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TOM TAT

Bai bao trinh bay phwong phap hoc tang cwong sau da tac nhdn gidi bai toan lya chon
phirong tién héa lee (PTHL) dong trong hé thong TPH CH-PK phong khéng. Mé hinh hoat
dong cua PTHL duoc xdy dung dwa trén du dodan quy dao 16i wu cua cdc mé hinh muc tiéu trén
khéong da dwoc hudn luyén triede dé [1] va trang thdi cdc doi twong trén mat dat, cing nhuw
phirong dn t6i wu phoi hop hoat déng ciia cic PTHL trong hé thong. Mé hinh PTHL dwoc xdy
dung trén bé thie vién OpenAl Gym sir dung thudt todn hoc ting cuong sau (DQL) dé t6i wu héa
ham gid tri Q. Sau khi dwoc huan luyén qua 200 nghin vong, mé hinh PTHL dd cé khd nang tir
ddéng phan tich, nhdn thirc tinh hudng, phoi hop cac PTHL trong hé thong, xdy dung phuong an
twong tac doi khang dong va chon ra phwong dn 161 wu ¢6 tinh ti cdc rang bugc thuc té, dé thu
dwoe gid tri cuc tiéu ciia ham ton that tong thé cho toan bé qud trinh chién dau. So véi mé hinh
PTHL sir dung thudt toan PPO dwgc hudn luyén trong ciing mét diéu kién méi trwong, sau 1000
chu trinh tac chién twong tac voi mo hinh muc tiéu trén khong, mo hinh PTHL dé xudt dat 1 1¢
chién thcfng 89,1% 16m hon nhiéu so véi 77,2% ciia mé hinh sir dung thudt toan PPO.

Tiwr khoa: Hoc tang cuong; Tu dong hoa chi huy; C4; DWTA; DQL; OpenAl Gym.
1. MO PAU

Bai toan lwa chon PTHL (hay bai todn chi dinh vii khi) phong khong 1a bai toan cbt 13i trong
hé thdng ty dong hoa (TPH) chi huy — diéu khién, hd trg ngudi chi huy ra quyét dinh Iya chon
PTHL dé tiéu diét muc tiéu, nham phat huy t6i da kha ning cua cac PTHL khac nhau Vé ching
loai trong cum phong khong hén hop [2, 3] Bai toan lya chon PTHL la bai toan t6i wu to hop, co
khong gian nghiém m6 rong theo cap s6 nhén vdi sy gia tang cua so lwong PTHL va muc tiéu
hang khong. Ngoai ra, mot quyét dinh hop 1y vé lya chon PTHL can quan tm t6i tinh chat da

yéu td tac dong va cac dic tinh k¥ - chién thudt ciia mdi loai PTHL cu thé trong hé théng. Mo
hinh bai toan lya chon PTHL dugc mé ta trong hinh 1 [4].

Cac phuong phap giai bai toan lya chon PTHL da duoc dé xuat [2, 5, 6], gom phuong phap
quy hoach tuyen tinh, quy hoach d6 thi ngdu nhién va quy hoach hon hop sb nguyén; sir dung
thuét toan tbi wu siéu mo phong. Ngoai ra, trong [7, 8] trinh bay cac phuong phap gidi bai todn ¢
dang ma tran dugc phat trién tir thuat toan Hungary. Ung dung phuong phap hoc ting cudng
(Reinforcement Learning) dé giai bai toan lwa chon PTHL dugc Mouton va cong su trinh bay
trong [9] (2011), va so sanh hai thuat todn hoc tang cuong Monte Carlo ES va TD Q-Learning
giai bai toan lya chon PTHL rat gon. Tong Wang va cong sy [10] (2023), ung dung mang hoc
sau Q (Deep Q-Learning Network) véi thuat toan dan ong nhén tao da muc tiéu cai tién dé lya
chon PTHL khong nguoi 14i trén mit dat trong moi truong tac chién do thi phirc tap. Trong [11]
(2023), B. Gaudet va céng su ung dung phuong phap hoc siu tang cuong (Deep Reinforcement
Learning) dé t6i wu hoa chinh sach lwa chon PTHL tiéu diét da muc tiéu siéu thanh.
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Bai béo trinh bay mét phuong phap giai bai toan lya chon PTHL dong (Dynamic weapon
target assignment -DWTA) str dung k¥ thuat hoc taing cuong sau da tac nhan (Multi-Agent Deep
Reinforcement Learning), trong do, cac PTHL phong khong dong vai tro 1a cac tac nhan (agent),
dugc xdy dung va huan luyén trén bo thu vién OpenAl Gym [12], dua ra quyét dinh tiéu diét
muc tiéu trén khong trong moi truong tac chién phirc tap, khong chic chin. Khac véi cac phuong
phap trude day, trong phuong phap dé xuat mo hinh PTHL dugc huin luyén bang cach tuong tac
truc tiép véi mé hinh muc tiéu trén khong (m6t mo hinh Al) da duge huan luyén trudc do (xem
trong [1]), trong mdi truong tac chién dong. Didu nay lam ting tinh da dang va sat voi thuc té
ctia bo dir liéu dau vao huan luyén. Thuét toan hoc sau Q (Deep Q-Learning — DQL) duogc st
dung dé t6i wu héa ham gia tri Q (Q-value function) ctia mé hinh PTHL d¢ xuét, bang két qua thir
nghiém chimg minh, véi s6 lwong 16n PTHL thi thuat toan DQL gitip md hinh PTHL c6 kha
ning hoc nhanh hon so v&i thuét toan tdi wu hoa luat tiém can (Proximal Policy Optimization -
PPO) [11, 13]. Sau khi duoc huin luyén, cdic m6 hinh PTHL duogc thtr nghiém qua 1000 chu
trinh, két qua thu dugc mo hinh PTHL véi thuat toan DQL dat ti 1& chién thing 89,1%, so vdi ti
1& 77,2% clia mo hinh PPO. Piéu nay chimg minh mo hinh PTHL d¢ xuét ¢ kha nang tmg dung
trong cac hé thong TBH CH-DK phong khong thoi gian thuec.

2. XAY DUNG MO HiINH TOAN HQC BAI TOAN LUA CHON PTHL PONG
TRONG HQC TANG CUONG SAU

2.1. Xay dung mo hinh toan hoc ctia bai toan lua chon PTHL phong khong dong

Trong bai toan lya chon PTHL dong, toan bo khoang thoi gian tin cong cta ké dich (muc tiéu
trén khong) tinh tr khi duoc phat hién dén khi bi tiéu diét hoan toan hoac hoan thanh nhiém vu
chién ddu 12 K, duogc chia thanh cac doan thoi gian twong ng voi chu ky bén ctia cac PTHL.
Chu ky bin cta cac PTHL c6 d6 dai du dé cho cac PTHL trong cum phong khong bén mot tap
hop con vii khi (tén lira) ciia n6 va quan sat (mot cach hoan hao) két qua cua tat ca cac 1an ban.
V6i phan hdi ctia thong tin nay, hé théng TDH CH-DK chon mét nhém PTHL va chi dinh ching
tiéu diét cac muc tiéu. Trong mdi chu ky, cac PTHL dugc chon va chi dinh tiéu diét muc tiéu
nham t6i da hoa tong gia tri du kién thiét hai cua cac muyc tiéu trén khong va tdi thiéu hoa chi phi
sir dung PTHL ¢ giai doan cudi cling ciia cudc chién.
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Hinh 1. M6 hinh bai todn hra chon PTHL trong hé thong TPH CH-PK phong khong.
Bai toan lya chon PTHL dong trong hinh 1, bao gém cac tham sé dau vao nhu sau:
T={T1,T2,...,Tn} 1a tap hop gdm n muc tiéu duge phat hién bdi cic cam bién (cac dai ra
da) trong khu vuc tac chién cua hé thong TDH CH-DK;
W={W1,W2 , ...,Wm} 1a tap hgp gom m PTHL phong khong két ndi vao hé thong;

12 N.X. Trwong, ..., V. C. Thanh, “Ung dung phuwong phdp hoc ting cwong ... chi huy-diéu khién.”
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O= {Ol,O2 ey Or} la tap hop gém r dbi tuong can bao vé trén mat dat;
V, 1a gi4 tri mirc nguy hiém cta mot muyc tiéu T, d6i voi mot doi twong can bao vé O, .
Trén co so toi da hoa kha ning gay thiét hai cho muc tiéu hang khong, giai bai toan lya chon
PTHL dong la tim phuong an chi dinh vii khi nham t6i da gia tri cua ham muc dich tai mét chu
ky t trong biéu thuc (1).

. n(t) K m(t) X; ()
ROO=2v -T2 0)* | @
i=1 k=t j=1

trong d6: K 1a toan by khoang thoi gian tan cong cta ké dich (muc tiéu trén khong); n(t) va
m(t) twong tng la s6 lugng muc tiéu trén khong va sb luong PTHL con lai trong chu ky t; V, 1a
gia tri mirc nguy hiém tong thé cia muc tiéu T, véi tat ca cac ddi tuong cin bao vé;
X =[ X X X, ] V61 X =% (0)]

| 1a ma tran quyét dinh tai chu ky t, va X, (t) 1a bién

diéu khién c6 gia tri: X (t)=1 khi PTHL W, duoc lya chon tiéu diét myc tiéu T,; nguoc lai
X; (1)=0; p; (k) - Xac suat PTHL W, tiéu diét muc tiéu T, trong mot chu ky ban k;
Trén co so t6i thiéu hoa chi phi sir dung PTHL trong moi chu ky bin, can tim gia tri tdi thiéu

ctia ham muc dich chi phi sir dung PTHL trong biéu thirc (2).
K n m
F=20"> By ()% () @)

k=1 i=1 j=1
trong do: u; 1a s6 lwong dan tiéu thy ctia PTHL W, dé tiéu diét muc tiéu T, trong chu ky k; 3, la

chi phi mgt don vi dan ciia PTHL W;; Xx; (k) 1a tham s6 diéu khién tai chu ky k.

Nhu vy, giai bai toan lua chon PTHL dong theo tiéu chi “Hi¢u qua - Chi phi”, la tim gia tri
toi thiéu cua cac ham nhu trong bi€u thuce (3).

R(X") ()

Véi cac didu kién rang budc ciia bai toan lwa chon PTHL dong dugc mb ta bang cac biéu thic
(4), (5), (6), nhu sau:

S x (O<m, Vie{l2,..nl, Vtel2..K] (4)
S %O, Viel2..m), Vtefl2..K) (5)
_n y x;()<N;, Vje{1,2,.,m} (6)

Biéu thuc (4), biéu thi m. 1a sd luong téi da cac PTHL dugc sir dung dé tiéu diét mot muc
tiéu T, ¢ giai doan t. Biéu thirc (5) chi ra rang, n jla sO lugng muc tiéu toi da, ma mot PTHL W,
c6 thé xa kich dong thoi trong mét chu ky t hay 1a s6 kénh muc tiéu ciia PTHL W;. Biéu thic
(6), gidi han s6 lugng dan c6 sin ctia mdi PTHL W; trong toan b thoi gian chién dau K.

Ngoai ra, c6 thé tinh dén didu kién rang budc vé cu ly cta muc tiéu so voi kich thudc ving
hoa luc cia PTHL, dugc mo ta trong biéu thuc (7).
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x; ()<d; (), Vie{1,2,..,n}, Vje{1,2,..,m}, Vte{l,2,. K} (7
trong do, d; (t) c6 gia tri la 0 hoac 1. Néu trong chu ky t myc tiéu T, ndm trong ving hoa lyc cua
PTHL W, thi d; (t)=1 va nguoc lai d; (t)=0.

2.2. Xay dung mé6 hinh hoc ting cwong siu giii bai toan lwa chon PTHL dong

Mo hinh hoc ting cudng dé xuat, dugc xdy dung theo quy trinh quyét dinh Markov (Markov
Decision Process — MDP), trong d6, PTHL la m§t mo hinh Al, dong vai tro la tdc nhan (Agent),
dang & mot trang thai (State), dua ra quyét dinh tiéu di€t muc tiéu trong modi trudng
(Environment) tac chién phtrc tap, bang cach thyc hién cac hanh dong (Action) dwa trén chinh
sach duoc thiét ké sin, mdi hanh dong dugc thyc hién sé tra vé mot gia tri Kkét qua dugc goi la
phan thuong (Reward). Ky thuat hoc ting cudng tap trung vao viéc lam thé nao dé tac nhan
(PTHL) trong mdt moi trudng co thé hanh dong sao cho dat duge phan thudong téi da qua cac
vong lap huan luyén. So dd céu tric mé hinh hoc ting cudng PTHL duoc trinh bay trong hinh 2.

Véc to quan sat

, St+1
MohinhPTHL | Hanhdong | Cap nhit moi truong
(Agents) | A '| (Environment update)
A
Y
Phin thuong | Cap nhat phén thuong
R | (Reward update)

Hinh 2. Cdu triic mé hinh hoc tang cieong PTHL theo quy trinh quyét dinh Markov.

Mo hinh hoc ting cudng siu duge xay dung va huan luyén trén bo thu vién OpenAl Gym
[14] str dung giai thuat hoc sdu Q (DQL) [11], gdm cac thanh phan chinh sau:

« Méi trwomg huén luyén (Enviroment) duoc gia 1ap dé dao tao mo hinh PTHL, cung cép
khong gian dé thuc hién cac nhiém vu hodc giai quyét cac bai toan cu thé béng cach tuong tac
v6i moi truong. M6 hinh huén luyén twong tac dugc xdy dung, gdm céc tham sb dau vao:

- S6 lwong muc tiéu trén khong, toa do vitri, van tdc, hudng bay, do cao cua timg muc tiéu;

- S6 lugng PTHL, toa d¢ vi tri ctia mdi PTHL va kich thudc vung quan sat, vung tiéu diét;

chu ki xa kich,...

- S6 luong dbi tuong phong thu can bao vé, toa do vi tri va pham vi bao vé ctia mdi dédi tuong

phong thu;

- Kich thudc ban d6 khu vye hudn luyén twong tac 1000 x 1000 (pixel);

« Khong gian quan sét (Observation space) la cac trang thai c6 thé xdy ra ma tic nhan nhén
dugc tlr modi trudng sau mdi vong (round), cung cap thong tin cho tac nhan dé dua ra cic quyét
dinh. Trong m6 hinh huén luyén, khong gian quan sat dugc thiét 1ap dudi dang ham rdi rac
Dict{}, bén trong d6 co cac truong thong tin duge trich xuét tir méi trudng huin luyén, bao gom:

- Trang théi cta cac ddi tugng can bao vé O nhan cac gia tri 0 va 1, O3 =0- ddi tugng

cin bao vé bj tiéu diét va nguoc lai;

- Trang théi cua cdc muyc tiéu trén khong T 5 nhén cac gia trj 0 va 1, T =0- muyc tiéu bi

PTHL tiéu diét va nguoc lai;

- Céc tham s6 quy dao cua muc tiéu va tham sb trang thai cua PTHL trong hé thong.

« Khéng gian hoat djpng (Action space) 1a khong gian vécto chira tit ca cac phuong an quyét
dinh cua tac nhan tai mot thoi diém xac dinh. Dbi véi mé hinh DQL, mdi hanh dong sé co gia tri

14 N.X. Trwong, ..., V. C. Thanh, “Ung dung phuwong phdp hoc ting cwong ... chi huy-diéu khién.”
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Q tuong mg, dau ra cia mé hinh DQL 14 mang mét chiéu twrong Gmg véi bang Q. Trong bai toan
lya chon PTHL da tac nhan, sau khi lya chon hanh dong c6 gia tri Q cao nhat, can phai chuyén
d6i tir két qua duogc lya chon thanh hanh dong tuong tmg cho timg tac nhan. Do d6, khong gian
hoat dong ctia m6 hinh DQL s€ c6 gia tri A xac dinh trong khoang: 0<A<n™—1. Trong d6, n —
S6 lwong muyc tiéu trén khong, m — s6 lwong PTHL.

« Ham phaén thwéng (Reward function) co muc tiéu I dua ra chién luoc thyc hién hanh dong
cua PTHL. Trong bai toan lya chon PTHL dong, muc tiéu cia cac PTHL (tac nhan) la tdi da hoa
tong phan thuong ma n6 nhén dugc trong toan bg cac giai doan cua cudc chién. Phan thuong
nhén duoc sau moi lan thuc hién hanh dong (xa kich) giip PTHL xdc dinh dugc mirc do t6t —
xau cta hanh dong, ciing 1a co s¢ dé thay doi chién luoc. Chlen lugce tinh phan thuéng va cap
nhat moéi truong dugc dat ra dé PTHL c6 thé hoc tap sau mdi lan dua ra quyet dinh v&1 muc ti€u
1a tidu diét cac muc tiéu trén khong dé bao vé cac doi twong phong thu trén mat dat. Phan thuong
mot PTHL nhén duge trong mot chu ky ban duoc tinh béi biéu thire (8).

ij =w,R,+ 0y Ry —a, ZThil —a,(1-S;) 8
i—0

trong d6: R, - Phan thuong khi PTHL tiéu diét dugc muyc tiéu trén khong;
- Hé sb phﬁn thuong tiéu diét muc tiu;
R, - Phan thuong sau mdi 1an xa kich, dugc tinh theo ham R, =Ig(n,) ;
n, - S6 lan xa kich, c6 thé nhan cac gia tri 0, 1, 2, 3;
- Hé s6 phan thuong xa kich;
ThiI - Thoi gian muyc tiéu T, nam trong ving hoéa lyc cia PTHL W i
- Hé s6 phan thuong khi muyc tiéu ndm trong ving hoa lyc;
S; - Trang thai hoat dong cua muc tiéu dugc lya chon, nhan gia tri S; =0 néu muc tiéu
bi ti€u diét, va STi =1 néu muc tiéu dang hoat dong;
o, - Hé s6 phan thuong trang thai ctia myc tiéu.
o  Gidi thudt hoc siau Q (Deep Q-Learning)

— q(sva1)
— q(s,a)

— q(s!a3)

Trich xudt
dac trwng

Khong gian
quan sat

— q(s,ag3)

q(s,ag4)

U}] [64] [64] [64]
Hinh 3. Kién triic mé hinh hoc sau Q (Deep Q-Learning) sir dung dé hudn luyén
mo hinh hoc tang cuong PTHL.
Trong bai toan lya chon PTHL dong (DWTA) vei s6 lugng 16n cac PTHL (tac nnhan), muc

tiéu trén khong va dbi tugng can bao ve, tao thanh mot khdng glan trang thai I6n, nhiéu chiéu, do
do6, ap dung bang Q tro 18n khong thuc té. Dé giai quyét van dé ndy, mot giai phap duoc st dung

dé wac tinh gié tri Q(s, a) la thay thé bang Q bang mét mang noron dé hoc duoc cach wéc luong
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gié tri Q cho cac hanh dong cua PTHL mot cach chinh xac (xem hinh 3). I—!am thiét hai (Loss
Function) phai tinh duoc sai so gitra gié tri Q thuc té va du doan, nhu trong biéu thirc (9).

f (R(s,a)+;/maa}xQ(s’,¢31’,¢9’)—Q(s,<':1,¢9))2 9)

Mo hinh DQL duogc xay dung ¢ dang chién luoc da dau vao (Multi Input Policy), dau vao mo
hinh 1a mdt khong gian quan sat rdi rac chira cic thong tin ma mé hinh PTHL thu thap duogc bao
g?)rn: trang thai cua muyc ti€u trén khong; trang thai cta dbi tuong can bao vé; g6c tiép can va cu
li cia tung muyc tiéu dbi voi dbi tuong can bao vé; cu li cua tirng muyc ti€u voi PTHL,... D ligu
dau vao sau khi duoc trich xuat dic trung, dugc dua vao mang no ron 3 16p tuyén tinh vo1 ham
kich hoat ReLU, d4u ra cua 16p cudi cung chinh 1a bang Q (Q table) ctia md hinh, 14 co so dung
dé mo hinh PTHL dua ra quyét dinh cho cac tac nhan.

3. HUAN LUYEN MO HINH HQC TANG CUONG SAU, MO PHONG TUONG TAC
THEO KICH BAN PHONG KHONG, PANH GIA KET QUA

Loss —

3.1. Luu dd thuét toan huin luyén mé hinh hoc ting cuwdng siu

M6 hinh hoc tang cudng cho PTHL duoc huan luyén trong méi trudng cé tich hop mé hinh
muc tiéu trén khong da dugc xay dung va huin luyén truée do (trong [1]), 1am dir lidu dau vao
dé huan luyén tuong tac. M6 hinh cua PTHL va muc tiéu trén khdng sé& luan phién twong tac va
lam thay d6i méi truong, gia tri phan thuong cho PTHL s& duoc tinh toan sau mdi vong (round)
trong mot chu trinh (episode), lam co s& dé cap nhat cac théng sb t6i wu cho mé hinh. Thuét toan
huan luyén mé hinh hoc ting cuong PTHL dugc trinh bay trong luu db thuat toan hinh 4.

Khoi tao chu trinh

Ghi chua:
<«—— Ludngxirly

(Episode = 0) < — — — Ludng théng tin
Vong lap £
chnis
Yes

Chon lgc hanh dong

I
Céc véct sdt
Episode = Episode+1 : i e Yy quan 5
v 1

Khoi tao moi truong
Round =0

Hanh dgng gan nhdt

PTHL

Vécto hanh dong

Chon loc hanh
dong cua muc tiéu

Muc tiéu
trén khéng =0
No

Round = Round+1

Yes
o Dbi tugng
phong thi =0

No

A
| Mb hinh PTHL , Thuc thi hanh dong va M6 hinh muc
| | cap nht moi truong tiéu trén khong
e e e | T A

Quan sat hién thoi

Hinh 4. Luu do thudt todn hudn luyén twong tac mé hinh hoc tang cuong PTHL

voi mo hinh muc tiéu trén khong da dwoc huan luyén lam div liéu dau vao.

M0 hinh hoc ting cuong dwoc huin luyén véi s chu trinh (episode) nhat dinh (n

Episode

<M),

16 N.X. Trwong, ..., V. C. Thanh, “Ung dung phuwong phdp hoc ting cwong ... chi huy-diéu khién.”
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dugc khai tao véi gia tri ban dau bang 0. Khi bit ¢au mdi episode, méi truong s& duoc khoi tao,
mo hinh ciia PTHL dwoc huan luyén s& twong tac véi md hinh myc tiéu trén khong 1am thay doi
méi truong. Trong mdi vong (round) cua episode, cac md hinh Al thuc hién cac hanh dong:

- M6 hinh muyc tiéu dya trén quan sat méi truong s& dua ra cac hanh dong (action) thay doi:
van tc, hudng bay, do cao,... 1am thay d6i méi trudng va mire d nguy hiém cua muc tiéu.

- M6 hinh PTHL s¢ dl_ra trén quan sat moi truong sau hanh dong cua muc tiéu trén khong,
hanh dong ciia PTHL & vong trudc va phan thuong & vong trude dé toi wu cac tham sé trong md
hinh, dong thoi dua ra hanh dong méi tir mo hinh vira dwoc téi wu.

- Sau mdi vong, chuong trinh s& kiém tra diéu kién két thic cua chu trinh nhu sau: S6 luong
dbi tugng phong thu duoc bao vé bang 0 — toan bo ddi twong phong tha bi tiéu diét, khi d6, bén
tan cong duong khong danh chién thing; S6 lwong muc tiéu trén khong bang 0 — toan bo muc
tiéu trén khong bi tiéu diét, khi do, bén phong tha chién thang; Khi sé vong n,_,., >T véi T la sé

round =
vong tbi da trong mét chu trinh (episode) — két qua tran chién 1a hoa.
3.2. Phuong phap, cong cu mé phéng
Maoi treong hoc tang cuong da tac nhan dugc xay dung theo kich ban phong khéng (hinh 5).

Episode: 1 Episode: 2
PTHL: 3 — MTHK: 4 — DTPT: 3 /. PTHL: 3 — MTHK: 4 — DTPT: 3 0.12

Hinh 5. Kich ban phong khéng dwoc xdy dung d@é hudn luyén twong tdc
mo hinh hoc tang cwong PTHL va muc tiéu trén khong.

Kich ban phong khong dugc xay dung st dung bo cdng cu mé rong thu vién OpenAl Gym va
ngon ngix lap trinh Python [14], trong d6, cac mo hinh PTHL va md hinh muc tiéu trén khong sé
tuwong tac truc tlep V6i nhau dé hoan thanh nhiém vu chién déu caa minh. Trong hinh 5, cac dbi
tugng duoc thé hién gom: 4 muc tiéu trén khdng — hinh tron mau xanh; 3 dbi twong can bao vé -
hinh tron mau den; ¢6 3 PTHL — hinh vuéng mau do va cac duong tron mau cam la pham vi
vung hoa lgc, duong tron mau do la pham vi vung quan sat cia PTHL. Muc tiéu caa mo hinh
muc tiéu trén khong la tiéu diét tit ca cac ddi twong phong tha, muc tiéu caa moé hinh PTHL 13
tiéu diét toan bd muc tiéu trén khong trong viing hoa luc dé bao vé déi twong phong thua. Vi tri bd
tri cac PTHL duoc khoi tao ngau nhién va phan b6 xung quanh cac ddi tugng phong thu, dam
bao phu hop véi diéu kién thuc té.

3.3. Két qua mé phéng va danh gia
a) Két qua hudn luyén mé hinh hoc ting cuong

Sau khi xay dung mo6i truong huén luyén, mé hinh hoc ting cudng da tac nhan cia PTHL voi
thuat toan DQL dugc huan luyén trong 200 nghin vong (timestep) da dat dugc sy hoi tu gia tri
phan thuo‘ng, dugc trinh bay trong hinh 6.a. Dya trén két qua thu dugc c6 thé thidy mo hinh
PTHL véi thuat toan DQL da hoc dugc kha nang nhan thirc tinh huong, Iwra chon va tiéu diét muc
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tiéu dé nhan vé phan thuong tdi wu. Pdng thoi, gia tri trung binh ctia d dai chu trinh huan luyén
giam dan theo thoi gian, duge trinh bay trong hinh 6.b.

Ddnh gid két qua hudn luyén

Trong hinh 6.a, ta thiy gia tri phan thuong trung binh ctia mé hinh PTHL véi thuat toan DQL
¢6 xu hudng ting dan chimg to qua trinh hoc ting cudng ¢ hiéu qua, mé hinh PTHL duoc téi uvu
va cac chién luge huan luyén dé tiéu diét myc tiéu va bao vé doi tugng phong thu dua ra 1a dung
dan. Khi md hinh huan luyén dén khoang 200 nghin vong, gia tri phan thudng trung binh cua mé6
hinh PTHL c6 dau hiéu dao dong theo phuong ngang, diéu nay cho thiy mé hinh hudn luyén da
dat dén diém t6i wu, PTHL da dat dugc kha nang xir Iy va nhan vé gia tri phan thuong cao nhat
c6 thé dya trén moi truong hién tai va hanh dong cua myc tiéu trén khong. Pong thoi, trong hinh
6.b gia tri trung binh ctia d6 dai chu trinh huan luyén giam theo thoi gian, diéu d6 ¢ nghia 14 tac
nhan hoc tang cuong s€ mét it thoi gian hon dé hoan thanh nhiém vu tiéu diét muc tiéu.
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a) b
Hinh 6. &) Sw héi tu gid tri phan thuéng ciia mé hinh PTHL véi thudt todn DOL;
b) Gid tri trung binh dé dai chu trinh hudn luyén theo thoi gian.

b) Két qua mé phong twong tac cdc mé hinh sau khi dwoc hudn luyén

M6 hinh PTHL va muc tiéu trén khong sau khi dugc huén luyén, twong tac voi nhau qua 100
chu trinh (episode) két qua phan thuéng cua moi PTHL qua moi vong trong 100 chu trinh twong
tac, dugc thé hién trong hinh’7.a, voi két qua tuong tac la: mo hinh PTHL chién thang 89 chu
trinh, muc tiéu trén khéng chién thang 10 chu trinh va 1 chu trinh ¢6 két qua hoa, hinh 7.b.
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Hinh 7. &) Phan thudng ciia méi PTHL nhdn dwoc qua méi vong trong 100 episode;
b) Két qua tdc chién twong tac giita 2 mé hinh hoc tang cuwong sau khi hudn luyén.
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Ddnh gid két qui mé phéng twong tic
Trong hinh 7.a, cac gia tri phén thudng trung binh cia 3 PTHL duogc tinh lan luot la:
Ry, =266.07;R, =249.33/R, =198.96. Ta thdy rang, phan thuong cia mdi PTHL ¢ mdi chu

trinh (episode) déu c6 kha niang dat duoc nhing gia tri cao hodc thap nhu nhau, phu thudce vao
yéu t6 méi truong duoc khoi tao va tuong tac gitra hai mé hinh. Khi thdng ké voi sé luong chu
trinh du 16n, mac du bién d6 gia tri ciia phan thuong kha 16n (xap xi tir -600 dén 800) nhung gia
trj trung binh phan thuong PTHL qua 100 chu trinh khong ¢ su chénh léch 16n, diéu nay chimg
t6 vai tro clia cac ddi trong trong mé hinh 1a twong duwong nhau va mdi ddi tuong déu dua ra
dugc hanh dong hop ly dua trén moi trudng, moé hinh huin luyén khong c6 hién tugng “hoc
léch”, toi wu tap trung duy nhat vao t6i uu 1 hodc 2 ddi tugng ma t6i uu hanh dong cua toan bo
cac ddi tuong co trong mo hinh dé dat dugc két qua tac chién toi uu nhat.
¢) So sanh mé hinh PTHL dé xudt véi mé hinh PTHL si dung thudt todn PPO

Dé danh gia so sanh mo hinh PTHL véi thuat toan DQL dé xuat voi moé hinh khac, chung t6i
tién hanh huan luyén mo hinh PTHL véi thuat toan PPO, trong cing cac diéu kién (mdi truong,
khong gian quan sat, khong gian hanh dfng va ham phan thuong). Khac voi DQL, thuat toan
PPO t4i wu héa chién luge lwa chon hanh thay vi udc tinh gia tri phan thuong nhan dugc. Do
diéu kién rang budc mdi PTHL chi Iya chon mot muc tiéu riéng dé tiéu diét trong m01 lan thyce
hién hanh dong, khong gian hoat dong cua PTHL s& c6 gia tri 16n, yéu cau nhidu mau, nén can
thoi gian hudn luyén 16n hon dé cap nhat va t6i wru chinh sach. Két qua mo phong ching minh,
m6 hinh PTHL véi thuat toan PPO d tbi uu hoa dugc chinh sach va dat dugc hoi tu gia tri phan
thuong qua 900 nghin vong hudn luyén, xem hinh 8.a. Sau khi duoc huén luyén, ching toi tién
hanh m6 phdéng tuong tac mo6 hinh PTHL véi thuat toan DQL va mo6 hinh PTHL véi thuét toan
PPO qua 1000 chu trinh (episode) dé d4anh gia két qua khi tic chién véi mé hinh myc tiéu trén
khong, két qua tuong tac duoc thé hién trong hinh 8.b. C6 thé thiy, ti 16 chién thing cua mé hinh
PTHL vé6i DQL dat 89,1% 16n hon nhiéu so v6i mirc 77,2% ctia PPO, diéu ndy ching minh mé
hinh DQL d& xuét c6 kha ning tac chién tot hon so voi mé hinh PPO sau khi dwoc hudn luyén.
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Hinh 8. a) Gid tri trung binh phan thudng ciia mé hinh PTHL sir dung thudt todn PPO;
b) Két qua mé phong twong tdc ciia mé hinh PTHL sir dung thudt todn DOL va PPO.
4. KET LUAN
Bai bao trinh bay phuong phap hoc ting cuong sdu da tac nhan giai bai toan lya chon PTHL
dong, trong do, cac PTHL phong khong duoc xay dung va huén luyén trén bg thu vién OpenAl

Gym tuong tac truc tiép voi md hinh muc tiéu trén khong da dugc huan luyén trude do, trong
moi truong tac chién dong. Thuat toan hoc sadu Q (DQL) dugc sur dung dé tbi wu hoa gia tri ham
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phan thuéng, bang két qua huan luyén chimg minh, sau 200 nghin vong huan luyén, gia tri phan
thuong trung binh ciia md hinh PTHL dat dugc su hoi tu (tdi wu), PTHL da dat duoc kha ning
X 1y va nhan vé gia tri phan thuong cao nhat ¢ thé dua trén méi truong hién tai va hanh dong
clia muc tiéu trén khong. Pong thoi, gid tri trung binh cia do dai chu trinh huan luyén giam theo
thoi gian, diéu d6 c6 nghia 13 tic nhan hoc ting cudng s& mat it thoi gian hon dé hoan thanh
nhiém vu tiéu diét myc tiéu. M6 hinh PTHL véi thuat toan DQL d& xuét dugc so sanh véi mod
hinh PTHL véi thuat toan PPO trong cung diéu kién huan luyén ching minh mé hinh DQL cé
kha ning hoc nhanh hon. Sau khi dugc huan luyén, tién hanh thir nghiém tuong tic hai mo hinh
DQL va PPO véi mo6 hinh muyc ti€u trén khéng, sau 1000 chu trinh, mé hinh PTHL véi DQL dé
Xuat c6 ti 1¢ chién thiang dat 89,1% Ién hon nhiéu so véi mo hinh sir dung thuat toan PPO dat
77,2%. Nhu vay, mo hinh PTHL st dung thuat toan DQL sau khi huan luyén c6 kha ning tu
dong nhan thirc tinh huéng, dé xay dung phuong én tuong tac d6i khang dong cung voi cac
PTHL khac trong hé thdng va chon ra phuong an t6i wu c6 tinh téi cac rang budc thyc té, chung
minh kha ning tmg dung mé hinh trong phat trién cic mo dun phan mém hd trg tac chién trong
céc hé thong TDH CH-PK phong khong thoi gian thuc.
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ABSTRACT

Application of multi-agent deep reinforcement learning method to solve the
dynamic weapon target assignment problem

This paper presents the Multi-Agent Deep Reinforcement Learning method to solve the
dynamic weapon target assignment (DTWA) in the air defense command and control
system. The weapon model is built based on predicting the optimal trajectory of air targets
and the status of objects on the ground, as well as the optimal plan to coordinate the
activities of weapons in the system. The weapon model is built on the OpenAl Gym library,
describes the rules of the dynamic air defense combat environment and uses deep
reinforcement learning algorithms (Deep Q-Leanring) to optimize the policy.
Experimental simulation results with different air defense scenarios demonstrate that,
after being trained, the deep reinforcement learning model of the air defense weapon has
the ability to automatically analyze, perceive situations, and coordinate with other air
defense weapons in the system, build a dynamic resistance interaction plan and select the
optimal plan taking into account practical constraints so that the overall loss function has
a minimum value for the entire combat process. Therefore, the reinforcement learning
model has the ability to be applied to develop software modules to support decision-
making in the air defense command and control system.

Keywords: Reinforcement Learning; Command and control system; C4l; DWTA,; DQL; OpenAl Gym.
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