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Tém tit

B loc ngudn tich cuc dong vai trd quan trong trong viée cai thién chét lwong dién ning bé‘lng cach giém
tong méo hai va can bang cong suit tac dung/phan khang. Tuy nhién, cic phuong phap diéu khién truyen
thong nhu PID, diéu khién mo, didu khién du bao mé hinh gip han ché trong méi truong tai phi tuyén
bién dong nhanh. Ung dung Deep Learning (hoc sau) dé giup diéu khién APF ty dong hoc, thich nghi
nhanh voi su thay ddi cua hé théng dién, tang hi€u qua loc hai bac cao.

Bai bao nay gidi thiéu cac Gmg dung cua Deep Learning trong diéu khién APF, bao gdm nhan dién va
phan loai song hai, du doan dong bu tbi wu bﬁng mang no-ron nhan tao (ANN), va t6i wu hoa chién lugc
diéu khién béng Deep Reinforcement Learning (DRL) va nhiing thach thirc khi trién khai Deep Learning
vao APF, bao gém yéu cau vé dit liéu huan luyén, kha nang tinh toan thoi gian thye, va d6 tin cay ciia mo
hinh va dé xut hudng nghién ciru ciia Deep Learning trong linh vuc loc ngudn théng minh.

Tir khéa: Bé loc nguon tich cic (APF); Deep Learning; Piéu khién thong minh; Séng hai; Téng méo hai
(THD); Mang no-ron nhan tao (ANN); Hoc tdng cuong sau (DRL).

Abstract

The Active Power Filter (APF) plays a crucial role in improving power quality by reducing Total
Harmonic Distortion (THD) and balancing active and reactive power. However, traditional control
methods such as PID, Fuzzy Logic Control (FLC), or Model Predictive Control (MPC) often face
limitations in nonlinear and rapidly changing load conditions. Recently, Deep Learning has emerged as a
powerful approach, enabling APF to automatically learn and adapt to variations in the power system.

This paper introduces applications of Deep Learning in APF control, including harmonic detection and
classification, optimal compensation current prediction using Artificial Neural Networks (ANNs), and
control strategy optimization via Deep Reinforcement Learning (DRL). Additionally, it discusses
challenges in implementing Deep Learning in APF, such as training data requirements, real-time
computational capabilities, and model reliability. Finally, the paper proposes potential research directions
to enhance the effectiveness of Deep Learning in this field.

Keywords: Active Power Filter (APF); Deep Learning; Intelligent Control; Harmonics; Total Harmonic
Distortion (THD); Artificial Neural Network (ANN); Deep Reinforcement Learning (DRL).

"Téc gia lién hé: cuuhovan@sgu.edu.vn


mailto:tcdhsg@sgu.edu.vn

SCIENTIFIC JOURNAL OF SAIGON UNIVERSITY No. 102, Vol 03/2025

1. Gi6i thigu

Trong céc hé thong dién hién dai, su gia ting cua cac tai phi tuyén nhu bién tan, thiét
bi dién tir cdng suat cao va dong co dién 1am cho chat lugng dién ning bi suy giam nghiém
trong. Mot trong nhirng van dé 16n nhat 1a sy xuat hién cua séng hai, gay ra ton hao ning
lwong, anh hudng dén tudi tho thiét bi va lam mat on dinh hé théng dién. Bo loc ngudn tich
cuc (APF) di duoc phat trién dé giai quyét van dé nay bang cach bu séng hai va diéu chinh
hé sb cong suat trong thoi gian thuc.

Céc phuong phap diéu khién APF truyén thong nhu PID, don gian nhung kho tdi vu
khi hé thong dién bién dong [1]; diéu khién mo (Fuzzy Logic Control) tét hon PID nhung
phu thudc nhiéu vao phan cang [2]; diéu khién du bao md hinh (MPC) rat tot nhung doi hoi
tinh toan phuc tap [3]. Cac phuong phap diéu khién bo loc ngudn tich cuc (APF) truyén
thdng [4-6] déu c6 nhitng wu diém nhat dinh nhung con nhiéu han ché khi ap dung trong mai
truong tai phi tuyén va bién dong nhanh.

Cac nghién ctiu caa Astrém va Hagglund [7] chi ra rang bo diéu khién PID khong dap
g véi cac hé thdng phi tuyén thay di theo thoi gian. Nghién ciu cia Li va Gatland [8]
khing dinh diéu khién mo khong dam bao hiéu suit va do tin cay cao. Nghién cau cua
Camacho va Bordons [9] vé MPC c6 hiéu suat cao nhung chi phi tinh toan I6n, han ché kha
nang ap dung thyuc té. Do d6, can phat trién cac phuong phap diéu khién thdng minh Deep
Learning, nham gilp APF tuy dong hoc va thich nghi nhanh véi su thay dbi cua hé thong
dién, tir d6 nang cao hiéu suit loc song hai va chit lugng dién ning. Deep Learning (hoc
sAu) c6 kha ning tu hoc tir dit liéu va dua ra quyét dinh t6i vu ma khong can dwa vao mo
hinh toan hoc chi tiét va cé thé thich ang linh hoat véi cac thay ddi trong hé thdng dién, gilp
nang cao hiéu suit loc song hai va 6n dinh chét lugng dién nang.

Uu diém vuot troi cua Deep Learning trong APF 1a nho ki thuat nhan dién va phan
loai s6ng hai bang mang no-ron tich chap (CNN) [10], d&é xac dinh chinh xac ngudn séng hai
trong hé théng dién, cai thién hiéu qua loc va nang cao kha ning thich tng cua APF va dy
doan dong dién bu tdi wu bang mang LSTM/ANN [11], [12] dé tang kha niang phan tich dit
liu chudi thoi gian, gilp du bao dong dién bu mot cach chinh xac, trong khi ANN hd trg
xéc dinh gié tri b0 t6i wu dua trén di liéu van hanh hé théng; Téi wu hoa diéu khién APF
bang Deep Reinforcement Learning (DRL) [13] s& cho phép APF hoc sau di liéu tir mdi
truong thuc té va tdi vu hoa chién luoc diéu khién theo thoi gian thuc, gitp nang cao hiéu
sut loc séng hai khi tai bién dong nhanh va rong.

2. Tong quan vé bd loc ngudn tich cwe va cac phwong phap diéu khién truyén théng
2.1. Chinh lwu va nghich lwu diéu khién 6 khéa ban dén IGBT

Chinh Iuu va nghich Iuu 1a diéu khién 6 khoa ban dan IGBT con goi la bo chinh luu
tich cuc hai bac va bd nghich luu 2 bac 3 pha, ca hai ding mét cau trac mach nguyén ly, chi
khéc 1a néu dau vao dién mot chidu (DC) thi dau ra s& la ngudn xoay chiéu (AC) 3 pha, va
nguoc lai, néu dua vao dién ap xoay chiéu 3 pha thi dau ra s& 14 nguén mat chiéu véi cing
mot bo diéu khién, Hinh 1. Nhu vay, ban chat cua chinh luu va nghich luu 1a mot qué trinh
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thuan nghich cd thé sir dung trén cting mot mach nguyén Iy [14]. Dang s6ng ¢ ngd ra cua bo
nghich luu tao ra nguon dién xoay chiéu, dua vao tin hiéu mot chiéu va tham chiéu bang
s6ng hai dé tao ra song hai trong dwong, 1a giai phap chinh dé tao ra bo loc séng hai bac cao.

Nguyén ly chung caa bd nghich luu nhu hinh 1: dong xoay chiéu dau vao c6 thé dugc
diéu chinh bang mot dong tham chiéu dang song sin; dién 4p dau cudi caa bo chinh luu tich
cuc va dong xoay chiéu dau vao cd thé duoc diéu khién dé dat duoc hé sb cong suit bang
mot. Dién ap bu DC thuong duoc diéu chinh & gié tri khong ddi, voi dap tng chuyén tiép
dong hoc nhanh, nén can lva chon tan sé chuyén mach diéu bién cua bé chinh luu tich cuc
va bang thong ctia bo diéu khién thich tng nhanh. Mach chinh luu tich cuc ¢6 thé duoc diéu
khién dé ngan chin cac cong huong khong mong mubn gitta cac bo loc va phan con lai cua
hé thong phan phéi dién. B chinh luu tich cuc hai mic c6 thé dat dugc dong cdng suét theo
hai chiéu. Do d6, n6 duogc st dung cho cac tng dung cé ddi chiéu cdng suat [15].

3-Phase PWM Rectifier
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Hinh 1. M6 hinh bé bién déi cong sudt hai béc
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Hinh 2. Dang séng di¢n dp va dong dién nguon phia chinh luu
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Céc dang song dién ap, dong dién tao xung kich duoc thé hién trén Hinh 2, hinh 3 va
Hinh 4. Trong 6, Vcarr 1a song mang tam giéc tan s6 2 kHz, Vma 1a séng sine diéu ché pha
(a), V_pulse 1a tin hiéu diéu khién IGBT pha (a), Vdc 1a dién &p chinh luu, I(RL Load) la
dong dién trén tai DC.
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Hinh 3. Dang song dién dp va dong di¢n ngo ra phia chinh luu
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Hinh 4. Nguyén 1y tao xung PWM kich cho khoa ban ddn

Khi ¢ xung kich cac khda ban dan theo chu trinh 6 budc lap lai, dién ap thuan nghich
duoc tao ra theo bang sau:

Bang 1. Bién &p thuan nghich do bo Inverter tao ra

Trang l-hzrd(')ng ngz’it (Swi-laiing states) Input (V) & Output(V) Trang thai cac khoa
Sj 1] Sj2|sj3]|sj4|sjis|[sj6 | wongChuky

1 0 0 0 | | V. aN=V cn=Vd/3 I: khéa 5,6 va 1: ON
V BN— -(2\/d3)

1 | 0 0 0 | VeN=V en--Vd/3 IT: khoa 6,1 va 2: ON
v an=2Vd/3
1 | | 0 0 0 V AN=V pn=Vd/3 I1I: khoa 1.2 va 3: ON

v en=-(2Vd/3)
0 1 1 1 0 0 V BN=V cn- Vd/3 IV: khoa 2,3 va 4: ON
. v pN=-2Vd/3
0 0 | 1 1 0 V AN=V pn- Vd/3 V: khoa 3,4 va 5: ON
vV on= -(2Vd/3)
0 0 0 1 1 1 van=V an--Vd/3 | VI: khéa 4,5 va 6: ON
v en=2Vd3
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Ngudn gbc cua bo bién d6i cong suét 3 pha 2 bac dya trén mach nghich lwu cau 1 pha
(con goi 1a mach 1 pha cau H) dé suy ra bo bién doi cong suat 3 pha 2 bac dugc cau thanh
tir 6 IGBT va 6 diode mac d6i song, mach nghich luu 3 pha 2 bac trén hinh 5 ¢6 md hinh
giai tich véi gia thiét ngudn ba pha ddi ximg nhu hinh 5 va théa man hé thuc:

Uan+ Upn+ Uen=0 (1)
=al KEX sbi KEX scl KEX :; c1
A
:.B
(e c
| N
saz EEX sb2 K} KES :; cz

Hinh 5. Mach nghich luu 3 pha 2 béc

Ngudn &p U duoc phan chia 1am hai nira bang nhau véi diém nat phan thé O, goi N 1a
diém nat cuia ngudn ba pha dang sao. Bién ap pha ngudn Uan, Ubn, Ucn duge xac dinh theo:

Uan = Uao - Uno
Ubn = Ubo - Uno (2)
Ucen = Uco- Uno

Dién &p Uao, Uno, Uco dugc goi 1a cac dién &p pha-tm ngudn cua cac pha a, b, ¢ va Uno
duoc goi 1a dién ap tam tai-tim ngudn, duoc xac dinh theo:

UaO +Ub0 +Uc0 _
3

Uno (3)

Khi d6 dién ap pha tai va dién ap day phia nghich Iuu duoc tinh theo cong thic:

2Uao _Ubo _Uco

3 :Uan
2Ub0 _L;)ao_uco :Ubn (4)
2Uc0 _UbO _Uao =U

3 cn
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Trong d6: Uao— Ubo = Uan ; Ubo— Uco = Une ; Uco— Uao = Uca. Nhur vay, ta c6 thé xéac
dinh duoc cac dién &p pha tai, dién ap day va do d6 ca dong dién tai cling nhu dong dién pha
thong qua dién 4p pha — tdm ngudn Ua0, Ub0, Uc0. Céc dién &p nay lai duoc xac dinh thdng
qua trang thai dong cit cua cac khoa trong cac nhanh pha. Sa va Sa’ vai pha a. Néu biéu dién
trang thai kich dan cua linh kién 1a 1 va trang thai kich ngat 1 0 thi phwong trinh biéu dién
trang thai kich cua cac linh kién trong cac nhanh pha cia mach nghich luu 3 pha 2 bac la: Sa
+ Sa’=1; Sp+ Sp’=1 Sc+ Sc’=1. Dién &p pha thm ngudn cua mot pha sé& c6 gia tri +VDC/2
hoac —~VDC/2 tiy thudc vao khda chuyén mach Sx hay Sx’ duoc kich dong. Vi vay, c6 thé
tinh dugc dién &p pha-tam ngudn, dién &p pha tai va dién ap day cua mach nghich luu theo
ngudn cung cip VDC va trang théi kich cua cac khda cong suat.

Bo chinh luu/nghich Ivu chira 2 khoa ban dan (IGBT) trén mdi nhanh pha tai. Ching
duoc goi chung la chinh luu/nghich luu ap 2 bac (two-level), dugc &p dung trong pham vi
cdng suat vira va nhoé [10]. Khai niém hai bac xuat phét tir qua trinh dién &p giita dau mot
pha tai dén mot diém dién thé chuan trén mach DC (diém 0 - pole to phase voltage) thay ddi
gitra hai bac gia tri khac nhau, vi dy, khi chon diém c6 dién thé chuan 1 tim ngudn DC thi
dién ap tir pha tai ¢én tdm nguon thay doi gitra (+VDC/2) va (-VDC/2) trong qué trinh dong
ngat céc linh kién. Bo chinh luu/nghich Iuu ap 2 bac ¢ nhuge diém 13 tao dién 4p cung cap
cho cudn day dong co voi do doc (dV/dt) kha 16n va gay ra mot s van dé kho khan boi ton
tai trang thai khac khdng cua tong dién thé tir cac pha dén tam nguon DC (common-mode
voltage - dién ap Un0) [16].

Dang song dién ap nghich luu nhu Hinh 6 va Hinh 7 mé ta dién ap pha (a) gom dién
&p pha Van, dién ap day Vab va dong dién tai 3 phai_RLa, i_RLbvai_RLc. Chi s6 méo hai
dong dién tai cac pha a, b, ¢ lan luot 14 2,9%, 4,5% va 3,1%.

Van

R R

Val

r l.’l BRI U FRER R I
_.m,[ |”lHIHIHI::IIIII!l ll”H!IIIIHI:"HIIII — I”|HII||||:|;:;'.IIIII|‘I
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Hinh 6. Dang song dién ap day Va,, dién ap pha a (Van)va dong dién 3 pha
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I(RL_a) I(RL_b) k=l
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Hinh 7. Dang séng dong di¢n va chi sé6 méo hai THD ciia dong dién cac pha

Giai phap thiét ké cac bo chinh luu/nghich Iuu 4p da bac tich cuc dé giai quyét cac han
ché cua bo nghich luu 4p 2 bac va nang cao kha niang ctia nhitng hé théng hai bac vé mat
chat luong va cong suat.

Theo d6, nhu thé hién trén Hinh 1 va Hinh 5 cho thay trén cling mét ciu trac dién tir
va cling mot giai phéap diéu khién, néu duoc cap nguon DC thi mach s& tao ra dién &p 3 pha
nghich luu hai bac, lGc ndy mach c6 nhu nang nhu mét bo chinh luu; néu dugc cap ngudn
sin 3 pha 50 Hz thi mach s& tao ra dién 4p DC, céc gia tri dién ap duoc cip vao va duoc tao
ra tudn thu cac cong thac (2), (3), va (4). Khi do, cac gia tri dién ap va dong dién dugc tinh
toan theo cac cong thure sau:

* Tri hiéu dung:

V = 1]vzdt = \/ZV =0.816V, (5)
L2L,rms T ] 0 3 d ' d

» Phan tich Fourier

>4V, nz nz
Vg (t) = AL RIS sm—sm not + — |=
AB() n 1215 nz 3 ( @ 6 j

= 2\/§Vd sin(a)t+%j—%sin(Sa)t+%)—%sin(7a)t+%rj+..1

« Tri hiéu dung cua thanh phan hai co ban

Y -
T T

AB1,rms

=0.78V,
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« Tri hiéu dung caa thanh phan hai bac 3 va bac 9

V - =
AB3,rms \/E 37[ 3

\Y =—=—5sin—=0
AB9,rms \/E 972_ 3
« Tri hiéu dung cua thanh phan hai bac 5

= i%sin 5?” =0.156V,

VABS,rms \/_ 572_
Céc gia tri di¢n ap pha:

* Tri hiéu dung:

VI Y
p.rms — ?}[VO t=

=V, =0471V, = —L2bm
3

p.rms

NP
1
7/ N\
w|<
=
w|y

+
N\
w|R
%

\

+
7/ N\
w|<
=

<

» Phan tich Fourier

& . nz_.n nz .
Van = > 8 sin "% sin "% cos " sin naot =
n-135.. 3N7T 2 3 6

(7)

= 2V (sin wt +lsin Swt +lsin 7wt + j
T 5 7

« Tri hiéu dung cta thanh phan hai co ban

VAN 1rms

sy 5V e,
VA T

« Tri hiéu dung cua thanh phan hai bac 3
\Y =0,V =0

AN 3,rms 1 ¥ AN9,rms
« Tri hiéu dung cua thanh phan hai bac 5

.
AN5,rms_$¥

Tir cac phan tich va giai tich mach dién caa bo chuyén d6i cong suét ba pha 6 van ban
dan, ching ta c6 thé xac dinh rd cac thanh phan séng hai bac cao xuat hién trong dong dién
va dién ap ngd ra. Viéc tinh toan cac ham diéu hoa dé danh gia mirc 46 anh hudng cua song
hai dén chit luong dién nang 12 co sé dé thiét ké cac phuong phap loc thdng minh. Giai phap
&4p dung Deep Learning vao ky thuat loc hai trong hé théng Back-to-Back dé giam thiéu
nhiéu séng hai va cai thién hiéu suat tong thé cua hé thong, t6i uvu hoa kha ning triét tiéu
s6ng hai trong hé théng Back-to-Back [17].

=0.09V,
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2.2. Ung dung lpc hai cho hé thong Back-to-Back truyén théng

Loc ngudn tich cuc &p dung cho hé thong Back-to-Back, cdu hinh nhu Hinh 8, v6i dic
tinh 1a: Ngudn phat ba pha sine 50 Hz, 380 V/, méo hai THD = 0%. Cam bién ép trich ap dua
vao 1am tham chiéu dé tao xung diéu khién cho bo chinh luu va bo nghich luu sine PWM.
B6 chinh Iuu va bo nghich luu lam viéc thuan nghich DC-AC 3 pha va 3 pha AC-DC. Bo
loc tich cuc APF c6 chung nguyén ly hoat dong véi bo nghich luu, trong d6, tham chiéu cua
bo loc 12 s6ng hai trén hé thdng, nén hai trén hé thong duoc triét tiéu. Bé bo loc tich cuc thuc
hién dtng vai trd ciia minh, hai hé théng cam bién dong duoc dwa vao hé théng: mot bo dit
tai tai dé trich 1y hai phat sinh do tai; mot bo dit tai ngd ra cua bo loc tich cuc.

- .-T_.,_:sirjé}

O D@?H?V (

%3
= A

e

4>—'3:_®_

Hinh 8. Loc hai trong h¢ théng Back — to — Back

Dong dién nay thdng qua cam bién dugc dua vé mach loc thdng dai (Band-Pass Filter)
tai tan s6 trung tdm 50 Hz, dai rong 10 Hz dé trich iy hai co ban Ia tin hiéu sine chuan 50
Hz (Vsine). Tin hiéu dong dién trén tai (Vla) véi do méo hai cao trir di tin hiéu sine chuan
(Vsine) nay, két qua sé tao ra tin hiéu hai (Vh) sinh ra do tai phi tuyén. Hinh 9.

la (Vivia RNAY

Hinh 9. Nguyén ly trich hai bédc cao
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Trong d6: Vh = Vla — Vsine, 1a séng hai bac h bat ky.
Khi d6 cac dang song tin hiéu nhu sau, Hinh 10:

Via

150
100
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0 |
S0 |
100

100
50

0 |
s0
100

100
50
0 r
50
100

0.06 0.08 o1 0.2 0.14 0.16 018 0.2
Time (3)

Hinh 10. Dgng song tdi phi tuyén Vla, nguén Vsine va hai Vh.

Khi ¢6 dugc Vh, tin hiéu hai tong hop, thi Vh s& duoc so sanh vai song mang tam giac
dé tao ra PWM diéu khién cac khéa ban dan cuaa bo loc tich cuce, va didu nay 1am cho b loc
tao ra tin hiéu “—Vh> dé triét tiéu hai bac cao sinh ra do tai. Hinh 11.

@\'th ,'el-ol-Mi aPI @\ ref @‘ oW 8

Vecair ~\PF

Vapf Ia_sensm

Hinh 11. Nguyén Iy tge xung diéu khién cho cac IGBT nhanh pha a
Muc tiéu cta bo loc tich cuc 14 tao ra duoc Vh dé triét tiéu hai trén ludi Back-to-Back,
nén Verorr phai dat cuc tri min véi giai phap sir dung bo diéu khién P1. Ngd ra xt Iy cua bo
PI chinh 14 tao xung diéu khién cho b loc sao cho b loc tao ra Vapf tiém can dén Vh.
Trong d6, d6i véi khau PI thi phuong trinh vong diéu khién dién ap nhu cong thuc (8).
Anh huéng cua cac thdng sé trong bo diéu khién dugc trinh bay nhu Bang 1.

1+(k + s j3[\/ +%IC\0/1052ICO RJ =0 (8)
Bang 2. Anh hudng cia viéc tang cac thong sb do loi cia b diéu khién PI
Do loi Thoi gian ting | Do votld | Thoigian xaclap | Sao sé xac lap
Kp Giam Tang it thay doi Giam
Ki Giam Tang Tang Triét tiéu

C4c tin hiéu bo loc tao ra gom dién ap hai Vapf, dién &p sai biét gitra hai va b loc Vh-
Vapf, ap diéu khién pha a tao ra do khau PI, va tin hiéu tham chiéu, dugc mé ta trong Hinh
12, nhu sau:
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Hinh 12. Nguyén Iy trich ldy hai bdc cao ap dung bé diéu khién Pl

Tin hiéu tham chiéu Vref nay s& dugc so sanh véi séng mang Vearr dé tao ra tin hiéu
diéu khién (Vpw_a, Vpw_b, Vpw_c) dé diéu khién céc khoa ban dan (Sal, Sa3, Sab, Sa4, Sab,
Sa2) cua bo loc tich cuc (Hinh 13).

{ 1 1 O AL A A | { { [

o [N HU UL A Dt b SR TIVAVR YA ANSY PV S W H AL
| B} ¢ g f-Ar

!
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Hinh 13. Tao xung diéu khién cac khoa ban ddn

Céc phuong phap diéu khién PI/PID, diéu khién ti wu, diéu khién di bao mé hinh
(MPC), hoic diéu khién mo (Fuzzy Logic) da duoc ap dung rong réi trong bo loc cong suat
chu dong (APF) dé gilp APF phat hién va bu song hai, cai thién hé s cong suat, dong thoi
nang cao chat lugng dién nang cua hé thong. Tuy nhién, cac phuong phap didu khién nay con
han ché vé hiéu suit chua t&i uu trong méi trudng phi tuyén, tai thay doi nhanh va khong duy
doan dugc xu hudng thay ddi song hai, dan dén hiéu qua bu khéng on dinh.

Dé khic phuc nhitng han ché nay, tng dung Deep Learning (Hoc sau), vao APF dé
tang kha ning hoc sau, thich nghi nhanh véi cac dic tinh phi tuyén phuc tap, gitp APF hoat
dong hiéu qua hon, ti wu qua trinh bui séng hai va ning cao chat luong dién ning.

3. Ap dung Deep Learning vao b loc tich cuc APF

Phuong phap Deep Learning phé bién trong APF [a nhan dién va phan loai séng hai
bang mang no-ron tich chap (CNN). APF can xac dinh chinh xac tan so, bién do va pha cua
s6ng hai trong dong tai dé tao ra dong bu phi hop. Mang no-ron tich chap (CNN) c6 kha
nang trich xuat dic trung tu dong tir dang song dién ap/dong dién, gilp nhan dién song hai
chinh x4c hon va phan tmg nhanh hon nhu lwu d6 sau:

13
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7

Nhap dir liéu dau vao Flatten
(1000,1) l

l Dense (128 units,

Conv1D (64 filters, ReLU)
kernel_size=3, ReLU) l
l Dense (5 units,

MaxPooling1D Softma
(pool_size=2) )

l Compile (optimizer=adam,
Convi1D (128 filters, _ A S
kernel_size=3, ReLU) loss=categorical_crossentropy, metrics=accuracy)

l - Summary: In ra tém tat
MaxPoo_Ilnng cdu trdc mo hinh
(pool_size=2)

5

Hinh 14. Luu do xay dung CNN cho APF

Dién gidi lweu do:
« Bit dau: Khoi dau qué trinh xay dung va bién dich mé hinh.

« Nhap dit ligu dau vao (1000, 1): M6 hinh nhan dit liéu dau vao c6 kich thuéc (1000,
1), nghia 1a 1000 diém dix liéu voi 1 kénh.

« ConviD (64 filters, kernel_size=3, ReLU): Lép Convolution 1D dau tién véi 64 b
loc, kich thudc kernel 1a 3 va ham kich hoat ReLU.

* MaxPoolinglD (pool_size=2): Lép MaxPooling 1D vai kich thuéce pool la 2, giam
kich thudc dir liéu.

* ConvlD (128 filters, kernel_size=3, ReLU): L6p Convolution 1D tht hai vai 128
bo loc, kich thudce kernel 1a 3 va ham kich hoat ReLU.

* MaxPoolinglD (pool_size=2): Lop MaxPooling 1D thi hai véi kich thudc pool 1a
2, tiép tuc giam kich thudc dit liéu.

* Flatten: Lop Flatten chuyén ddi dir liéu da chiéu thanh mot vector mot chiéu.

* Dense (128 units, ReLU): Lop Dense (fully connected) vai 128 don vi va ham kich
hoat ReLU.

+ Dense (5 units, Softmax): L&p Dense cudi cing véi 5 don vi (twong tng véi 5 16p
s6ng hai) va ham kich hoat Softmax dé dua ra xac suat cho ting 16p.

* Compile (optimizer=adam, loss = categorical_crossentropy, metrics = accuracy):

Bién dich md hinh vai optimizer Adam, ham mat mét categorical crossentropy va metrics la
accuracy.

14
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* Summary: In ra tém tat cau trdc md hinh.

« Két thic: Két thic qué trinh xay dung va bién dich mé hinh.

Luu d6 ndy gilp xay dung cau trac ludng xu ly dir liéu trong mé hinh CNN 1D. Viéc
g dung Deep Learning trong diéu khién bo loc cong suit tich cuc (APF) mé ra huéng tiép
can méi nham cai thién hiéu suat loc song hai, bt cong suat phan khang va tbi wu chit luong
dién nang. Nho kha niang hoc va thich éng véi cac dac tinh phi tuyén phuc tap caa hé thong
dién, Deep Learning c6 thé gitp APF hoat dong hiéu qua hon so véi cac phuong phap diéu
khién truyén théng, dong thoi, két hop mé hinh diéu khién lai (Hybrid Control) véi Deep
Learning s& dam bao tinh 6n dinh, do tin cay va kha ning trién khai thuc té.

4. M6 phéng va ban luan

Két qua mo phong, danh gia hiéu suat caa Deep Learning khi 4p dung vao diéu khién
APF, duoc thuc hién voi cac thdng sé hé théng nhu Hinh 15.

Iig_b)

| aaaa VYo avavaravay,

Hinh 15. Loc hai hé théng Back-to-Back
Trong d6, gidi han trén thay doi thuan tré 14 0.5 dén 3.5 Q, méo hai THD tang tir 1.6%
1én 3.97% < 5%.

Khi tai thay d6i dién dung, gigi han trén thay doi dién dung 1a 0.47mF dén 6.6mF, méo
hai THD tang tir 1.6% lén 3.1% < 5%, Hinh 16.

I(ig_a) a

30

NN /NN

\3 .97%

Reported in manuscript

30

0.12 0.14 0.16 0.18 0.2
Time (5)

Hinh 16. Méo hai gigi han khi tdi bién déng théng sé thudn tré gidi han trén
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Hinh 17. Méo hai gidi han khi tdi bién dgng thong sé dung khang gidi han trén

Khi tai thay doi dién cam, gidi han trén thay d6i dién cam 1a 0.0003 (H) dén 0.95(H),
méo hai THD tang tir 1.6% |én 4.8% < 5%, Hinh 18.
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Hinh 18. Méo hai gidi han khi tdi bién déng thong sé cam khang gidi han trén
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Hinh 19. Méo hai gidgi han khi tdi bién dgng théng sé tong hep gidi han trén
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Véi tdng hop cac théng sé tai & ngudng gidi han trén cua cac thong so tai, méo hai
THD = 5.5%, mét con s6 chap nhan dugc theo tiéu chuan cua IEEE va IEC (Hinh 19).

Ban luan: Két qua md phong cho thy chat lwong loc hai cua Deep learning tét hon,
Tuy nhién Deep learning con mot sé han ché vé yéu cau luong dit liéu 16n va chét lugng cao
cua Deep learning dé huan luyén, 1a cac tin hiéu dong dién, dién ap tir hé thong thuc té nhung
gap bt loi la dir liéu khong du da dang, khong bao quat day du cac truong hop nhiéu séng
hai, dit liéu tin hiéu dién chira nhidu khéng mong muén, 1am giam dé chinh x&c cia mé hinh
hoc sau. Bang thoi, cac thuat toan Deep Learning, CNN, LSTM hay Reinforcement Learning
yéu cau nhiéu tai nguyén tinh toan, nhung néu trién khai trén phan cang han ché, cé thé gay
ra d¢ tré déng ke.

Mot van dé quan trong trong viéc sir dung Deep Learning 1 mé hinh thudng hoat dong
nhu mot “hdp den” (black-box model), khién viéc giai thich cach no dua ra quyét dinh tro
nén kho khan. Diéu nay gay ra hai rui ro, d6 1a kho dam bao tinh 6n dinh: trong cac hé thong
dién, sai s6t nho trong diéu khién co thé dan dén mét 6n dinh hé thdng hoic ting thém nhiéu;
va kho chuan hoa trong cong nghiép. Chi phi phét trién va trién khai cao.

5. Két luan

Viéc iing dung Deep Learning trong diéu khién APF mé ra co hoi cai thién hiéu suat
loc song hai, tang cuong kha nang thich tng vai tai phi tuyén bién d6i nhanh va rong, va dat
hiéu qua cao, o tinh kha thi khi 4p dung va tinh thuc tién.

Tiép tuc nghién ciu tao ra giai thuat diéu khién téi wu dé dap wng yéu cau vé di lidu
I6m, d6 tré tinh toan va tich hop véi hé théng diéu khién truyén théng. Ap dung bé didu khién
cong huong LCL dé diéu chinh dong dién hai ngd ra két ndi ludi, st dung cac vi diéu khién
téc d6 cao nhuy STM32H7iiT6, DSP 283xx, cac chip FPGA hién dai dé hd tro trién khai mo
hinh ung dung trong thyc té.
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