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ABSTRACT

This paper presents a trajectory-planning method for mobile robots that
integrates a Generative Adversarial Network (GAN) with grid-based A*.
The GAN generator samples obstacle coordinates while enforcing a 1.0-
unit clearance and masking forbidden regions around the start (1,1) and
goal (14,14). The workspace is discretized into a 30x30, 8-connected
lattice; A* with an admissible and consistent Euclidean heuristic returns
the globally optimal lattice path, which is subsequently converted into a
smooth geometric trajectory via cubic-spline interpolation. On a 15x15
maze with 60 obstacles, the proposed GAN&A* pipeline achieves a path
length of 19.26 units, improving over a Sparrow Search Algorithm baseline
(21.8 units). To assess scalability, we further evaluate a 20x20 maze with
120 obstacles. Under identical collision models and smoothing, GAN&A*
attains 28.81 units, outperforming two sampling-based planners RRT
(30.63 units) and PRM (30.51 units). These results indicate that learned
environment synthesis coupled with optimal lattice search yields reliable,
short, and smooth trajectories, whereas RRT/PRM require substantially
larger sampling budgets (RRT*/PRM*) to approach comparable quality.
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TU KHOA

Mang sinh d6i khang;

Nbi suy spline khéi;
Mang no-ron;
Lap ké hoach 16 trinh robot;

Mé cung phuec tap.

Bai bao trinh bay mot phwong phép 1ap ké hoach quy dao cho robot di dong
béng cach tich hgp Mang Déi Sinh (GAN) v6i A* trén lu6i. BO sinh cia
GAN lay mau toa do vat can dong thoi ap dat khoang hé an toan 1,0 don
vi va che (mask) cac viing cAm quanh diém xuét phat (1,1) va dich (14,14).
Khong gian 1am viéc dugc roi rac hoa thanh ludi 30x30 lién thong 8; A*
v6i heuristic Euclid c6 kha ning nhat quan cho duong di ti uu toan cuc
trén ludi, sau d6 dugc chuyén thanh quy dao hinh hoc muot bang néi suy
spline bac ba. Trén mé cung 15x15 véi 60 vat can, pipeline GAN&A* dat
d6 dai duong di 19,26 don vi, cai thién so véi chuin SSA (21,8 don vi). Dé
danh gia kha ning mo rong, chung t6i tiép tuc thir nghiém trén mé cung
20x20 véi 120 vat can. Vi cung mo hinh va cham va cung budc lam muot,
GAN&A* dat 28,81 don vi, vuot hai bd 1ap ké hoach dua trén ldy miu
RRT (30,63 don vi) va PRM (30,51 don vi). Két qua cho thiy tong hop
mdi trudng co hoc Kkét hop tim kiém t4i vu trén ludi tao ra quy dao tin cay,
nge‘in va muot; trong khi RRT/PRM cin chi phi mau 16n hon (RRT*/PRM*)
dé tiém cén chat luong twong duong.
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1. Gioi thigu

Trong bdi canh cach mang cong nghiép 4.0, r6-bdt di dong gitr vai tro then chdt trong san xuét tu
dong hoa, logistics thong minh va dich vy, kéo theo nhu cAu céc thuét toan lap ké hoach quy dao hi¢u
qua nham t6i wu hiéu sut, d6 chinh xac va tiéu thu nang luong. Bai toan 1ap ké hoach dudng di trong
mdi trudng phic tap v6i nhiéu vat can 1 thach thie dién hinh cta ti wu hoa té hop (NP-hard), doi hoi
céc phuong phap vira kha thi tinh todn vira thich nghi t6t v6i kich ban thyc té. Nham x4y dung céc kich
ban thtr nghiém phuc tap nhung cé kiém soat dé danh gia thuat toan, cdc mo hinh sinh dir liu dac biét
13 GAN dugc xem nhu mot hudng tiép can phi hop nhd kha ning hoc phan bd va sinh mu méi theo
dir liéu va diéu kién rang budc [1], dong thoi di duoc tong quan va hé thong hoa trong nhiéu khéo ciru
gin day [2]. Trén nén tang d6, nhiéu nghién ctru da khai thaic GAN dé sinh méi truong phuc vu lap ké
hoach duong di cho ro-bt, gitip tao ban dd/khong gian vat can da dang, ting do kho nhung van dam
bao tinh kha thi cta bai toan [3]. M6t s6 hudng tiép can tap trung vao viéc tao mdi truong phuc tap
(nhiéu ciu truc vat can) dé tang tinh thuyét phuc cta danh gia thuét toan 1ap ké hoach quy dao [4], hoic
ci tién GAN nham md phong tot hon méi truong dong cho diéu hudng ty hanh [5]. Pang cha y, cac
khung lai gitta m6 hinh sinh méi truong va thuét toan tim duong ¢ dién ciing da dugc dé xuit, vi du
két hop GAN véi A* dé giai bai toan tim duong trong mé cung phtc tap [6]. Bén canh do, cdc mo hinh
sinh sau con duge mo rong dé hd trg 1ap ké hoach trong cac khong gian c6 chiéu cao va biéu dién phirc
tap hon [7], va cac bién thé GAN tién tién tiép tuc duoc phat trién nham ning cao chit lugng méi trudng
tong hop cho hé ty hanh [8]. O hudng tich hop theo tac vu, mot sb nghién ctiru ding GAN dé ting cuong
kha ning 1ap ké hoach trong bdi canh c6 chudng ngai va dong hoc thay d6i, nhan manh tranh vat can
ddng va tinh thich nghi theo thoi gian [9], trong khi cac nghién ctru khac tap trung vao sinh ban do c6
phan bé vat can dugc diéu khién dé phuc vu didu hudng 6n dinh va dénh gia c6 kiém soat [10]. Ngoai
GAN chuan, Conditional GAN ciing duoc khai thac dé sinh mé cung va méi truong “thuc té hon” theo
diéu kién dit trudc, gitp kiém soat t6t ciu tric bai toan khi thir nghiém thuat toan ro-bdt [11]. Song
song véi huéng méi trudng sinh, vé phia thuat toan, cac metaheuristic nhu Sparrow Search Algorithm
(SSA) dugc tng dung rong rii trong t6i vu hoa va da duoc nghién ctru nhu mét lwa chon cho 1ap ké
hoach, nhung thuong ddi mit nguy co mic ket cuc tri cuc bd hodc suy giam hiéu niang khi méi truong
dong/phuc tap [12]. O phia cam nhén, cac hé thong thi gidc phuc vu tranh vét can cho thiy tiém ning
xtt 1y thoi gian thuc, 14 nén tang cho dinh vi va l1ap ké hoach tién tién trong robot/ty hanh [13]. Bén canh
do, cac bo lap ké hoach dva trén léy mau nhu PRM va RRT cung cac bién thé gﬁn day van la chuén
tham chiéu manh, tuy chit luong duong di phu thudc dang ké vao ngan sach mau/két ndi va tinh chinh
tham sd; cac dai dién tiéu biéu c6 thé ké dén PRM-D* [14], c4c bién thé duwa trén RRT cho méi truong
phirc tap [15], va cac cai tién kiéu sampling-improved nhu FF-RRT* nham xir 1y cac dang vat can va
dia hinh kho [16]. Trén co s& d6, bai bao nay dé xuat mot phwong phap thiét 1ap quy dao cho ro-bét di
dong két hop GAN + A* va ndi suy spline khéi trén ban dd mé cung 15x15 véi 60 vat can hinh chit
nhat. GAN duogc ding dé tao phan b vét can ngau nhién nhung c6 kiém soat, bao dam khoang cach toi
thiéu 1.0 don vi va loai trlr viing cAm quanh diém xuat phat (1,1) va dich (14,14). B¢ sinh c6 kién triic
MLP ba tang (Input 100 chiéu — Dense 128-ReLU — Dense 64-ReLU — Dense 2) tao toa do trong
mién (x [2, 13.5], y [2, 13.5]), dong thoi duy tri hanh lang > 1.5-2.0 don vi dé ting tinh kha thi. Khong
gian dugc roi rac hoa thanh lugi 30x30, lién thong 8; A* véi heuristic phi hop tinh duong di t6i vu trén
1uéi, sau d6 spline khéi chuyén thanh quy dao hinh hoc muot, tranh bam sat bién vét can. Thir nghiém
Python cho thiy duong di 19.26 ngén hon SSA (21.89), minh chimg loi ich cua viéc két hop méi truong
sinh c6 kiém soat (GAN) véi tim kiém t6i vu trén ludi (A*) va 1am muot quy dao, ddng thoi dat nén cho
so sanh co6 hé théng véi cac bo lap ké hoach dua trén léy mau nhu PRM va RRT trong céac cAu hinh mé
rong.
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2. Thuéat ngir
2.1. Mang noron doi khang ( GAN )

Mang noron déi khéang 1a mot 16p mé hinh hoc sau dugc gidi thi€u bdi lan Goodfellow va cac cong
su vao nam 2014, dugc thiét ké dé tao ra dit liéu méi twong ty nhu di licu huén luyén. GAN bao gém
hai m6 hinh chinh: Generator (B¢ sinh) va Discriminator (B phan biét). Generator tao ra dir li€u gia tur
nhiéu ng?au nhién, trong khi Discriminator danh gia xem dir li¢u dau vao 1a that tir tap dit liéu thuc hay
gia do Generator tao ra. Generator va Discriminator duoc huan luyén dong thoi theo tinh chat di khang,
trong d6 Generator tao dir li¢u gia dé danh lira Discriminator, con Discriminator hoc cach phan biét
chinh xac dir liéu that véi dir liéu gid do Generator sinh ra. Qua trinh nay dugc mo ta bdi ham gid tri:

IV (D, 6) = Eypy, [08(D()] — By, llog(1 = DG ()] )

Céu trc cua mang GAN dugc minh hoa nhu Hinh 1.

B& phan biét

[ D@ liéu that J B6 sinh
I A

D@ liéu sinh ra
[DC}’ liéu dau véoJ

Hinh 1. Cdu triic tong thé ciia bo GAN.

A

Nhiéu ngdu nhién

2.2. Thudt toan A*

Thuat todn A* (A-star) 1a mot k¥ thuat tim kiém c6 dinh hudng dugc tmg dung rong rai trong linh
vuc tri tué nhan tao va diéu khién robot, dic biét trong cac bai toan dinh tuyén ti wu trén khong gian dd
thi. Phuong phap nay khai thac ddng thoi hai yéu t6 then chdt: chi phi tich lity tir diém khoi dau dén vi
tri hién tai va gia tri woc lwong con lai tir vi tri hién tai dén dich. Viéc két hop gitta dit liéu thyc nghiém
va thong tin du doan nay cho phép A* dat hidu qua cao trong viéc xac dinh dudng di tdi wu v6i do chinh
xac 16n va thoi gian xur ly ngén.

Thuat toan A* dya trén cau tric danh gia gdm ba thanh phan chinh: g(n) dai dién cho chi phi d tiéu
t6n tir diém xuat phat dén nat n hién tai, h(n) 1a ham heuristic dung dé wéc lugng chi phi tir nut n dén
muc tiéu cudi, f(n): 1a ham danh gia téng thé duoc dung dé lwa chon nit tiép theo, voi cong thirc:

f(n)=g(n)+h(n) )
2.3. Ngi suy Spline

bay la mot ky thuat toan hoc manh mé dé xay dung cac dudng cong va bé mit tron tru di qua mot
tap hop cac diém dit liéu cho trude, duge goi 1a "diém nut" (knots). Khac vo1 phuong phap néi suy da
thirc toan cuc thuong tao ra cac dao dong khong mong mudn, Spline dugc cau thanh tir nhiéu da thirc
bac thap thuong 1a bac 3 - Cubic Spline duogc két ndi mot cach lién tuc tai cac diém nat. Tinh lién tuc
nay khong chi dimg lai ¢ gid tri ham s6 vi tri C° ma con c6 thé dam bao ca dao ham bac mét van toc C!
va dao ham bic hai gia téc C2, tao nén cac dudng cong cuc ky muot ma. Nho dac tinh vu viét ndy, ndi
suy Spline c6 tng dung rong rai trong d6 hoa may tinh, thiét ké hd tro béi may tinh CAD, va dic biét 1a
trong 1ap trinh quy dao chuyén dong cho robot. V& ban chat toan hoc, ndi suy Spline 1a mot ham ting
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khic (piecewise-defined function), thuong duoc biéu dién bang cac da thirc bac ba, tao thanh mot duong
cong lién tuc. Cac dac di€m chinh bao gom:
(1) Tinh tirng doan: Trén mdi khoang giita hai diém nut lién tiép [x;, xi+1], duong cong duoc dinh nghia
badi mot da thac riéng biét, thuong la bac ba Si(x) = a; + bi(x — x) + ci(x — x)* + di(x —
x;)>. Dicu nay gitp tranh hién tugng Runge's thudng gip & nodi suy da thirc bac cao toan cuyc.
(2) Tinh lién tyc: Day la yéu tb then chdt. Mot Spline bac ba dam bao tinh lién tyc tai cac diém nat trén
nhiéu cap do:

- Lién tuc vi tri: Gia tri cia hai da thuc lién ké bang nhau tai diém ndt: S;(xi.1) = Sisq(Xis1).

C!- Lién tuc dao ham bic nhit (Van tdc): Pao ham bac nhit (goc tiép tuyén) 1a lién tuc:

S,i(xi+1) = S,i+1(xi+1)-

C? - Lién tuc dao ham bac hai (Gia téc): Pao ham bac hai la lién tuc: S”i(xiz1) = S i1 (Xis1)-
(3) Piéu kién bién: Dé hé phuong trinh c6 nghiém duy nhat, cac diéu kién bién phai dugc ap dung. Céc
dang pho bién bao gom quy dinh gia tri dao ham bac nhét tai hai diém nat dau va cudi. Va quy dinh dao
ham béc hai tai hai diém nat dau va cubi bang 0.

(4) Hé So xac dinh: Céc hé sb a;, bl, ci, d; cho mdi doan duoc xac dinh bang cach glal mét hé phuong
trinh tuyén tinh thu dugc tir cac diéu kién néu trén. Hé nay ludn c6 nghiém duy nhat va cé thé giai hiéu
qua nho ma trén thua va dang duong chéo troi.

Nhu vay, cAu tric toan hoc dya trén tinh ting khiic va sy ddm bao vé tinh lién tuc dén béc hai chinh
la nén tang tao nén do tron muot va kha nang (g dung rong rai cua Spline trong ky thuat.

2.4. Thudt toan SSA

Thuat toan tim kiém chim sé (Sparrow Search Algorithm - SSA) [12] 1a mot phuong phap tdi wu hoa
1y cam hing tir tu nhién, mé phong hanh vi kiém an cta loai chim sé. Thuat toan nay duoc thiét ké dé
giai quyét cac bai toan tbi uu phue tap bang cach can bang giita khai pha (exploration) va khai thac
(exploitation) khong gian tim kiém. Dé don gian hoa, hanh vi ciia chim sé duoc 1y tudng hoa nhu sau
va cac quy tic twong tmg dugc xay dung: Céc c4 thé producers (chim dan dau) thuong c6 mirc ning
luong du trit cao va chiu trach nhiém chi ra khu vuc hodc hudng di dén nguon thirc an cho cac scroungers
(chim n theo). Ho c6 vai tro xac dinh cac ving c6 ngudn thie dn doi dao. Mirc ning luong du trir ciia
mdi ca thé phy thudc vao gia tri danh gia mirc do thich nghi (fitness) ciia ching. Khi chim sé phat hién
ké san mdi, cac ca thé trong dan bét dau phat ra tiéng kéu nhu mot tin hiéu canh béo. Néu gié tri canh
bao vugt qua ngudng an toan, cac producer s& phai dan tit ca cac scrounger dén khu vire an toan. Mai
con chim sé déu c6 kha nang trd thanh producer néu né tim thdy ngudn thirc an t6t hon, tuy nhién ty 1&
giita producer va scrounger trong toan bd quan thé van khong thay doi. Nhimg con chim ¢6 mirc ning
lugng cao hon s& dam nhén vai tro producer. Mot s6 scrounger dang d6i c6 xu hudng bay dén nhiitng
khu vyc khac de tim klem thirc an nhim tang nang lugng. Cac scrounger s€ di theo producer nao cung
cip dugc ngudn thirc in tot nhat dé cung kiém an. Dong thot, mot sO scrounger c6 thé lién tuc theo ddi
cac producer va canh tranh thirc dn nhim ting ty 1& sin moi ciia minh. Nhitng con chim sé & ria ctia dan
s& nhanh chong di chuyén vé viing an toan dé c6 vi tri tot hon khi cam nhan dwoc mdi nguy hiém, trong
khi nhiing con chim & giira dan sé& di chuyén ngiu nhién nham duy tri khoang cach gan véi cic c thé
khac trong nhom.

3. Phwong phap t6i wu héa di chuyén robot
3.1. Tao bin dé mé cung bang GAN

Nghién ctru nay dé xuat phuwong phép tao ban do6 mé cung hai chiéu st dung mang noron GAN véi
kién trac Generator dugc thiét ké ddc biét nham tao ra cac vi tri vt can hop 1¢é trong khong gian ludi.
Madi ban dd c6 kich thuéc 15x15 don vi va bao gdm tong cong 60 vat can hinh hoc 1a hinh vudéng va
hinh chit nhat véi cac kich thudc khac nhau (0.5%0.5, 1x1, 1x0.5, 0.5%1, 2x1 va 1x2). Generator co cAu
truc ba ting, dau vao 1a vector nhidu ngiu nhién 100 chiéu, tiép theo 1a hai 16p 4n Dense v6i sb luong
no-ron 1an luot 13 128 va 64 sir dung ham kich hoat ReLU, va dau ra la 16p Dense 2 chiéu dai dién cho
toa d0 (x, y) cia vat can. Qua trinh sinh toa dd dugc gidi han trong khong gian hop 1€ véi mién gia tri x
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€ [2, 13.5] vay € [2, 13.5], nhdm tranh cac ving cAm bao gdm ving goc dudi bén trai (x € [0, 3],y €
[0, 3]) va goc trén bén phai (x € [13.5, 14.5], y € [13.5, 14.5]). Ngoai ra, hé thong con dam bao céc vat
can dugc phan b v6i khoang cach téi thiéu 1.0 don vi gitra cac vat thé nham duy tri kha nang di chuyén,
va giam mat do vat can tai khu vuc hanh lang x € [12, 13.5], y € [11, 13.5] dé dam bao do rong hanh
lang > 1.5-2.0 don vi. Ban do cudi cung dugc mé hinh hoa trén ludi 30x30 6 vudng (kich thude mdi 6
1a 0.5 don vi), trong d6 gia tri 1 dai dién cho vat can (hién thi mau den) va gia tri 0 dai dién cho duong
di (hién thi mau trang). Phuong phap nay cho thiy tinh kha thi trong viéc sir dung GAN d¢é ty dong sinh
moi trurong phirc tap voi cac rang budc hinh hoc va khong gian 1o rang, phuc vu cho cac rng dung trong
diéu hudng robot va md phong tac vu. Cau tric mang noron GAN tao ban d6 mé cung duoc md ta &
Hinh 2.

Dau vao 13 mét [ EImEsD T
Cxo T Lop Dense véi Léop Dense vei 2 no-ron, sty
pecioninfiigy 128 no-ron, st 64 no-ron, sir dung ham kich
:::'och["ea‘:‘t”sgi | dung ham kich dung ham kich| hoat Sigmoid,
> phan p hoat ReLU. hoat ReLU. dau ra 1a (x, y)
chuan. € [0, 1]

cdac mau dir ligu gia dwec tao
| ra b&i Generator

A4
Péu vao latea Lé&p Dense véi
3 o Lép Dense v&i Lé&p Dense v&i 1 no-ron, str
49 (x, y) tie A £ n, stk
Generator 64 no-ron, s 32 nos-ron, ste dung ham kich
ho#c di lidu dung ham kich dung ham kich hoat Sigmoid,
th:c té ¢ hoat ReLU. hoat ReLU. dau ra I3 phan

loai Real/Fake.
Hinh 2. Cdu triic mang noron GAN tao ban dé mé cung.
Qua trinh huan luyén GAN st dung ham mat mat Binary Cross Entropy (BCE) dé tdi wu héa ca
Generator va Discriminator. Him mat mat cua GAN dugc dinh nghia nhu sau:
Ham mat mét ctia Discriminator:

Ly =—Eyp,, [109(DON]-E, ,, [log(—- D(G(2))] 3)

trong d6 X ~ Pyy, 14 toa do vat can that tir tap dit liéu, Z ~ p, 1a vector nhidu ngau nhién dau vao ciia
Generator, D(x) la xac suat Discriminator dy doan rang ( x ) 1a dir liéu that, G(z) |4 toa do vat can gia
do Generator tao ra tir nhiéu ( z ), [ la Ky vong toan hoc.

Ham mét mat ciia Generator:

Ls =-E,, [log(D(G(2)))] )

Generator cb gang t6i thiéu hoa xac suit ma Discriminator phat hién dir liéu gia. Trong qué trinh
huan luyén, Generator va Discriminator dugc cap nhat xen k& thong qua thuat toan toi wu hoa Adam véi
toc d hoc dugc thiét 1ap 14 0.0002 va tham s6 3, =0.5. Qua trinh nay dam bao riang Generator tao ra
cac ban d6 mé cung voi phan bd vat can ngiu nhién nhung tuan thu cac rang budc hinh hoc, nhu khoang
cach toi thiéu 1.0 don vi gilta cac vat can va tranh cac vung cam gan di€m bat dau S(1,1) va diém muc
tiéu G(14,14).

3.2. Téi wu dwong di chuyén ngin nhit ciia robot

Thuat toan A* dugc st dung dé tim duong di ngén nhét tir diém bat dau S(1,1) dén diém muc tiéu
G(14,14) trén ludi 30x30. Ham muyc tiéu cta thuat toan A* dugce dinh nghia & cong thire (2) voig(n) la
tdng khoang cach Euclidean cua cac doan duong di tir diém bat dau S(1,1) dén nut hién tai n(xn, yn) .
h(n) 12 ham Heuristic. V&i mdi budc di chuyén, robot ¢ thé di chuyén theo 8 huéng ngang, doc, hoic
chéo. Chi phi cho mdi budc di chuyén duge xac dinh nhu sau: Di chuyén ngang hodc doc 13 1.0 tuong
g v6i grid_size = 0.5 nhan d6i dé chuyén sang toa do thuc. Di chuyén chéo: Chi phi 1a \/E (khoang

JTE, Volume 21, Issue 01(V), 02/2026 98


mailto:jte@hcmute.edu.vn

JTE TAP CHI KHOA HQC GIAO DUC KY THUAT
Truong Pai hoc Cong nghé Ky thuat Thanh pho Ho Chi Minh

Website: https:/jte.edu.vn

ISSN: 1859-1272 Email: jte@hcmute.edu.vn

HCM-UTE

cach Euclidean gitra hai 6 lu6i chéo nhau. g(n) cho dudng di tix (S) qua cac nat Ny, N,,...,N =N duoc
tinh theo cong thic sau:

9 =3d(n,n,.) )

trong d6 d (ﬂi N +1) 1a khoang cach Euclidean giita hai nut lién tiép dugc tinh theo cong thic (6):

() = (s = %)% + (Vi = ¥i)? 6)

vai (%, Y:) va (X5, i) 14 toa do cua hai nat lién tiép trén lugi. Ham heuristic h(n) uéc luong chi
phi tir nat hién tai N(X,, Y,) dén diém muc tiéu G (14, 14)

h(n) =/(x, —14)? +(y, —14)* (7

Ham heuristic c6 thé chap nhan, khong danh gia cao chi phi thyc té va dam bao tinh don diéu gilp
thudt toan A* tim dugc duong di ngan nhat mot cach hi¢u qua. Tir cong thic (2), (5), (6) va (7) co thé
tinh f (n) nhu sau:

f(n)=g(n)+h(n) = _Zl\/(xiﬂ %)+ (Vs — Vi)’ Jr\/(Xn —14)* +(y, —14) 3)

Thuét toan A* s& wu tién md rong nat ¢6 gia tri f (N) nho nhat trong tap mo dé dam bao tim duoc
duong di ti wu. Dé tao ra mot duong cong muot ma di qua cac diém trén duong di P ={p,, P,,.-» P}
, trong d6 mdi diém P, = (Xi, yi) sir dung noi suy spline khbi. Dbi voi mdi doan giita hai diém P, va

P.,; ham spline khdi dugc xac dinh nhu sau:
S, (t)=a +bt+ct*+dt®, te[0,]] )

Trong d6 &,0,C,,d, la cac hé s6 cua da thirc bac ba, dwoc tinh dya trén toa do ciia cac diém Py, Py
va diéu kién dam bao tinh lién tuc ctia dao ham bac nhit va béc hai tai cac diém ndi, t 1a tham s hoa
doan duong di, v6i t=0 tai P, va t =1 tai P,,;. Pé dam bao tinh muot ma duong spline thoa min
diéu kién lién tuc bac 0 (di qua cac diém P, ) . Diéu kién lién tyc bac 1 (dao ham bac nhét lién tuc, dam
bao khong c6 goc gép khuc). Piéu kién lién tuc bac 2 (dao ham béc hai liép tuc, dam bao do cong muot
ma). Trong bai bao ham smooth_path con str dung co ché line-of-sight dé loai bo cac diém trung gian
khong can thiét. Kiém tra doan thang giita hai diém P, va p [ (v6i J>i+1). Néu doan thang nay khong
va cham v&i vat can dua trén ludi 30x30, cac diém trung gian Pisgr-- - Pja € bi loai bo. Tiéu chi kiém

tra va cham sir dung phuong trinh duong thang tham sé giita hai diém P, (Xi ) yi) va p (X5, Y5):

{x(t):xi +t(xj -X) (10)

y® =y, +t(y; —y) tel0]]

Bat ky diém nao trén doan thang (X(t), y(t)) ndm trong 6 ludi c6 gia tri 1 (vat can), doan thang dugc
coi la khong kha thi. Sau khi loai bé cac diém trung gian, toa do cla cac diém con lai dugc lam tron dé
bam dang canh 6 ludi tirc 1a boi s6 ciia grid_size = 0.5. Do dai dwong di tdi wu (P ) duoc tinh bang tong
khoang cach Euclidean giita cac diém lién tiép trén quy dao da lam muot:
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Length(P) = mZ\/(Xm %)+ (Vi — V)’ (11)

Pau ra 14 toa d6 ciia cac vat can ( (x, y) ) dugc tao tir qua trinh xay dung mang noron GAN. Ham
anh xa cua bg sinh nhu sau:

(x,y)=G(z:6;) (12)

Trong d6 0 1a tham sé ctia bo sinh dwoc toi wru hoa trong qué trinh huan luyén GAN. Bé dam bao

khoang cach toi thiéu 1.0 don vi giita cac vat can, bai bao st dung mot rang budc:

minJ(x =%)° + (% -y;)° 21.0 (13

Véi (Xi, yi) va (X iy J.) 1a toa d cua hai vat can bét ky. Cac vat can khong dugc nam trong ving
gan diém bat dau ( S(1, 1)) (x: 0-3, y: 0-3) va diém muc tiéu G(14, 14) (x: 13.5-14.5, y: 13.5-14.5).
bidu nay dwoc biéu didn  bing cac didu  kién: (X, VY,) £[0,3]x[0,3] va
(%, Y;) £[13.5,14.5]x[13.5,14.5] . Nhu vy, dé lam muot dudong di, k§ thudt ni suy spline khdi cai
tién dugc ap dung thong qua ham smooth_path. Ham nay sir dung co ché line-of-sight dé kiém tra cac
doan thang giita cac nut trén duong di, loai bo cac diém trung gian néu khong va cham vat can, va lam
tron toa d§ dé bam dung canh 6 ludi. Diéu nay ddm bao quy dao muot ma, khong bam vién vat can, va
kha thi trong thyc te.

3.3. Quy trinh thwc hién thudt todn

Quy trinh lap ké hoach duong di dua trén GAN va A* bao gém cac budc sau:
Budée 1: Toi wu héa khong gian méi truong va tim dwong véi A*

Qua trinh bit ddu bang viéc khdi tao moi trudng didu hudng véi dir liéu ban dd duge sinh bai mang
GAN. Generator cua GAN dugc huan luyén dé sinh ra danh sach toa dg cac vat can phan bo trong khong
gian 2D kich thudc 15%15 don vi. P& dam bao tinh kha thi cua qua trinh di€u hudng, cac toa do gan
diém bat dau S=(1,1) va diém dich G=(14,14) cu thé la cac vung x€[0,3],y€[0,3] va
x€[13.5,14.5],y€[13.5,14.5] dugc loai bo khoi danh sach vat can. Danh sach vat can cudi ciing, ky hiéu
la obstacles_extra, bao gdm 60 vat thé, dugc bd tri ddng déu trong pham vi x,y€[2,13.5] biao dam khoang
cach toi thiéu 1.0 don vi gilra cac vat can. Ngoai ra, tai chi s0 thir 16, mot vat can co dinh c6 toa dd [6.3,
7.5, 6.8, 8.8] dugc giir nguyén nham kiém soat cau tric ban do. Dir liéu GAN sau d6 dugc chuyén doi
thanh Iudi nhi phan 30x30 (vdi kich thude 6 ludi grid size=0.5. Céc bién cta khong gian (tuwong bao
quanh) dugc thém vao tai x=0, x=15, y=0, y=15. Trong lud¢i nay, gia tri 1 dai dién cho 6 chira vat can,
trong khi gia tri 0 bi€u dién 6 trong c6 thé di qua. Trude khi thyuc hién 1ap ké hoach dudng di, thuat toan
kiém tra xem diém bat dau S va diém ket thiic G ¢ trung véi vi tri vat can hay khong. Néu co, hé thong
s€ dua ra canh bao va de xuat cac di€m thay the thich hop, vi du: S=(3,3), G=(27,27). Tiép theo, thuat
toan tim duong A* dugc trién khai voi tap mé khoi tao tai diem S, st dung ham heuristic Euclidean dé
udc lugng chi phi dén G. Céac nut lan can trong 8 hudng dugc duyét, va nat ¢6 tong chi phi thap nhat s€
duoc chon d€ mo rong duong di. Qua trinh tiép tuc cho dén khi diem G dugc dat den.

Buwéc 2: Lam mugt dudng di

Sau khi c6 dugc duong di tho tur thuat toan A*, mot ham lam muogt duong di (Smooth path) duogc ap
dung nhim t01 uu hoa quy dao di chuyén. Cu thé, thuat toan klern tra tung doan thang nbi cac cap nut
khong lién tiép trong duong di va loai bo cac nat trung gian néu doan thing d6 khong giao cét véi vat
can. Budc nay giup giam do gip khic va nang cao tinh kha thi trong méi trudong thuc té. Toa do cac
diém ciing dugc lam tron dé can chinh véi ranh gidi 6 ludi.
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Budic 3: Tao dwong di tdi uvu

Cudi cung, duong di sau khi lam muot dugc chuyén ddi tir toa do ludi vé toa do thuc trong khong
gian 15%15 bang cach nhan vai hé so grid size=0.5. PJ dai tong thé cua duong di duoc tinh toan dua
trén tong khoang cach Euclidean gitta cac cdp di€ém lién tiép. Két qua 1a mot dudong di ngan, mugt va
kha thi cao dé trién khai cho robot trong moi truong cé chudng ngai vat.

Qua trinh md phong duoc dua trén luu do thuét toan duoc thé hién & Hinh 3 nhu sau:

/ . i N
(  Bataau )

s

Kh&i tao tham sé

v

Tao ban db bang
(GAN)

v

Thém vat can bd
sung

I

Xay dwng lwdi 30x30

Puang Kiém tra diém béat dau
Bao 16i va muyc tiéu nam
trén vat can
¢ Sai
‘ Chay thuat toan A*
bPung
Sai ié - i
Khéng tim dwoc «—— K'em‘tra GuEchgld) —— > Lam muwot dudong di
tim dwoc
Chuyén dbi toa dé
thuc
¢ Tinh do dai dwong di
' Hién thi két qua
>  Kétthac )

Hinh 3. Luu do thudt todn.
4. Két qua md phong va thio luin
4.1. Két qud mé phéng

Mo phéng nay duoc phat trién bang ngén ngir Python, sir dung cac thu vién chuyén dung dé tao ra
mdi trudng 1ap ké hoach dudng di phirc tap. TensorFlow va NumPy dam nhiém viéc tao ra va xt ly
hang ngan chudng ngai vat ngau nhién thong qua mo hinh GAN, bén canh d6 thu vién Matplotlib phu
trach truc quan héa toan bo khong gian mo phong 15x15 va 20x20 don vi. Thuat toan A* dugc trién
khai véi su hd tro ciia Heapq cho hang doi uu tién va thu vién Math dé tinh toan heuristic, tir d6 tim ra
va toi uu héa quy dao di chuyén tdi wu cho robot trong méi trudng cé vat can. Thyc hién mo phong chia
ra 1am 5 kich ban. Kich ban thit nhat mo phong sir dung thuat toan GAN + A* véi khong gian mo phong
15x15, 60 vat can & Hinh 4a, kich ban thir 2 mé phong str dung thuit toAn GAN + A* khéng gian mé
phong 20x20 don vi, 120 vat can Hinh 4b.
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Gan&A* Complex Maze 15x15 with 60 Square P:;RDM Complex Maze 20x20 with 120 Obstacles

mmm Border Walls
—— Smoothed Path (Length: 19.26 units)
® Start/Goal

= Border Walls |
—— Smoothed Path (Length: 31.63 units) |
@ Start/Goal |

15 22 0

b
X

@

Hinh 4. Két qua mé phong thudt todn GAN + A*.

Kich ban thir 3 m6 phong st dung thuat toan SSA vai khong gian md phong 1a 15x15, 60 vat can &
Hinh 5.
SSA map 15x15 Shortest Path Length: 21.89
e | | |

3

Y(m)

o

——— Smoothed Path (Length : 21,89 units) |
P { ®/® starv/Goal

1 1 1 1 1 1 1

X(m) 2
Hinh 5. Két qua mé phong thudt toan SSA.

Kich ban thir 4 mo6 phong str dung thuat toan RRT véi khong gian mo phong 1a 20x20, 120 vat can
¢ Hinh 6a va Kich ban thir 4 m6 phong sir dung thuat toan PRM véi khong gian mo6 phong 1a 20x20,
120 vit can ¢ Hinh 6b.

o Optimized RRT Complex Maze 20x20 with 120 Obstacles

PRM Complex Maze 20x20 with 120 Obstacles

150
s

. Ba

= =
7
s0
23 - Border Walls

= Border Walls ~—— Smoothed Path (Length: 31.63 units)
® Start/Goal
ol
a s 0 n n
[ 5 1w 1 20 X(m)
X(m)

Hinh 6. Két qud mé phong thudt todn RRT, PRM.
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4.2. Théo ludn

Két qua mo6 phong Hinh 4a v6i moi truong mé cung 15x15, ludi 30x30 (grid_size = 0.5), 60 vat can,
diém bat dau (1, 1), va diém muc tiéu (14, 14). Két qua mo phong cho thay: P9 dai dudng di: Puong di
téi uu c6 do dai 19.26. B muot cia quy dao khi dung ham smooth_path dam bao duong di khong bam
vién vat can, voi cac diém toa d6 dugc 1am tron dé bam ding canh 6 ludi. Hiéu qua tranh chuong ngai
vat t6t do ban do dugc tao boi GAN va obstacles_extra dam bao khong co vt can trong ving cam, hd
tro thuat toan A* tim duong di hiéu qua. Tt hai Kkét qua mo phong ciia Hinh 4a va Hinh 5 ta ¢ thé tong
hop danh gia két qua cia hai kich ban nay do cting khong gian 15x15 don vi, 60 vét can bang mot bang
So sanh gitra thuat toan GAN + A* v6i thuat todn SSA qua céc tiéu chi dugc thé hién & Bang 1 nhu sau:

Bang 1. Két qua so sanh GAN + A* va thudt todn SSA.

SSA (Sparrow Search

in faz . * A oz
Tiéu chi danh gia GAN + A Algorithm) Nhén xét khoa hoc
GAN + A* rat ngén quing
R . . . duong di ~12%, gitip giam
Do dai dwong di 19.26 don vi 21.89 don vi

thoi gian va chi phi van
hanh robot.

GAN + A* cho 10 trinh
Cao str dung ndi suy spline Thap quy dao gap khic, | muot, phu hop di chuyen

Py muot quy dao

khéi, tranh va cham vt can bam sat vat can thuc té, giam rung chén khi
di chuyén.
, . X * s ,
| RAttdt GAN sinh ban b oo, |GAN DO rg A% bang cich
Hiéu qua tranh vit A TP S Trung binh khéng kiem loai bd cac chudng ngai
. khbng co6 vat can gan diém S . \ x \ Ao e o 1A 1A
can VA G soat dugc vung cam vung cam, tang ty 1€ thanh
cong.
ﬂ | Ban d6 cia GAN ting tinh
CAu triic ban d6 dau | Sinh bai GAN, co kiém soat | Sinh ngau nhién hodc co thufg nghiém va da dang
vao phéan bo vt can dinh kiém thir cho cac mé
phong.

A* hdi ty nhanh va chinh
xac trong moi truong sinh
boi GAN.

GAN + A* thich hgp cho
robot thuce dia, xe ty hanh
hodc robot logistics.

Kha niing héi tu giai | Cao nho heuristic Euclidean | Trung binh d& mic ket tai
phap toi wu va ludi 8 hudng cuec tri cuc bd

Kha ning trién khai Cao quy dao kha thi, mém | Han ché do thiéu muot va
thue te mai, tranh chudng ngai tot thiéu linh hoat

Phén tich tir dit liéu dinh lugng & Bang 1 cho thiy phuong phap GAN + A* vuot trdi hon rd rét so
v6&i SSA ¢ moi tiéu chi danh gia chinh. Pac biét, 36 dai duong di ngén hon, quy dao muot hon va hi¢u
qua tranh vt can cao hon gitip nang cao d¢ tin cdy va tinh g dung trong thyc tién. Viéc str dung GAN
dé sinh ban dd co kiém soat khong chi ting d6 kho bai toan ma con gitip thudt toan A* hoat dong hiéu
qua hon nhd loai trir cac yéu té bat loi nhu ving ciAm va vat can day dic gan diém S va G.

Bén canh d6 chiing t6i da thuc hién da dang cac kich ban khac nhau nhu thay ddi kich thude khong
gian va s6 vat can, phat trién thém véi cac thuit toan RRT va PRM dé 1am rd ludn diém va muc tiéu khi
thuc hién bai bao. Trong bdi canh bai toan 1ap ké hoach dudng di trong khong gian c¢6 sé chiéu cao,
thuat toan RRT (Rapidly-exploring Random Tree) uu viét hon cac phuong phap dua trén ludi truyén
théng. Két qua nghién ctru va m6 phong cho thy RRT c6 kha ning tim ra 10i giai kha thi mot cach
nhanh chéng nho co ché 1ay mAau ngiu nhién va md rong cdy tham lam, ma khong yéu cau roi rac hoa
toan b khong gian tim kiém. Tuy nhién, duong di do RRT tao ra thuong thiéu tinh tbi wu va tron tru,
diéu nay cung co cho nhan dinh rang cac phién ban cai tién nhu RRT* véi co ché viét lai dé hoi tu tiém
can vé duong di ti wu 1a hudng phat trién can thiét va hidu qua cho cac ing dung doi hoi do chinh xac
cao [15]-[16]. Thuat toan PRM (Probabilistic Roadmap) dugc coi 1a mét chién lugc higu qua cho cac
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bai toan 1ap ké hoach da truy van trong khong gian. cAu hinh phtrc tap. Phuong phap nay hoat dong dua
trén viéc xay dung mot do thi tir cac diém mau ngiu nhién, tao ra mt mang ludi két nbi kha thi trong
khong gian tu do. Uu dlem ndi bat cia PRM 1a sau khi hoan tat giai doan xay dung ban d6 tén kém ban
dau, n6 cho phép truy vin dudng di giira cac cip diém bat ky mét cach cuc ky nhanh chong. Tuy nhién,
hiéu suat cta PRM phuy thugc manh mé vao mat do 1ay mau va c6 thé gap kho khan trong viéc phat hién
céc "diém thét cd chai" hep, tir d6 han ché tinh day da cua 101 gii trong mot s6 moi truong déc thu [14].

Bang 2. Két qua so sanh GAN + A* va thudt todn RRT, PRM.

Chi tiéu GAN + A* RRT PRM
Téi wu duone di Co bao dam (Euclid + chi phi Khéng bao dam (trur Khong bao dam (trir
g \2, admissible/consistent) RRT*) PRM*)
Do dai quan sat 28.81u (ngin nhat) 30.63u 30.51u
Tinh quyét dinh Quyet d}“" (Eung ,mpUt = Ngau nhién theo seed/mau Ngau nhién Eheo mau/ket
cung két qua) noi
Nhu cdu tinh chinh | Thép (heuristic ¢é dinhy | C20 (S0 maWBUGCME | oo 0 oy kinh/k-NN)
rong, goal-bias)
Thoi gian (2D lu6i | Rat hiéu qua; chay trén db thi _ L x y
vira) 40x40, 1am muot hau k§ Tang theo s mau Tang theo n & canh
Ti wu duong di Han ché (can roi rac hoa) Manh Manh

Tir Bang 2, d6i v6i bai toan 1ap ké hoach dudng di trén ludi 2D, A* vuot trdi so véi RRT, PRM vé
ti uu toan cuc, do ngan cua duong di va tinh 6n dinh. RRT, PRM chi nén uu tién khi khong gian lién
tuc, béc tu do cao hodc can xtr 1y rang budc dong hoc. Trong cac trudng hop nay, nén ding cac bién thé
RRT* hoic PRM* va ting chi phi mau dé tiém can chat lugng duong di ciia A*.

5. Két luan va hwéng phat trién

Phuong phéap sir dung GAN dé tao ban d6 mé cung, thuat toan A* dé tim duong di ngan nhat, va noi
suy spline khéi dé 1am muot quy dao da ching minh tinh kha thi va hiéu qua trong bai toan lap ké hoach
16 trinh robot. Nho kha ning tao ban d6 phirc tap voi phan bd vat can c6 kiém soat, hiéu qua tim kiém
clia A*, va quy dao muot ma tir ndi suy spline khdi, phuong phap ‘nay dat dugc do dai dudng di tdi uu
va kha nang tranh chuéng ngai vat hiéu qua. So voi thuat toan truyén théng nhu SSA hay RTT va PRM.
Phuong phap dé xuét cho thay hiéu suét vuot troi vé do dai duong di, d0 muot ciia quy dao, va kha nang
hoi ty. Nghién ciru ndy mo ra trién vong tmg dung rong rii trong cac linh vuc nhu robot thyc dia, xe tu
hanh, va robot logistics. Trong twong lai, nhom tac gid phat trién tiép tmg dung GAN va két hop thuat
toan A* v6i thuat toan tdi wu khéc tao phuong phap lai 4p dung dbi voi truong hop thiét 1ap quy dao
dich chuyén cua robot trong mdi trudng 3D, diéu kién rang budc thoi gian thuc va cac vat can dong.

Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot loi ich.
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