

Két thiic: Qua trinh tiép tuc duoc 1ap lai cho dén khi tit ca
cac dinh dd duge xur Iy hodc khi tim dwoc khoang cach ngin
nhit dén dich; dwa vao nguyén 1y hoat dong cia thuat toan
Dijkstra dé tim duong di ngin nhét tir dinh A dén cac dinh
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khac, cac tac gia da 1ap trinh theo quy trinh tirng budc dua trén
nguyén Iy hoat dong trén cuia thuat toan: tir niit bit dau, thém tat
ca cac nut duge két ndi vao hang wu tién; sip xép hang doi uu
tién theo chi phi thép nhét va dat nat dau tién lam nat hién tai;
d6i v6i mdi nut con, chon nut tot nhat dan dén con dudng ngin
nhét dé bat dau; khi tat ca cac canh da dugc tinh tir mot nat, nit
d6 gan da duyét va khong can phai dén do nita; thém timg nit
con duoc két nbi v6i niit hién tai vao hang uu tién; chuyén sang
budc 2 cho dén khi hang doi trong, dé quy tao danh sach ting
nut nat dan duong di ngan nhat tir dau den cudi; dao ngugc
danh sich va ban di tim thay con dudng ngan nhat.

Noi cach khac, theo phuong phap dé quy, dbi v6i mdi nat
ké tiép ctia mot nut, thuc hién do khoang cach giita ching dén
diém bt diu, so sanh va luu trir khoang cach cing voi nit
twong tmg v6i con duong ngan nhat. Khi dén nit cudi, dé quy
quay lai diém xuét phat theo con duong ngin nhat, ddo nguoc
danh sich d6 va ¢6 dugc duong di ngan nhat.

2.2. Thudt toan A*

K¢ tir khi thuat toan Dijkstra duoc cong bd, nhiéu giai phap
cai tién thuat toan nay di dugc dé xudt va A* 1a mot thuat
toan phé bién nhat. A* 1a mot thuat toan tim kiém theo co ché
heuristic, tirc 13 no st dung thong tin dy doan dé hudng dan qua
trinh tim kiém. Thuat toan nay két hop giita tim kiém theo chi
phi thap nhét (thuét toan Dijkstra) va tim theo chiéu sau, gitip
tim ra duong di ngén nhit mot cach nhanh chong.

A* da c6 mot stra dbi don gian, cu thé 1a cac canh cling
dugc vu tién dya trén mirc do gﬁn hon cta canh d6 dan dén
khoang cach theo dudng thing t6i myc tiéu. Vi véy, trude khi
chay tim kiém A*, khoang cach dudng thing dén dich cubi
cung phai dugc do cho moi niit, diéu nay that d& dang néu biét
toa do cua tung nut. Day la dang don gian nhat ciia A* va dinh
nghia cia n6 cting cho phep cai tién chirc nang phong doan.
Thudt todn nay ¢ loi thé 16n vé hidu suat vi n6 khong can phai
truy cap nhiéu nat khi biét hudng cudi cing ciia dwong dan.

A* hoat dong bang cich mo rong cac nut (diém) tir diém
bat dau dén diém két thuc dwa trén ham danh gia f(n). Him
nay két hop giita chi phi di tir diém bét diu dén diém hién tai
(g(n)) va co chi phi udc lugng tur diém hién tai dén diém dich
(h(n)) nhu sau:

f(m)=g(n) +h(n)
trong do: g(n) Ia chi phi tir diém bit dau dén diém hién tai;
h(n) 1a ham heuristic cho u6c lugng chi phi tir diém hién tai
dén diém dich.

Nguyén ly cua thuat toan A* duge mo ta nhu sau:

Khoi tao: Dat diém bat dau vao danh sach md (open list)
va gan gia tri f ban dau cho no; dét danh sach dong (closed
list) rong.

Lap laiﬂ: Chon nut trong danh sach md co gia tri f I}h(’) nhét
va di chuyén n6 sang danh sach dong; néu nut nay la diém dich,
thi duong di ngan nhat da dugc tim thay.
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Néu khong, dbi voi mdi nat ké can: Tinh gia tri g va f cho
nat k&; néu nit nay chua co trong danh sach mé hodc ¢6 gia tri
f nho hon gia tri hi¢n tai trong danh sdch mao, thi cap nhat gia
tri va dat nlit nay vao danh sach mo.

Két thiic: Lap lai qué trinh cho dén khi tim thdy diém dich
hoic danh sach mé rong (dudng di khong ton tai).

Cac tac gia da lap trinh theo quy trinh dua trén nguyén ly
hoat dong trén cta thudt toan A* [23] nhu sau: Khdi tao a6 thi
va tao mot hang doi uu tién dé luu trir cac dinh chua duge xét
dén; dat cac gia tri ban dau cho toan bo do thi 1a vo cing va
chon dinh bét d4u; tinh toan gia tri f (g+h) cho mdi dinh, trong
do: g 1a khoang cach tir dinh bat ddu dén dinh do va h 1a gia
tri heuristic tir dinh d6 dén dinh két thic; dt dinh bat dau vao
hang doi wu tién; trong khi hang doi khong rong, lip lai cac
budc sau: 1y dinh ¢6 f nho nhat ra khoi hang doi uu tién va dat
1a dinh hién tai; néu dinh hién tai 1a dinh két thuc, dimng thuat
toan; danh dau dinh hién tai la di xét; tim cac dinh ké ctia dinh
hién tai va tinh toan gia tri f cho chiing; néu dinh k& chua dugc
xét, dat gia tri fva déy no6 vao hang doi uvu tién; tra vé duong
di t6i dinh két thic.

2.3. Xdy dung h¢ théng diéu khién cho h¢ nhiéu robot

Déi vé6i vide xac dinh dudng di ciia mot robot don 1¢ trong
mot khong gian xac dinh, cac thuat todn Dijkstra va A* da xac
dinh tot dwoc quy dao di chuyén tdi wu theo didu kién “chi phi”.
Tuy nhién, khi ¢6 nhiéu robot ciing lam viéc trong khong gian,
duong di cua timg robot thuong xuyén xay ra chong chéo, can
tré hodc doi khi ddi dau nhau. Diéu nay lam cho cac robot phai
¢6 kha ning xir 1y tranh nhau va tiép tuc dudng di ban dau,
dan dén viéc phai tinh todn, xur Iy quy dao trén timg robot doi
hoi yéu cu 16n hon Ve tai nguyén va két qua thu duoc doi khi
khong dam bao tinh t0i wu toan cyc cho toan hé robot. Dé han
ché nhitng xung dot néu trén, can dat ra cac quy tic van chuyen
cua timg robot tai cac giao diém, quy tic van chuyen theo cac
chiéu di. Giai phap cu thé dwgc nhom tac gia dé xuit dé két
hop vé6i thuat toan tim duong ti wru cho hé nhiéu robot trong
bai toan thuc nhu sau: Khi nhan dugc yéu cau xur 1y mot don
hang, vi dy 4y nhiéu loai hang tir nhiéu gi hang ¢ nhiing vi tri
khac nhau dua ra cua kho. Xac dinh nhiém vu cho ting robot
dua trén chi phi téng thé toan bo cong viéc dua vao trang thai,
vi tri tirc thoi cua timg robot; ban d duong di khi robot dang
mang gia hang va khong mang gia hang la khac nhau, theo do,
robot khéng mang gia hang c6 thé di chuyén trong viing khong
gian bén dudi gid hang. BPuong di cua robot thuc thi tdc vu
duoc phan doan voi trong s6 di chuyén khac nhau. Thyuc hién
tim thuat toan t6i wu cho timg phan doan; cac hanh lang c6 tinh
dinh hudng chiéu di chuyén, trong s6 nho theo ding chiéu va
trong s rat 1on néu theo chiéu nguoc lai; thiét lap day cho tai
ctra kho cimg voi quy tic chd lan lu’ot van tdc robot giam va
cho di chuyén theo trang thdi robot xép hang phia trudc; khi co
tir hai robot tré 1én tai diém giao nit trong cing mot thoi diém,
xac dinh thtr ty di chuyén theo phan muc wu tién cia ching.



Hai thudt toan Dijkstra va A* duoc sir dung nham tim ra
duong di toi wu cho cac robot, sir dung b quy tic 5 diém dé
lam diéu kién van hanh ddi voi hai thuat toan. Xét mot cach
tong quat v6i vi tri xuét phat 1a (g 1090 +Qy,)» Vi tri dich 1a
(q 1690 +qy)- Cac vi tri néu trén déu biét trudc, trong d6 vi
tri xuét phat dugc xac dinh dua trén dit liéu di chuyén cua ban
than ting robot va vi tri dich dugc xac dinh tir tdc vu ma robot
dugc phan cong, vi tri gia hang can mang.

3.1. Thiét lgp kho hang va so' do khoi ciia hé thong diéu
khién

Nhom tac gia thiét 1ap 3 so do kho hang theo th tu ting
dan vé mirc do chi tiét, phirc tap. So d6 mit bang thtr nhat bao
gom 8 6 ¢6 kich thudc 1x1 m, chia thanh 2 hang, mdi hang
¢6 4 6; mdi 6 duoc ga ma dinh danh duy nhét. S6 lugng robot
str dung 1a 1. Hinh 2 minh hoa hinh anh thyc & ctia so d6 mat
bang thir nhat.

Hinh 2. So d6 mét bang thr nhat.

So d mat bang thir hai bao gdm 20 6 1x1 m, chia thanh 4
hang, 1 hang ¢4 4 6 va 3 hang ¢6 5 6/hang. S lugng robot sir dung
14 2 chiéc cung v6i 4 gia hang. Hinh 3 minh hoa hinh anh thyc t&
cia so' @6 mit bang thir hai.

Hinh 3. So d6 mét bang thi hai.
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So dd mat béng thir ba c6 dién tich 16m véi s6 lugng robot
str dung 14 10 chiéc. Mat bang hinh chir nhat, ¢6 kich thudc
26x18 6 1x1 m, tuong g v6i dién tich tdi thiéu 1a 468 m2.
Miit bang cho phép bd tri 20 diy gia hang voi tong sb 200 gia.
Kho hang nay dugc thir nghiém thyc thi nhiéu don hang (nhiéu
nhiém vu) khic nhau ngau nhién cho phu hop véi bai toan dién
ra trong thuc té.

Quy trinh xtr Iy mdt don hang, twong tmg voi mot tac vu
gén cho robot, duoc mo ta gdm 5 bude nhu sau:

Budc 1: Can xac dinh s6 lugng gia hang can van chuyén
dén cira kho, sir dung giai thuat phan cong tac vu dé xac dinh
s0 lugng robot can tham gia vao xur ly don hang. Lap t6 hop
cap robot - gi4 hang dé tim ra tong dudng di ngan nhat sir dung
mot trong hai thudt todn Dijkstra hodc A*. Xac ldp cap robot
- gid hang.

Buée 2: Gui quyét dinh thuc thi cho timg robot di chuyén
dén vi tri gi4 hang tuong tng. Pudng di cta cac robot cb thé
nam mot phan & khong gian bén dudi cac gia hang, diéu kién
rang budc 1a khu vuc c6 vat can tinh va chidu di chuyén tai
hanh lang.

Buoc 3: Robot mang gia hang ra cuira kho. Khi do, duong di
s€ 1a cac hanh lang, chinh 12 toan bg ban dd loai trix cac khu vuc
¢6 vét can tinh va khu vyc xép gia hang. Qua trinh di chuyén,
ban d6 dugc cap nhat thong tin vé vi tri hién tai cua tat ca robot
va thong tin khac c6 lién quan.

Buée 4: Robot mang gia hang tir cira kho vé vi tri dat gia
hang ban dau. Khi d6, dudng di s 1a cac hanh lang, chinh la
toan bo ban do loai trir cac khu vuc ¢6 vat can tinh va khu vuc
xép gia hang. Trong qua trinh di chuyén, ban dd ¢ thé dugc
cap nhat thong tin ¢6 lién quan néu can thiét.

Buée 5: Robot quay tré vé vi tri ban diu. Puong di cua
robot ¢ thé nam mot phan ¢ khong gian bén dudi cac gia hang,
diéu kién rang bugc 1a khu vyc ¢6 vat can tinh va chiéu di
chuyén tai hanh lang. Ban d6 dugc cap nhat thong tin ve vi tri
hién tai ciia tat ca robot va thong tin khac c6 lién quan.

3.2. Két qud thir nghig¢m va ban luin

Thir nghiém hai thudt toan voi giai phap diéu khién va quy
trinh xr Iy don hang cho ¢4 ba so ¢6 mit bang. Hé thong da van
hanh tt, thuat toan da dua ra két qua 16 trinh hop Iy cho timg
loai so d0, minh hoa trong céc hinh 4-6. Do dic diém b tri gia
hang trong kho hang don gian, kich thuéc mét bang khong qua
16n nén cac chi tiéu hoat dong ciia hai thudt toan gin nhu khong
¢6 sai léch, cu thé duge trinh bay trong bang 1.
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Bang 1. Két qua chi s danh gia mé hinh huan luyén cua hai thuat
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Thuét toan Dijkstra Thut toan A*

Bin db Quang dwong  Thoi gian xir Iy Quang dwong  Thoi gian xir Iy
R ) (sidy) (m) (sidy)

Kho hang 1 12,5 0,0307606 12 0,030702

Kho hang 2 45,5 0,0480335 445 0,0356332

Kho hang 3 373,5 1,9528019 373,5 1,8758726

2

Két qua bang 1 cho thdy, thoi gian xir 1y ctia hé thong trén
may tinh ¢4 nhan (laptop core i3, 4 16i, téc d6 xung nhip 2,3
Ghz) 1a nhanh, cho thay kha nang dé ap dung trong thuc tién.
Quing dudng két qua cua 10 trinh va thoi gian xtr 1y cua ca hai
thuét toan khac nhau chwa nhiéu do ba mé hinh kho dugc xay
dung don gian. Tuy nhién, két qua thir nghiém véi nhiéu loai
i kho va nhiém vu khac nhau cho thiy, hé thong van hanh tot,
;’;}‘m“wt*,,";m,‘;‘{w - — dwa ra két qua nhanh va chinh x4c.
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Tir thudt toan tim duong di tdi wu cua timg robot don ¢,
nhém nghién ctru dp dung cho nhiéu robot vdi cai tién vé mit
quy tic tinh chi phi nho nhét cho toan hé robot bang cach phan
cong nhiém vy, chiéu di chuyén, thir ty vu tién... dé phu hop
v&i bai toan trong thuc té: kho hang mat d¢ cao, nhiéu robot
cung hoat dong, cong ra tap trung tai sd it diém, tir d6 xay dung
Hinh 5. Xac dinh dwéng di téi wu trong so dé mét béng thi hai. duge mot hé théng didu khién hé nhiéu robot, c6 kha ning phéi
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hop, tuong tac trong qué trinh thyc hién nhiém vy ma van dam
bao dugc trang thai tdi uu cia toan hé thong. Hé thong dugc ap
dung thir nghiém tai 3 kho hang thuc té, v6i robot vat ly chay
thyc t& va cap nhat 10 trinh di chuyén theo thoi gian thyc trén
giao dién chuong trinh may tinh cho két qua xu 1y tdt, vi thoi
gian xtr Iy nhanh va quy dao da dwgc kiém chimg 1a dat mic
d6 t&i wru van hanh. Tuy nhién, néu trén quy mé tng dung cong
nghiép, can phai tiép tuc thir nghiém thém cac thuat toan khac
trén cac mo hinh kho phtc tap hon nita dé dap tmg voi cac didu
kién thuc té. Ngoai ra, can nghién ciru thém cac quy tic van
hanh mang tinh thong nhat vira ¢6 thé 4p dung cho moi so do
kho hang khac nhau, vira dat dugc yéu cau vé toi thiéu chi phi
cho toan h¢ thong ciing nhu kha ning van hanh lién tuc, khong
6 su cb, giam thiéu tac dong cua con nguoi, tao nén mot hé
théng kho hang c6 tinh ty dong cao.
LO1 CAM ON

Cac tac gia xin cam on d& tai “Nghién ctru, phat trién t6
hop robot ¢é tich hop mot sé cong nghé chu chdt ciia Cach
mang cong nghiép 1an tht tu, tng dung trong logistics”, ma sd
KC-4.0-34/19-25 da hd tro kinh phi, gitip d& thuc hién nghién
clru nay.

TAI LIEU THAM KHAO

[1] E. Eade, T. Drummond (2007), “Monocular SLAM as a graph of coalesced
observations”, 2007 IEEE 11" International Conference on Computer Vision, pp.1-8,
DOI: 10.1109/ICCV.2007.4409098.

[2] F. Dellaert, M. Kaess (2006), “Square root SAM: Simultaneous localization
and mapping via square root information smoothing”, The International Journal of
Robotics Research, 25(12), pp.1181-1203, DOI: 10.1177/0278364906072768.

[3] H. Strasdat, J. Montiel, A.J. Davison (2010), “Scale drift-aware large
scale monocular SLAM”, Robotics: Science and Systems, 3(2), DOI: 10.7551/
mitpress/9123.003.0014.

[4] B. Williams, M. Cummins, J. Neira, et al. (2009), “A comparison of loop
closing techniques in monocular SLAM”, Robotics and Autonomous Systems, 57(12),
pp.1188-1197, DOI: 10.1016/j.robot.2009.06.010.

[5] H.D. Whyte, T. Bailey (2006), “Simultaneous localization and mapping:
Part 17, IEEE Robotics & Automation Magazine, 13(2), pp.99-110, DOI: 10.1109/
MRA.2006.1638022.

[6] B. Williams, M. Cummins, J. Neira, et al. (2008), “An image-to-map loop
closing method for monocular SLAM”, 2008 IEEE/RSJ International Conference on
Intelligent Robots and Systems, pp.2053-2059, DOI: 10.1109/IR0OS.2008.4650996.

[7] M. Cummins, P. Newman (2008a), “FAB-MAP: Probabilistic localization and
mapping in the space of appearance”, The International Journal of Robotics Research,
27(6), pp.647-665, DOI: 10.1177/0278364908090961.

[8] M. Cummins, P. Newman (2008b), “Accelerated appearance-only SLAM”,
2008 IEEE International Conference on Robotics and Automation, pp.1828-1833, DOI:
10.1109/ROBOT.2008.4543473.

[9] S. Perera, A. Pasqual (2011), “Towards realtime handheld monoslam in
dynamic environments”, Advances in Visual Computing: 7" International Symposium,
pp.313-324, DOL: 10.1007/978-3-642-24028-7_29.

[10] R. Ozawa, Y. Takaoka, Y. Kida, et al. (2005), “Using visual odometry to
create 3D maps for online footstep planning”, 2005 IEEE International Conference on
Systems, Man and Cybernetics, 3, pp.2643-2648, DOI: 10.1109/ICSMC.2005.1571548.

KHOA
&CONGHI\?GCI:-IE

67(11) 11.2025

mmmmn  Khoa hoc Tu' nhién | Khoa hoc tinh todn; Khoa hoc Ky thudt va Cdng nghé | Ki thuat dién, ky thudt dién ti, ky thuat thong tin

[11] D. Nistér (2005), “Preemptive RANSAC for live structure and motion
estimation”, Machine Vision and Applications, 16(5), pp.321-329, DOI: 10.1109/
ICCV.2003.1238341.

[12] P. Michel, J. Chestnutt, S. Kagami, et al. (2007), “GPU-accelerated real-
time 3D tracking for humanoid locomotion and stair climbing”, 2007 IEEE/RSJ
International Conference on Intelligent Robots and Systems, pp.463-469, DOI:
10.1109/IR0S.2007.4399104.

[13] H.T. Tran, T.C. Vo, Q.N. Nguyen, et al. (2022), “A novel design of a smart
interactive guiding robot for busy airports”, International Journal on Smart Sensing
and Intelligent Systems, 15(1), DOL: 10.2478/ijssis-2022-0017.

[14] Q. Liu, Y.G. Lu, C.X. Xie (2006), “Optimal genetic fuzzy obstacle avoidance
controller of autonomous mobile robot based on ultrasonic sensors”, 2006 IEEE
International Conference on Robotics and Biomimetics, pp.125-129, DOI: 10.1109/
ROBIO.2006.340327.

[15] M. Algabri, H. Mathkour, H. Ramdane, et al. (2015), “Comparative study of
soft computing techniques for mobile robot navigation in an unknown environment”,
Computers in Human Behavior, 50, pp.42-56, DOI: 10.1016/j.chb.2015.03.062.

[16] M. Faisal, R. Hedjar, M.A. Sulaiman, et al. (2013), “Fuzzy logic navigation
and obstacle avoidance by a mobile robot in an unknown dynamic environment”,
International Journal of Advanced Robotic Systems, 10(1), DOI: 10.5772/54427.

[17] H. Xiao, L. Liao, F. Zhou (2007), “Mobile robot path planning based on
Q-ANN”, 2007 IEEE International Conference on Automation and Logistics, pp.2650-
2654, DOI: 10.1109/ICAL.2007.4339028.

[18] C.T. Vo, N.A.Q. Nguyen, L.T.D. Tran, et al. (2021), “Fusion of inertial
and magnetic sensors for autonomous vehicle navigation and freight in distinctive
environment”, International Conference on Engineering Research and Applications,
pp.431-439, DOL: 10.1007/978-3-030-92574-1.

[19] S.X. Yang, T. Hu, X. Yuan, et al. (2003), “A neural network based
torque controller for collision-free navigation of mobile robots”, 2003 I[EEE
International Conference on Robotics and Automation, 1, pp.13-18, DOI: 10.1109/
ROBOT.2003.1241566.

[20] A. Zhu, S.X. Yang (2007), “Neurofuzzy-based approach to mobile robot
navigation in unknown environments”, [EEE Transactions on Systems, 37(4), pp.610-
621, DOI: 10.1109/TSMCC.2007.897499.

[21]S.U. Deshpande, S.S. Bhosale (2013), “Adaptive neuro-fuzzy inference system
based robotic navigation”, 2013 IEEE International Conference on Computational
Intelligence and Computing Research, pp.1-4, DOL: 10.1109/ICCIC.2013.6724153.

[22] M. Gao, J. Tian (2007), “Path planning for mobile robot based on improved
simulated annealing artificial neural network”, Third International Conference on
Natural Computation, 3, pp.8-12, DOI: 10.1109/ICNC.2007.

[23] A. Alyasin, E.I. Abbas, S.D. Hasan (2019), “An efficient optimal path
finding for mobile robot based on Dijkstra method”, 2019 4" Scientific International
Conference Najaf (SICN), pp.11-14, DOI: 10.1109/SICN47020.2019.9019345.

[24] Q.N. Tang, V.T. Hoang, A.V. Nguyen, et al. (2023), “Development of an
autonomous mobile robot system for hospital logistics in quarantine zones”, The
International Conference on Intelligent Systems & Networks, pp.271-281, DOL:
10.1007/978-981-99-4725-6_34.

[25] N.K. Nguyen, V.T. Nguyen (2023), “Application of Dijkstra’s algorithm in
mobile robot path-planning for items sorting function”, Vietnam Electromechanical

Magazine, 302, pp.78-83 (in Vietnamese).



