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TOM TAT

Hé thdng ning ha than gian (JS) cho gian khoan tw ning (JuR) tai Viét Nam hiu hét
dang van hanh ban tw déng. Trong bai bdo nay, nhém tac gia tip trung phat trién
giai thuat hoc ting cwong (RL) ning cao chit lwgng diéu khién cho S, véi gia tri
tham s6 diéu khién co s& Ty 1&-Tich phan-Vi phan (PID) dwoc chinh dinh thich nghi
qua cac 16p mang hoc ting cwdng. Hai kich ban thi nghiém cho giai phap dé xuit
dworc thuwe hién trong diéu kién ngoai khoi c6 tac dong tir cac thanh phin séng, gio,
va dong chay, trén méi truwedng tinh todn Matlab 2023b. Cac két qua cho thiy rang
hanh trinh ning than gian ludn bam sat gia tri mong mudn. Bén canh dé, giai phap dworc
so sanh va danh gia véi mang no-ron hoi quy (RNN) mang lai két qua c6 thoi gian dap
ng nhanh hon, dd vot 16 va sai s6 xac 14p nho hon, di xac nhan hiéu qua cua giai phap
dé xuit.
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ABSTRACT

The Jacking System (JS) for Jack-up Rig (JuR) in Vietnam mostly operates semi-
automatically. In this paper, the authors focus on developing a reinforcement
learning (RL) algorithm to enhance control quality for ]JS by adaptively adjusting the
basic Proportional - Integral - Derivative (PID) control parameters through
reinforcement learning network layers. Two testing scenarios for the proposed
solution were performed in offshore conditions with the impact of wave, wind, and
current components, on the Matlab 2023b computing environment. The results
show that the JS lift the hull follows the desired value. Additionally, the solution was
compared to a Recurrent Neural Network (RNN), which demonstrated faster response
times, reduced overshoot, and lower steady-state error. This comparison confirms the
effectiveness of the proposed solution.
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1. Gi&i thiéu

Gian khoan tw ning 1a c6ng trinh pho bién
dwoc st dung trong khai thac diu khi ngoai
khoi nho kha nang di chuyén linh déng gitra
cac dia diém khoan. Tuy nhién, viéc thiét 14p
va c6 dinh két ciu than gian chuln bi cho cac
cong tac khoan tham do hay khai thac bao
gom nhiéu quy trinh phirc tap, doi héi tuin
thd nghiém ngat cac quy dinh. Trong dé, qua
trinh ning ha déng vai tro then chét gitp gian
on dinh trong qua trinh hoat dong ngoai khoi.
Néu than gian khong cin bang, trudec tién sé
dan t&i hw héong cac két cdu dan dong cho hé
thong nang ha cling nhw nguy co giy do than
gian [1]. Cu thé, theo tiéu chudn ISO 19905-
1:2023, goc 1éch truc doc va truc ngang khong
1é6m hon 1 do [2]. Do d6, qua trinh diéu khién
phai ddm bdo tin ciy va 6n dinh cao. Pa cé
nhiéu nghién ctu dwoc thwc hién nham dap
rng yéu cau trén trong qua trinh vin hanh
gian khoan. Mot s6 phwong phap diéu khién
dwoc dé xuat nhw thong minh [3], lai ghép [4],
thich nghi [5], va mang no-ron [6] cling da cho
thdy tinh hiéu qua va 6n dinh trong moi
trwong hoat ddng thuc té.

Do nhitng yéu cau khit khe cia hé théng
dong luwc, cac thudt todn dwoc dp dung phai
dat do tin cdy cao. Trong dé, thuat toan kinh
dién nhw PID c6 nhitng wu diém da dwoc
chirng minh trong cac hé thong diéu khién
thwc. Tuy nhién, cic thuit todn kinh dién chi
mang hiéu qua tot véi hé thong tuyén tinh co
it sw nhiéu dong tir bén ngoai. Cac thuat toan
c6 kha nidng hiéu chinh cac thong s6 b6 diéu
khién nham gia ting kha ning thich nghi, dic
biét 1a &ng dung trong diéu khién cac déi
twong phi tuyén [7]. Tuy nhién, viéc trién khai
thuc té lai phat sinh nhiéu van dé do cac ciu
trac hé thong phirc tap, c6 nhiéu tham so
khong chic chan bién d6i theo thoi gian. Do
do, yéu cau cac thuat todn khéng nhirng c6 kha

nang thich nghi cao ma con phan ng tot véi
tac dong ctia thanh phAn nhiéu dong ngoai vi.

Cac k¥ thuit diéu khién ning cao rng dung
mang no-ron ngay cang phat trién manh mé.
Trong d6, ky thuit hoc may (ML) c6 wu thé
trong cong nghiép véi thoi gian dap wng
nhanh, trong khi dé ky thuat hoc sau (DL)
mang lai hiéu qua v&i nhitng hé théng cé cau
trdc phirc tap va tham so6 bién d6i theo thoi
gian. Bén canh do¢, ky thuat hoc tang cwong
(RL) lai hiéu qua cao cho cac doi twong c6 tinh
chit phi tuyén cao, doi hoi kha nang thich nghi
va yéu ciu do chinh xac cao [8]. Tiéu biéu, ky
thuat RL dwoc ap dung trong diéu khién tau
[9] cling nhw diéu khién ré-bot bdm hanh
trinh [10].

Qua trinh nang ha than gian khoan dwoc
thuc hién trén nén cu tric phitc tap dé bi anh
huwdng béi cic yéu t6 vat ly, cling nhw tc dong
ctia méi trwong cling gy ra tinh phi tuyén cao.
Bai bao nay phat trién RL trong diéu khién qua
trinh nang ha than gian vé&i cac dong gop
chinh nhw sau: i) M6 hinh hoa gian khoan ty
nang trén moi treong tinh toan Matlab; ii) Xay
dung va huin luyén mo hinh RL cho qué trinh
diéu khién nang ha than gian khoan c6 xét dén
nhiéu dong clia méi trwong; iii) Thuc hién cac
kich ban thir nghiém va so sanh véi cac giai
phap twong dong dé minh chirng tinh kha thi
cua dé xuat.

Bai bao dwoc ciu tric gom cac phén sau:
Phan II trinh bay m6 hinh dong lwc hoc cua
JuR. Phén III mo6 ta quy trinh xay dung b6 diéu
khién RL cho qua trinh nang ha thin gian. Cac
kich ban mo phdéng va thao luin két qua sé
dwoc trinh bay & Phan IV. Phin V dwa ra cac
két ludn va hwéng phap trién cho nghién ctru.

2. Thiétlap van dé
2.1. M6 hinh héa JuR

JuR dwoc thiét ké véi ba chan tru két ndi vai
than gian noi dat cac thiét bi vAn hanh phuc vu
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cong viéc tham do va khai thac. Qua trinh di
chuyén 1én xudng cua than gian dwoc cung cip
bé&i cac dong co dwoc gan truc tiép 1én than
gian. Dau ra cta dong co 1a truc banh rang dn
khép véi cac thanh rang dwoc bo tri tai chin
gian. Khi 2 b phin két hop véi nhau tao
thanh truyén dong banh thanh rang gitp than
gian di chuyén lén chiéu cao H twong tng
chuyén dong theo truc Z, dwoc mo ta tai Hinh
1. Than gian khoan di chuyén 1én xuéng cin
phai dong bd hoa gitra 3 chan tru. Trong thuc
té, viéc gilt cAn bang ludn gip kho khin khi
diéu khién dong bd ca 3 chan try, do sai léch
gitra cac chan dan dén mit san bi nghiéng. Cac
géc nghiéng clia gian bao gdbm goc nghiéng
truc doc (Pitch = 6p), va géc nghiéng truc
ngang (Yaw = 6y).

%
o X

Hinh 1. Téng quan md hinh gian khoan tw nang.

Co ciu dong luc chuyén doi tin hiéu diéu
khién thanh cac 1énh diéu khién (nhw huéng
quay, téc dd va mo-men xoan) dé phan phdi
cho cac bd phan dong luc. Cac dong co & chan
gian sé chuyén dong xoay theo 1énh diéu khién
nham nang va ha than gian. Hé phwong trinh
vi phan mo ta dong hoc JuR béi [11], [12]:

d’x _ dx
F'FCE'F KX(t)ZT(t) (1)
Trong do,

[M]=[[MLIM],[M]]
[K]=[[KLIKL[K]] @
{x}= {{X}l{X}Z{X}S}

{7} ={{r}{z}.{z}:}

V&i M 1a tong trong lwong clia JuR, Cva K1a
hé s6 gidm chin va d6 cirng cia hé thong.
Trong nghién cru nay, mo hinh JuR c6 cau
trdc 3 chan tru nén cac thong s6 hoat dong cia
gian dwoc tong hop theo cong thirc s6 (2). Bén
canh do, t(t) biéu thi lwc nang than gian sinh
ra béi JS, phat xuit tir chuyén dong quay trén
truc dong co thong qua co ciu thanh rang
banh ring lam dich chuyén than gian. Do dich
chuyén cta than gian dugc xac dinh béi

x(t) = RO(t) 3)

Trong d6 R 1a ban kinh ctia banh rang, va
0(t) 1a géc cia banh rang. Tw (1) va (3),
phuong trinh dong luc hoc than gian JuR duoc
viétlaila

Ms’RO(s)+CsRO(s)+KRA(s)=7(s)  (4)

Ham truyén ciia mé hinh déng hoc JuR la

_0(s) _ Ke
MR r(s) Ms? + Cs + K ()

V6i ke = 1/R 1a hé s6 chuyén ddi trong
chuyén déng quay thanh tinh tién. Than gian
khoan dwgc ning lén qua gia d& va hé thong
banh rang. Hé dong lwc st dung cac dong co
DC cung cdp mod-men xoan cho hé théng
truyén dong dwoc tinh toan nhuw sau:

LI, +RI, + KW =V p
= K, (©)

Trong d6, K¢ 1a hang s6 md-men xo0an va K
12 hiang s6 phan dién dong. V 1a dién 4p dau
vao, I 1a dong dién phan tng, Rq 1a dién tré
phan rng, W 1a vin téc goc va Lq 1a dién cam.

Mat khéc, J 1a quan tinh roto va Dq 1a hang
sO6 ma sat nhét, ham truyén ciia dong luc hoc
nang dwoc trinh bay nhw sau:
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k
Gy, = .
™ ILs +(RJ +L,D,)s+(R,D, + K,K,) (7)

Tl phwong trinh (5) va (7), ham truyén cua
hé théng ning ha dwoc xac dinh
ke
Ms® + Cs + K~
; (8)
t
LSt + (RJ + LD,)s + (R,D, +K,K,)

GC=0nGyp =

Ghi chui 1: Két ciu nang ha than gian c6 tinh
chit phi tuyén cao bao gobm cac hé s6 khong
chic chan phét sinh tir két cAu co khi. Ngoai ra,
cac yéu t6 xuit phap tir sy sai léch cia hé
thong cam bién trong qua trinh do lwong
trang thai cua gian cling gy ra cac yéu to
khong chac chidn trong qué trinh van hanh.

2.2. Tac dong méi trwong

Cac tac dong moi truedrng bao gbm song, gio,
dong chay, dac diém day bién va do siu giy ra
céc sai léch cho qué trinh diéu khién. Trong
dé, cac anh hwdéng moi tredong la nguyén nhan
chinh gy ra sy mat 6n dinh dwgc mo ta boi

T4 (t) = Tséng (t) + Tgié (t)+ Tdbng (t) (9)

Thanh phin séng anh huwéng dén hé
thong nang dwoc xac dinh [13] nhw sau:

Tung ()= [%e Yoo ] (10)
o', =Xy
(11)
X'H = - Za)OXH — a)20.5>< +K(ua)x
'y = Yu
(12)
Y'Yy = = 200, - 6020.5y +way
Sy =¥y
(13)
Vs = = 200y - 0)20-5,/, +K,o,

Trong do6, wo la tin s séng v&i 6 1a hé so
bu lién quan va K 1a hé s6 mat do séng, va
wx, wy, wy thé hién nhiéu tring Gausse.
Thanh phan gi6 &nh hwdng dén do 6n dinh

ndi clia gian va phu thudc vao dién tich chin
gi6, van toc, hinh dang két cau va chiéu cao.
Lwc gi6 dwoc tinh theo cong thirc sau [14]:
Tgio (t) = [Xgi()’Ygié ]T
X, = 0.5C, .0,.p,V, 2A
Y,o = 05C, .g,.0,V,2A,

(14)

Luc tdc dong cta gié Ar dugc biéu dién
bang Cx va Cy. Vr va gr1a toc dd va hudng gié
tac dong lén gian. Dong chay c6 van téc thay
déi theo thoi gian, khéng gian, va do sau.
T6c d6 twong do6i ciia dong chdy dwoc mo ta

u, = Veeosg, — ¢ — D,

c

v, = Vosp, — &, — D,

c

(15)

z-d()ng = [uc ! Vc ! O]T

V&i ucva ve biéu dién thanh phan téc do
dong chdy, @ va @y thé hién ciu hinh goc bi
anh hwdng béi cac gia tri tn so thap va cao.

Ghi chu 2: Trong diéu kién méi trwong
nhiéu loan bién d6i theo thoi gian, viéc thiét
ké bo diéu khién cho hé théng gian khoan
nang ha thwong béd qua anh hwéng cia cac
yéu t8 nhiéu dong, dan dén chat lvong diéu
khién chwa t6i wu.

Dé cai thién kha nidng thich nghi, cac giai
phap diéu khién dwoc huin luyén truc tiép
tlr tap dit liéu cé6 anh hwdng moi trwong tré
nén cip thiét, gitp hé thong nhan dang chinh
xac thanh phan nhiéu dong va phan &ng kip
thoi. Thiét 1ap gidi phap diéu khién dé xuat
sé trinh bay chi tiét trong phin sau.

3. Piéu khién ning ha thin gian JuR sw
dung RL

3.1. Cdc giai dogn va muc tiéu nghién ctru

B0O xt ly trung tam chiu trach nhiém thu
thap, va x ly thong tin nham dwa ra cac
1énh diéu khién cho hé dong luc diy. Cac
tham s6 trang thai cta gian dwoc do lwong
tir hé cdm bién va giri vé trung tam xwr ly.
Gia tri nay két hop véi gia tri mong mudn
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dwoc thiét 1ap theo ngudi van hanh, tir dé
lam dAu vao cho bd diéu khién sé tinh toan
cac lénh hoat dong phu hop theo yéu cau.
Lénh diéu khién nay dwoc gii truc tiép dén
hé thong lwc diy, bao gbm hé thdng cac
dong co dwoc bé tri tai moi chan dé nang ha
than gian. Tinh toan cac tin hiéu diéu khién
phu hgp va chinh xac gidp 6n dinh hé thong,
va gia tang kha nang thich nghi dam bao
tinh on dinh cho két ciu ngay ca khi cé sw
bién déng cla tai trong va tic dong tir moi
trweong. Trong nghién clru nay, tac gia tap
trung phat trién thuit toan RL nhim diéu
khién trang thai ning ha thin gian dudi tac
dong méi trwong. Gidi phap dé xuit dwoc
xdy dwng truec tiép tir tham s6 hoat déng cla
mo6 hinh JuR nham hiéu chuin chinh xac cac
théng s6 cia mang no-ron bén trong bd
diéu khién, qua trinh dwoc mé tad nhw Hinh
2 bao gom 3 giai doan nhuw sau:

e Giai dogn 1: Xay dwng mdé hinh hé
thong ning ha thin gian khoan hoat dong
duéi anh hwdng ciia moi trueong;

e Giai doagn 2: Xay dwng va huin luyén
giai thuat RL cho qua trinh nang ha JuR trén
moi treong tinh toan Matlab;

e Giai dogn 3: Thlr nghiém giai phap dé
xuat trong hai kich ban va so sanh véi giai
thuat RNN, qua d6 minh chirng hiéu qua cua
giai phap dé xuit.

3.2. Thiét ké bé diéu khién ndng ha JuR v&i RL

Co ché hoat déng ctia RL dwa trén danh gia
tin hiéu phan héi trang thai S: cda than gian
véi ham Reward so véi gia tri diéu khién ae
thoi diém hién tai, cac tin hiéu nay dwoc tao ra
tir quyét dinh Agent thong qua viéc twong tac
v&i hé thong. Qua trinh nay bat dau khi Actor
quan sat trang thai cia moi trwedng thong qua
bd Observation, thu thip sai sO gitra gia tri
tham chiéu Hrer va dau ra cta doi twong y(t) tai
cac vi tri. Ngoai ra, viéc gidm sat vi phan sai s6
theo thoi gian con giup RL kiém soat dworc toc

d6 thay doi, kiém soat van toc di chuyén tai
cac chan gian. Dya vao chién lwgc Policy da
dinh trwéc, Actor thuc hién xuit tin hiéu diéu
khién tac dong hé thong nang ha thin gian, va
phan hoi trang thai qua ham Reward dwoc mo
ta boi

200, e(t) < 0

16)
e(t)?,e(t) >0

Reward =-0.01u’(t) —{

V6i e(t) 1a sai so gitra vi tri mong mudn va
hién tai cua than gian. Thong qua danh gia
ham Reward giup Agent nhin biét dwoc mirc
do sai s6 ciia hé thong, thong qua do6 Agent sé
chinh dinh Policy t6i wu hod sai s6 tiém cin vé
0. Ngoai ra, thanh phan -0.01u? biéu thi tic
dong cta u(t) giup Agent biét rang véi luc tac
dong hién tai sé thu dworc gia tri phan thwdng
(Reward) twong tng, qua doé Agent hiéu chinh
cac Policy t6i wu hon qua tirng tip huén luyén.
Ham Reward déng vai tro danh gia gitp Actor
nhin biét mirc d6 hiéu qua cta tin hiéu diéu
khién da thwc hién. Dwa vao nhirng thong tin
phan hoi tir m6i trwong, tac nhan Actor diéu
chinh chién lwgc cia minh dé t6i wu hda cac
gia tri Reward nhan dwgc trong dai han. Muc
tiéu cudi cung t8i wu hod bai todn giit cAn bang
than gian JuR cin dam bdo giai phap hoat
dong on dinh va tin ciy thong qua kiém
nghiém dwéi tac dong moi truedong gitp hiéu
chinh thich nghi cac tham s6 bd diéu khién co
s&, dwoc mo ta bdi

t
(1) =K e(t) K, fe(e)orr K, EU)

0

(17)

Trong nghién ctru nay, b6 diéu khién PID
dwoc str dung la giai phap diéu khién co s&
cho qua trinh ning ha thin gian. Cac hé so cua
PID dwgrc tinh chinh théng qua giai phap RL
giup ting hiéu qua dang ké. Pau ra cta Agent
tac dong bao gbm 3 hé so6 twong rng véi hé
s6 Kp, Ki, va Ka. Ciu tric ctia Agent bao gbm
hai thanh phan Actor va Critic. Trong do,
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Actor quyét dinh hanh déng dwa trén trang
thai ciia moi trwong. Muc tiéu ctia Actor la
hoc cach t6i wu héa chinh sach dé t6i da héa
téng gia tri Reward ma tac nhin nhin dwoc
tr mdi trwong theo thoi gian. Pong thoi,
Actor nh&n phan hoi tir Critic d€ cip nhat va
cai thién chinh sach mét cach hiéu qua.

Qua qua trinh hoc va diéu chinh lién tuc,

dinh t8i wu trong moi truwdng nhiéu loan.
Critic dong vai tro danh gia va t6i wu hoa gia
tri hanh dong thong qua ap dung hai ham
Critic thay vi chi mot nhw giai thuat RL khéc.
Muc tiéu cua viéc st dung hai Critic 1a dé
giam thiéu sy danh gia qua cao gia tri tac
déng, van dé phd bién trong cac giai thuit
RL. Qua trinh hoat dong cda Critic nhw sau:

Actor gidp tic nhian dwa ra nhitng quyét

l B diéu khién hoc ting cudng ----------------

<1 Yéuto mditruong
—{Critic 1 |- — Critic 2 - [T
Téi ru héa Téi ru héa . i Td(f) = r:oﬂg(") + Tgfa('r)+ rdiﬂg('f) E
Eqe(22) | |Ea (@) (1. 92) Eq e« (22) | LB~ (@1) \ H
Mang CriticQy | |, Mang CriticQ;
Eqe(24) = Eq < (25) | B
Muc tiéu critic @', ——-'—— Muc tidu critic Q' ';’ Y
i f
Actor
Muyc tiéu Actor 8
| Ba = (26) | Ky, Ky Kal
S(t) L—+ Mang Actor 8 Sao liru bo dém B
cpnhacd | | £0c 22) (5i, @i, 13 Si1)
Téi wu héa
\ y
. e O \ *
E 16 | ! A 4 A ¥ P i
?‘efm === Bo diéu khién co s& | u(t)
= ! : de(t) |
! u(r):er(r)+K,J-e(r)a’r+Kd ( )i
1 ) dr |
s . A = i
\ v | ’

Hinh 2. So d6 tong quan hé théng diéu khién JS st dung giai thuét RL.

e Ddnh gid hanh dong: Mdi Critic wéc
tinh gia tri Q cua trang thai va hanh dong, st
dung muc tiéu tlr ham Critic thir hai dé dam
bao tinh chinh xac cao hon. Nghién ctru nay
ap dung phwong trinh Bellman cdp nhat gia
tri trang thai cho ham Critic dwa trén danh
gia Reward cho cac hoat dong theo thoi gian,
nham lwa chon c4c gia tri t8i wu cho bd diéu
khién dé xuit. Bén canh d6, phwong trinh
Bellman ciing giup gidm phwong sai trong
qua trinh huin luyén mé hinh qua do6 gia
tang toc do hoi tu va ning cao hiéu qua huin
luyén, dwgc mo ta nhw sau [15]:

Qu(sc ) < Q, (s, a,)

(18)
ta |:rk +y TiXQW (S.1,8) —Q, (Sc» A, )J

Véi a 1a ti 1€ hoc dac trung cho kha nang
thich &ng v&i sw bién dong cia méi truong.
Sau khi danh gia da dwoc tinh theo (18) sé
danh gia dwgc mirc do hiéu qua cua trang thai
hién tai so v&i muc tiéu. Muc tiéu cua Critic
Q. duoc tham s6 hod béi w va muc tiéu cta
Actor 7, dwoc tham s6 hod béi ¢ [16].

e Gid tri muc tiéu: Critic st dung chinh
sach lam tron dé lam giam kha ndng bi anh

hwéng béi nhiéu hoic gia tri bat thudng.
P =T +7min{le(sk+1’”9(sk+1)>' (19)
Quz <Sk+1’ To (Sk+l))} +n

e Cdp nhat: Gia tri Q cta Critic dwgc cap
nhit dwa trén sai sé gitra gia tri Q hién tai va
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gia tri muc tiéu, st dung ham danh gia dé
diéu chinh m6 hinh. Pwoc mo ta
1
L« WZ(@( = Qua (S a‘k))2
1 (20)
L, « WZ(¢I< —Qu2 (S¢ a'k))2

Qua trinh huin luyén mé hinh dwoc thuc
hién nham t6i da hoa gia tri Reward cling
nhw t6i thi€u hoa gia tri ham danh gia. Khi
do gia tri dwoc cap nhat lai.

Wy <— argmian((pk _le(sk ’ ak))2
n (21)
W, < argmin%Z((pk —Qu2 (¢ a‘k))2

Tham s6 muc tiéu cua Actor dwoc cip
nhat theo chinh xac ham Gradient dwoc mo
ta[17]

Vo, =%Z(Vale(sk,ak)ve;zg(sk) (22)

Thuit toan 1: Diéu khién JS véi giai thuit RL

Piu vao: Tham sé mo hinh JuR, gia tri dit, va thong
s6 hudn luyén.
Paiu ra: Mo hinh diéu khién tdi wu.
1 Khéi tao: Mang critic Qwi,Quwz va mang Actor m6
véi thong s6 wi,wz,6.
Khéi tao: Thong s6 mang muc tiéu
Wi <— W, W2 <—W,,0 <60
Khéi tao: bd dém B, hé s6 K, K,, K,
4 Whilek=1to Tdo
Xudt tin hiéu tac dong a <z, +7 va thu
5 thap dit liéu hdi tié€p phan thwdng r va trang
thai ma&i si+1.
6 Cap nhat va lwu gia tri sk, ax, sk+1, rx = B.
Tinh todn cic tham s6 [18]

a < 7y (S(i+1))+77

7 ) (23)
n <« C“p(N (91 o-)l —C,C)
o, < +ymin{Q,,Q,. }+7n

8 Cap nhat mang Critic «(21)

9 Cap nhat 6 «(22)

10 Cap nhat muc tiéu Actor-Critic

Wi < 7w, + (1—7)ws (24)
W2 < 7W, + (1—7)W2 (25)
0« 0+0—-1)0 (26)

11 end while
12 end

Khi d6 gilta gia tri Q hién tai va Q muc
tiéu, dwgc mo ta thong qua ham danh gia.
Qua trinh huin luyén moé hinh dwoc thuc
hién nham t6i da ho4 phin thwdng cling
nhuw toi thiéu hoa gia tri ham danh gia. Qua
trinh dwoc mo ta trong Thuat toan 1.

4. M6 phong va danh gia
4.1. Thiét Idp tham s6

Bang 1. Thong sd gian Tam Dao 05 theo ti1é 1:100.

M6 ta Thong sé
Loai Gian ty nang
Chiéu dai chin 1.62m
Chiéu cao than 0.23 m
S6 dong co 6
Dong dién dinh mrc 6A
Téc dd dinh mirc 468 RPM
Cong suit dinh mic 60 W
Pién ap dinh mirc 24V
Mo6-men dinh mic 15 kg/cm

Théng s6 mo6 phong dwgc tham chiéu theo
gian khoan Tam DP3ao 05 v&i cac tham so so ti
1é 1:100 so véi gia tri thuc, chi tiét trinh bay
trong Bang 1 [5]. Trién khai thir nghiém bao
gom xay dung mé hinh va giai phap thuit toan
dé xuat dwoc thuc hién trén méi trweong tinh
toan Matlab 2023b.

Qua trinh huan luyén Agent RL-TD3 dwoc
thwc hién véi cac thong so6 thiét lap trong
Bang 2. Cu thé, mang Actor kh&i tao véi
théng s6 téc dé hoc la 0.001 va ap dung
thuat toan toi wu héa Gradient descent v&i
ngudng gradient bang 1. Mang Critic cling
dwgc huin luyén véi téc do hoc 0.001 va toi
wu hdéa biang Gradient descent c6 clng
ngudng gradient la 1. Trong qua trinh huin
luyén, dit liéu dwoc 1dy mau véi chu ky 0.1
gidy, kich thuéc dir liéu 12 128 mAu va tong
dung lvong b6 dém phat lai dwoc thiét 1ap
12 106 mau.
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o
o

Hinh 3. Qud trinh huén luyén Agent.

Trong mdi qua trinh huin luyén gom
1000 tdp mAu, véi modi tdp kéo dai 100
bwéc. Ban dau, gid tri ham Reward bién
dong manh, nhwng sau qua trinh tich ldy
kinh nghiém, gia tri dan on dinh va tang déu
trong su6t qua trinh huln luyén. Két qua
Hinh 3 cho thiy gia tri Reward trung binh
modi 100 tip hoi tu 6n dinh x4p xi -1.3x10%
Ngoai ra, nham minh chitng hiéu qué cua
gidi phap dé xuit, tac gia so sanh két qua dat
dwoc voi giadi phap RNN.

Bang 2. Thong s6 huin luyén Agent.

M6 ta Thong s6
Kich thuérc tip trich xuat 106 mau
Kich thuéc bd dém phat lai 500.000 mau
Bién do6 nhiéu Gaussian 0.1
Thoi gian thyc hién 1 buéc 1 giay
S6 buéc 1 tip 100 buéc
SO tip toi da 1000 tap
Nguwdng Gradient 1
Heé s8 cat giam 0.97
Khéi tao mang Actor [0.001,2,2]
T6c @6 hoc mang Actor 0.001
T6c @6 hoc mang Critic 0.001

4.2. So sanh v&i mang no-ron hoi quy

Mang no-ron héi quy (RNN) la dang
mang no-ron nhin tao dwoc thiét ké dé xir
ly dir liéu tuan tw. Piém dac trung cia RNN
so voi cac loai mang no-ron khac la kha
nang duy tri thong tin trang thai tir cac budc
trwdc d6 trong chudi, nhe vao co ché hoi
quy. Piéu nay giip RNN cip nhat dwoc cac
méi twong quan va sw phu thudc gitra cac
phan t trong chudi. Thiét 14p modt mang
RNN gom ba 1&p: mét 1ép dau vao, mét 16p

an, va mét l¢p dau ra. Trong do6, c6 mot
vong phan héi & mét 16p an [19], trang thai
tai 1ép an cé hoi quy tai thoi diém t dwoc
tinh theo céng thitc sau

h =Tanh(W, -, +W, -x +b,) (27)

t-1)

Trong d6 h: la trang thai an tai thoi diém
t, he11a trang thai an tai thoi diém t-1, va x:
l1a dau vao tai thoi diém t. Mat khac, Wi 1a
ma trin trong sé két ndi trang thai an, Wi la
ma trin trong s6 két noéi diu vao, va bi la hé
s6 bias [20]. Ngo ra tai thoi diém t dwoc tinh
todn nhw sau:

y, =ReLu(W, -h +b,) (28)

Véi ye 1a dap Gng tai thoi diém ¢t va Wy la
ma tran trong s6 két néi dau ra véi hé so bias
by. Mang trén sé dwoc huin luyén véi tip dau
vao la cac thong s6 dap ing va dau ra la cac hé
s6 Kp, Ki, va Ka. Muc tiéu ciia qué trinh huin
luyén 12 t6i thi€u hda sai s6 gitra gia tri dau ra
yiv6i gid tri mAu s; [21] nhu sau:

A=Y, —5

(29)

Tap dir liéu huidn luyén gobm 1000 mau
(duwoc tdng hop tai Bang 3). Cac tAp mau duoc
tap hop tlr ba bo s6 liéu twong ng véi Kp, Ki,
va Ka kiém nghiém trén mé hinh mé phéng dé
thu thap cac dap rng vé sai s xac lap, do vot
16, thoi gian dap (ng, va thoi gian xac 1ap.

Tap huan luyén Tap chirng minh

muc tiéu + 0.0011
muc tiéu + 0.0017

Ngd ra
Ngé ra

10 20 30 40 ( 10 20 30 40

Muc tiéu Muc tigu

Hinh 4. Twong quan gia tri thuwc - phong doan.

Sau huin luyén, cidc mau hoi tu & cac tat
ca cac tap huin luyén dwoc minh chirng nhw
Hinh 4, cho thdy mang no-ron da dwoc huin
luyén thanh céng v&i cac thong s6 Kprwvwv =
44.02, Krenvy = 1.105 va Kp-rvwv=-1.290.



Pang Xuan Kién, Bé Viét Diing, Ly Soi, Vii Hai Long

Nang cao chdt lwong diéu khién nang than gian khoan dya trén gidi thudt hoc tang cirong

Bang 3. T4p dir liéu st dung trong huén luyén.

bau vao DPiura

Sais6 Vot Pap On

xaclap 18 ng dinh K ki Ko
0.012 0.005 2.778 4.351|40.60 0.436 -0.369
0.000 0.000 2.697 4.918|40.21 0.001 -0.847
0.006 0.004 2.795 4.594|40.67 0.219 -0.274
0.011 0.005 2.764 4.418|40.32 0.388 -0.437
0.020 0.004 2.789 4.102|40.63 0.724 -0.318
0.021 0.004 2.820 4.103|40.35 0.767 -0.125
0.007 0.004 2.728 4.588|40.15 0.240 -0.640
0.001 0.001 2.723 4.889|40.08 0.035 -0.695
0.025 0.003 2.689 3.896|40.73 0.095 -0.930
0.014 0.005 2.707 4.212|40.83 0.53 -0.779

4.3. Két qua mo phong
4.3.1. Kich ban thir nghiém 1

Kich ban 1 thiét 1p thr nghiém ning
than gian 1én d6 cao xac dinh va gitr 6n dinh
nham chuidn bi cho qua trinh khai thac.
Trong kich ban nay, cic giai phap diéu khién
dwoc ap dung nang than gian lén dd cao
80cm ttr vi tri tham chiéu 1a Ocm véi toc do
nang dwéi 1.5cm/s, sau d6 gian dwoc gilr &
vi tri ¢6 dinh nham danh gia tinh 6n dinh
ctia hé théng JS trong qua trinh diéu khién.
Cac két qua kha thi véi giai phap dé xuat RL
(dwong dd) so sanh véi bd diéu khién RNN
(dwong xanh) dwoc thé hién trén cidc Hinh
5, Hinh 6 va Hinh 7. Chi tiét so sanh cac
tham s6 dap &ng dwoc téng hop tai Bang 4.

Hinh 5 chi ra két qua thtr nghiém theo kich
ban 1 véi 2 giai gidi phap RL va RNN trong
cung mot méi trwong thir nghiém. Téng quan,
giai phap thuwc nghiém RL luén c6 két qua dap
ng vuot troi so vai giai phap RNN, dat biét tai
chian B dat trang thii 6n dinh nhat trong 3
chan. Trong thoi diém ning than gian Os dén
50s, RL c¢6 xu huwdng bam theo gia tri dat tot
hon so véi RNN trong tit cd 3 chan. Khi & ché

dé gitr vi tri tir 50s dén 200s, gidi phap RL c6
bién d6 dao dong thap hon so véi RNN, cac gia
tri nay anh hwéng béi cac yéu t6 moi trueong.
Ngoai ra, Hinh 6 mo ta gia tri lwc diéu khién
theo thoi gian cda 2 giai phap, c6 thé thiy gia
tri diéu khién cta gidi phap RL luén nam &
mic 6n dinh. Tuy nhién, véi RNN xay ra hién
twong gia tri vot 16 bat thwong, c6 thé giy
nguy hai cho cac co ciu co khi ctia JuR.

[Vi tri, cm]
s
o

—— —Desired
—ARNN
—ARL

— =~ Desired
——BRNN
—BRL

[Vi tri, cm]
5

(=]

@
=}

—— —Desired
=—CRNN
—CRL

0 25 50 75 100 150 200
[Thei gian, gidy]

[Vi tri, cm]
s
o

(=]

Hinh 5. Pap rng RNN va RL & ba chan.

0 50 100 150 200 250 300
[Thoi gian, giay]

Hinh 6. Luc diéu khién do RNN va RL & ba chan.

%1074
0
ey
°,
g4t :
Q
Pitch RNN
-8r i i i i i i —Pitth RL
%107
2
g 0
g oo ]
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Hinh 7. Két qua dap &ng theo goc 1éch.
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Két qua trén Bang 4 cho thay giai phap RL
yéu ciu lwc khéi dong t6i da lan lwot la
29/23.5/33N, giam thiéu dang ké nang lwong
tiéu hao so véi 30/24 /36N cia RNN. D6 chinh
xac cta RL cling dwgc khang dinh qua goc léch
phuwong doc t6i da 3.6x10* do va phwong
ngang toi da 4x10-4 d6, thap hon so véi goc
léch twong trng 5.7x10* do va 5x10-# do cta
RNN. Trong khi dé, thoi gian dap ¢ng ctia RL
chi 43 gidy nhanh hon RNN khi mat 46 gidy,
dam bao hé thong phan Gng tirc thi t6t hon.
Cudi cung, sai s6 xac lap cta RL la -2.1+0.5%,
thap hon nhiéu so véi -4.5+0.5% ctia RNN, thé
hién sw chinh x4c t6t hon trong qué trinh hoat
déng va thdéa man yéu ciu néu tai Ghi chu 1.

Bang 4. K&t qua céc gidi phap cha Kich ban 1.

M6 ta RNN [16] RL
Luc toi da 30/24/36N  29/23.5/33N
Go6c léch ngang 5x10+*do 4x104do
Géc léch doc 5.7%x104do 3.6x10*do
Thoi gian dap rng 43s 46s
b6 vot 16 6% 4%
Sai s6 xac lap -4.5+0.5% -21+0.5%

4.3.1. Kich bdn thw nghiém 2

Bén canh d6, kich ban 2 m6é phoéng hoat
dong JuR khi thay déi ché do 1am viéc. Ap dung
cac bd diéu khién ]S thuc hién ning than gian
dén vi tri 80cm va gilt cd dinh trong khoang
thoi gian lam viéc, tiép theo than gian tiép tuc
di chuyén 1én vi tri 150cm nham thiét 1ap
trang thai lam viéc méi. Két qud mo phong thé
hién chi tié€t trén Hinh 8, Hinh 9 va Hinh 10.

Két qua trén Hinh 8 cho thay tai thoi gian
Os dén thoi diém 50s va 150s dén 200s, khi
gian khoan dang & ché d6 nang than gian, bo
diéu khién RL cho dap Grng bam theo gia tri
dat tot hon so véi RNN. Khi chuyén sang ché
do gitr vi tri c6 dinh, giai phap RL mang lai két
qua it dao dong hon so véi gidi thuat RNN trén
tit cAd 3 chan, qua do6 thé hién tinh hiéu qua

10

cia gidi phap dwédi sw tdc dong ctia moi
trwong. Ngoai ra, trong thoi diém chuyén ché
dd 50s, 150s va 200s, gidi thuat RNN luon cé
khodng dao dong 16m, trong thuc té viéc xuit
tin hiéu 1é6m dot ngdt anh hwong rat1on dén hé
thong truyén dong va két cidu dong co. Ngoai
ra, kha nang kiém soat goc 1éch doc va léch
ngang thé hién chi tiét trén Hinh 10. Giai phap
diéu khién RL gitt vi tri t6t hon so véi gidi
thuat RNN, v&i bién do goc léch va kha nang
nhanh chéng diéu khién gian vé tri tri cin
bang, tai thoi diém 50s va 200s trong khi RNN
c6 thoi gian phan trng cham hon.

150
% 100 -
= 50 — — ~Desired
= ——A-RNN

0 ——ARL

150 -

% 100
A Desired
= 50| = ==-Desire
< ——B-RNN
0 ——B-RL
__150
£
.= 100
E 50 —— —Desired
——C-RNN
0 ] ] ] ] ——RNN-C
0 50 100 150 200 250 300
[Thai gian, gidy]
Hinh 8. Pap &rng RNN va RL & ba chan.
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[Thoi g;?aon, giay]
Hinh 9. Luc diéu khién do RNN va RL & ba chan.
Trong Kich ban 2, bo diéu khién RL yéu ciu
lwc t6i da thdp hon & 43/45/58N, so voi
45/102/92N ctia RNN, véi cic thong sb chi
tiét thé hién tai Bang 5. Piéu nay cho thiy kha
nang tiét kiém nang lwong va hiéu suat diéu
khién ctia RL cao hon. Véi goc 1éch phuong
docla -10x10-4 do va phwong ngang la -8x10-4
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do6, RL mang lai d6 chinh x4c tot hon, trong khi
RNN c6 goc léch 16m hon véi -1.1x10-# do tai
truc doc va -0.6x10#* do tai phwong ngang.
Trong Hinh 10 cho thay trong sudt thoi gian
ha xudng, cac goc nghiéng ctia RL gian nhw
khong doi trong khi RNN c6 xu hwéng ting
dan cho thdy RL chéng rung lic tét hon RNN.

%10
0
o
D 5F
°
1S
=-10r Pitch RNN
Pitch RL
15
1E
B o -
n
§. ~—V
= Yaw RL
Y Yaw RNN

150 200
[Thoi gian, gidy]

50 100 250 300

Hinh 10. So sanh géc l1éch gitra cac truc.

Thoi gian dap Gng cta RL va RNN lan lwot
la 43 gidy va 41 giay, twong tw Kich ban 1. Tuy
nhién, do chénh léch cta ca hai giai phap chi
chénh 1éch 2 gidy. Ca hai phwong phap déu cé
do vot 16 rat thip, nhung két qua véi RL
(1.1%) dat dugc tét hon so véi véi RNN
(1.3%). Bén canh dd, vé sai s6 xac lap thi RL
van dat két qua tot hon & mirc -1.3+0.5% so
véi RNN 1a -1.5+0.5%, qua d6 thé hién do
chinh xac cao hon trong viéc duy tri trang thai
on dinh, théa man cic van dé néu tai Ghi cha 2.

Bang 5. So sanh dap &ng trong Kich ban 2.

M6 ta RNN [16] RL
Luc t6i da 45/102/92N  43/45/58N
Goéc léch ngang -1x10-3 do -0.8x10-3 do
Goc léch doc -1.1x103d6  -0.6x103do
Thoi gian dap rng 41 giay 43 giay
bo vot 16 1.3% 1.1%
Sai s6 xac lap -1.5+0.5% -1.3+0.5%

5. Két ludn

Bai bio nay phat trién gidi phap diéu
khién RL cho qua trinh ning ha than gian.
Gian khoan JuR dwoc m6 hinh héa trén moi

trudng tinh todn Matlab, nham phat trién
gidi phap diéu khién RL ning cao chat lwgng
tham s6 diéu khién chuyén dong ning ha
than gian dwdi cac tac dong moi trweong. Cac
két qua kha thi trong qué trinh thyc nghiém
so sanh vé&i gidi phap RNN da chirng minh
hiéu qua cuia giai phap dé xuit. Trong twong
lai, nghién cru nay sé phat trién hoc ting
cwong da tac nhan (multi-agent) dé diéu
khién riéng biét 36 dong co nang ha trong
hé thong thuec té.

Poéng gop cua cac tac gia trong bai bao

Pang Xuan Kién: Phwong phap, phan
tich chinh thitc, bién soan - danh gia va bién
tip; PO Viét Diing: Panh gia va bién tap,
phan tich dit liéu, xac thwc; Ly Soi: Tinh
toan dir liéu so, quan ly dir liéu, viét - ban
thao goc; Vii Hai Long: Phan tich, tinh todn
dir liéu so.
Tuyén bd Khong xung dot lgii ich va cam
két ban quyén

Cac tac gia tuyén b6 vé sy khong xuat
hién nhirng xung dot tiém an tir nghién ciru
nay, va cam két bai bdo chwa tirng dwoc
céng bo trudce day.

Chia sé dir liéu theo yéu cau

Dit liéu sé dwoc cung cip theo yéu cau.

1st Pang Xuan Kién*. Nhém nghién ctru AIT, Trudng
Dai hoc Giao théng vdn tdi Thanh phd Hd Chi Minh, HO
Chi Minh

2nd P Viét Diing. Nhém nghién ciru AIT, Truong Pai
hoc Giao thong vdn tdi Thanh phd Hd Chi Minh, H6 Chi
Minh

3rd Ly Soi. Nhém nghién ctru AIT, Trwong Dai hoc Giao
théng vdn tdi Thanh phd H6 Chi Minh, Hb Chi Minh;
Khoa Céng nghé dién, Trudomg Cao ddng Céng nghé
cao Pdng An, Binh Dwong

4t V{i Hai Long. Lién doanh Vietsovpetro, Ba Ria -
Viing Tau

*Corresponding author: kien.dang@ut.edu.vn
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