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(57)  Giai phép hitu ich dé xuit phuong phap tim dudng quay lai cho robot tw hanh doc
theo diy cac chim doan thing d3 xac dinh trudc. Ba yéu té ciia phuong phap bao gdm phan
chia chum, diéu kién théng hang, va cdp nhit cac diém bén, trong dé néu diéu kién thing
‘hang dugc théa man, duong di ngén nhit chinh x4c cta bai toan s& dugc xac dinh; nguge
lai, d6 dai cua céc ddy duong di tim dugc qua qua trinh cép nhét ciia phirong phép s€ hoi tu
dan. Viéc trich xuit day chim doan thing va sir dung phuong phap ban nhiéu 1in MMS
(Method of Multiple Shooting); cho viéc tim duong di doc theo diy chum doan thing, bao
gbm: bude (S3.1), robot x4c dinh dwoc diém p c6 thir hang cao nhéit can tré lai ma p khong
nam trong t4m nhin hién tai, viéc trich xult dugc cic diy chum doan thing thudc phﬁn
khong gian robot s& trd lai duge tién hanh; dudng xwong c4 va diy chim doan thing gin
v6i dudng xuong ¢4 duge tao ra, tai moi dinh, chi can xét chim doan thing nim trong cung
tron c6 tAm tai dinh chum va goéc ctia cung khong vurgt qua 180°; buée (S3.2), ti rru duong
quay lai béng céach tim duong di ngén nhét hinh hoc doc theo mot day cac chum doan théng
béng phuong phép ban nhidu 1in MMS; budc (S3.3), robot di chuyén theo dudomg ngén hon

da tim duogc & budce trén.
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Linh vire ky thuit dwoc dé cap

Gidi phap hitu ich thudc linh vuc Ty déng héa va Toan ing dung. Trong qué trinh
x4c dinh cac hudéng di uu tién, mot robot cé tAm nhin chinh x4c bi han ché c6 thé cén quay
lai mét sb vi tri d8 duoc danh ddu trude do, cac vung ma robot trd lai duge mo hinh hoa dudi
dang day cdc chim céc doan thing. Giai phép hiru ich d& xudt phwong phép tim dudng quay
lai doc theo day cac chum doan théng nham giam thiéu d6 dai cua céac duong dugc robot di

qua.

Tinh trang k§ thuit ciia gidi phap hiu ich

Bai toan robot ti hanh tranh céc vit can da gidc trong moi trudng khong xac dinh 1a tim
mot con dudng tir diém ban ddu dén diém muc tiéu ma tranh duogc chuéng ngai vat. Ngoai
muc tiéu cham dén dich, viéc tiét kiém thoi gian va giam thiéu d6 dai cua quing dudng
chuyén ddng ciing rit quan trong.

Xung quanh van d¢€ tim dudng trd lai ndy cé céac tai liéu sang ché lién quan sau:

(1) Sang ché s6 CN116483083A “Shortest path planning method for automatic cleaning
robof” (link: https://patents.google.com/patent/CN116483083A/en?0qg=CN116483083A),

, 14
B =1l A&

sang ché nay dé xuét ra phwong phép 14p ké hoach dudng di ngén nhét ctia robot vé sinh tu
dong, bao gdm cac budc xdy dung ban d6 méi trudng thanh céc hinh da gidc, 1a ranh gidi
clia mdt khu vyc vé sinh, tim dudong di ngén nhét tir diém bét dau dén diém két thic bang
cach dua ra mot nhém da giac dugc xac dinh béi dinh, diém bit dau va diém két thic, va
tim duong di ngén nhét tir diém bit diu dén diém két thiuc ma khéng di qua bat ky da giac
nao.

(2) Sang ché s6 CN113867353A “Automatic return path planning method of cleaning
robot” (link: https://patents.google.com/patent/CN113867353A/en?0q=CN113867353A)

Séang ché nay dé xuét ra phuong phép 1ap ké hoach dudng tré vé tir dong bao gdm cac budc
sau: lap ké hoach cho tit ca cac dudng co thé ¢6 cia dudng tré vé tu dong; thuc hién danh
gia kha thi dya trén tit ca cac dudng c6 thé va sang loc cac duong kha thi; danh gia xem

duomg tét hay x4u dua trén duong kha thi va sang loc mot duong tb1 wu.
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(3)Sang ché s6 WO02017161632A1, “Cleaning robot optimal target path planning
method based on model learning ”. (link:

https://patents.google.com/patent/W02017161632A1/en?0g=W02017161632A1), séng ché

ndy d& xuét ra phuong phép lap ké hoach dudng di muc tiéu tdi wu ciia robot vé sinh dwa
trén mod hinh hoc, st dung kién tric hoc taing cuong va thuat toan Dyna-H, thuét toan R-
MAX.

(4) Sang ché sb US8903589B2 “Method and apparatus for simultaneous localization
and mapping of mobile robot environment” (link:

https://patents.google.com/patent/US8903589B2/en?0q=US8903589B2), sang ché niy dé
xuét ra k§ thuat t6i wu hoa hiéu sudt ciia quy trinh dinh vi va 14p ban dd ddng thoi (SLAM)

cho robot di dong.

(5) Sang ché s6 CN109839927A “Method and device for robot path planning”. (link:
https://patents.google.com/patent/CN109839927A/en?0g=CN109839927A), sang ché nay

dé xuét ra phuong phép 1ap ké hoach dudng di ciia robot: thu thip diém xuit phat va diém
dén, 1ap ban dd robot; tim dwong di ngén nhit ding thuat toan theo ddi ngugc.
(6) Bai bao Trajectory optimization and obstacle avoidance of autonomous robot using

Robust and Efficient Rapidly Exploring Random Tree, (link:

https.//journals.plos.org/plosone/article?id=10.1371/journal.pone.0311179), sit dung thuét

toan RRT dya vao 14y mau dé tim duong di t6i wu cho robot dua trén dit liéu hanh trinh

trude.

(7)Bai bao: An, P. T. and Le, N. T Multiple shooting approach for finding
approximately shortest paths for autonomous robots in unknown environments in 2D, dugc

cong bd dur¢i dang tién 4n phim trén Arxiv [ban V2 ngay 16/12/2023], (link:

https://arxiv.org/abs/2208.10386), va ban chinh thirc dugce xuit ban trén tap chi Journal of

Combinatorial Optimization ndm 2024 (xem [3]).

Céc sang ché va bai bao (6) ké trén cung cip thuat toan lap ké hoach dwdng di cho
robot béng cach str dung hoic cai tién céc thuét toan tim kiém trong dd thi, cac thuat toan
trong hoc ma4y... Tir d6 robot trd lai bing mét quy dao c6 sin. Quf dao niy chinh 13 duong
di trong mot dd thi c6 cac nut thu duge tir théng tin cuc bd vé cac vi tri ma robot di di qua

trong qué khir. Cach tiép c4n nay ciing xuét hién trong cAc thuat toan 1ap ké hoach duong di
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cho robot dira vao tim kiém db thi [5, 12], thuét toan truong luc hép dan [6, 11], ban dd hoa
dudng di [8, 9] hodc cic thuat toan dua vao sinh miu ngiu nhién (xem bai bao (6)). Trong
céc cong bb nay cac tac gia déu tip trung vio viée tim dudng di téi dich dwa trén cdc nut c6
san. Giai phéap ching t6i dua ra hudng dén viéc tim mot duong di mai c6 do dai ngén hon
quy dao co sin trude d6, duong di nay 1a két qua cia viéc giai bai toan duong di ngin nhét
hinh hoc. Cach tiép cin méi mé sir dung céc két qua ciia hinh hoc tinh toan mang lai wu thé
béi vi robot trd lai bing dwong di t6i wu dugc tim ra s& gitp tiét kiém thoi gian va ning

lugng vén hanh robot.

Bai b4o (7) 12 tién 4n phadm ding trén Arxiv, ma ban chinh thirc cia cing nhém tac
gia duogc xuét ban trén tap chi Journal of Combinatorial Optimization ndm 2024 (xem [3])
c6 mot sb khéc biét.

Cu thé, ban chinh thirc [3] dugc bd sung Ménh d& v& d6 phirc tap tinh todn (Ménh dé
4 trong [3]); c4c hinh v& minh hoa mot s& @6 thi va viéc tim dudng xwong cé (skeleton
paths) 1a duong di ngin nhit trong céc dd thi nay (Hinh 8 trong [3]); céc két qua thuc
nghiém so sanh danh gia tbc d0 hoi tu ctia cac phuong phap dugc dé xuit 13 phwong phap
bin nhiéu 14n, phuong phap cua Li va Kelette (phan cudi Muc 6 va 15 trong [3]; phén phu
luc phén tich c4c han ché cua thuat toan phéu cua Lee va Preparata, 1984, thuét todn cua

Trang va cac cong sy, 2017, thudt toan cia Li va Klette (Phu luc B trong [3]).
Danh muc cac tai liéu tham khio duge trich din

[1] An, P. T., Hai, N. N., and Hoai, T. V. (2013). Direct multiple shooting method for
solving approximate shortest path problems. Journal of Computational and Applied

Mathematics, 244, 67-76.

[2] An, P. T. and Le, N. T. (2024). Multiple shooting approach for finding
approximately shortest paths for autonomous robots in unknown environments in

2D, Journal of Combinatorial Optimization, 47(71).

[3] An, P. T. and Trang, L. H. (2018). Multiple shooting approach for computing
shortest descending paths on convex terrains. Computational and Applied Mathematics,
37(4), 1-31.

[4] An,P.T., Anh,P. H., Binh, T. T. , Hoai, T. V., Le, N. T., Tam, T. M., Truong,
V.P.,and Vi, T. L. (2022). Shortest paths on sequences of bundles of line segments for
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autonomous robots in unknown evironments, Ho6i thao T6i vu va Tinh toan khoa hoc lan thir

20, Ba Vi - Ha No6i, 21-23/4/2022.

[5] Brooks, Rodney A., and Tomas Lozano-Perez. (1985). A subdivision algorithm in
configuration space for findpath with rotation. IEEE Transactions on Systems, Man, and

Cybernetics 2, pp. 224-233.
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path planning. IEEE Transactions on Robotics and Automation, 20(2), 229-242.

[10] Li, F., & Klette, R. (2011). Rubberband algorithms. In Euclidean Shortest Paths
(53-89). Springer, London, 53-89.

[11] Rosell, J., & Iniguez, P. (2005). Path planning using harmonic functions and
probabilistic cell decomposition. In Proceedings of the 2005 IEEE international conference

on robotics and automation 1803—1808. IEEE.
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Ban chét ky thuat cia giai phap hiru ich

Giai phép hiru ich mb ta quy trinh mot robot tir hanh vé6i tim nhin han ché khém pha
mdi trudng véi cac vat can da gidc chua xac dinh trude, toi wu do dai duomg di dén dich
bang cach tim duong tré lai ngan nhit (xem quy trinh trong Hinh I). Céc ving robot trd lai
dugc mo6 hinh héa duéi dang diy cac chim cac doan thing, gitp chuyén bai toan t6i wu

duong trd lai thanh mot bai toan hinh hoc, giai n6 bing phwong phép bén nhidu 14n, tir d6
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dua ra giai phap lam cho d6 dai con dudng quay lai ngén hon quy dao c6 sin trude d6 cia
‘robot, gifip tiét kiém thoi gian va ning luong.

Robot bét diu chuyén dong dua vao viéc quét mot tAm nhin 12 mot hinh tron tim tai
vi tri clia robot con ban kinh xéac dinh trude tuy theo cu hinh cta robot. Trong mdi budce di,
robot x4c dinh phin khong gian khong va cham va phan khong gian canh bio c6 va cham.
Ciing trong mbi budc di robot danh gia va huwu trit vi tri cac diém ma n6 c6 thé chuyén dong
t6i cho cac budc tiép theo, ddm bao khéng va cham. Sau nhiéu buéc di chuyén cua robot,
tap hop céc diém nay ciing ting 1én. Cac diém nay dugc tinh toan va xép hang dé chon ra

diém c6 xép hang t6t nhét nhim wu tién tiép can tai budc tiép theo.

Gia sir tai mot thoi diém nao d6, robot dang & vi tri ¢ ciia ban db. Trong qué trinh
khém pha mdi trudmg, robot di dén diém c6 thir hang uu tién cho chuyén dong tiép theo, goi
12 p. Mic di p 12 diém ma robot chua di qua, nhung p d3 dugc danh du va xép hang trong
qua khir. Co 2 truong hop xay ra: néu p thudc tAm nhin hién tai cia robot, né chi viéc dich
chuyén theo doan thing tir ¢ dén p, nhung néu p khong nim trong tAm nhin hién tai viéc
cham dén p c6 rat nhidu con duong dé di. Mot duong di cua robot trong mién khong va

cham vt can, tir vi tri g dén p, khong thude tAm nhin hién tai dugc goi 1a “duong trd lai”.

Muc dich ctia giai phap hitu ich 13 giam thiéu d6 dai dudng di cia robot tu hanh thong
qua viéc giam thiéu d6 dai con dudng quay trd lai ciia robot (xem mé td trong Hinh 2). bé

dat dugc muc dich do, giai phap cu thé dwgc dé xuit nhur sau:

i) Trich xuit mot day cic chiim doan thing trén con dudng robot chuyén dong tré lai
nham mo hinh héa phin khong gian ma robot s& quay tré lai, khi robot di trén con
dudng doc theo cac day chum doan thing nay sé dam bao khong cham vao vt can.
Bé)ng thoi khi giai m6t bai toan hinh hoc quen thudc 12 tim dudng di doc theo diy
cac chim doan thing bing phwong phép bin nhiéu l4n, ta s& thu dugc con dudng
ngin hon qu¥ dao c6 sin ma céc cach tiép cén trudc day sir dung.

ii) Trong qué trinh robot tu hanh khdm ph4 méi trudng va t6i wu duong di dén dich,
robot cin tim cdc dudong trd lai ngdn hon cic quy dao c6 sin. Theo quy trinh nay,
mién khong gian ma robot di qua dugc md hinh hoa bang day cac chim doan thing,

sau d6 s& ap dung phuong phép trén (i) dé tim duong quay tro lai.

Viéc cac ving ma robot tr¢ lai duge mo hinh héa dudi dang diy cac chum cdc doan

thang, va quy bai toan vé bai toan hinh hoc tim dudng di ngén nhét doc theo day chim doan
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théng 1a su khac biét r6 rang so vdi cach tiép cén trude day. Cu thé cach thirc robot tu hanh
kham ph4 méi truong va tdi uu d6 dai duong di dén dich bang cach tim duong tré lai ngin

nhét doc theo day cac chum doan thing d3 xac dinh trudc bao gdm céc budc sau:

budc S1, quét tAm nhin (B[a,r]) @ x4c dinh cac phén khéng gian khéng va cham,
noi ma robot ¢6 thé di chuyén trong céc bude tiép theo, va cic phan khong gian va cham,
noi ma robot s& gip phai chuéng ngai vat néu chuyén dong quang duong thing bing do dai

ban kinh (xem Hinh 3),

T G 2

budc S2, thiét 1ap nhitng didm c6 thé di chuyén tiép theo, goi 12 “diém mo”, 13 diém
dai dién cho mdi goc khong qué 120° cho mdi phin khéng gian khong va cham dé dwa vio
tap hop cac diém m& co thé di chuyén tiép theo, néu phan khéng va cham cé géc tuong g
vugt qui 120° thi ta thwc hién chia thanh cdc phan khong va cham hinh quat c6 géc khong

qua 120°, va

trong mdi budc di cia robot, d4nh gid va luu trit vi tri céc diém m& ma robot ¢6
thé chuyén dong t6i cho cic budc tiép theo, dam bao khong va cham véi cac chuéng
ngai vat;

céc diém mo duge tinh toan va xép hang dé chon ra diém c6 xép hang t8t nhat dé
uu tién tiép c4n tai bude tiép theo;

thtr hang cac diém nay dwgc x4c dinh theo mot quy tdc dinh trude va dugc thiét
lap cin thén trong viéc lap ké hoach duong di dia phuong, robot di dén diém co thir hang

uu tién cho chuyén dong tiép theo, goi 1a p; trong d6, thir hang dugc tinh nhu sau:

a g \
rank(t) = {d(t) + @ dt) #0vaa(t) #0

+oonéu d(t) =0 hodca(t) =0
trong do:
d (t) 12 khoang cach gifta diém mé va muc tiéu,
a(t) 1a goc tao thanh gitta a dén diém mo va a dén muc tiéu,
a va B duoc thiét 1ap dua trén mirc dd quan trong ctia géc va khoang cach,

trong qua trinh trién khai, lay a= g = 1, diém m& c6 thir hang cao nhét s€ ¢6 mirc
uu tién dau tién; luu trit d6 thi G bao gdbm cédc nit 1a tAm va cac 14 1a diém cudi cla cac

doan thang biéu dién cac diém md; va mot tdp OP bao goém cac diém md va thir hang
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ctia ching, khi luu trit hiéu qua cac nut cha db thi G, mdi géc cla cung xac dinh mdi
diém mé& khong vuot qué 120°, va mdi diém mo khong thude vé bét ki diém mo hoic
dong nao truge do;
néu p thude tdm nhin hién tai cia robot, n6 chi viéc dich chuyén theo doan théng
tir ¢ dén p nhu chi ra theo budc S4, nhung néu p khéng nim trong tAm nhin hién tai viéc
cham dén p thuc hién theo budc S3 tiép theo. Chii y ring robot c6 thé tré lai theo mot
quy dao c6 sin goi 1a “dudng xuwong c4” (skeleton path), n6 1a dudng di ngén nhit ndi p
va g trong db thi G, nhung dé giam thiéu d6 dai duong di, & day ta giai bai tim duong di
ngin nhit doc theo day chum doan thr?mg nhu sau;
bude S3, trich xuit day chim doan thing F va sit dung phuong phap bén nhiéu 1an
MMS (Method of Multiple Shooting, MMS) cho viéc tim dudng di doc theo ddy chum doan
thing,
trong d6, budc S3 bao gbm:

- budce S3.1, robot xac dinh dugc diém p ¢6 thir hang cao nhét cin tré lai ma p
khong nim trong tAm nhin hién tai, viéc trich xuit duoc cdc diy chim doan thing
thudc phin khong gian robot s& trd lai dugc tién hanh; duong xuong c4 va ddy chim
doan théng gén v6i duong xuong cé dugc tao ra, tai mdi dinh, chi cin xét chim doan
thang nim trong cung tron c6 tim tai dinh chiim va géc ciia cung khong vuot qua m;

budce S3.2, t6i uvu dudng quay lai bing cach tim dudng di ngin nhat hinh hoc
doc theo mét day cac chum doan thing (F) bang phuong phap MMS,

bude S3.3, robot di chuyén theo dudng ngin hon d tim dwgc & bude trén,

budc S4, sau khi xdc dinh dugc duong di tir q trd lai p, robot chuyén dong tdi p; gan
g=p, néu diém dich khong thudc tAm nhin hién tai B[g,r] ctia robot, qua trinh lai tiép tuc tr&
lai bude S1.”
trong do, budce S3.2 dugce thue hién nhu sau:
chia day cac chum doan théng (F) thanh céc day con, chon mot tép hop
co thir tu cua cac doan cét, 1a cac doan cudi ciia mbi day con, va léy mot diém bin
diu tién trong mdi doan cat;
x4y dung mét duong doc theo diy cac chum doan théng) ndi pvagq,

duoc tao thanh tir tAp hop cac diém ban, duong nay 1a su két hop cia céc dudng ngin

~
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nhét ndi hai diém ban lién tiép doc theo diy con twong g, thiét 1ap dieu kién dirng
tai cidc diém ban;

kiém tra diéu kién ding & tat ca cac di€m ban, néu diéu kién thang
hang khéng dugc théa min, cac diém ban mdi s€ cai thién dudng noi p va g doc theo

day cac chum doan théng (F), dugc tao béi tdp hop cac diém bin moi

trong d6, thoi gian chay cta thudt toan & budce 3.2 phu thudc vao m, N, J, véi: N 1a s6 lugng
chum ctia diy cdc chum doan thang (F), J1a s0 iugng doan thang cia ddy cac chum doan

thing (F), va m 1a sb 1an lap cua thudt toan dé tim dugc dudng di cén thiét nbi gitra p va q.

M0o ta van tit cac hinh vé

Hinh 1. Quy trinh: robot tw hanh khim phd méi truong va t6i vu do dai dudng di dén

dich bang cach tim dudng trd lai ngin nhét

- Hinh 2. Buéc (S3): trich xuit day chim doan thing va sit dung phwong phép ban
nhiéu 1dn MMS cho viéc tim duong quay lai cho robot tir hanh doc theo diy cac chum doan

thing.

Hinh 3. Budc (S1) Su giao nhau gifita tAm nhin hién tai cia robot va cac vat can da
giac. Hinh tam gidc mau nhat hon dai dién cho phén khoéng gian khong va cham, noi ma
robot c¢6 thé di chuyén an toan quing dudng mot budc biang do dai ban kinh trong khi hinh
tam gidc mau d4m hon thé hién phin khéng gian canh bio va cham, noi ma robot s& gip vt
can néu di chuyén mét budc bing do dai ban kinh.

Hinh 4. Budc (S1) Cach xac dinh cac diém mé c6 thé di chuyén tiép theo: Gia six
robot dang & diém a,, xét giao diém giita tm nhin hién tai v6i cic vat cin dé x4c dinh phin
khong gian khong va cham va phén khong gian canh bio c6 va cham. Liy mot diém goi 1a
diém m&, dai dién cho mdi géc khong qué 120° cho mdi phin khong gian khong va cham
(twong mg mau nhat hon) dé dua vao tip hop cac diém di chuyén tiép theo (néu phan
khong va cham c6 goc tuong tng vuot qua 1200 thi ta thuc hién chia thanh cic phan khong
va cham hinh quat ¢6 géc khong qua 120°).

Hinh 5. Bude (S2) Tp céc diém mé c6 thé di chuyén tiép theo cho dén khi robot dén
diém q=ag gém cos,pvat. Béng tinh toan xép hang, diém c6 thir ty wu tién cao nhit 1 p.

Do d6 robot tién hanh di chuyén tir q tro lai p.
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Hinh 6 va 7. Bu6c (S3.1) Trich xuét ra ddy chum doan thang tir thudc phan khong

gian robot s& trd lai.

Hinh 8. Budc (S3.1) Tién xtt Iy cac chim doan thing c6 sén. Dy chim doan thing
ban dau duérc dwa vé day cac chim doan thing ndm trong cung tron c6 tim tai dinh chim va
goc cua cung khong vuot qua 180°. Bude (S3.2) Tinh toan dudng quay lai t6i vu doc theo
ddy céc chum doan thing bang phuong phdp MMS. Dudng di (dudng nét lién & giita) doc
theo day chim doan thing 13 dudng di thay thé cho dudmng xuong ci nhur Buée(S3.3) dé

cap.
Hinh 9. T4p ban db ding dé chay thuat toan va thu két qua.

Hinh 10. Minh hoa c4c chuyén dong thu dwoc bang cach sir dung phwong phép bén
nhiéu 1in MMS.

Hinh 11. Minh hoa viéc trich xuét cic diy chim doan thing thu dugc.
MG ta chi tiét gidi phap hiru ich

Céc phuong an wu tién thuc hién cia gidi phap hiru ich s& duge mo ta chi tiét sau day,

c6 tham chiéu dén céac hinh vé& kém theo.

Tim duomg di ngén nhét 13 mot bai toan t6i wru hinh hoc tu nhién véi nhiéu tng dung
trong cac linh vuc khac nhau nhu hé théng thong tin dia 1y (GIS), robot, thi gidc may tinh,
v.v.. Mot truomg hop cia bai todn dudng di ngén nhat hinh hoc 12 tinh toan dudng di ngin
nhét nbi hai diém doc theo mot tap hop cac doan thang trong khong gian 2D nhur sau:

Cho hai diém va mét tap hop c6 thir tir cac doan thing trong khong gian 2D, tim
dudng di ngén nhat ndi hai diém nay sao cho n6 di qua cac doan thing theo thtr tur da cho.

Néu cac doan théng ro1 nhau d6i mot, né dugc goi 1a bai toan SP cho cac doan thing
roi nhau d6i mot. Xét bai toan SP cho céc chim doan thing nhu sau:

(P) Cho hai diém va mot day cac chim doan thing trong khong gian 2D trong d6 cac
chum nay khéng giao nhau, tim dudng di ngan nhét néi hai diém doc theo ddy chum doan
thang.

Bai toan (P) ciing 12 mdt trudng hop cla bai todn SP cho céc doan thing va ngugc

lai. Tuy nhién, bai toan (P) tbng quét hon bai todn SP cho cac doan thing rdi nhau ddi mot.

O
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Bing cach tiép cn tbi wu 15i, Polishchuk va Mitchell da str dung chuong trinh hinh
nén bic hai (SOCP) dé giai quyét bai toan SP cho cac doan thing tuy y, nhung phwong phap
nay khong phd bién vi cac tic gia d4 néi ring viéc sir dung SOCP dugc xem 12 mot “hdp
den” ma khong hiéu r5 bén trong hoat dong nhu thé ndo. Hién tai khéng c6 thuat todn hinh
hoc nao c6 thé giai bai toan SP cho cic doan thing tlty y. Tuy nhién, céc 16i giai chinh xac
va gin ding co thé dat dugc dudi mot sb didu kién cu thé cia cac doan thing, dang tiéc 1a
cac thuat toan nay khong ép dung dwgc cho bai toan SP véi cac chim doan thing. Vi dy,
néu cic doan thing trong mot ddy chim c6 thé dwoc sip xép thanh danh sich cac dudng
chéo ciia cac tam giac k& nhau, thi k thudt phéu ctia Lee va Preparata c6 thé duge sit dung
dé tim dwong di ngén nhét chinh x4c. Tuy viy mién chira cic dudng di ma ching ta xét
khong phai 1a mot da giac da dugc tam giac phan, do d6, 4p dung k¥ thuét phéu néi trén la
khong thé cho bai toan SP véi cdc chim doan thing. Néu dé giai bai toan SP cho cic doan
thing roi nhau d6i mot, c6 thé sir dung céc thuit toan ldp theo cic phuong phap gé‘m diung
cua Li va Klette (Rubberband algorithms. Euclidean Shortest Paths) va Trang va cdng su
(An iterative algorithm for computing shortest paths through line segments in 3D. In
International Conference on Future Data and Security Engineering). Tuy nhién, céc thuat
todn nay khong phi hop khi ma céc doan thing khong rdi nhau d6i mot, chang han khi tap
hgp cac doan thing 13 mot day chum. Céu héi dit ra 1a “Cé thuat toan hi€u qua nao cho bai
toan SP v&i cac chum doan thing khong?" Giai phap hitu ich sir dung phuong phép bin
nhiéu 1dn MMS 14n dé tra 1o cau héi nay.

Xét mot bai toan 1ap ké hoach dudng di trong d6 robot c6 pham vi t4m nhin han ché
di chuyén trong mot moi trudce chud xac dinh, trong khong gian 2D va tranh cdc chudng
ngai vat 1a cac da giac. Luu y réng robot khong co tat ca thong tin vé cac chudng ngai vat

ngoai trir toa d6 ctia diém bét déu va diém két thic.

Viéc tranh cac chudng ngai vat yéu clu cac dudmg di khong cit vao bén trong cla
cac chudng ngai vat nay. Ngoai viéc cham dén dich, viéc tiét kiém thoi gian va giam do dai
duong di ciing rat quan trong. Hay gia st robot dang & vi tri ¢ trén ban d6. Trong qua trinh
kham pha mdi trudmg, robot c6 thé quay lai mot s vi tri, goi 12 p, ma khong thudc tAm nhin
hién tai ctia robot. Mac du p chua dugc robot di qua, p dd duge danh dau va xép hang trong
qué khi. Mot cach tiép can phd bién ciia cdc thuat toan lap ké hoach dudng di cho robot 1a

st dung mot qui dao c6 san cho duong trd lai.

10
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Qu§ dao c6 sin (dudng xuong c4 - skeleton path), n6 1a duong di ngin nhét ndi p va
q trong dd thi G, 14 dd thi c¢6 cac nut thu dugc tir thong tin cuc bd cia céc vi tri ma robot da
di qua trong qua khtr va c6 cac canh 1a cic doan thing nbi cac nut. Cac cach tiép can sit
dung qu§ dao c6 sin nay xuét hién trong cc thuat toan 1ap ké hoach duong di st dung céc
phuong phép tim kiém trén dd thi, c4c thudt toan truong luc he”ip din va c4c thuét toan biéu
db duong di. Pé 1am cho robot di chuyén hiéu qua, An va cong sy da dé xuit mot thuét toan
lap k& hoach dudng di cho robot tu hanh trong d6 chd trong tim dwong di ngan nhét hinh
hoc thay thé cho quy dao c6 sin thu dugc tir G. Bai toan t6i wu héa dudng di cho cic

chuyén dong quay trd lai dugc phét biéu nhur sau:

(P*) Tim mot duong di (hoic dudng di ngin nhit) nbi p va q tranh cac chuéng ngai
vat, ma ngin hon quy dao c¢é sin thu duge tir d6 thi G.

Giai phap hitu ich mé ta cach thirc biéu dién khu vire ma robot s& di chuyén tir p dén
q, khu virc nay dugc xac dinh 13 mot ddy cic chim doan thing, ching dugc trich xuét tir
théng tin cuc bd c6 dugce khi robot kham pha méi treong, gitp cho viéc chuyén Bai toan
(P*) thanh mot bai toan tim duong di ngén nhét hinh hoc. Thay vi giai quyét Bai toan (Px),
ta c6 thé tiép c4n bai toan SP cho diy cac chim doan thing bing phwong phap bin nhidu lan
MMS.

Trong giai phap dugc néu ra & day, ching t6i tp trung vao trich xuét day chum doan
thang, giai gin dung Bai toan (P) trén diy chim bang phuong phap MMS va tng dung ciia
né trong viée gidm thiu d6 dai duomg di dén muc tidu cho robot tr hanh ¢6 tAm nhin han
ché va can tranh cac vét can.

Néu robot di chuyén tir g dén p, trong d6 p da dwgc danh dau trong qua khir va khong
nim trong tAm nhin hién tai ctia robot, thi MMS s& dwoc goi dé tim gin dung duong di ngin
nhét ndi p va g doc theo day céc chum céc doan thing theo cac budc mo ta trong Hink 2.
bay 1a mot duong di kha thi va ngén hon quy dao c6 sin 1a dudng di ngin nhét ni p va g

trén dd thi G.

Giai phép hitu ich d& xuét thut toan lap dua trén phuong phap bin nhiéu 1an MMS.
dé robot tim duong tré lai ngin nhét ndi hai diém p va g doc theo diy cac chim F doan

thang nhu sau:

11
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(f1) Chia day F cta cac chum doan théng thanh cac ddy chum con. Chon mét tép hop
c6 thir t cia cac doan cét, 13 cac doan cudi cia mbi diy chim con. Liy mot diém bin dau

tién trong moi doan cat.

(f2) Xay dung mot duong di khoi tao doc theo F ndi p va g, dugc tao thanh tur tap
hop céc didm ban. Puong nay 1a su két hop cia cac dwong ngén nhit nbi hai diém bén lién
tiép doc theo day con tuong tmg. M6t diéu kién dimg duoc thiét 1ap tai cac diém ban. Trong
d6, diéu kién dung duoc xay dung dua vao goc c6 hudng tai diém ban d6, géc nay 16n hon

hogc bang m thi didu kién thing hang dugc xem 14 xay ra tai diém bén dé.

(f3) Thudt toan kiém tra didu kién dimg & tht ca cac diém ban. Néu didu kién dimg
khong dugc théa man, thi cip nhat dén cac diém ban méi va duong di méi dugce tao bdi tip

hop céc diém ban méi sé& cai thién dudng noi p va g doc theo F.

M3 gia ciia thudt toan MMS tim dwong di ngén nhét x4p xi nbi hai diém doc theo mot

ddy cac chiim doan thing dugc x4y dung nhur sau:
Bang 1. M3 gia thuit toan MMS
Input: Hai diém p va ¢, mot ddy F cac chiim doan thing.
Output: Mot dudng di ngén nhit x4p xi ndi p va g doc theo F.

1: Chia F thanh F; théa mén bang céach cit cac doan [u;,1;], v6ii=0, 1, .., K+

1, (K 1asb doan cét)

2: Lé‘iy mdt tap hop cd thir tu s;7 = 0,.. K+1 cua cac diém bén ban dau bao gém

p,vi(i=1,2,..., K) va g. Goi y*"" la duong di dugc tao thanh tu s;, i= 0, K+1.

3: flag «— true, s;" <s; va y"* la dudng di dugc tao thanh tir s***,i = 0,..
K+1.

4: Goi Thu tuc COLLINEAR UPDATE (y<“"™, y**, flag).

5: if ddieufe kién dimg théa man tai tit ca cac diém bén, tirc 13, flag = true

then
6: stop va return y" >Duong di ngdn nhdt da dwoc tim thdy
7: else yerent «— vy y3 return budce 4.

8: return y"*.

12
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Néu diéu kién dimg c6 dugc tai tit ca cac diém ban, Thuit toan dung MMS dimg lai

Ngugc lai, Thu tuc COLLINEAR UPDATE(y*"", y", flag) thuc hién viéc clp

~ Bang 2. M3 gia thudt toan thwc hién cip nhit cic diém ban COLLINEAR _UPDATE

Thit tuc COLLINEAR_UPDATE(y*"rn!_~yneet flagy

Input: vowrent 13 hgp nhit cia cdc dubng di ngan nhdt ndl cic cip diém bin s, tic la

3
Bds
i5:
1he

19
2k
21

I

23

,.,rurﬂ'm:lf =1 J‘:fi QSPt

Qutput: Xic dinh néa

1)

lag = true hoic flag = false vi tdp hop céc diém bin mdi sao cho

ey < Jyemrrent) | grong 46 4 13 hop nhit clia cic dubing di ngin nhét ndi cdc cip diem

bin méj &7
flag « true
fori=0,1.... K do

Ly céc diém ¢; dudc dinh nghia trong (B) sao cho

néu SP(s;, 5;+1) i mét doan thang, thi #; 12 trung difm cta SP(s;, 5041,
ES 3 = = = - o R E - LA i A
ncu khong, #; 1a mét rong cac diém dau khong trung voi s; va 5544,

if i=( then
continue
if s; € vy, u;] then
if 2o (SP(8i-1,8;). 8P{s;, 5341 )) = 7 then
Dt s — s,

else goi SP{#;_1. 1)

Dit 57 1a difém giao nhau cia SP(f;_1. ;) va [u;. vy

Flag «+ false
else if 5; = v; then
i Jﬁwm fSP“ {31-1 4“1% SP {S! S §}§1 <" then
Dat 57 — 5

else goi SP{#;_y. 1)

Dt 57! la difm giao nhau cfia SP{#i—1. #;) va [m, v

flag + false
- else if 5; = 1; then
it 2, [SP{8;_1.5;). SP{5;,5341)) < w then
E@f 5?4?.'&'1?. — 5,

else goi SP{t;_;, ifz“f

Dit s 1a diém giao nhau cta SP{#,_1. 1;) va [u;. v}

PSR T

= {A1-A2) duge kiém tra

& die vao (B

> {A1-A2) dudc kiém tra

o ditar véo (B)

o {AL-A2) dudce kidm tra

> e v (B

Thuét todn néu trén dugc 4p dung vao robot tw hanh trong qué trinh khdm phd moi

trudng nham tdi wu d6 dai duong di dén dich theo quy trinh mo ta trong Hinh I, cu thé nhu

néu dudi day:

[,
(W8]
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MBoi truong va cac chudng ngai vat duge biéu din béi cdc mién bi chin béi hop cua
cac duomg gép khuc, ching han nhu da gisc dwgc thé hién trong Hink 3. Puong di cia robot
phai nim trong mién khéng gian khong va cham, tic 13, dudng di khong giao nhau véi phin

trong trong clia bat ky vat can nio.

Budc S1: gia st tai mot thoi diém nao d6, robot dang & vi tri g clia ban dd. robot quét
mdt tAm nhin. Pham vi tAm nhin cda robot dwgc thé hién bang mot dudng tron 6 tAm & vi
tri @ hién tai v6i ban kinh 7, ky hiéu Bla,r]. Ching ta xét giao giita Bla,r] va phﬁn khong
gian khong va cham. N6 dugc biéu dién béi cac ving mau nhat hon va mau dim hon nhu
trong Hinh 3. Cu thé, c4c hinh tam gidc mau nhat hon minh hoa céc ph?m khong gian khéng
va cham, noi ma robot c6 thé di chuyén trong cac budc tiép theo, trong khi céc hinh tam
gidc mau dam hon biéu thi cic phin khong gian canh bao va cham, noi ma robot s& gip phai
chuéng ngai vat néu chuyén dong quing dudng thing bing d6 dai ban kinh. M&i phin
khong gian khoéng va cham, chon ra mot diém mé& co thé di chuyén tiép theo, 13 diém dai
dién cho mbi géc khong qua 120° cho mbi phin khong gian khéng va cham (twong tmg mau
nhat hon) dé dua vao tap hop cic diém mé c6 thé di chuyén tiép theo (néﬁ phan khéng va
cham c6 géc trong g vugt qua 1200 thi ta thure hién chia thanh cac phan khong va cham
hinh quat c6 géc khong qua 120°). Ciing trong mdi buée di robot danh gia va luu trit vi tri
cac diém mé ma no c6 thé chuyén dong t6i cho cac bude tiép theo, dim bao khong va cham

(xem Hinh 4). Sau nhiéu budc di chuyén cua robot, tap hop cac diém nay ciing ting 1én.

Budce S2: cac didm mé duoc tinh toan va xép hang dé chon ra diém c6 xép hang t6t
nhit dé wu tién tiép cén tai budc tiép theo. Thir hang cac diém nay dugc xac dinh theo mot
quy tac dinh trudc va dugc thiét lap cén than trong viéc lap ké hoach duong di dia phuong.
Dic biét, c6 hai yéu t6 bao gdm khoang céch gitta mbi diém c6 thé di chuyén tiép theo véi
muc tiéu, va géc. Trong qua trinh kham ph4 méi trudng, robot di dén diém c6 thir hang wu
tién cho chuyén dong tiép theo, goi 14 p.

C6 2 truong hop xay ra: néu p thudc tdm nhin hién tai cda robot, n6 chi viéc dich
chuyén theo doan thing tir g dén p nhu chi ra theo Bude S4, nhung néu p khéng nim trong
tAm nhin hién tai viéc cham dén p ¢6 rit nhiéu con duong dé di (xem Hinh 5).

Buéc S3: 4p dung phuong phép chi ra & phan trén (phan: Trich xudt ddy chim doan
thing va sir dung phwong phdp bén nhiéu lan cho viée tim duwong di doc theo ddy chium

doan thing). Cu thé, budc nay bao gdm:

14
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Budc S3.1: dang & diém g, robot x4c dinh dugce diém p co thir hang cao nhét
can tré lai ma p khéng nam trong tdm nhin hién tai, viéc trich xuét dugc cac day

chim doan thing thudc phan khong gian robot s& trd lai dugc tién hanh.

Mot dudng di clia robot trong mién khéng va cham vt can, tir vi tri g dén p
dugc goi 1a “duong trd lai”. Mot cach tiép can phé bién cta céc thudt toan 1ap ké
hoach dudng di cho robot trixéc d6 chinh 13 sir dung ngay mét quy dao c6 sén cho cac
dudng tré lai. Qu§ dao nay chinh 14 dudng di trong mét db thi cé cac nit thu duge tir
thong tin cuc bd vé cac vi tri ma robot da di qua trong qua khit, goi 14 dudng xuong
ca. Tir thong tin thu dugc sau mdi budc chuyén dong cua robot, duong xuong ci va
dy chim doan thing gin véi duong xwong ca duoc tao ra, xem Hink 6 va 7. Mbi
chiim doan thing dugc 14y tir mot tip hop cic hinh tam gidc mau dém hon dai dién
cho c4c tAm nhin dong. Tai mdi dinh, ta chi cAn xét chum doan théng nim trong cung

tron c6 tdm tai dinh chim va géc cuia cung khéng vugt qua 180°.

Budce S3.2: tuy nhién, dé taora mdt chuyén dong hiéu qua, ta sé& ti wu dudng
quay lai bang cach giai quyét mot bai toan tim duong di ngén nhét hinh hoc doc theo
mot ddy cdc chum doan thing bing phwong phap bin nhiéu lan MMS va so sanh véi

vi€c ap dung k¥ thuat cia Li va Kelette.

Budc S3.3: viée trd lai bing mot dudng ngin hon dudng xwong ci gilp tiét
kiém thoi gian cho c4c robot trong thuc té (xem dudng nét lién & gifta trong Hinh 8).
Dudng di (dudng nét lidn & gira) doc theo day chiim doan thing 12 duong di thay thé

cho duong xuong ca.

Budc S4: sau khi x4c dinh dugc dudng di tir ¢ trd lai p, robot chuyén dong t6i p. Gan
g=p. Néu diém dich khong thudc tAm nhin hién tai B[g,7] ctia robot, qué trinh lai tiép tuc tr&
lai Budc S1.

Vi du thwe hién gidi phap hiru ich

Chiing t6i st dung cac ban db trong Hink 9 dudi day véi cac diém bit ddu va muc
tiéu dwogc 14y nghu nhién, ban kinh tAm nhin 1an luot 14 8, 10 va 15 mét. Cac két qua vé con
dudng ma robot tim ra dugc thé hién nhu Hink 10 véi cac day chim cac doan thang dugc
chi ra nhw & Hinh 11 va Bdng 3 so sanh thoi gian chay cua cac thuét toan lap ké hoach

duong di str dung cic duong xuong cé (skeleton paths) va thuét toan thay thé duong xwong

15
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c4 bing cic dudng di ngin hon (thuat todn sir dung k¥ thuét ctia Li va Klette va thuit toan
str dung phirong phap ban nhiéu 14n) xét cho toan bd quing dudng robot chuyén dong va chi
x€t cho cac duong di trd lai. Bdng 4 so sanh 40 dai cua cac duong di thu dugc béng thuat
toan 18p ké hoach duong di st dung cic dudng xuong ci va thuit toan thay thé duong
xuong cé béng cac dudng di ngén hon (thuét toan sur dung k¥ thuét ctia Li va Klette va thuat

toan st dung phwong phép ban nhiéu 1an MMS).

Thai gian ¢ Thoi gian chay
Diu vio Thdi gian chay cia chay cin | cho gidl bid todn
thudt todn trén day chitun
Bin dd Diém Diem | Bdn | thuit todn | thudt todn dimg | dimg kit | ding
dan endi | kinh diing k¥ ding, duding thudt | MMS
thudt et MMS XU cua Li
Li & Klette ed | & Klette
........ map_ 1 | (120.50) | {160.160) 8 186.3656 182.0621 178.6172 4.8058 | 1.6197
Lanap 1 (3.5) (140.50) 10 14.2539 13.9766 13.8138 0.1175 | 0.0599
map 14 {120.50) {160.60) 15 39,42 39,2046 38.2075 0.7815 | 0.3748
map_ 2 | (100,25) {80,145} 8 166.1297 165.8722 137.0573 3.4893
map,_ 2 {10,50) (30,160} 10 46.0518 45 8075 45.0867 (.3813
map,_ 2 {(5.5) (160,10} 14 37.2069 36.8976 36.2428 0.3016
,,,,, wmap 3 (20,60} {70,30) b 54.7647 53.8304 50.2951 00784
,,,,, map_3 | (75.60) | (35.30) | 10 409327 | 39.4424 | 373475 2.23;
Lomap 3 (50,20) {50,-10) 15 16.1423 15,6189 150018 0.6728
Cmap_4 | (90.70) | (0.60) | % WEeET T A0S T ReIsE | 0607
nap 4 {30,70) (60,70) 10 56.4147 53.88] 51.9044 32104 | 0.233¢
________ map, 4 (195,60) {40,50) 15 31.33%89 26.1923 37107 1 0188
map_ 5 (40.40) (20,20} 8 2251577 215.2458 3.7956 | 1.9902
map_ 5 (60,50) (20.45) 10 9.5332 R.9903 3.3139 0.6873 | 0.1059
_map 5 {20.55) (30,40} 15 13.4351 13.1511 12.7288 0.3272 | 0.0446
........ map_G | (80,80) | (28,42) | 8 31.8206 | 30.156¢ 577515 | 0.0105 | 0.5241
Janap 6 {20,50) (30,60 10 22.0036 20,6986 19.7666 1.5633 | 0.1715
Laap 6 (20,50) {50.50) 15 12.8503 12.6942 12.2847 (12337 | 0.0506

Bang 3: Thoi gian chay cua céac thuét toan 1ap ké hoach duong di st dung cac dudng xuong
ca va thuét toan thay thé dudong xuong ca bang cac dudng di ngén hon (thuat toan sir dung
ky thuat ctia Li va Klette va thudt toan st dung phuong phap bin nhiéu 1an MMS) xét cho

toan by quang duong robot chuyén dong va chi xét cho cac duong di trd lai.

Céc thir nghiém sb nhu trong Bdng 3 cho thdy rang thuat toan sir dung phuong phap
ban nhiéu 14n trung binh gidm thoi gian chay khoang 2,88 % so véi thuét toan 14p ké hoach
duong di bing cach sit dung k¥ thudt cia Li va Klette, mac dit c hai phuong phép déu c6
dd dai duong di ma robot di qua 1a twong duong). Hon nita, néu chi xem xét thoi gian cho
viéc quay lai (khong phai cho toan bd duong di), Thult todn st dung phuong phép bin
nhiéu 14n giam dang ké khoang 64,46 % so véi thoi gian sir dung k¥ thuat Li va Klette, xem

Bdng 3. Bén canh d6, Bdng 4 cho biét db dai duong di ciia robot khi so sénh gifta hai cich
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tiép cén: thuat toan 1ap ké hoach dudng di str dung cAc quy dao c6 sin va céc thuit todn thay
thé cac duong di nay bang cac phuong phap xAp xi (thuét toan st dung k¥ thuét cia Li va
Klette, Thuit toan sir dung phuong phap bén nhiéu 14n). Két qua cho thdy tong quing duong
di chuyén cta robot giam trung binh khoang 16,57 % khi 4p dung phuong phap bén nhiéu
1an dé tim cac duong di gin nhu doc theo chudi cac doan thing duogc sir dung thay vi cac
dudng trong bidu db. Do d6, viéc quay tré lai bang cac con dudng ngin hon quy dao c6 sin

thu duogc tir dd thi tich lity gitp tiét kiém thoi gian cho cac robot chuyén dong trong thyc té.

Dau vho Bé dai ede duding Bé dad ede | DO dai ede dudng

Bin d6 | Piém dan | Diém eudi | Bdn kinh thu duge bGi | tha duge bdi | dudng thu duge
tam nhin | thudt todn dimg | boi thudt todn bai thuat todan

ding k¥ thuit dimg MMS ding ede dudng

Li & Klette. XUOng ci

mﬂ{) 1 (120,50} | (160,161) 8 11509.6869 11507.6238 14088.6523
(5.5} {140,50) 10 1365.673 1365.6031 1647.8448

(120,50} {160,60) 15 $024.8101 6024.4755 THUL9705

{100,25) (80,145} 8 14063.9004 14063.0613 16868.6556

(10,50} {30,160) 10 3008.5088 3908.3194 4692.9537

(8.5 (l{)U 140) 15 4912,8289 4012.5929 5693.1111

(20,60} {70,361 8 4838.9133 4838.6719 998,563

(75.60} {35.30) 10 4353.7386 4353.513 52846136

(50,20} {50.-10) 15 2113,2647 2113.1411 2371.6619

(90,70} (0,60) 8 1633.3712 1632.9317 18481196

(30,70} (60,70) 10 2343.3567 2341.9326 2725.1261

(95,60} {40,50) 15 2190.4232 2189.8435 2676.0038

dnap 5 (40,40) (20,20) 8 14376.3518 143755194 19104, ch’;
map 5o (60,50} (20.45) 10 1067.6096 1067.3361 8

map_5 (20,55} 13() A0} : 15 1381.1164 1381.0975 :

_map_6 (80,80} {28.42) 8 3906.2147 3905,6391 47874772
nap_ 6 (20,50} (30,60 10 2313.966 2513.1652 3052.0031

Anap @ (20,50} (50,50 15 1733.6594 1753.6194 2131.6867

Bang 4: D6 dai cua céc dudng di thu dugc bing thuat toan 1ap ké hoach duong di str dung
cac duong xuwong ca (skeleton paths) va thudt toan thay thé duong xuong c4 bang cic duong
di ngén hon (thuét toan str dung k¥ thuat cua Li va Klette va thuét toan st dung phuong
phép bén nhiéu 1in MMS).

Hi€u qua ciia giai phap hiru ich/ Nhitng lgi ich gidi phap hitu ich dat dwgc

Cac thi nghiém sb cho thiy phuong phap ciia chiing t6i gidm thoi gian chay trung
binh khoang 2,88% so v6i thuit todn st dung k¥ thuét cta Li va Klette (Bang 3). Déc biét,
khi tdp trung vao bai toan dudng di ngén nhét hinh hoc, thuét toan cua chung t61 vugt troi
dang ké so véi phuong phéap khac. Néu chi xem xét thoi gian chay cia viéc giai quyét cac

bai todn phy nhim tim gin dung céc dudng di ngin nhit doc theo diy doan thing (khong
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phéi cho toan b bai toan), thudt toan sit dung MMS giam khoang 64,46% so v6i thuét toan
str dung ky thudt ciia Li va Klette. Ngoai ra, tng quing dudng robot di chuyén ciing gidm
d4ng ké, khoang 16,57%, so véi phuong phap khong thay thé cic qu§ dao c6 san tir dd thi G

bing cac duong di ngén hon dé quay lai.

Két qua ctia giai phap hiru ich co thé ép dung vao robot tir hanh. Bing cach t6i uu do
dai duong quay lai mot cach nhanh chéng, robot c6 thé tiép tuc hoat déng hiéu qua hon.
Diéu nay c6 thé givip tiét kiém nang lrong va do d6 1am cho robot hoat ddng trong thoi gian
dai hon. Chiing t6i d tién hanh 4p dung cic thuét todn n6i trén vao robot TurtleBot 3
Burger vé6i cac thong sb k¥ thuét nhu Té4m nhin: 120mm ~ 3,500mm, géc quay 360 d9.
Chuyén  dong cia robot dwoc ghi lai trong cic  video tai

https://www.youtube.com/watch?v=HYnNVsh7fpw duoc trich xut tir chuyén dong thuc té ciia

robot nay theo thuét ton sir dung k¥ thuét ctia Li va Klete.

Chiing t6i cling thir nghiém thanh céng céc thut toan ndéi trén vao robot 4 banh véi
cac thong sb k¥ thuit nhu daixrongxcao 25cmx18cmx21lcm véi trong luong 3.5 kg, ban
kinh banh xe 6.33cm va van toc tbi da 2.1m/s. Thong sé vé& may tinh nhiing NVIDIA Jetson
Nano BO1, vi diéu khién Raspberry Pico, RP Lidar Al 14 12m, 4m bién gia tbc va goc quay
IMU. Chuyén doéng cua robot dugc ghi lai trong cac video tai

https://www.youtube.com/watch?v=DdPtubgQ54Y duoc trich xut tir chuyén dong thuc té

cua robot nay.
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Yéu ciu bio hé
1. Phuong phap tim duong quay lai cho robot tu hanh doc theo ddy cac chum doan thing da
x4c dinh, bing phrrong phap bin nhidu 1an MMS, cu thé cho & budc sau day

(S3) trich xuét day chim doan thing F va str dung phuwong phép bén nhidu 1an MMS
(Method of Multiple Shooting, MMS) cho viéc tim duong di doc theo didy chum doan
thing,

bao gom:

bude (S3.1), robot xac dinh dugc diém p c6 thir hang cao nhét can tré lai ma
p khong nim trong tAm nhin hién tai, viéc trich xuit dugc cac dady chum doan théng
thudc phin khong gian robot s& trd lai dugc tién hanh; duong xwong cé va ddy chum
doan thing gin v6i dudng xwong c4 dugc tao ra, tai mdi dinh, chi cdn xét chim doan
théng nim trong cung tron c6 tAm tai dinh chiim va géc ciia cung khong vuot qua

budc (S3.2), t6i wu duong quay lai bing cach tim dwong di ngin nhét hinh
hoc doc theo mét diy cac chim doan théng (F) bing phuong phdp bin nhiéu 1an
MMS,

budc (S3.3), robot di chuyén theo dudong ngan hon di tim duge & budc trén,

budc (S4), sau khi x4c dinh dugc dudng di tir q trd lai p, robot chuyén dong t6i p;
gan g=p, néu diém dich khong thudc tdm nhin hién tai B[g,r] cia robot, qu4 trinh lai tiép tuc
tré lai buée S1;
trong do, budce (53.2) dugce thuc hién nhu sau:

chia day cic chum doan théng (F) thanh cac day con, chon mdt tip hop cé thir tu cua
cac doan cit, 12 cac doan cubi ciia mdi diy con, va liy mot diém ban dAu tién trong mdi
doan cit;

x4y dung mot duong doc theo day cac chum doan théng) ndi p va g, dugc tao thanh
tir tap hop cac diém bin, duong nay la su két hop cia cac dudng ngén nhét ndi hai diém bin
lién tiép doc theo day con tuong ting, thiét lap diéu kién dung tai céc diém ban;

kiém tra diéu kién dimg & tht ca cac diém bén, néu diéu kién thing hang khong dugc
thoa man, céc diém bin méi s& cai thién duong ndi p va g doc theo diy cic chum doan

théng (F), dugc tao bai tAp hop cac diém bin méi;
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trong d6, thoi gian chay cta thuat toan & bude (S3.2) phu thudc vao m, N, J, voi: N 1a
s6 lugng chim cia diy cac chum doan thang (F), J 1a sb lwong doan thing cia diy cac
chum doan thing (F), va m 13 sb 14n lap cia thuit toan dé tim duoc dwong di can thiét ndi

giltap va q.
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