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Tém tit: Nghién ciru nay dé xudt mét phwong phdp méi dya trén hoc tang cuong sdu
da tac tir (MADRL), cu thé la thudt todn Multi-Agent Deep Deterministic Policy Gradient
(MADDPG), dé gidi quyét bai todn phéin céng nhiém vu va téi wu héa quy dao bay cho cdc
phirong tién bay khéng ngwoi lai (UAV) trong viéc thu thip dir liéu tir cdc thiét bi Internet of
Things (loT) phdn tan. Mo hinh xem xét thoi han thu thdap dir liéu tu cac nut IoT tudn theo
phén phoi Gaussian va kha nang xir Iy dit liéu tai bién (edge computing) ciia UAV. Muc tiéu
chinh la t6i thiéu héa tong nang leong tiéu thu ciia hé thong UAV, t6i da héa s6 lwong dit liéu
thu thip dwoc va dam bao phan bé nhiém vy dong déu giira cac UAV. Két qua mé phong cho
thdy MADDPG vuot tréi ding ké trong viéc gidm thiéu tiéu thu nang heong va cin bang tdi,
dong thoi chi ra tiém nang I6m khi dwoce hudn luyén va tinh chinh toi wu.

Tir khoa: UAV, IoT, hoc tang cuwong sau da tac tw (MADRL), MADDPG, phan cong nhiém vu,
thu thap dir liéu, dién toan bién, phan phoi Gaussian

I. Pit van dé dong vai tro 13 mot nén tang 1y tuong dé

Su héi tu ctia cong nghé Internet of tiép can va thu thap thong tin tr nhitng khu

Things (IoT) va su phét trién nhanh chong vuc kho khan hogc thiéu ha tang truyen

cua cac phuong tién bay khong nguoi lai
(UAV) da mo ra mdt hudng mai cho cac
giai phap thu thap dir 1iéu linh hoat va hiéu
qua tlr cac cam bién va thiét bi phan tan
[1], [2]. UAV, voi kha nang di dong vuot

trd1 va kha nang trién khai nhanh chong,

' Khoa Pién - Bién tir, Truong Pai hoc Mé Ha Noi

thong truyén théng. Tuy nhién, viéc toi uu
hoéa qua trinh thu thap dit liéu nay dat ra
nhiéu thach thic dang ké, dic biét khi hé
thdng bao gdm nhiéu UAV hoat dong phoi
hop trong mot khong gian rong 16n va co

tinh dong cao [3].



Céc thach thirc bao gom viéc phan
chia nhiém vu mot cach t6i uu gitra cac
UAV, thiét 1ap cac 16 trinh bay hiéu qua
nhat dé tbi da hoa hiéu suat thu thap, quan
1y cac ngudn luc han ché nhu nang luong
pin cua UAV va dam bao tinh kip thoi cua
dit liéu. Gia tri cua dir li¢u thuong phu
thuc vao thoi diém thu thap, véi gia tri
cao nhat tai mot thoi diém cu thé, mot dic
tinh thudng duoc mé hinh hoa bang phan
phdi Gaussian [4]. Hon nita, viéc tich hop
kha nang xtr ly dir liéu ngay trén UAV
(dién toan bién) 1a can thiét dé giam thiéu
do tré va giam tai cho mang 15i.

Pé giai quyét su phuc tap va tinh
dong cua bai toan da tac tu nay, nghién
ctru dé xuat mot thuat toan hoc tang cuong
sau da tac tt (MADRL) dua trén thuat toan
Multi-Agent Deep Deterministic Policy
Gradient (MADDPG) [5]. MADDPG cho
phép cac tac tir (UAV) hoc cach tuong tac
va phéi hop trong mot méi truong chung,
dua ra cac quyét dinh t6i wu. Cac phuong
phap truyén thong thuong gip kho
khan trong viéc xu Iy moi truong dong,
MADDPG c6 kha nang tu dong thich tng
va hoc hoi céc chién luge toi wu.

Nhiing dong gop chinh cua nghién
ctru nay bao gom:

® Xay dung mot mo hinh bai toan
toan dién thu thap dir liéu IoT bang nhiéu
UAV, tich hop cac yéu té thuc té nhu thoi
han thu thap dir liéu va kha nang xu ly tai
bién cuia UAV.

® St dung thuat toan MADDPG dé
giai quyét bai toan phan céng nhiém vy va
1ap quy dao cua UAV.

® Thiét ké khong gian trang thai,
hanh dong va ham phan thudéng phu hop
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cho méi truong da tac tir, khuyén khich
t6i wu hoa tong nang lugng tiéu thy, ting
ty I¢ dir liéu dung han va phan chia nhiém
vu gitra cac UAV.

® Mo phong bing MATLAB dé
danh gia hiéu suét ciia phuong phap nay
v6i mot thuat toan heuristic truyén thong.

I1. Tong quan tinh hinh nghién ctru

Linh vyc thu thap dir li€u tur cac
thiét bi Internet of Things (IoT) st dung
cac phuong tién bay khong nguoi lai
(UAV) d3 tro thanh mot chu dé nghién
ciru trong tam, dac biét khi cadc ung dung
thong minh ngdy cang phat trién. Cac
nghién ctru hién co trong linh vuc nay co
thé duoc phan loai theo mo hinh hé théng
dugc su dung, cac muyc ti€u tdi wu hoa
duoc dat ra, va cac cach giai quyét bai
todn duoc ap dung.

2.1. Thu thdp dit ligu IoT c6 sw ho
trg cua UAV

Nhiéu cong trinh dd kham phé vai
tro cia UAV trong viéc thu thap dir ligu
tir cac thiét bi IoT, tap trung vao cac van
dé nhu: giam thiéu thoi gian can thiét dé
thu thap dit liéu, t6i da hoa luong dir liéu
thu duoc, hoic kéo dai tudi tho hoat dong
ctia mang luéi cam bién [6], [7]. Phan 16n
cac nghién ctru nay thuong gia dinh rang
dir liéu c6 thé duoc thu thap tai bat ky thoi
diém nao hodc c6 mot thoi han ¢o dinh,
r0 rang. Mo hinh hoa thoi han thu thap dir
lidu theo phan phdi Gaussian, mot cach
tiép can phan anh tinh bién dong va muc
d6 wu tién cua dit liéu trong céc tinh huéng
thuc té, van con 1a mot linh vuc chua duoc
kham pha rong rai. Day chinh la diém ma
nghién huéng t6i giai quyét.
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2.2. Phdn cong nhiém vu va ldp

quy dao cho hé thong nhiéu UAV

Khi quy mé cuia hé thong UAV ting
1én, bai todn phan cong nhiém vu va lap
quy dao trd nén phirc tap do su can thiét
phai xem xét su phbi hop va tuong tac
giita nhiéu tac tir. Cac phwong phép truyén
thong thuong dwa vao cac thuat toan t6i
vu héa td hop, quy hoach tuyén tinh, hoic
cac phuong phép heuristic [8], [9]. Tuy
nhién, nhitng phuong phap nay thuong
gip phai nhitng han ché khi d6i mat voi
cac moi truong dong, khong chic chin, va
cac bai toan c6 khong gian trang thai hoac
khong gian hanh dong 16n. Viéc dam bao
phan b cong viéc mot cach dong déu gitra
cac UAV la mdt thach thuc doi hoi cac giai
phap thong minh hon dé dat dugc hiéu qua
téng thé cua hé thong.

2.3. Hoc ting cwong (RL) va
Hoc sdu tang cwong (DRL) urng dung
trongUAV

Hoc tang cuong (Reinforcement
Learning - RL) di ndi 1én nhu mot cong
cu manh mé& dé giai quyét cac bai toan ra
quyét dinh tuan ty trong cac moi trudng
c6 tinh dong [10]. Vi nhiing tién bo trong
linh vyc hoc sau, Hoc sdu tang cuong
(Deep Reinforcement Learning - DRL) da
m¢& rong kha nang cua RL, cho phép nd
xtr ly hiéu qua cac khong gian trang thai
va hanh dong c6 kich thudc 16n va phuc
tap ma cac phuong phap RL truyén théng
khong thé giai quyét. Cac thuat todan DRL
nhu Deep Q-Network (DQN) va Deep
Deterministic Policy Gradient (DDPG)
dd dugc Ung dung rong rai dé diéu khién
UAV trong nhiéu yéu cau khac nhau, bao

gdm tranh va cham, theo ddi muc tiéu, va
t6i wu héa truyén thong [11].

(Multi-Agent Deep Reinforcement
Learning - MADRL) 1a mot hudng tiép
can ty nhién va day htra hen. MADDPG la
mot trong nhitng thuat toan MADRL nbi
bat, dugc phat trién dya trén DDPG. Céc
mg dung ctia MADDPG trong hé thong
UAV bao gém diéu khién d6i hinh UAV
[12], phan b tai nguyén [13], va lap quy
dao hop tac [14]. Tuy nhién, viéc ap dung
MADDPG dé giai quyét bai toan phéan
cong nhiém vu va 1dp quy dao cho UAV
trong bdi canh thu thap dir liéu IoT véi
thoi han Gaussian va muc tiéu da chiéu
(nhu hi¢u qua nang luong, tinh kip thoi,
va can bang tai) van con 1a mot linh vuc it
dugc nghién ctru.

2.4 So sanh va danh gia cdc thudt
toan Hoc ting cwong sdu da tac tw
(MADRL)

Dé 1am ndi bat tinh vuot troi va
su phu hop cia thudt toan Multi-Agent
Deep Deterministic Policy Gradient
(MADDPG) trong bai toan tdi wu hoa
thu thap dir liéu IoT bang UAV, ching
t6i tién hanh so sanh véi mot sd thuat
toan MADRL tiéu biéu khac nhu QMIX,
COMA va CEL-MADDPG. Mdi thuat
toan c6 nhirng dac diém va wu nhuge diém
riéng, phu hop véi cac loai moi trudong va
muc tiéu khac nhau.

2.4.1. MADDPG (Multi-Agent Deep
Deterministic Policy Gradient)

MADDPG la thuat toan Actor-Critic
m¢& rong tr DDPG cho moi truong da tac
tir, sir dung mo hinh huin luyén tap trung
nhung thuc thi phi tap trung (CTDE).



Diém manh cia MADDPG la kha ning xtr
1y khong gian trang thai va hanh dong lién
tuc, phit hop cho diéu khién quy dao UAV
va phan cong nhi¢m vy lién tyc. Critic cua
MADDPG st dung thong tin toan cuc dé
6n dinh qua trinh hoc va giai quyét van dé
phi tinh.

2.4.2. OMIX (Monotonic Value
Function Factorisation for Deep Mullti-

Agent Reinforcement Learning)

QMIX la thuat toan MADRL duya
trén gid tri, tdp trung vao cac bai toan
hop tac hoan toan. QMIX ciing su dung
mo hinh CTDE va dam bao ham gia tri Q
chung 1a mot ham don di€u cua cac ham
gia tri Q cuc b, giup don gian hoa van
dé gan tin dung. Tuy nhién, QMIX thudng
dugc thiét ké cho cac moi truong c6 khong
gian hanh dong roi rac, khong t6i wu bang
cac phuong phap dya trén chinh sach nhu
MADDPG cho céc bai toan c6 khong gian
hanh dong lién tuc.

24.3. COMA  (Counterfactual
Multi-Agent Policy Gradients)

COMA Ia mot thuat toan Actor-
Critic khac trong MADRL, cling str dung
mod hinh CTDE va tép trung vao céc bai
toan hop tac. Diém noi bat cia COMA 1a
viéc su dung mot baseline ddi phé dé woc
tinh loi thé, giup giai quyét hidu qua van
dé gan tin dung bang cach cho phép mdi
tac tir hiéu dugc dong gop bién cta minh.
COMA c6 thé xtr Iy khong gian hanh dong
lién tuc nhung thuong hoc céc chinh sach
ngau nhién, trong khi MADDPG hoc céc
chinh sach xdc dinh c6 thé 6n dinh hon
trong mdt s6 img dung.
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2.4.4. CEL-MADDPG (Curriculum
Experience Learning - Multi-Agent Deep
Deterministic Policy Gradient)

CEL-MADDPG la mét bién thé
cua MADDPG, tich hgp khai niém hoc
theo chuong trinh (Curriculum Learning)
dé cai thién hiéu qua huan luyén va hiéu
sudt. K§ thuat nay gitp 6n dinh qué trinh
hudn luyén va ting toc do hoi tu bang
cach bat dau véi cac nhiém vu dé va dan
chuyén sang nhiém vu kho. Mac du CEL-
MADDPG c6 thé mang lai 191 ich vé tde
d6 hoi tu va hiéu suat, viéc trién khai hoc
theo chuong trinh doi hoi thiét ké can
than, 1am tang do phuc tap ban dau.

Két luan vé lua chon MADDPG

Trong bdi canh bai toan tdi wu hoa
thu thap dir liéu IoT bang UAV vdi yéu
cau diéu khién quy dao lién tuc va phan
cong nhiém vu linh hoat, MADDPG la lya
chon phu hop nhat. Kha niang xtr 1y khong
gian hanh dong lién tuc cia MADDPG Ia
yéu t6 then chdt, vuot troi so véi QMIX.
So vo1i COMA, viéc hoc chinh sach xac
dinh cia MADDPG mang lai sy 6n dinh
va dé kiém soat hon. M6 hinh CTDE
cia MADDPG ciing cho phép phdi hop
hiéu qua trong hudn luyén va duy tri tinh
phi tap trung khi thuc thi. Mdc du CEL-
MADDPG la mét cai tién tiém nang, viéc
su dung MADDPG co ban trong nghién
ciru nay 1a mot budc di viing chic dé
chung minh tinh kha thi va hi¢u qua cua
phuong phap.

II1. M6 hinh hé théng

Nghién clru nay xay dung mot mo
hinh hé thdng thu thap dit liéu IoT sir dung
nhiéu UAV hoat dong trong mot khu vuce
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xac dinh, duoc biéu dién boi mot khong
gian hai chiéu 4, x 4. D& don gian hoa bai
toan 1ap quy dao va tap trung vao céc quyét
dinh di chuyén trén mit phang, do cao cua
tat ca cac UAV duge gia dinh Ia ¢ dinh &
mirc H. Cac tham sb cy thé ching toi st
dung dugc tong hop chi tiét trong Bang I.

3.1. Cic thiét bj IoT (D)

Co N thiét b ToT, mdi thiét bi Di ¢6
vi tri ¢b dinh pi = (xi, yi), kich thudc dix
liéu si (bits), va thoi han thu thap dir licu
theo phan phdi Gaussian. Gia tri dit liéu
dat toi da tai thoi diém trung binh tyi va
giam dan khi thoi diém thu thap thyc té tc
1&ch khoi tp,i. Mot thiét bi duoc coi 1a thu
thap ding han néu tc ndm trong khoang
[tw,i — kot, tu,i + koi].

3.2. Cac phwong tién bay khong
nguwoi lai

Hé théng gdom M UAV, mdi UAV Uj
c6 vi tri gj(t) = (xj(t), yi(t), H), van toc gidi
han Vmax, nang lugng pin Ej(t) tiéu thu
khi di chuyén va xir 1y dir liéu. Mdi UAV
c6 pham vi cam bién Rs va tbe do xtr ly dir
li¢u Pr, cung kha nang x1r ly tai bién (edge
computing).

3.3. Cic rang buéc hé thong

Céc rang budc bao gdm: ning luong
pin UAV ( < Ej(t) < Emax,j), toc d6 UAV
(Ivj(t)l < Vmax), mdi thiét bi IoT chi dugc
thu thap mot lan trong khung thoi gian
dung han, mdi thiét bi IoT chi dugc gan cho

mot UAV, va khoang cach tbi thiéu gitra hai
UAV phai 16n hon Rsafe dé tranh va cham.

3.4. Ham muc tiéu

Bai toan dugc dinh nghia 1a mot bai
toan t6i vu hoa da muc tiéu, véi muc tiéu
chinh 14 x4c dinh chinh sach diéu khién t6i
wu cho mdi UAV nham dat duogc cac muc
ti€u sau:

1. Giam thiéu tdéng ning lwong
tiéu thu: Muc tiéu ndy nham tdi thiéu hoa
SV E, s khuyén khich cic UAV
hoat dong tiét kiém nang luong.

2. Téi da hoa ty 1¢ dir li¢u ding
han: Muc ti€u nay tap trung vao viéc tdi

+ .o 1~ SOI0T thu thap ding h
da hoa ty ¢ 22 1P e TR

. ; Téng s6 10T , dam bé,o
rang phan 16n dit li¢u c6 gia tri cao nhat
dugc thu thap trong khung thoi gian ti vu
cua chung.

3. Can bang tii cong viéc: Muyc tiéu
nay nham giam thiéu su chénh léch trong
phan bd cong viéc gitta cac UAV, duoc do
bang do léch chuan cua quing duong di
chuyén hodc s6 nut duoc thu thap boi mdi
UAV. Piéu nay gitp tranh tinh trang mot
s6 UAV bi qua tai trong khi cac UAV khac
lai khong dugc tan dung hét cong suét.

Nghién ctru nay s& thiét ké mot ham
phan thuéng tong hop trong khudn khd
MADRL dé can bang va tdi uvu hoa ciing ltc
cac muc tiéu nay, cho phép cac tac tir hoc
duoc cac chién luge phure tap nham dat duoc
hiéu sut tong thé tot nhat cho hé théng.

Bangl: Cac tham sb mo phong chinh

Tham sb Giatri | Ponvi M5 ta
area X, area y 1000 m Kich thudc khu vuec mo phong
uav altitude 100 m D6 cao co dinh cua UAV
numUAVs 3 S6 luong UAV
numloTDevices 50 S6 luong thiét bi IoT
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Tham sb Gidtri | Donvi M3 ta
time step 1 S Budc thoi gian mo phong
maxSimTime 3600 S thoi gian mo phong toi da
k sigma timeliness 3 Hang s6 thoi han Gaussian
uavMaxSpeed 50 m/s | Toc do toi da UAV
uavSensorRange 200 m Pham vi cam bién ciia UAV
uavlnitialEnergy 500000 J Ning lugng ban dau cia UAV
energyConsumptionRate 0.1 J/(m/s) | Ty 1é tiéu thy nang lwong khi di chuyén
dataProcessEnergyRate 0.01 J/bit | Ty 1€ tiéu thu nang lugng khi xir 1y di ligu
iotMinDataSize 100 bits | Kich thude dit liéu toi thi€u ciia [oT
iotMaxDataSize 500 bits | Kich thudc dit liéu tdi da cta IoT
iotMinMu 100 S Thoi diém trung binh tdi thiéu cho thoi han IoT
iotMaxMu 100 S Thoi diém trung binh tdi da cho thoi han IoT
DataProcessEnergyRate 10 s Do 1éch chuén t6i thiéu cho thoi han IoT
iotMaxSigma 100 S D¢ 1éch chuan t6i da cho thoi han IoT

IV. Noi dung va phuwong phap
nghién ciru

Pé giai quyét bai toan phuc tap vé
phan cong nhiém vu va 1ap quy dao cho
nhiéu UAV trong méi trudng thu thap di
liéu IoT véi cac yéu cau thoi han theo
phan phdi Gaussian, ching téi d& xuat
mot khuon khé Hoc sdu ting cuong da
tac tt (MADRL) st dung thuét toan
MultiAgent Deep Deterministic Policy
Gradient (MADDPG) [5].
MADDPG vi kha nang xur Iy hi¢u qua cac

moi truong da tac tir co khong gian trang

Lua chon

thai va hanh dong lién tuc, dong thoi
giai quyét van dé khong on dinh trong
quéa trinh huan luyén thuong gip ¢ cac
phuong phap RL da tac tu.

4.1. M6 hinh hoa bai todn

Bai toan duoc mo hinh hoa véi M
tac tir (UAV). Tai mdi budc thoi gian
t, mdi tic tr quan sat mot phan moi
truong, thyc hi¢én hanh dong, va nhan
phan thuong. Muc tiéu 1 tdi da hoa phan
thuong tich 1iy.

4.1.1. Khong gian trang thdi (State
Space)
Khong gian quan sat cia mdi UAV
Uj tai thoi diém t 13 mot vector 7 chiéu
00)=[pos, (1)p0s, (.vel, (0,vel, (0, E),
dist A0, timeToDeadline , . (7)]

nearestlo

Trong do:

i poij( t),posjy( ): Toa d0 X, Y
hién tai cia UAV Uj, chuan hoa theo kich
thude khu vuc mo phong.

i veljx( t),veljy( 7): Van tdc hién tai
cua UAV U] theo cac truc X va 'y.

® E(1): Nang luong pin con lai cia
UAV U.

® distnearestloT ( t): Khoang cach
tir UAV Uj dén thiét bi IoT chua duoc thu
thap gan nhat.

® timeToDeadlinenearestloT ( 1):
Thoi gian con lai cho dén thoi han thu
thap cua thiét bj IoT chwa duoc thu thap
gan nhét.

Viéc chuan hoa cac gia tri nay la
rat quan trong dé on dinh qua trinh huén

luyén ctia mang no-ron
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4.1.2. Khong gian hanh dong
(Action Space)

Hanh dong ctia mdi UAV Uj tai
thoi diém t 1a mot vector gia toc: [axj(t),
ayj(t)]. Gia tc nay duoc giéi han boi mot
gié tri ti da amax.

4.1.3. Ham phan thuéng (Reward
Function)

Ham phan thuong tong hop Rj(t)
cho mdi UAV Uj tai thoi diém t dugc thiét
ké dé khuyén khich giam thiéu nang luong
tiéu thu, toi da hoa dir liéu thu thap dung
han va cén bang tai cong viée. Ham nay
duoc dinh nghia la:

rj(t) =wl - recollection(t) + w2 -
rtimeliness(t) + w3 - renergy () + w4 -
runcollected (f)

Trong do, w,, w,, w,, w, 1a cac trong )
duong dugc di€u chinh can than dé can bang
tim quan trong twong dbi cua timg thanh
phan phan thuong. Cac thanh phan phan
thudong cu thé dugc dinh nghia nhu sau:

® 7 e ( D): Phin thudng khi thu
thap thanh cong thiét bi [oT.

® i etinessC D Phéan thudng bd sung
néu thu thap ding thoi han, phat néu tre.

b renergy( £): Phat ty 1¢ thuan véi nang
lugng tiéu thy, khong qua 16n dé tranh can
trd thu thap.

® e D): Phat tat 16n néu con
thiét bi [oT chua thu thap khi két thuc
mo phong, dam bao UAV thu thap tat ca
thiét bi.

4.2. Thuat toian Multi-Agent
Deep Deterministic Policy Gradient

(MADDPG)

MADDPG [5] la m{t thuat toan
mo rong cua DDPG, duoc thiét ké cho

moi truong da tac to. NO ap dung mod
hinh huén luyén tap trung nhung thyc thi
phi tap trung (Centralized Training with
Decentralized Execution - CTDE), gitp
6n dinh qua trinh huan luyén trong céc
moi truong cd nhidu tac tir trong tac. Moi
tac tr 4, trong hé théng s¢ hitu mot cip
mang Actor-Critic riéng biét:

® Mang Actor (Policy Network)
nj( oj.l Gj) : Mang nay nhan quan sat cuc b0
0, cua tac tur Aj. lam dau vao va tao ra hanh
dong a, (mot vector van toc 2D) ma tac
tir nén thyc hién. Mang Actor dugc huan
luyén dé toi da hoa gia tri Q-value udc
tinh tr mang Critic tuong Ung.

® Mang Critic (Q-Network) Qj(
X,y ey | d)j.) : Mang nay nhan trang thai
toan cuc x cua mai truong (bao gom trang
thai ciia tat ca cac UAV va IoT) va hanh
dong ctua tat ca céc tac tir a,..,a, lam dau
vao. Pau ra cia mang la Q-value udc tinh,
dai dién cho gia tri ky vong cua viéc thuc
hién cac hanh dong do trong trang thai
hién tai. Mang Critic dugc huin luyén dé
udc tinh chinh xac gia tri nay.

MADDPG st dung cdc mang muc
tiéu (target networks) cho ca Actor va
Critic. Cac mang muc ti€u nay dugc cap
nhat mot cach mém mai (soft update) tir
cac mang cuc bg voi mot h¢ s6 T nho, giup
cac gia tri myc tiéu thay di tir tir va on
dinh.

Quy trinh huin luyén MADDPG
(CTDE):

1. Khéi tao: Cac mang Actor va
Critic cho mdi tac tir, cling v&i cac mang
muc tiéu twong ung, duoc khdi tao ngiu
nhién.



2. B0 nhé¢ dém Kkinh nghiém
(Replay Buffer): Mot by nhd dém chung
duoc st dung dé luu trit cac bd chuyén
ddi kinh nghiém (x,(a, ...a,) (1, ....7;,,)
x")noi x la trang thai toan cuc, a, 1a hanh
dong cua tac tir 7, 7, 1a phan thuong cia tac
tur 7, va X’ 1a trang thai toan cuc tiép theo.
Viéc sir dung bo nhd dém gitp pha v moi
tuong quan gitta cac mau huan luyén.

3. Hu4n luyén: Tai mdi budc huin
luyén, mot mini-batch cac kinh nghiém
duoc léy ngau nhién tr bd nhd dém. Sau
do, cac mang Critic va Actor dugc cap nhat:

® Cip nhat Critic: Mang Critic
duoc cap nhat bﬁng cach giam thiéu ham
mAat mat

L(#)) = E[(Q( x,a1, ....aml 4)) = y)) °],
voiy; =1+ yQ]’-(x’, a, ., ay | ¢]’)

V. M6 phéng va danh gia
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O day, 1a mang Critic muyc ti€u, la
hanh dong duoc tao ra bdi mang Actor muc
tiéu cia tac tir i, va y 1a hé sb chiét khau.

® Cap nhat Actor: Mang Actor
duoc cap nhat béng cach tdi da hoa ham
muc tiéu

JO) = E[Q(x.a,, ..a,=m( 0] 0) ...,
ayl )]

Piéu nay c6 nghia 1a Actor dugc
huén luyén dé tao ra cac hanh dong ma
Critic d4nh gia 14 c6 gié tri cao nhat.

4. Cap nhat mang muc tiéu (Soft
Update): Cc trong s6 clia mang muc tiéu
duoc cap nhat mém theo cong thuc:

0 <10, +(1—1)0;
b) — 15+ (1 -]

v6i T1a toc do cap nhat mém.

Bang 2: So sanh hiéu suét gitta MADDPG va Thut toan Heuristic

Chi s6 hiéu ning T}ll‘:j;zzac“ {i‘:;-‘)t];‘l’fg‘ Thay déi (%)
Tong nang lugng tiéu thu (J) 1127.50 998.87 -11.41%
Tong s6 nit dugc thu thip 6/50 5/50 -16.67%
Ty 18 dit liéu ding han (%) 100% (6/6) 100% (5/5) 0%
P9 léch chudn phén bd tai (SDCN) 2.65 2.08 -21.51%

MADDPG Algorithm
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Hinh 1: Tryc quan héa dudng di ciia cac UAV trong mdt 1an chay mé phong. Puong mau

xanh duong biéu dién quy dao ciia UAV duéi thuét toan Heuristic, dudng mau xanh 1a cay
thé hién quy dao ciia UAV dudi thuat toan MADDPG. Cac chdm do biéu thi vi tri ciia céc
thiét bi IoT chua dugc thu thap.
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Ching t6i di tién hanh mo phong
chi tiét dé so sanh hiéu suét cta thuit toan
MADDPG @ xudt v6i mot thudt toan
heuristic truyén thong. Céc két qua trung binh
duoc tong hop trong Bang 2 va minh hoa truc
quan duong di cua UAV trong Hinh 1

Phén tich két qua:

Tu dir liu trong Bang II va minh
hoa tryc quan trong Hinh 1 c6 thé thiy
MADDPG vuot troi thuat toan heuristic vé
hiéu qua nang luong va can bﬁng tai. Cuthé,
MADDPG giam 11.41% tong ning luong
tiéu thy va 21.51% do 1éch chuan phan bd
tai (SDCN), cho thay kha niang phdi hop
thong minh va tdi wu héa da muyc tiéu. Vé
hiéu suét thu thap dir liéu tong thé, ca hai
thudt toan déu & mirc khiém ton (heuristic:
6/50, MADDPG: 5/50). Su khac biét nho
nay khong dang ké so véi cac wu diém vuot
troi khac cata MADDPG.

Giai thich khoa hoc cho hiéu suit
thu thap chwa tdi wu cia MADDPG:

Hiéu suét thu thap dir liéu chua t6i
vu cia MADDPG khong phai 1a diém yéu
¢ hitu ma 1a két qua dy doan duogc trong
qué trinh huén luyén hé thdng hoc ting
cuong sau phtre tap. Cac ly giai khoa hoc
bao gom:

® Thoi gian huén luyén chwa du:
Céc thuat toan hoc ting cuong sau, dac
biét trong moi trudng da tac tir, can nhiéu
thoi gian va tai nguyén tinh toan dé kham
phé khong gian trang thai-hanh dong rong
16n va hoi ty chinh sach ti uu toan cyc.
M6 hinh MADDPG c6 thé chua dugc
huan luyén du lau dé thu thap tat ca 50
thiét bi IoT, chi phan anh chinh sach t6i uu
cuc bo trong giai doan so khoi.

® Thach thic trong viéc can
biang muc tiéu ciia ham phan thuwéng:
Thiét ké ham phan thudng can bang hoan
hdo giita cac muyc tiéu mau thuan (vi duy:
thu thap nhiéu thiét bi vs. tiéu thu ning
luong thap) 1a thach thirc 16n. Ham phan
thudng hién tai co thé vo tinh wu tién tiét
kiém nang luong va can bang tai hon so
v6i kham pha va thu thap thiét bi ¢ xa,
dan dén danh d6i vé hiéu suét thu thap
tong thé.

® Vin dé kham pha (Exploration
Challenge): Giai doan dau huén luyén,
cac tac tir ¢ thé chua kham pha du méi
truong dé tim tat ca thiét bi IoT. Thay
vao do, ching co thé hoc chién lugc “an
toan” 1a tap trung vao thiét bi gan nhét dé
bao toan nang lugng, thay vi mao hiém di
chuyén xa hon. Véan dé nay doi hoi co ché
kham pha tinh vi hon hodc thoi gian huén
luyén kéo dai.

Phan tich tryc quan tir Hinh 1:

Hinh 1 tryc quan hoa rang ca hai
thuat toan déu khién UAV di chuyén
trong pham vi hep va dimg sém, c6 thé
do can nang luong hodc hét thoi gian mo
phong. Tuy nhién, duong di cia UAV
do MADDPG diéu khién (xanh 14) ngan
gon, mugt ma va phdi hop tét hon so voi
heuristic (xanh dwong), phii hop véi két
qua nang lugng ti€u thu va do léch chuin
phan b tai thap hon cia MADDPG.

Mic du hiéu suit thu thap dir liéu
tong thé cia MADDPG ban dau chua tbi
uu, két qua mod phong khiang dinh tiém
nang 16n cua thuat toan nay. MADDPG
vuot trdi heuristic trong tdi wu hoa hiéu
qua niang luong va can bang tai. Hiéu sut



thu thap thap 13 han ché c6 thé khic phuc
bang cach kéo dai thoi gian huin luyén,
tinh chinh ham phan thuéng va cai thién
co ché kham pha. Nhiing phat hién nay dat
nén tang cho nghién ctru tuong lai vé ing
dung MADRL trong thu thap dir liéu IoT
phtc tap.

VI. Két luén va huéng nghién ciru
tiép theo

Nghién ciru nay dé xuét thuat toan
MADRL dua trén MADDPG dé giai
quyét bai toan phan cong nhiém vu va lap
quy dao cho UAV thu thap ditr li¢u I1oT,
tich hop mo hinh thoi han Gaussian va xur
ly tai bién. Ham phan thuéng dugc thiét
ké dé t6i wu hoa nang lugng tiéu thy, ty 1¢
dir liéu dung han va can bang tai.

Két qua mod phong cho thay
MADDPG vuot troi heuristic vé hiéu qua
nang luong (gidm 11.41% ti€u thu) va can
bang tai (giam 21.51% d6 léch chuan).
Mic du hiéu suat thu thap tong thé ban dau
chua téi uu, cac 1y giai khoa hoc (thoi gian
huén luyén, can bang ham phan thudng,
véan dé kham pha) cho thdy tiém ning 16n
cia MADDPG khi dugc hudn luyén va
tinh chinh day du.

Huodng nghién ctu tuong lai tap
trung vao t6i uu hoa huan luyén, thiét ké
ham phan thudng thich nghi, mé rong mé
hinh (mo6i truong 3D, 1oT dong, hong hoc
UAV), so sanh véi cac thuat toan MADRL
khac va trién khai thuc té. Nghién ciu
nay dat nén méng viing chic cho viéc ing
dung hoc tdng cuong sau da tac tu trong
cac hé thong UAV-IoT, md ra nhidu co
hoi nghién ctru va phat trién trong tuong
lai.
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OPTIMIZING 10T DATA COLLECTION USING UAVS
WITH MULTI-AGENT DEEP REINFORCEMENT
LEARNING AND GAUSSIAN TIME DISTRIBUTION

Hoang Trong Nghia’

Abstract: This study proposes a novel approach based on Multi-Agent Deep
Reinforcement Learning (MADRL), specifically the Multi-Agent Deep Deterministic Policy
Gradient (MADDPG) algorithm, to address the problem of task allocation and trajectory
optimization for Unmanned Aerial Vehicles (UAVs) in data collection from distributed Internet
of Things (1oT) devices. The model considers the data collection deadlines at loT nodes,
which follow a Gaussian distribution, as well as the UAVs’ edge computing capabilities. The
main objectives are to minimize the total energy consumption of the UAV system, maximize
the amount of data collected, and ensure fair task distribution among UAVs. Simulation
results demonstrate that MADDPG significantly outperforms baseline methods in terms of

energy efficiency and load balancing, highlighting its great potential when properly trained
and fine-tuned.

Keywords: UAV, loT, multi-Agent deep reinforcement learning (MADRL), MADDPG, task
allocation, data collection, edge computing, gaussian distribution
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