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Mé&c du hoc sau co thé gidi quyét cac bai toan ma cac thuat toan hoc may cii khong gidi
quyét dwoc nhung can lwong di liéu rat Ion va trong thwe té div liéu khong phai luc nao
cling c6 sén trong bai toan diéu khién. Hoc tdng cwdng la mét gidi phap tét trong bai toan
diéu khién robot, di liéu dwoc tao ra khi tac tt twong tac v&i moi trwedng. Cung véi s ra doi
clia mang neural, nhiéu nghién ctru da tap trung két hop mang neural vao hoc tdng cwéong
tao nén hoc tang cwéng sau. Trong bai bao nay ching téi dé xuat mé hinh hoc tdng cuéong
sau mai dua trén sy cai tién thuat gidi Deep Q Learning truyén théng bang cach két hop cac
ky thuat: Fixed_Q Target, Double Deep Q, Prioritized Experience Replay, véi mé hinh mang
VGG16, trng dung diéu khién robot xép hang héa véi khoéng gian trang thai tw thiét ké st
dung Unity ML-Agents. Thwc nghiém, so sanh danh gia hiéu qua mé hinh dé xuét so véi mo
hinh ban dau, két qua cho thy phwong phap dé xuét hoi tu nhanh va khéc phuc dwoc hién
twong wéc lvgng qua mre gia tri q.

Hoc tidng cwdng, hoc téng cwéng sau, hoc sau, diéu khién robot, DQN, VGG16.

Although deep learning can solve problems that cannot be done by tradition machine
learning algorithms, it requires huge a amount of data, which is not always available in
control problems. Reinforcement learning is a good solution in robot control, the data that is
generated when the agent interacts with environment. Along with the develope of neural
networks, many reseracher have focused on combine neural network with reinforcement
learning to create deep reinforcement learning. In this paper, we propose a new deep
reinforcement learning model based on the improvement of the traditional Deep Q Learning
algorithm by combining techniques: Fixed_Q Target, Double Deep Q, Prioritized Experience
Replay with CNN network (VGG16), apply to control the robot with state and agents
designed by using Unity ML-Agents. Experimentally, comparing and evaluating the
effectiveness of the proposed model with the original on the simulation environment, the test
results show that the proposed method fix the overestimation g value and fast convergence.

Reinforcement learning, Deep reinforcement learning, Robotic Manipulation Control, DQN,
VGG16.

1. GIOI THIEU wu thdng qua cach ther va sai, va nhan phan
Hoc tang cuong la phuong phap hoc ma cac  thudng tich liy theo ting hanh déng thuc hién.

tic tir (agent) tuong tic v6i mdi truong  Hoc ting cuong dugc s dung trong cac bai
(enviroment) hoc mét chinh sach (policy) téi  toan ra quyét dinh tuan tu.
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Hinh 1. Kich ban hoc tang cwong

Cac agent cap nhat cac tham sb (trang thai -
state, ham gié tri - value function) khi twong
tac v6i moi truong, cac tham sé nay luu trong
bo nhé dudi dang bang (Q table), didu nay
kém hiéu qua véi méi truong c6 khéng gian
trang thai 16n nhu trong cac bai toan diéu
khién robot. Y tuong tét nhat trong truong
hop nay la véi mot trang thai cho trudce, su
dung mét mang neural Q sau (Deep Q Neural
Network) dé xap xi cac gia tri Q (Q value) -
chat luong ctia mot hanh dong thuc hién trong
mot trang thai nhat dinh. Mdi trang thai duoc
biéu dién dudi dang mot vecto dau vao, du ra
la Q value cho tit ca cac hanh dong co thé
thuc hién trong trang thai do.

Mang neural Q
sdu

Hinh 2. So dd hoc ting cwong sau

Cung véi su phét trién cua cdng nghé hoc sau,
nhan loai da chung kién sy hdi sinh caa hoc
ting cuong, dic biét 1a két hop hoc ting
cuong vaéi hoc sau.

Nim 2013 nhém nghién ctu DeepMind dé
xuit Deep Q Learning [1] 1a mot cai tién cua
Q Learning thay vi Iuu toan b state trong Q
table da st dung mang neural dé udc luong Q
value. Sir dung Deep Q Learning c6 han ché
la khong 6n dinh, sy khéng on dinh xuét phat
tr mdi twong quan trong chudi quan sat, do
chi st dung mét mang neural dé wdc lugng ca
Q target (gia tri muc tiéu) va Q value, nén chi
mot cap nhat nho cac trong sé cua mang
neural cd thé dan dén sy thay doi chinh sach

(policy), phan phdi dir liéu va méi twong quan
gitra Q value va Q target. Ngay sau d6 nhom
DeepMind tiép tuc d& xuat sir dung ky thuat
Fixed_Q Target [2], ¥ twéng bd sung 2 mang
neural Q, Q tai mdi epoch, thuc hién sao
chép céc trong sé cia Q sang Q, diéu nay
s& ¢ dinh Q_Target trong mot khoang thoi
gian giGp huan luyén 6n dinh, tuy nhién trong
mot s6 moi trudng ngau nhién, thuat toan nay
hoat dong kém hiéu qua do thuc hién udc
lurong quéa murc (overestimation) Q value.

Nam 2016 H. van Hasselt cung cong sy gidi
thi¢u thuat todn Double Deep Q Network [4],
phuong phap nay giai quyét van dé udc luong
qué mac Q value, trong thuat to?n nay dung 2
mang noron Q,, Q,don gian, dé tach viéc lya
chon hanh dong va cap nhat Q value riéng biét,
tuy nhién trong thuét toan nay géc gia khong
co dinh Q,, Q,nén mac du khac phuc duoc
van dé overestimation nhung van xay ra qué
trinh huan luyén khdng 6n dinh.

Trong nhitng nim gan day hoc ting cudng sau
dugc nghién ciu &p dung trong nhiéu linh vuc
nhu game, diéu khién robot [9], [12]. Bai toan
diéu khién robot sir dung hoc ting cuong sau
& mot bai toan trong linh vuc Al va robotics,
muc tiéu cua bai toan nay 1a tim cach diéu
khién robot sao cho robot hoc cach tuong tac
v6i moi truong dé hoan thanh nhiém vu hiéu
qua va ty dong. Bé dat muc tiéu nay, hoc ting
cuong sau 1a phuong phap hiéu qua nht.
Nam 2020 Y. Wang va cong su nghién cuau
hoc ting cuong sau trong diéu khién hanh
trinh robot [10], cling khoang thoi gian nay
nhom nghién cau do N.A. Khan dung dau da
dé xuat giai phap diéu khién robot van chuyén
hang hoa bing hoc ting cudng siu, phuong
phdp nay su dung mot mang neural tang
cuong sau dé tim kiém hanh dong t6i wu cho
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robot giam thiéu viéc overfitting, ting cudng
tinh tong quat cua md hinh [11].

Trong bai bao nay ching toi nghién ciru kién
tric Deep Q Network (DQN) [1], mét sé k¥
thuat cai tién DQN: Fixed Q Target [2],
Double Deep Q Network (DDQN) [4],
Prioritized Experience Replay (PER) [5], sau
d6 két hop gitra DQN truyén théng cling mot
s6 cai tién trén dé hoc thanh céng cac chinh
sach tr tin hiéu dau vao tir anh thu duoc tu
camera gan trén robot, s dung mang tich
chap VGG16 [3] dé trich xuat dac tinh cua
anh. Ap dung phuong phap dé xuat vao bai
toan diéu khién tuy dong robot van chuyén
hang hoa, thuc nghiém cho thay phuong phap
dé xuat khac phuc duoc van dé udc luong qué
muc gia tri q (qué trinh huan luyén 6n dinh),
gia tri ham mat mat giam dan theo thoi gian
(i tu nhanh).

2. PIEU KHIEN ROBOT S’ DUNG HOC
TANG CUONG SAU [7]

2.1. Bai toan diéu khién robot str dung hoc
tang cwéong sau

a) Khéng gian trang thai: dugc mo ta boi cac
thong sb nhu vi tri, van téc, goc quay

b) Bo diéu khién: Puoc lap trinh dé thyuc hién
cac hanh dong can thiét, ban chat 1a s dung
mang neural sdu dé xap Xi c&c trang thai va
hanh dong cua robot.

¢) Muc tiéu: Robot di chuyén dén vi tri lay
hang, thuc hién nang hang va dua 1én ké.

Muc dich ctia hoc tang cuong sau trong bai
toan diéu khién robot 12 huin luyén mang
neural sau dé dy doan chudi cac hanh dong ti
wu, nghia 13 st dung mang neural dé ugc tinh
cac ham gia tri trang thai va ham gia tri hanh
dong: (s; ), Q(s,a; 0), véi 0 1a cac trong
s6 cua mang neural sao cho tong gia tri phan
thuong (Total reward) trong qua trinh tuong

tac véi moi truong 12 16n nhit cé thé.
2.2. M6 hinh déng hoc cua xe nang hang
2.2.1. M6 hinh robot xe nang hang

Xe nang hang 4 banh, c6 gia dd va thanh ngén
& phia trudc, déng thoi duoc trang bi camera.
Gia d& c6 thé nang Ién hodc xudng, thanh
ngin c6 thé nghiéng vé phia trude hoic ra sau.

(@) (b)
Hinh 3. a) Xe nang hang b) Nha kho

C6 tong cong 18 ké hang dugc dat xung
quanh nha kho bao gém 3 ngin dé dat hang.
Nhiém vu cua chuong trinh 1a phai diéu khién
robot ty dong di dén ding vi tri d&é nhan hang
va dua hang vao cac ké.

2.2.2. M6 hinh déng hoc

Trong bai toan diéu khién robot van chuyén
hang hoa bang hoc ting cudng sau, phan diéu
khién chia lam hai phan:

= S dung mot s6 phuong trinh dong luc hoc
thuc hién diéu khién banh xe di chuyén:

7, =d*mF

- Pé tang toc:
7, =d*mF

Trong d6 7,,7, la luc momen xoin tac dong
Ién banh xe bén trai va bén phai; d: diéu chinh
hudng quay cua banh xe: d = 1, quay banh xe
theo chiéu kim dong hd, va xe di chuyén tién,
d = -1, quay banh xe ngugc chiéu kim ddng

ho, xe di chuyén I0i; mF: Luc quay béanh xe.

- Chinh goc lai: a=a*sd

Véi a: goc lai cua banh xe; sd : Biéu chinh
huéng cua goc lai, néu sd= 1 lay goc lai
nguoc chiéu kim dong hd (ré trai), sd=-1 la
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lay gbc lai theo chiéu kim ddng ho (ré phai).

» Sur dung md hinh hoc sdu: Muc dich dung
mang neural sdu, dé thu dugc cic gia tri g
value, mdi gia tri q value s& tuong ung véi
mot hanh dong can thuc hién cia xe nang
hang. Cu thé, trinh md phong gui cho tac tir
hinh anh RGB c¢6 kich thudc 128x256 thu
duoc tir camera trugc cua xe nang hang qua
localhost. Téc tir lya chon action twong ung,
sau do gui action do cho trinh mé phong.
Trinh mé phong nhan action tir tac tur va thuc
hién hanh dong twong Gmg nhu cho xe tién, 10i,
ré trai, ré phai, ha xuéng, nghiéng trudc...

Hanh dong
o _ =Pimgyvén
= Tién
=Lin
= RE trai

Trang thai
= Anh mau
RGB xép

. N = R& phai
chong 4 lan

= Phanh
= Ning 1én
= Ha xudng

Phén thiréng

= Nghiéng trede
= Nghiéng sau

Mo1 triromg -« |

Hinh 4. M hinh diéu khién robot van chuyén
hang héa
Trong hinh 4 thong tin dau vao la trang thai
hién tai caa d6i teong: 12 mot anh RGB dugc
chup tir camera trude c6 kich thudc 128x256.

Pau ra caa mang la mot hanh dong cho biét
cac lénh diéu khién nao sé& duoc thuc hién dé
diéu khién chuyén dong, chang han lénh nang
lén, ha xubng, nghiéng truéc, nghiéng sau.
Khi robot hoan thanh mot nhiém vy, Agent sé
nhan duoc phan thuéng néu mot trong cac
diéu kién sau xay ra: +2 robot di dén ding chd
nhan hang, +5 khi dat hang vao dting ké hang,
~0.001 tai mdi timestep, —4 khi danh roi hang
trén duong, —5 khi xe bi lat.

3. KIEN TRUC DEEP Q NETWORK (DQN)
VA MQT SO KY THUAT CAI TIEN [1] [2] [4]
[5]

3.1. Kién triic Deep Q Network [1]

DQN ban chat 1a 1 mang neural nhiéu lép, st

dung dé udc luong Q value cho mdi trang thai
twong ng, véi moi trang thai s, dau ra la
mot vector chta cdc gida tri hanh dong
Q(s,a;0)véi 0 la cac tham s6 cua mang, néu
khong gian trang thai c6 n chiéu, va khong
gian hanh déng m chiéu, mang neural 1a mot
ham tir R" sang R™. Cong thic udc luong Q
value theo khai trién Bellman, trong DQN:

Quge (8:2) =1(s,2) + 7 max(Q(s,.1.2) ) (1)

Trong d6: Qiarge:(s,a) la gia tri hanh dong
Q uac tinh cho trang thai s va hanh dong a véi
mo hinh mang neural c6 trong s6 ; s,,: La
trang thai méi ma moi truong chuyén sang sau
khi thuc hién hanh dong a trong trang thai s;
r(s,a): Phan thuéng nhan dwoc khi agent
tir trang thai s thuc hién hanh dong a;y: La
hé s6 chiét khiu (nam tr 0 dén 1);
max(Q(sHl,a')): Gia tri Q 1on nhit dugc wdc
tinh cho trang thai s, bang cach s dung
mang neural véi trong s6 @', trong sé nay cap
nhat cham hon. Hanh ddng dugc chon tai
trang thai s, dugc udc tinh sir dung mang
neural véi trong s6 @’. DQN s& nhan dau vao
la cac anh, anh nay duoc truyén qua mang va
cho dau ra 1a vecto Q value cho mdi hanh
dong tuong tng trong trang thai do. Muc dich
can tim Q value 16n nhat trong vecto dau ra dé
dat dugc hanh dong tot nhat.

3.2. Mét sé ky thuat cai tién DQN
3.2.1. Fixed_Q Target [2]

P3i ¢6 nhiéu chién luoc cai tién DON, ban
chat cua cai tién DQN la du doan Q target sao
cho sai sb giita Q target va Q value cyc tiéu.
Cong thiac udc lugng Q value trong DOQN st
dung phuong trinh Bellman (1), tuy nhién vén
dé nay sinh d6 1a sir dung cing bo tham sb dé
wdc tinh Q value va Q target, két qua Ia tai
mdi budc cua qua trinh huan luyén Q value
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thay d6i nhung Q target ciing thay d6i theo,
dan dén sy giao dong Ion trong huan luyén.

Fixed_Q Target duoc dé xuat boi Mnih et al.
voi ¥ tuong su dung thém mot mang Q
(mang dich) véi tham sb 6, mang nay tuong tu
nhu mang Q (mang chinh). Mang chinh
duoc sir dung dé tao ra cac woc tinh Q value
cho mot trang thai va hanh dong, trong khi
mang dich duoc sir dung dé cung cép gia tri
muc tiéu dé cap nhat mang chinh. Nhu vay
dung hai mang Q va Q véi muc dich sao
chép cac trong s6 tir mang Q luu sang mang
Q tai mdi budc thoi gian t, diéu nay s& cb
dinh Q target trong mét khoang thoi gian gitp
qua trinh huan luyén 6n dinh hon. Cong thuc
udc lugng Q value:

Quarger (5,@) = (s,@) + max (Q (Seas a'))(2)

Trong d6 7(s,a) la phan thuong nhan duoc
khi chuyén tir trang thi s sang trang thai s,
sau khi thuc hién hanh dong a,y 1a hé sb
chiét khau, max(Q(s...a)) la gia tri Q lén
nhat cua trang thai s,, va cic hanh dong a'
dugc tinh todn boi mang dich.

3.2.2. Double Deep Q Network (DDQN) [4]
DDQN la mét cai tién caa DQN, gilp cai
thién kha nang hoc. Trong DQN sur dung mot
mang neural dé wdc tinh gia tri Q cho céc
hanh dong trong mot trang thai, cong thirc uéc
tinh gia tri Q tir phuong trinh Bellman (1) nay
sinh van dé sau: Lam thé nao chac chan rang
hanh dong tét nhéat cho trang thai ké tiép la
hanh dong dat Q value tét nhat. Két qua la
ngay trong giai doan dau cua qué trinh huan
luyén khong du thdng tin vé hanh dong tot
nhét can thyuc hién, do dé khi 1y Q value cuc
dai c6 thé din dén két qua duong tinh gia
(false positve). Néu cac hanh dong khong toi
uu thuong xuyén cho ra Q value cao hon Q
value cua hanh dong tét nhat viéc huan luyén

tré nén phuc tap, day l1a hién tuong udc luong
qua muc Q value.

DDQN dugc dé xuit boi Hado van Hasselt,
phuong phap nay giai quyét vin dé udc lugng
qua muc gia tri Q value — van dé udc tinh qua
cao hoic qué thap gia tri hanh dong, trong
phuong phap nay st dung 2 mang neural Q,
va Q,riéng biét udc tinh gia tri cua hanh
dong trong mot trang théi, cu thé mang Q,sur
dung dé lya chon hanh dong ti wu (tot nhat)
cho trang thai hién tai (hanh dong c6é Q value
cao nhat), trong khi mang Q,duogc sir dung
dé wac tinh gia tri Q twong lai (Q target) cua
hanh dong duoc chon bai mang tha nhat.
Cong thac ude lugng Q value:

Qz (S, a) = r(s,a) + 7*Q1 (Stwarg max (QZ (S”l’ a))) (3)
Q,(s.a)=r(s,a)+7*Q,(s.,.argmax(Q, (s,,..a)))(4)

DDQN gilp giam hién tuong udc lugng qua
mtc Q value, ddng nghia v6i qué trinh huan
luyén 6n dinh hon, cai thién kha nang hoc.

3.2.3. Prioritized Experience Replay (PER)
(5]

Trong thuat toan hoc tang cuong sau, viéc tai
su dung kinh nghiém trong qué trinh hoc
tuong d6i quan trong. DQN str dung b dém
(replay buffer) dé luu trit kinh nghiém cua cac
trang thai, hanh dong, gia tri, phan thuong va
trang thai tiép theo. Khi huan luyén mang
neural, cac mau duoc ldy ngau nhién tir bo
dém nay dé huan luyén. Tuy nhién cac mau
trong bo dém khéng cd gia tri nhu nhau ddi
véi qua trinh hoc, cAc mau tuong tac voi moi
truong trong qua khir gan day co thé co gié tri
cao hon ddi véi viéc cap nhat mang so véi cac
mau tuong tac trong qua khtr 1au doi hon, diéu
nay c6 thé 1am giam hiéu suat hoc. Muc dich
can tim kinh nghiém dé gia tri sai s giira Q
target va Q value 16n nhat s& c6 do wu tién cao
nhat. Do thuc hién Idy mau theo 16 (batch) -
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lya chon cac kinh nghiém mot cach ngau
nhién - nén nhitng kinh nghiém quan trong
thuc té khong phai lic nao ciing duoc lya
chon. PER dugc dé xuit boi Tom Schaul vao
nam 2016, y tuong mot vai kinh nghiém
(experience) quan trong hon kinh nghiém
khac nhung c6 tan suit xuit hién it hon so v&i
kinh nghiém binh thuong, sir dung PER ting
hiéu qua cua viéc tai sir dung kinh nghiém
trong qué trinh hoc. Giai phéap trong PER,
thay vi luu trir cac trang thai theo thir tu, PER
sap xép cac trang thai theo muc do anh huong
cia chung dén viéc hoc va luu trir cac trang
thai nay véi do uu tién cao hon, hay ndi cach
khac chinh 1a thay dbi phan phdi ldy mau,
bang céch sir dung mot tiéu chi dé xac dinh do
wu tién — priority cua moi bo kinh nghiém,
dinh nghia nhu sau:

P, =|Quet (5:2)—Q(s,2) +¢] (5)
Dé tranh hién tuong overfitting, Tom Schaul
dd dé xuat xé&c suat chon do uu tién theo cong

(6)

a

thirc sau: P (i) = B

2P
i=1

a la tham sé diéu chinh sy ngau nhién;

a =0 experience s& duoc chon ngau nhién;
a =1: chon experience cé priority cao nhat.
Két qua la trong mdi budc thoi gian, s& co
mot 16 cac mau dugc iy voi xac suat  trén,
cdc mau nay dugc luu trén bo dém wu tién
(Priorized Experience Replay), duoc su dung
dé huan luyén mang.

4. KET HOP DDQN, FIXED_Q TARGET VA
PER, NG DUNG DIEU KHIEN ROBOT

4.1. Két hop DDQN, Fixed_q target, PER
Khi dung hai mang Q,, Q, trong DDQN

van con tdn tai han ché: do cac trong sé trong
Q,, Q, bi cap nhat lai sau mdi lan training

dan dén; (erget(S,a),szlarget(s,a)) thay doi
theo 1am cho viéc huan luyén mé hinh khdng
6n dinh. Do d6 két hop véi ky thuat Fixed_Q
Target d¢ co dinh (letarget(s,a),sztarget(s,a))
bing 2 mang Q,, Q, trong mét khoang thoi
gian gilp viéc huan luyén 6n dinh hon, dong
thoi khic phuc duoc hién twong wdc luong
qua mac Q value, nhung khi d6 can dén 4
mang neural trong d6 2 mang can huan luyén
s€ lam tang thoi gian hoi tu caa mé hinh.,
Giai phap dé xuit: tan dung wu diém cua 2 ki
thuat Fixed_Q Target va DDQN, va chi s
dung 2 mang neural. Cong thtc udc lugng Q
value nhu sau:
Q(s,2) = r(s,8) + 7Q(s...,argmax (Q(s,,.,a)) ) (7)
Pong thoi két hop thém ki thuat PER dé lay
mau tir bo dém phat lai, giup qua trinh huan
luyén hiéu qua hon.
Ma gia:
PAau vao: Anh véi kich thuéc 256x512x12,
Pau ra: Q value cho mdi hanh dong.
Khai tao bd nhé M véi kich thuée N
Khoi tao ham gia tri hanh dong @ voi cac
trong s6 ngau nhién 6.
Khaoi tao ham gié tri hanh dong § target voi
c4c tham sé ngau nhién 8 = @
Khai tao cac siéu tham s6 «, B, ¢, u
For episode = 1 to episode 16n nhat do
V6i quan sat s,
Fort=1toTdo
Chon a; = softmax(Qg(ss,.))
Thuc hién hanh déng a; trong md phong,
quan sét trang thai s;.; va phan thuéng 7p4,
thu duoc.
Luu trir gid tri(s,,a,, f,,,S.;) Va0 bd nhé M .

Tai mdi giao dich, thuc hién lay n mau ngau
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nhién (s,.a,r.;,S.,) tirbo nho M.
bat:
r; if episode end step j+1
Yi = {rj +7Q(s;.1.argmax(Q, (s,,,,a))), else
Tinh d0 wu tién:

= (0 (52,)~Qu (5.2, ) + &)

Thuc hién cap nhat gradient descent véi cac
tham s6 &:

(}’a‘ — Qs (s;. aj})z

Cap nhat cac tham s6 @ cua mang dich:
éz(l—,u)*éJr,u*é(OSySl)

End
End
4.2. Thiét 1ap khéng gian mé phéng
Moi truong md phong dugc xay dung bang
game engine Unity va ML-Agent toolkit.

Khéng gian mdé phong chia mot mét lan
duong, mot nha kho, xe ndng hang, hang hoa.

Dt liéu thu duoc lién tuc tir camera truéc cua
xe nang hang la hinh anh véi 3 kénh mau
RGB xép chong 4 lan, dya vao hinh anh do xe
phai dua ra hanh dong twong tng. Tai mdi
budéc thoi gian t, mdi trudng md phong tra vé
tensor s; c6 sd chiéu 256x512x12, chuong
trinh diéu khién dua ra hanh dong a, moi

Convolution

B 0 0

|
-
|
]

Convolution

trudng md phong s& di chuyén sang budc thoi
gian t+1 va tra vé phan thuong ru; va
tensor Sg1. Chuong trinh luu kinh nghiém
(S.@,1.1,S.1) raod cing dé huan luyen.

4.3. Kién tric mang diéu khién robot

Kién tric mang dwoc minh hoa trong hinh 5:
Str dung mang CNN duogc xay dung dua trén
md hinh VGG16 [3] vai 13 lop tich chap
(convolution), sé lwong tham sé 1.180.778,
anh dau vao dugc xui ly qua 13 I6p
convolution, 5 I6p ldy mau Maxpooling lam
giam sé chiéu cua anh, cudi cung 1a 1 1op két
ndi day du (fully connected) véi ham kich
hoat ELU dé chuyén dau ra tir 16p phia truéc
thanh ma tran c6 s chiéu 10, mdi gia tri cho
ra gia tri wéc lugng Q value cia mdi hanh
dong, téng cong co 10 hanh dong: 0. Pung
yén, 1. Tién, 2. L0i, 3. R& tréi, 4. R& phai, 5
Phanh, 6. Nang lén, 7. Nang xubng, 8
Nghiéng trudc, 9. Nghiéng sau.

* DAiu vao: Anh mau véi kich thudc 256 X
512 x 12 xép chong 4 lan.

= PAu ra: Q value tng véi mdi hanh dong.

Sau khi str dung mang neural s&u cho ra cac
gia tri q value, twong ttng Vva&i cac hanh dong
cua robot, st dung cong thuc (7) cua ky thuat
hoc ting cudng dd dé xuit dé uéc luong gia
tri Q target.

Fully

Convolution connected

= Pimng yén

= Tién

=L

= Ré& tra1

= Ré phai

= Phanh

= Nang lén

= Ha xuéng

= Nghiéng
trurde

= Nghiéng
sau

EEREEE

R RN

Hinh 5. Kién tric mang neural st dung diéu khién robot
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4.4. Tinh chinh siéu tham sé

Tinh chinh tham s6 1a tim tap tham sé phu hop
nhat dé xay dung md hinh tir tap dir liéu. Céc
tham s can tinh chinh 1a: ham kich hoat, ham
t6i wu, téc do hoc, batch size, epoch. Trong
md hinh nay su dung ham kich hoat ReLU
cho lop tich chap, va ham kich hoat ELU cho
I6p fully -connected.

DPé huin luyén md hinh can st dung thuat
toan téi wu, ching toi sir dung thuat toan tdi
wu adam [6], trién khai adam véi cac tham sé:
learningrate = 0.001, B, =0.9, 5, =0.999,& =1le -7

Thuc nghiém huan luyén mé hinh véi 200
episode (mdi episode s& két thuc khi xe bi lat),
mang neural duoc huan luyén véi sé epoch la
1 va batch size 1a 32, tur tap dit liéu géom 128
mau liy tir bo dém theo ky thuat PER tai
mdi budce thoi gian (timestep).

Trong hinh 6 minh hoa anh chup mot thoi
diém thyuc nghiém. Két qua dau ra I1a cac vecto
Q value c6 sé chiéu 10, xe nang hang cin ctr
gia tri 1on nhat trong vecto nay dé thuc hién
hanh dong va nhan phan thuong tuong tng

Hinh 6. Robot thwc hién hanh déng nghiéng trwéc
5. KET QUA VA THAO LUAN

Trién khai phuong phap dé xuit trong mdi
truong mé phong diéu khién xe nang hang,
danh gia, so sanh hiéu qua cua phuong phap
dé xuat (dé thuan tién ky hiéu DFDP) voi
DQN truyén théng st dung d6 do:

+ mean Q value la gi4 tri trung binh cua céc
gia tri Q (duoc tinh bang lay téng céc gia tri Q
cua tat ca cac hanh dong trong mot trang thai
chia cho sb luong hanh dong), danh gia mean
Q value theo thoi gian 1a cach dé theo ddi
murc d6 hoc cia md hinh, néu mean Q value
tang theo thoi gian do6 1a tin hiéu cho thiy mé
hinh dang hoc dugc cach uéc tinh Q value tét
trong cé4c trang thai khac nhau, nguoc lai: Néu
mean Q value giam theo thoi gian cho thiy
mo hinh dang gap kho khan.

+ total reward: Tong phan thuéng thu duoc
trong qué trinh tuong tac véi moi truong, day
la mot théng sé quan trong dé danh gia hiéu
qua thyc hién cac hanh dong trong hoc ting
cudng, néu robot thuc hién hanh dong hiéu
qua (di dén chd nhan hang, dit hang vao ké),
tong phan thuong cang lon.

+ Str dung ham mat mét (loss function) mean
squared error (MSE) [7], dé danh gia mutrc do
hoi tu cia mod hinh.

1 T
MSE == (.= 7. ®
i=1

Trong d6 n 14 s6 luong diém dir licu, y; 1a gia
tri dau ra thuc té cua diém dir liéu thar i, 7; 1a
gia tri dau ra du doan cua diém dix liéu thir i.
Gia tri ham mat mét giam qua ting timestep,
déng nghia v6i md hinh hoi tu nhanh va
nguoc lai.

Quan sat hinh 7, tir episode 0-50, 2 m6 hinh
cho mean Q value tang kha nhanh, trong giai
doan nay DQN tang nhanh hon so v4i DFDP,
do cac trong s6 chua dugc toi wu vi vay cac Q
value udcC tinh trong giai doan nay khéng
chinh xac va c6 thé khac xa so véi Q value
thuc té. Khi moé hinh duoc tiép tuc huan luyén
thi ca 2 mo hinh déu hoi tu tai gia tri 10 trong
episode 50 — 75.
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Bang 1. Bién déng trung binh Q value ctia DQN va DFDP

—
o pisode | 100 125 150 175 | 200

Thuat giai

DON 10039 | 10082 | 9661 | 9680 | 9.736 | 9.431

DFDP 10281 | 10023 | 10.0834 | 9.844 | 10.069 | 10.0854

Mean Q Value

12

10

Mean Q Value
o

[— DQN

—— DDQN + Fixed Q Target + PER

[«] 25 50 75 100 125 150 175 200
Episode

Hinh 7. Trung binh gia tri Q cia DQN va DFDP

Tur episode 75-200 mean Q value cia DFDP
tang nhe dan déu, diéu nay cho thay mo hinh
dang wdc tinh Q value tot (khdng xay ra hién
tugng xap xi qua mic) déng nghia véi qué
trinh huan luyén 6n dinh, nguoc lai trong
DQN, mean Q value bién dong 1én xuéng va
giam dan nghia 1a mo hinh dang gip kho khin
trong qua trinh huan luyén (bang 1).

Total Reward
66.0

—— DQN
—=— DDOQN + Fixed Q Target + PER

Total Reward

o 25 50 75 100 125 150 175 200
Episode

Hinh 8. Téng phan thwéng ctiia DQN va DFDP

Quan sat biéu d6 hinh 8, tir cac episode
75-150 (giai doan 6n dinh), cac gia tri tong
phan thuéng cua DEDP déu 16n hon cac gia
tri tong phan thuong cia DQN. Tur episode
150-200 (giai doan cudi cua qua trinh huin
luyén) gia tri tdng phan thuong caa DQN 16n
hon DFDP. Trong trudng hop tét nhat tong gia

tri phan thudng cia DFDP dat gié tri 366, cua
DQN 1a 273. Qua d6 cho thay sir dung DFDP,
robot da dua ra cac hanh dong hiéu qua hon
DQN trong mdi truong mo phong.

Loss gita DQN va DDQN + Fixed Q Target + PER

061184
0.6 —— DQN
—— DDQN + Fixed Q Target + PER

0.5

0.4

0.3

Loss

0.2

0.1
0.05152

0.00855 0.00244 0.00082
3 0017

0.0

5000 10000 15000
Timestep

20000

Hinh 9. So sanh gia tri ham méat mat giva DQN
va DFDP

Tir hinh 9 cho thay gia tri ham mat mét (loss)
trén tap huan luyén cia DFDP giam dan déu
theo cac budc thoi gian va thap hon so véi
DQN, trudng hop tét nhat loss caa DFDP 1a
0.00017 ctia DQN 14 0.00082, diéu nay ching
minh DFDP hoi tu nhanh hon DQN.

6. KET LUAN

Nghién ctru hoc tang cuong sau utng dung
trong diéu khién 1a van dé phirc tap va thu hat
nhiéu nghién ctru. Dya trén cac nghién ciu vé
thuat giai hoc tang cuong sau DQN, cac ky
thuat cai tién DQN: Fixed_Q Target, DDQN,
PER, chiing t6i dé xuat mot mé hinh hoc hinh
hoc ting cudng siu méi DFDP dura trén su két
hop: Fixed_Q Target, DDQN, PER, dong thoi
st dung md hinh hoc sau VGG16 xir ly anh
dau vao thay cho CNN don gian trong thuat
toan goc. Ap dung mod hinh diéu khién xe
nang hang, thuc nghiém cho thidy mé hinh dé
xuat khac phuc duoc hién tuong uéc lugng
qua muc gia tri g va hoi tu nhanh hon DQN.
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