Ky thudt diéu khién & Dign tiv

Nghién ciru phwong phap t6i wu héa din dwong toan cuc
cho robot tuw hanh dang phi doi xirng
Nguyén Ngoc Ta"
Trung tdm Quang dién tir, Vién Ung dung cong nghé, C6 Thanh Xuan Béc, Thanh Xuéan, Ha Noi, Viét Nam.
“Tac gia lién hé: ngoctu@cfoc.vn

Nhdn bai: 23/9/2024,; Hoan thién: 25/11/2024; Chdp nhdn dang: 28/11/2024; Xudt ban: 25/12/2024.
DOI: https://doi.org/10.54939/1859-1043.j.mst.100.2024.46-53

TOM TAT

Nghién citu ndy tdp trung vao viéc téi wu héa dan dwong toan cuc cho robot tir hanh (AMR) c6
cau triic va kha néing co déng khong doi xirng, thuong gdp trong cdc iing dung thiee té. Nham dé
xudt mét phwong phdp t6i wu héa quy dao toan cuc, givip AMR dang phi doi ximg di chuyén hiéu
qua trong moi trieong phirc tap, giam thoi gian thiee hién nhiém vu va toi wu héa hiéu sudt hoat
déng. Nghién ciru sir dung thudt toan SPBL dé tim kiém dwong di toi wu trong méi truong dwa trén
co s¢ quy dao khéi thity. Qud trinh dan dwong sir dung DWB diroc t6i wu héa bang cdch diéu
chinh cdc théng sé6 chi phi cho cdc thao tdc co ban nhw di chuyén thang, quay tai ché, trueot, lii.
Cdc théng s6 nay dwoc thiét ké d@é wu tién cdc quy dao tron, tranh cdc thao tac phire tap va khong
hiéu qua. Két qua ciia nghién ciru cho thdy phiong phdp dé xudt giip giam thiéu dg phire tap ciia
quy dao, dén dén viéc giam thoi gian thyuc hién nhiém vy va cdi thién hiéu sudt hoat dong cua
AMR dang phi doi xitng, c¢é kha ning vmg dung trong cdc hé théng vin chuyén bang robot trong
cong nghiép.

Tir khoa: AMRs; Robot ty hanh; Dan dudng toan cuc; DWB; SPBL.
1. MO PAU

Nghién ciru phuong phap t6i uu hoa din dudng toan cuc cho Robot tw hanh dang phi d6i xtung
(AMR) 1a mdt linh vire nghién ctru trong nganh robot nham phat trién cac phuong phap gitup Robot
di chuyén tir diém xuat phat dén diém dich mot cach hidu qua va an toan. Mot trong nhitng nhiém
vu quan trong 13 t5i wu hoa dan dudng toan cuc dé giai quyét van dé 14p ké hoach tuyén duong cu
thé cho Robot trén mot khoang cach 16n, dam bao rang Robot c¢6 thé di chuyén thong qua mot loat
cac dia diém mot cach thong minh, nhanh chong va tranh xa cac chudng ngai vét hodc ving cam.
V6i AMR dang ph1 dbi xtrng Robot khong thé di chuyen dbi xu’ng véi truc cua nd, nd can phai co
cac phuong phap tdi uu héa dan duong dic biét dé giai quyét van dé di chuyén. Trong nghién ctru
do T. R. J. Hrbagek va cac cong su (2010) [1] dwa ra phwong phap t6i wu hoa din duong cho robot
Ackermann dugc thuc hién thong qua viéc kiém soat téc do gbc clia cac banh sau br:ing mot bo vi
sai phan mém. Theo nghién ctru [1], tdc d6 gbc cua cac dong co duge diéu chinh dia trén goc lai
hién tai va tdc do tién téi mong mudn, giup robot hoat dong hiéu qua vé ning luong va dam bao
tinh linh hoat khi di chuyén trén cac dia hinh kho khan. Tuy nhién, robot ¢6 thé tré nén kho kiém
soat hon néu mot trong cac don vi dan dong bi 16i. Tuong ty, trong nghién ciru ciia Wang (2018)[2]
trinh bay phuong phap diéu khién dy doan mé hinh (MPC) dé t6i wu hoa dan duong cho robot
omni. Phuong phap nay sir dung mo hinh dong hoc cta robot dé dy doan hanh vi twong lai va toi
wu hoa quy dao dua trén cac rang budc va muc tiéu di dinh san. MPC [3] cho phép diéu chmh lién
tuc quy dao di chuyén cua robot dé tranh chudng ngal vat va dat dén diém dich mot cach tdi uu.
Phuong phap nay tich hop thuét toan tim duong A* dé xac dinh qui dao ban dau, sau d6 tinh chinh
bang MPC dé dam bao tinh kha thi va tdi wu trong thoi gian thye. Két qua thir nghiém [3] cho thay
hé théng MPC c6 kha ning didu khién robot omni di chuyén muot ma va chinh x4c trong méi
truong phuc tap nhitng két qua nghién ciru trudce vé vin dé can nghién ctu [1-3].

46 Nguyén Ngoc Tit, “Nghién ciru phwong phdp 10i wu héa ... robot tw hanh dang phi doi xwng.”



Nghién ciru khoa hoc cong nghé
2. PHUONG PHAP NGHIEN CUU

2.1. M6 hinh dgng hoc ctia Robot

M®& hinh [4] ctia mot robot di dong c6 banh xe
dugc trinh bay trong hinh 1. M6 hinh nay tinh dén
hai banh xe dan dong nam ddi dién nhau c6 ban
kinh R, khoang cach giira hai banh xe (2L), toc
do goc cua cac banh xe dan dong (oL, ®oR), va
diém trung tam (CP) cua robot. Tu thé [4] cia
robot dugc coi la P = (x;, ., 0;), trong do, xr dai
dién cho vi tri trén truc x,-, ¥, dai dién cho vi tri
trén truc y va 6, dai dién cho hudng cua robot.
v, dai dién cho vén téc tuyén tinh trong khi w, ,
dai dién cho van tdc gdc cua robot. o )

Mo hinh dong hoc cho robot c¢é thé dugc biéu Hinh 1. So do dong hoc cua robot [4]

din hé phi tuyén nhu sau:
cos6, 0],
Yr [sm 0, ] [w:] (D)

1
[4] M6 hinh dong hoc ciia robot ciing c6 thé duoc biéu dién:

xiy

o

X, = v, cos 0,
y'r =V sin er (2)
9.7" = wr
2.2. Thuit toan EKF

Nhiém vy cua robot AMR la tu dong diéu hudng trong céac mdi truong 6 ciu trac. Dé lam
dugc viée d6, AMR can ude lugng chinh xéc vi tri va hudng, bao gom su két hop dir liéu thu thap
tir cac cam bién nhu encoder gén trén robot, IMU. Do trugt va nhiéu, udc lugng vi tri va huéng
chi dua vao hai encoder khong dang tin cay. Hon nita, viéc udc luong vi tri va hudng str dung IMU
chi dang tin cdy trong thoi gian ngin do cac 16i hé thong. Trong truong hop nay, EKF dugc sir
dung dé giam nhidu va sai 1éch ctia cam bién [5]. Kalman Filter (KF): La thuat toan ti wu dé udc
luong trang thai cia mot hé thdng tuyén tinh khi biét cac phép do c6 chtra nhidu. KF str dung mé
hinh trang thai tuyén tinh va nhidu Gaussian. Extended Kalman Filter (EKF): Khi hé thong 1a phi
tuyén, KF khong con hoat dong hiéu qua nira. EKF giai quyét vin dé nay bang cach tuyén tinh hoa
md hinh phi tuyén xung quanh udc lwong hién tai (Extended Kalman filter, n.d.) [6].

Trong bé loc Kalman mé réng, mé hinh chuyén trang thai va mé hinh quan sat khong can phai
1a cac ham tuyén tinh cta trang thai ma c6 thé 1 cac ham kha vi.

Xk = f(Xp—1,Up—1) + W1 (3)
Zp = h(xk) + Vi

Trong d6, wyVa v, 1a nhidu qua trinh va nhidu do luong, ca hai déu duoc gia dinh 1a nhidu
Gaussian da bién c6 trung binh bang khong véi ma tran hiép phuong sai 1an luot 1a Q,Va Ry. ula
vector diéu khién. Ham f c6 thé duoc sir dung dé tinh toén trang thai dy doan tir woc lugng trudce
d6 va twong tu ham h cé thé duoc sir dung dé tinh toan gia tri do luong du doan tir trang théi du
doan. Tuy nhién, f va h khong thé 4p dung tryc tiép 1én ma tran hiép phwong sai. Thay vao do,
mot ma tran dao ham riéng phan (Jacobian) dugc tinh toan. Tai mdi budc thoi gian, ma trdn
Jacobian duogc tinh toan véi cac trang thai du doan hién tai. Cac ma tran nay co thé duoc st dung
trong cac phuong trinh ctia b loc Kalman. Qua trinh nay thyc chat 1a tuyén tinh héa ham phi tuyén
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xung quanh udc lugng hién tai.
2.3 Thuit toin xAy dung ban d6 dwa trén SLAM TOOLBOX

Céac thuat toan SLAM c6 thé duogc phan loai thanh hai nhém chinh: céc thuit toan trudc day su
dung phuong phép loc Bayes (Thrun et al., 2005) [7], va cac phuong phap dua trén d6 thi méi hon
(Thrun & Montemerlo, 2006) [8]. Cac trién khai ndi bat dwa trén bo loc ¢6 san dudi dang goi ROS
bao gom GMapping (Grisetti et al., 2007) [9] va HectorSLAM (Kohlbrecher et al., 2011) [10]. Cac
trién khai dua trén d6 thi chinh c6 san 1a Cartographer (Hess et al., 2016) [11] va KartoSLAM
(Konolige et al., 2010) [12] (Steve Macenski, 2021) [13].

2.3.1. Thudt toan SLAM Dva Trén Bo Loc

Gmapping [9], sir dung phuong phap loc hat dé xay dung ban d6 ludi tir dir liéu LiDAR 2D, thuét
toan nay khong phu hop cho cac khong gian 16n va do khong thé dong vong lip chinh xéc.
HectorSLAM [10] dua vao viéc khép quét LiDAR va bo loc dinh hudng 3D dua trén ude luong trang
thai EKF. Phuong phap nay tap trung vao viéc udc lugng vi tri robot trong thoi gian thyc va tao ra ban
d6 2D véi toc d6 cap nhat cao. HectorSLAM [10] khong sir dung dif liéu quan tinh, diéu ndy c6 thé
dan dén viéc u6c luong vi tri va cap nhét ban d6 khong chinh xac khi LIDAR ¢ toc do thap hodc khi
lap ban d6 cac khong gian 16n hodc it ddc diém. HectorSLAM [10] ciing khéng cung cap kha ning
dong vong lap, 1am cho né khong phit hop cho viée 1ap ban d6 dang tin cdy ctia cac khong gian 16n
hodc khi sir dung may quét Laser véi tbe do cap nhat thap (Steve Macenski, 2021) [13].

2.3.2. Thudt todn SLAM Dya Trén do thi

KartoSLAM [12] va Cartographer [11] déu 1a cac thuat toan dua trén d6 thi, luu trir mot do thi
céc vi tri va dic diém cua Robot. Cac thuéat toan dua trén dd thi chi can duy tri dd thi Vi tri, diéu
nay thuong lam cho chiing hiéu qua trong viéc quan 1y tai nguyén, dic biét 1a khi xay dung ban d6
0 quy m6 lon. Slam Toolbox véi tinh nang SLAM hoan chinh dugc xay dung trén bo ghep mau
quét ting cuong tai trung tdm cua Karto da dugc ning cap va tang toc dé sir dung trong g01 nay
[13]. Phuong phép dinh vi méi ¢6 tén "dinh vi d6 thi dan hoi" dugc dua ra, ldy mot cira s6 truot
ctia cac phép do va thém ching vao do thi dé tdi uu hoéa va tinh chinh. Diéu nay cho phép theo ddi
céc dic diém dia phuong di thay doi trong méi truong thay vi coi ching 1a nhitng sai 1éch va loai
b6 cac nut thira khi robot rdi khoi khu vuc dé khong 1am anh huong dén ban db dai han.

2.4. Thuit toan SPBL lattice planner

Thuat toan SBPL lattice planner[15, 16] 1a mot thuat toan 1ap ké hoach di chuyén cho robot di
chuyén trong mot moi truong da chiéu bang cach sir dung ludi (lattice) dé biéu dién méi truong va
1én ké hoach. Lattice planner duogc xay dung bang cach st dung mét bo sinh duong di nghich dao
dé tim cac duodng di gitra bat ky nut nao trong luGi va nguén gbc, ¢o hai tinh chat quan trong
(Milano, 2018) [17]: Roi rac héa: chuyen d6i van dé 1ap ké hoach di chuyén thanh mét qua trinh
quyét dinh tudn tu. Gia st rang cac quyét dinh chi dugc thuc hién tai cdc trang thai roi rac, thi cac
trang thai nay la cac nut trong ludi va céc chuyén dong 1a cac canh nbi cac trang thai d6. Tinh Quy
tic: Néu qua trinh roi rac hoa c6 bat ky mirc d6 quy tic nao thi ludi trang thai s€ c6 tinh chat bat
bién dich chuyén, nghia 1a c6 thé 1ap lai cung mot chuyén dong & nhidu nut ctia ludi. Xét rang ludi
1a quy tac trong cac toa do dich chuyén (x,y), thi cung mot chuyén dong tur trang thai A dén B ciing
c6 thé dan tir trang thai C dén D. Chinh x4c hon, néu dudng di giita hai tu thé 1a kha thi:

X1 X2
<}’1) - <}’z) (@)
61 6

Thi duong di sau day ciing kha thi v6i bat ky gia tri ndo cta sé nguyén k:

x, + ki Xy + ki,

<3’1 + kAz) - (3/2 + kAz) ®)

61 0,
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2.5 Thuat toan DWB (Dynamic Windows Approacher)

DWB (Dynamic Window Approaches) Local Planner [19] la mét thuat toan quyét dinh di
chuyen robot trong méi truong da biét. Thuét toan nay str dung ctra sd dong dé tao ra cac tap hop
cac tbe do va hudng di chuyén tiém ning cho robot, sau d6 lya chon tdc do va hudng di chuyén
phu hop dua trén cac rang budc va muyc tiéu di chuyén. Thuat toan DWB Local Planner xac dinh
céc diém cudi tiém ning (trong mot ban dd da biét) cho robot va tap hop cac huéng di chuyén co
thé dat dugc tir vi tri hién tai cua robot dén cac diém cudi do. Tir d6, nd tao ra mot cira s6 dong
(dynamic window) bang cach két hop cac thong sd nhu tée do tdi da va téc do xoay tdi da cua
robot dé gidi han céac tiy chon di chuyén. Sau khi ¢ dugc ctra sd dong, thuat todn sé danh gia cac
tde do va huéng di chuyén 6 thé xem xét trong cua s6 d6, va chon ra toc d6 va hudng di chuyén
t6i wu dya trén muc tiéu di chuyén cua robot va cac rang budc nhu tranh vat can.

2.6. Chuan bi thuc nghiém
2.6.1. M6 hinh mé phong robot

lef . vheo!

rear_lue:
babr sepowptt

right_wre 2! ak
castéf WHtoAt_lues

a)
Hinh 2. M8 hinh mé phdng (a)va TF (transform) ciia dé robot phi doi ximg (b).

M® hinh TF trong ROS dugc str dung dé theo ddi cac khung toa d¢ (coordinate frames) va cac
phép bién ddi (transformations) giira chung. Diéu nay rit quan trong trong robot dé quan 1y va
chuyén doi giita cac khong gian toa d¢ khac nhau, chang han nhu tir khung toa d6 ctia robot sang
khung toa d6 cua mot cam blqn gin trén robot — hinh 2. Mbi khung toa d (TF) déu c6 vai trd quan
trong trong viéc dinh vi va di€u khién robot, giup robot tuong tac chinh xac véi moéi truong.
2.6.2. Thiét thiét bi thic nghiém

a)
Hinh 3. Robot thuc nghiém (a) va biéu dién trén RVIZ cing véi ban do da xay dung (b).
Tién hanh thyc nghiém trén Robot phi ddi ximg trong moi truong thyc té theo hinh 3 va cay
TF thiét 1ap cho cac bo phéan cua Robot tdi goc toa do cua ban do; cai dat cac thong so6 cho cac md
dun xtr 1y tinh toan.
3. MO PHONG, TINH TOAN, THAO LUAN

3.1. Thiét 1ap thong sb tao quy dao nguyén thity (mprim) cho SPBL
_Kich thude va do phan giai cua lattice: Kich thude va d¢ phan giai cua lattice anh huong truc
tiép dén do chinh xac va do phirc tap cua qua trinh 1ap ké hoach. Tap hop cac hanh dong co6 thé
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thuc hién duoc (mprim): Xac dinh cac hanh dong kha thi dya trén kha nang co dong cua robot;
Chi phi ctia cac hanh déng (mprim): Gan chi phi cho mdi hanh déng dé wu tién cac dudng di ngin
nhat, nhanh nhét hodc hiéu qua nhat. C 2 bo thong s6 thiét 1ap cho robot d6i xing va phi d6i
xtng: Bang 1 1a chi phi cho cac huéng di chuyén hinh 4, bang 2 1a thong s6 thiét 1ap cho thuat toan
thyc thi SBPLLatticePlanner, dé thyc nghiém danh gia tinh pht hop ctia hoach dinh chuyén dong
toan cuc dbi véi cung mot Robot thuc thé va phan tng khi robot di chuyén dat dugc toi vu.

Bdng 1. Bang théng sé thiét lgp cho mprim.

STT Tén thong so Robot d6i xirng Robot phi ddi xirng
1 Resolution (m) 0,05 0,05
2 Numberofangles 16 8
3 nNmberofprimsperangle 5 9
4 Forwardcostmult 1 1
5 Backwardcostmult 5 40
6 Forwardandturncostmult 2 1
7 Sidestepcostmult 50 10
8 Turninplacecostmult 5 20

0.40 1
0.35
0.30 1
0.25 1
0.20 4
0.15 1
0.10 4
0.05 4
0.00 1
-0.05 4
-0.10 4
—0.15 =0.15 4

—0.20 4 —0.20

a) —0.460.350.360.250.260. 150.160.09.000.050.100.150.200.250.300.350.40 b) —0.460.350.360.250.260.150. 160.0%.000.050.100.150.200.250.300.350.40

Hinh 4. Biéu do xu hwéng di chuyén va chi phi cho mprim a) robot déi ximg, b) phi doi ximg.
Bdng 2. Bang théng sé thiét ldp cho SBPLLatticePlanner.

STT Théng s6 Gia tri
1 | environment_type XYThetaLattice
2 | planner_type ARAPIlanner
3 | allocated (s) 50
4 | initial_epsilon 3,0
5 | nominalvel mpersecs (m/s) 0,4
6 | forward_search False
7 | timetoturn45degsinplace_secs 1,97
8 | lethal_obstacle 20

3.2. Thiét 1ap thong sb cho 1ap ké hoach cuc b DWB (local plainning)

Dé robot c6 thé thyuc hién bam theo quy dao toan cuc, can thuc hién cac budc ciu hinh phu hop
v6i théng s va dic tinh ciia robot. Vai tro ciia by dénh gia trong DWB: Panh gia cac duong di
kha thi: B§ danh gia nhan dau vao 1a mot tap hop cac duong di kha thi (tao ra bdi bo tao duong di)
va danh gia timg duong di dwa trén mot sb tiéu chi nhét dinh; Xép hang cac duong di: Bo danh gia
sé xép hang cac duong di theo do uu tién, dya trén két qua danh gia; Chon duong di tdt nhat:
Duong di c6 thir hang cao nhat (thuong 1a dudng di tot nhat theo cac tiéu chi danh gid) s& duoc
chon dé robot thyc hién. Bang 3 1a cac thiét 1ap cho move base thuc thi qua trinh diéu khién robot,
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bang 4 thiét 1ap cac giéi han vé toc d tinh tién va quay tron cia DWB diéu khién, hoach dinh
chuyén dong cuc bd, bang 5 1a thong s6 cac bd danh gia toi wu quy dao va phén chia cac tu thé khi

bét bam quy dao.
Bdng 3. Bang théng sé thiét ldp cho move_base.
STT Thong sb Gia tri
1 | Footprint (m) [[0,89,-0,31],[0,89,0,31],[-0,21,0,31],[-0,21,-0,31]]
2 | controller_frequency (Hz) 10
3 | controller_patience (s) 15
4 | planner_frequency (Hz) 0
5 | planner_patience (s) 10,0
6 | max_planning_retries 5
7 | oscillation_timeout 15
8 | oscillation_distance (m) 0,1
Bdng 4. Bing théng sé thiét ldp cho DWB.
STT Théng sb Giatri | STT Théng sb Gia tri
1 | max_vel_x (m/s) 0,9 9 acc_lim_x (m?%s) 0,08
2 | min_vel_x (m/s) -0,6 10 | acc_lim_y (m?%s) 0
3 | max_vel_y (m/s) 0 11 | acc_lim_theta(rad?s) 0,25
4 | min_vel_y (m/s) 0 12 | decel_lim_x(m?/s) -0,08
5 | max_speed_xy (m/s) 0,9 13 | decel_lim_y 0
6 | min_speed_xy (m/s) 0,05 14 | decel_lim_theta(rad?/s) -0,25
7 | max_vel_theta (rad/s) 1,0 15 | yaw_goal_tolerance (rad) 0,08
8 | min_speed_theta (rad/s) 0,05 16 | xy_goal_tolerance(m) 0,1
Bdng 5. Bang théng s6 thiét ldp cdc bé danh gid sir dung cho DWB.
STT Bé danh gia (Critics) Théng sb Gia tri
. scale 24
! GoalAlign forward_point_distance (m) 0,1
scale 32
2 RotateToGoal lookahead time -1,0
slowing_factor 5,0
3 PathDistPruned scale 32
scale 24,0
heading_scale 01
4 PathProgress Xy Iocgl_ goal_tolerance(m) 0,01
angle_threshold (rad) 0,3488

3.3. Phuwong phap, cong cu mé phéng
Thiét 1ap diém dich (goal) cho robot tur vi tri A t61 vi tri B theo hai kiéu quy dao nguyén thay

mprim trong SPBL khac nhau d¢€ robot tinh toan quy dao duong di toan cuc, sau do6 xac dinh do
phtre tap cuia quy dao sinh ra va thoi gian thuc hién.
3.4. Két qua va binh luin

_Hinh 5 -ala thé hién quy dao khi thyc hién v6i mprim cho phi doi xtmg, va hinh 5-b cho mprim
doi xtrng tir diém xuat phat A Start 67 B Goal, va bang 6 1a s6 doan thé hién tinh phirc tap cta quy
dao toan cuc va thoi gian robot thuc hién.

Tap chi Nghién citu KH&CN qudn su, 100 (2024), 46-53 51



Ky thudt diéu khién & Dign tiv

Bdng 6. Bang thong 50 thuc nghiém thuc hién nhiém vu di chuyén cua robot.

STT Théng s6 Quy dao phi @6i xirng | Quy dao ddi xing
1 | S6 doan dugc hinh thanh 4 7
2 Thoi gian thyc hién nhiém vu (gidy) 15 32

B Goal

Hinh 5. Quy dao dwong di ciia toi wu cho dang phi doi xirng a) Va dang doi xirng b).

Két qua thyc nghiém cho thay viéc t6i vu hoa quy dao nguyén thily ¢ anh huong dang ké dén
viée tao ra quy dao toan cuc dan duong cho robot. Hinh 5-a va 5-b minh hoa cac duong gép khuc
ctia quy dao trong pha cubi khi robot tiép can diém muc tiéu B trong khong gian hep. Bang cach
tang chi phi cho cac thao tac lui, trugt va quay tai chd, dong thoi giam s goc chuyén hudng, do
phuc tap cia quy dao dugc giam thiéu. Diéu nay gitp robot hoan thanh tic vu di chuyén nhanh
chong hon, rat ngan thoi gian thuc hién nhiém vu.

4. KET LUAN

Nghién ciru nay di dé xuat phuong phép dé thiét 1ap téi wu cho lap két hoach toan cuc (SPBL),
dan duong (DWB) va dinh vi (Slam-toolboxs) dbi voi robot tyr hanh (AMR) dang phi d6i xtng.
Trong d6, cic thong sb quan trong trong quy dao khoi thay mprim SPBL ¢6 tac dong toi do phire
tap ctia quy dao toan cuc, viéc quy dinh s6 quy dao va hudng di chuyén 1a yéu t6 then chét; Bén
canh d6, viéc thiét 1ap cac bo danh gia (Critics) trong DWB gitip robot dé dang bat bim quy dao
toan cyc va phén chia diéu khién theo cac doan va diém dich tam thoi theo cac khuy huéng chon
loc tién- quay, chi quay, lui,... Trong huéng nghién ctru sap t6i, nhom nghién clru s€ tap trung vao
giai quyét van d& 1am tron min duong quy dao toan cuc, giam bot cac duong cit, gap khic va han
ché cac diém dich tam thoi nham gitp robot di chuyén dé dang hon.

Loi cam on: Tac gia cam on sy tai tro vé kinh phi tir @é tai “Nghién ciru, xdy dung hé thong quan Iy va
diéu phoi cac robot tw hanh vdn chuyén trong cong nghiép .
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ABSTRACT
Optimization of global path planning for asymmetric mobile robots

This research focuses on optimizing global path planning for asymmetric mobile robots
(AMRs), which are characterized by an asymmetric structure and mobility capabilities
commonly encountered in practical applications. The objective is to propose a method for
optimizing global trajectory planning, enabling efficient movement of asymmetric AMRs in
complex environments, reducing task execution time, and optimizing operational
performance. The study employs the SPBL algorithm to search for an optimal path in an
environment based on an initial trajectory. The path following process utilizing the Dynamic
Window Approach (DWA) is optimized by adjusting cost parameters for basic maneuvers
such as straight-line motion, rotations, sliding, and reversing. These parameters are
designed to prioritize smooth trajectories while avoiding complex and inefficient
maneuvers. The results of the research demonstrate that the proposed method minimizes
trajectory complexity, leading to reduced task execution time and improved operational
performance of asymmetric AMRs. The findings have potential applications in robotic
transport systems in the industrial sector.

Keywords: AMRs; Asymmetric mobile robots; Global path planning; DWB; SPBL.
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