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Tém tiit - Bai bao trinh bay nghién ciru ing dung thuit
toin Soft Actor - Critic (SAC) trong viéc diéu huwéng may
bay khong ngwoi lai (UAV) trong méi truweong mo phéng phire
tap 2D va 3D. SAC, mot phuong phap hoc ting cwdng ngoai
chinh sich (off -policy), dwgc trién khai véi kién triic mang
no - ron da 16p dé t6i wu chinh sich ngiu nhién va ham phén
thuéng tong thé, giip UAV tw dong didu chinh quy dao,
tranh vat can va dat muc tiéu mgt cach an toan va hiéu qua.
Két qua thwe nghiém cho thiy SAC dat ti 1¢ thanh cong cao,
quy dao muwgt mi trong mdi truwdng 2D va 3D, dong thoi
vuot trdi hon cac thuit toan phd bién nhw PPO va A2C. Bai
béo ciing dé xuit hwéng phat trién mé rong véi viée ap dung
céc thudt toan off-policy khac va bd sung cim bién anh cho
diéu hwéng UAV trong mdi truong thue té.

Tw khoa - Soft Actor-Critic (SAC), UAV navigation,
Reinforcement learning, Autonomous control

I. GIOI THIEU CHUNG

Diéu hudng may bay khong nguoi lai (UAV) trong
moi trudng phuc tap 1a bai todn quan trong dbi v6i nhidu
tmg dung nhu giam sat, ctru ho hay van chuyén. UAV can
ty didu chinh quy dao dé tranh vat can va dat t6i muc tiéu
mot cach an toan. Bai toan nay c6 thé dugc biéu dién dudi
dang hoc ting cuong (reinforcement learning - RL) ma
trong d6 agent hoc chinh sach diéu khién t6i wu qua turong
tdc voi moi truong. Nhitng phuong phap phé bién nhu
DQN, PPO hoic A2C thudng yéu cau chia hanh trinh
thanh cac doan huén luyén tach bi¢t hodc phai dat lai
chinh sach & mdi giai doan, dan t6i chinh sach khong lién
tuc va thiéu tinh ké thura.

Soft Actor - Critic (SAC) 1a mét thuat toan off - policy
hién dai t6i wu chinh sich ngau nhién trong khong gian
hanh dong lién tuc. N6 két hop ky thuat clipped
double - Q ciia DDPG nhim giam sai léch trong udc
luong gia tri va bd sung entropy regularization vao ham
muc tiéu [1]. Viée t6i da hoa entropy khuyén khich agent
duy tri sy ngau nhién trong chinh sach dé kham pha nhiéu
quy dao va tranh hoi tu vao nghi€ém kém [2]. SAC do do
phit hop cho céc bai toan diéu hudng lién tuc can kha ning
kham ph4 manh, va co thé ap dung chung cho méi truong
hai chiéu (2D) va ba chiéu (3D) ma khong can thay ddi
kién trac mang.

Béo cdo nay tong két mo hinh hoa diéu huéng UAV 2D
va 3D st dung cung mot thuat toan SAC. Noi dung bao
g0m mo ta mo hinh vat 1y va méi truong, thiét ké ham phan
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thudng, mo ta thuat toan SAC va quy trinh huén luyén,
cting phan tich két qua thyc nghiém & ca hai méi truong.
II. PHUONG PHAP NGHIEN CUU

A. M6 hinh vit ly UAV va moi truong mo phong

(1) M6 hinh 2D: Trong mdi truong hai chiéu, UAV
bay trén mit phang x -z va chiu tac dong cua luc day
chinh (thay d6i do cao) va moment quay (diéu chinh goc
nghiéng). Trang thai duoc biéu dién bang 6 bién
(x,2,0,%,2,0) .Lucddy T dugc diéu khién bsi bo didu
khién PID nham giit UAV ¢ d cao mong mudn, trong khi
moment quay Tt dugc anh xa tuyén tinh tir hanh dong
a € [—1,1]. M6 hinh déng hoc str dung cac phuong trinh
co ban vé lyc va momen tuong tu nhu trong [1].

Mai truong 2D c6 chiéu dai ¢b dinh (vi du 100m) véi
cac cot thang ding sinh ngiu nhién tao nén nhiéu khe hep.
Mdi c6t gdm hai phan: mot phan phia dudi va mot phan
phia trén, cach nhau boi khe rong 2m; vi tri trung tdm khe
dugc chon ngiu nhién trong dai 4 - 6m theo truc z. Agent
nhan vector quan sat gdm 9 thanh phan: trang thai hién tai
va khoang cach twong ddi toi muyc tiéu va chuéng ngai vat
gin nhit. Hinh minh hoa mgt méi truong 2D dién hinh.
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Hinh 1. Méi truong UAV mb phéng trong mé hinh 2D véi vét can ngiu
nhién.

(2) M6 hinh 3D: Budc sang khong gian ba chidu, UAV
chuyén dong trén khong gian x,y,z . Trang thai gdm vi
tri (x,y,z) vavan tdc (vx, vy, vz) . Luc diéu khién 1a
vector 3 chiéu (ux, uy,uz) € [-1,1]® duogc nhan véi luc
toi da khac nhau & truc ngang va truc doc, sau do trur trong
luc cho thanh phan z. M6 hinh vét Iy sit dung hé s6 can
khi dong kg4, khdi lugng 1kg, luc t6i da 8N theo truc x, y
va 12N theo truc z, va gidi han dd cao [Zmin, Zmax] -

Chudéng ngai vat 1a cadc hop chit nhat (cuboid) sinh
ngau nhién trong khong gian, v6i do dai phuongx vay
duoc 1y ngiu nhién tir cac khoang khac nhau (5-15m, 20-
40m hodc 50-100m) va chiéu cao lay tir 3-12m, 15-50m
hodc 50-120m theo mot phan bd tam giac. Sb luong
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chudng ngai vat tang 1én theo khoang cach téi muc tiéu; vi
du 100m ¢6 4 - 6 hop, 200m c6 6 - 9 hop va 500m c6 15-
17 hop. Céc tham s6 trén duoc lua chon nhim phan anh
mirc d6 phtrc tap ting dan theo khoang cach bay. S6 lwong
va kich thude cuboid duge diéu chinh dé tao st da dang
mdi truong nhung van dam bao UAV c6 thé tim dwoc quy
dao kha thi. Cach thiét ké nay vira dam bao méi trudong du
phirc tap dé kiém chung, vira duy tri kha ning hoc 6n dinh
cua mo hinh.

Agent quan sat trang thai hién tai va vecto khoang
cach téi muc tiéu (x4, V4, Zg). Hinh 2 minh hoa moi
truong 3D dién hinh.
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Hinh 2. Mbi truong UAV md phéng trong mé hinh 3D véi vat can ngiu
nhién.

B. Ham phin thuéng

Mbi trwong 2D - Trong mdi truong 2D, ham phan
thuéng nhdm huéng ddn UAV vira tién vé phia muc tiéu
vira gitt 6n dinh do cao va tranh va cham. Téng phan
thuong tai thoi diém ¢t c6 dang sau:

rt=whrh+wprp+wvrv+wzrz+rmrm (1)

Vé6i 7, thuong cho gitt d§ cao dung, 7, thudng theo
tién do doc truc x, 7, phat van téc quéa 1on, 7, thuong khi
t6i gan dich va 7., thuong hodc phat & cudi tap (thuong
16n néu cham dich, phat ning néu va cham). Céc trong s6
Wy, Wy, Wy, W, duogc diéu chinh thyc nghiém. Khac véi
PPO, SAC 4p dung ham thudng nay cho toan by hanh
trinh ma khéng chia doan huan luyén.

Moi truomg 3D - Ham phan thuong cho moéi trudng
3D phan anh quing dudng 3 chiéu, tranh va cham, duy tri
d6 cao an toan va ham tdc khi gan dich. Tong phan thuong
tai thoi diém t c6 dang sau:

1 = ¢1 (di—q — d¢) — ¢ speed, g, <ry, ) 2)
+¢3 ﬂ(dt<rg0all\speedt<vgoal)
+Cy ]lcollision —Cs Aht
+ Cs g(dmin) +cy

Trong d6 d, la khoang cach t6i muc tiéu tai budc t ,
speed, 1a toc do tong hop, 1¢) 1a ham chi béo, dpi, la
khoang cach téi chudng ngai vat gan nhat, va g(-) la
ham thuong nhd khi duy tri khodng cach an toan. Thanh
phin Ah, phat khi UAV vuot ra khoi dai do cao cho
phép. Cac hé sb ¢; va NgUONE Tyiow, Tgoals Vgoat dUrOC lura

chon qua thyc nghiém dé can bé“mg gilra tbe d0 va an toan.
Phan thuong dén dich dugc giam dan theo sb budc dé
khuyén khich hoan thanh nhanh.

C. Thudt toan SAC

Nghién ctru sir dung thuat toan Soft Actor - Critic
(SAC), mot phuong phap hoc ting cuong ngoai chinh sach
(off - policy) theo cu trac actor - critic, dugc trién khai
thong qua thu vién Stable - Baselines3. SAC tdi wu chinh
sach bang cach cuc dai hoa tong phan thuong ky vong
cung véi entropy cua chinh sach, qua d6 tang cudong kha
nang kham pha va han ché hoi tu sém.

Qua trinh cap nhat dya trén hai mang no ron chinh:

- Mang Critic (Q - value): udc luong gia tri hanh dong
Q(s,a) bang cach tdi thiéu hoa ham mat mat Bellman:

Ly = E(s,a,r,s’) [(Q (s,a)
—(r+y
Ey ,[Q'(s",a)
— alogm (a'|s"H])’]

Trong d6, Q'la mang muc tiéu va a 1a hé sb entropy.

- Mang Actor (Chinh sach): Pugc cap nhat dé t6i da
hoa phﬁn thuong ky vong va entropy:

Jn = Es-p [Ea~71:[a logm (als) — Q(s, a)]] @)

M6 hinh duoc huin luyén trong 1 tridu timesteps. Ca hai
mang Actor va Critic ¢6 cung kién trac mang MLP gdm hai
16p ?in, mdi 16p gém 256 no ron, str dung ham kich hoat
ReLU. Céc siéu tham sd chinh bao gém: tbe do hoc
3 x 107%, hé sb chiét khiu y=0.99, hé s lam muot mang
muc tiéu theo co ché Polyak t=0.005, va kich thudc 16 (batch
size) 1a 256. Ngoai ra, h¢ ) entropy a dugc diéu chinh tu
dong, replay buffer co kich thude 10°, s bude khoi dong
(learning starts) dat 1a 5000, mdi budc moi truong di kém
mot lan cap nhat gradient, va gradient dugc chuédn hoa véi
lg] < 0.5. Cac mang duoc t6i uu bang Adam, voi gia tri khoi
tao ngau nhién mic dinh cta moi truong.

3

Trong qué trinh hudn luyén, mé hinh dugc danh gia
dinh ky sau mdi 1.000 budc trén 100 tap kiém thir véi
chuéng ngai vat sinh ngiu nhién. Mot tap duoc xem la
thanh cong néu UAV tiép can muyc tiéu véi sai so theo truc
hoanh nhé hon 0.5 m. Nguoc lai, tip bi xem 1a that bai néu
UAYV va cham, vugt gidi han an toan vé d6 cao (z<3.0
hodc z> 8.0) hoac géc nghiéng vuot qué £90°. M6 hinh c6
tong phan thuong trung binh cao nhat trong cac lan danh
gi4 s& duoc chon 1am mo hinh tét nhat dé sir dung trong
giai doan kiém thir chinh thc.

D. Quy trinh huén luyén

- Sinh méi truong: Vé&i 2D, sinh ngau nhién 6 - 10 cip
cot thé‘ing dung tao khe hep; véi 3D, sinh ng?lu nhién cac
cuboid véi sé lugng va kich thude theo khoang cach téi
muc tiéu. Muc tiéu dugce dit tai toa dd (d, 0)cho 2D hodc
(d,d,5) cho 3D.
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- Khoi tao SAC: Tao hai mang critic va mdt mang
actor voi kién trac MLP, thiét 1ap buffer kinh nghiém (1
triéu mau), va cac siéu tham sé nhu trén.

- Tuong tac va cép nhat: Tai mdi budc, agent quan sat
trang thai, léy hanh dong tir actor, nhan phﬁn thuéng va
trang thai ké tiép, luu vao buffer va cdp nhit mang theo
thuat toan SAC.

Panh gia dinh ky: Sau mdi s6 budc cd dinh (vi du
1000 budc), dimg huin luyén tam thoi va danh gia mo
hinh trén 100 tap kiém thir méi. Ghi lai ti 1¢ thanh cong, s6
budc trung binh, ti 1€ va cham va vi pham an toan. M6
hinh c6 tong phan thudng trung binh cao nhat duge luu lai
dé danh gia cubi.

III. KET QUA NGHIEN CUU

A. Két qua dinh lwong

Trong méi trudng 2D, md hinh SAC dugc huén luyén
trén 1 triéu budc véi cac tham sd nhur trén va danh gia trén
100 tap kiém thir. Két qua dat ti 18 thanh cong 94,0 %, sb
budc trung binh 129,04 & 28,16, ti 1€ va cham 4,0 % va ti
1¢ vi pham an toan 2,0 %. Bang 1 tom tit két qua danh gia
cho doan bay 100 m. So voi PPO va A2C, SAC dat ti 1¢
thanh cong cao hon va s6 budc trung binh thip hon.

BANG 1. KET QUA BPANH GIA SAC TRONG MOI TRUONG 2D

oan bay | Ti16thanh | S8 buce trung | Tilé va et
MO cong [%] binh cham [%] fo an [%]
0-100m 94.0 129.04+28.16 | 4.0 2.0

Trong mdi trudng 3D, thuat todn SAC dat hi€u qua
didu hudng 6n dinh véi ti 16 thanh cong cao trén cac quing
duong 100m, 200m va 300m. Cu thé, ti 1¢ thanh cong dat
95,0% & 100m, 92,0% & 200m va 91,0% & 300m. Cac ti 1¢
va cham, vi pham d6 cao va hét thoi gian déu duy tri &
mirc thap, cho thiy SAC c6 kha ning tong quat hoa tot va
dam bao an toan trong khong gian ba chiéu phirc tap.

BANG 2. KET QUA PANH GIA SAC TRONG MOI TRUONG 3D

Til¢ S6 Va Vi Hét
Khoang | thanh | bude pham | thoi
. A cham " .
cach [m] | cong trung o do gian
%] | binn | 1| cao o] | %]
242.1 +
100 95.0 79 3 1 1
5589 +
200 92.0 27 5 2 1
300 | 90.0 7092'f o6 2 2

Dé 1am 16 hon xu huéng thé hién trong Bang 2, Hinh 3
trinh bay tryc quan ti 16 thanh cong va s§ budc trung binh
clia SAC theo khoang cach. C6 thé thiy ti 1& thanh cong
duy tri & mirc cao trén 90% 0 ca ba khoang cach, chiing to
chinh sach hoc dugc ¢6 kha ning diéu huéng 6n dinh ngay
ca khi khoang cach ting. Tuy nhién, sé budc trung binh

tang dang ké tir khoang 300 budc ¢ 100 m 1én hon 700
budc & 300 m, cho thay hanh trinh dai hon doi hoi UAV
nhiéu thao tac diéu chinh hon dé tranh chuéng ngai va duy
tri an toan. Xu hudng nay cho thiy SAC vira dat dugc do
tin cdy cao, vua thé hién sy thich ung v6i mirc 46 phuc tap
ngay cang tang cua moi truong.

Success rate (%)
S48 budc trung binh

4 95
260 257 02% 835
80 558.9
z
o
5 60
=
-
5
£
o 40 242.1
=
z0
o
100m 200m 300m
Khodng cach bay (m)

Hinh 3. Ti 1¢ thanh céng va s6 budc trung binh ciia SAC theo khodng
cach trong moi truong 3D

B. Phan tich quy dao bay

Trong méi trudng 2D, md hinh SAC thé hién kha ning
kiém soat viing vang va tinh tong quat hoa tot trong bai
toan diéu huéng UAV trén quing dwong 100m. Hinh 4
dudi day minh hoa quy dao thanh cong nhét trong s6 100
lan thir nghiém, trong d6 UAV da vuot qua toan bd
chudng ngai vat véi chuyén dong mugt ma va on dinh.

Mbi truong bay va quy dao cia UAV dugc biéu dién
trén khong gian hai chiéu, trong d6 cac thanh phin bao
gom:

- Piém mau xanh 14 12 vi tri xuat phat cia UAV.

- Diém mau d6 1a vi tri myc tiéu.

- Puong xanh lam 1a quy dao bay thuc té cua UAV
trong qué trinh diéu hudng.

- Miii tén cam biéu thi huéng bay (goc nghiéng) ciia
UAV tai cac thoi diém khac nhau.

- Hinh chit nhat xam la cac chudng ngai vat.

Drone Trajectory (Target X: 100.0m)

z (m}

o 0 0 & ® 100
% {m)

Hinh 4. Két qua didu huéng ctia may bay khéng nguoi lai & khoang cach
100m

Trong mdi truong 3D, mé hinh SAC dugce sir dung dé
huén luyén UAV diéu huéng trén quing duong 300m véi
cac chudng ngai vat dang khdi hop dugc phan bd ngiu

86

SO 4/2025



TAP CHi KHOA HOC VA CONG NGHE TRUGNG DAI HOC HAI DUONG

nhién. UAV duoc yéu cau tiép can muc tiéu theo ca ba
truc toa do (X, y, z), qua do kiém tra kha nang thich ting va
dam bao an toan trong khong gian ba chiéu phirc tap. Hinh
5 minh hoa quy dao bay thanh cong cia UAV, trong d6
UAV da tranh dugc cac chuéng ngai vt va duy tri chuyén
dong 6n dinh cho dén khi dat muc tiéu.

Moi truong bay va quy dao cia UAV duogc truc quan
hoa trong khong gian ba chiéu, bao gom:

- Piém mau xanh 14 12 vi tri xuit phat ciia UAV.

- Ngoi sao mau do 1a vi tri muc tiéu.

- Puong xanh lam 13 quy dao bay thuc t& cia UAV
trong qua trinh diéu huéng.

- Cac khdi hop mau xam 1a chudng ngai vat trong
khong gian.
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Hinh 5. Két qua didu huéng cia UAV trong méi truong 3D & khoang
cach 300m

Két qua trong méi trudng 2D cho thdy SAC hoc dugc
chinh sach diéu khién toan cuc ma khong can chia doan,
dat ti 1€ thanh cong cao va duy tri quy dao mugt ma.
Thanh phan entropy trong ham muc tiéu gitup chinh sach
duy tri tinh ngau nhién cao ¢ dau qua trinh huén luyén,
tang kha niang kham pha va tranh bi mic ket & cyc tri cuc
bo[1]. So véi PPO hoic A2C, SAC c6 wu diém la
off-policy nén tan dung tot bd nhd kinh nghiém va tuong
thich véi batch 16n.

Trong méi trudng 3D, ham phan thuong dugc mé rong
dé xir 1y ba truc, tranh va cham véi cuboid va yéu cau
UAV ham tbc trude khi t6i dich. Viéc sir dung cing mot
kién trac mang cho thiy SAC c6 kha ning tong quat hoa
cao; tuy nhién cac hé sd thuong/phat can duogc didu chinh
can than dé can bang giita tbc do va an toan. Cac thi
nghiém can danh gia ti 1& thanh cong trén nhiéu khoang

cach khac nhau dé xac dinh mtic d§0 md rdng cua thuat
toan. Nho kha nang st dung buffer 16n va cdp nhét
off-policy, SAC c6 tiém nang vuot trdi khi ap dung cho
khong gian 16n hon.

Két qua nay khing dinh tinh hidu qua vuot trdi cta
SAC trong viéc didu huéng UAV 2D/3D, dong thoi mo ra
huéng nghién ciru chuyén sau hon. Cu thé, can thyuc hién
ablation study dé phan tich dinh hmng dong gop cua tung
thanh phan trong ham phin thuong (6n dinh dd cao, tién
d0, kiém soat van toc, thuong gan dich, phan thuong/phat
cudi tap). Viéc nay sé giup lam rd mirc d6 anh hudng cua
timg hé s6 toi sy can bang gitra toc do va an toan.

IV. KET LUAN

Nghién ctru d3 trién khai hidu qua thuét toan Soft
Actor-Critic cho diéu huéng UAV trong mdi truong
2D/3D, dat ti 1€ thanh cong va d6 an toan cao hon cac
thuat toan so sanh nho thiét ké ham phan thuong két hop
da thanh phan. Két qua di xac thuc tinh kha thi cta viéc
t6i wu off-policy va entropy regularization véi cac bai
toan diéu hudng phuc tap.

Bén canh viéc kiém chimg hiéu qua trén bo tham s i
vu hién tai, nhém nhan thiy can thuc hién thém ablation
study, phan tich dinh luong tirng hé $6 ¢; trong ham phén
thudng dé 1am 16 vai trd va mirc anh hudng cia timg thanh
phén ddi véi chi s6 tbe do - an toan. Huéng nghién ctru nay
khong ch1 giup giai thich co s6 khoa hoc cho viéc lya chon
tham s6 ma con dam bao qua trinh t8i wu dat cin bang tot
nhét trong cac bai toan thyc tién.

Két qua nghién ctru mo ra trién vong phat trién cho
UAV diéu hu(’mg tu déng trong moi trudng ngay cang
phuc tap, dong thoi tao nén tang bai ban cho cac hudng
mé rdng vE perception, phéi hop da agent va so sanh sau
hon véi céc thuat toan off-policy hién dai nhu TD3,
DDPG cai tién.
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