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Shunt active power filter (SAPF) is a powerful electric device used to
eliminate harmonic components which are harmful to the electric
network and equipment. There are two main parameter groups of the
SAPF should be optimized in order to get the better performance, and
reduce the switching frequency of the devices of the inverter. The first
group is the values of the DC link capacitor and coupling inductor.
The second one is the parameters of the Proportionallntegral
controllers for controlling the power losses, and threephase
compensating currents. This paper presents the solution using Genetic
algorithm (GA) to tune the coefficients of the PI controllers and to
obtain optimum values of the capacitor and inductor of the filter at the
same time. The proposed methodology is demonstrated via
Matlab/Simulink environment such that the total harmonic distortion
(THD) equals 1.48% while the switching frequency (fs) of the
Insulated Gate Bipolar Transistor (IGBT) bridge is only 50 kilohertz.
Therefore, the obtained results contribute to the application of active
power filters to improve the quality of electricity.

NGHIEN CUU UNG DUNG GIAI THUAT DI TRUYEN (GA) BE TOI UU HOA
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TU KHOA

Bo loc cdng sut tich cuc
Giai thuat di truyén

B6 loc séng hai

Méo song hai

Tdng méo hai

B6 loc cong suat tich cuc kiéu song song (SAPF- Shunt Active Power
Filter) thuong duoc sir dung dé loai bo cac thanh phan séng hai c6 hai
cho mang dién va thiét bi dién. C6 hai nhém théng sé chinh cia SAPF
nén duoc t6i uu hoa dé c6 dugc hiéu suat tot hon va giam tan s dong
cit cua IGBT. Nhom dau tién 1a gia tri cua tu dién lién két DC va cuon
cam ghép ndi. Nhém thir hai 1a cac thong sb caa bo didu khién dé kiém
Soét ton that dién nang va dong dién bu. Bai béo nay trinh bay giai
phép sir dung Giai thuat di truyén (GA) dé diéu chinh cac hé sé cua bo
diéu khién PI va thu duoc cac gia tri toi vu cua ty dién va cudn cam
cua bd loc cting mét lac. Phuong phap dé xuit dugc chirng minh théng
qua md phong trén Matlab/ Simulink. Két qua, nhém tac gia da tim
duogc bo tham sb cua b loc cong suit tich cuc kiéu song song cho hé
sb tong méo song hai (THD- Total Harmonic Distortion) bang 1,48%
trong khi tan s6 chuyén mach (fs) caa IGBT chi la 50 kilohert. Do dé,
cac két qua thu dugc gép phan tng dung vao céc b loc cong suat tich
cuc nang cao chét lugng dién nang.

DOI: https://doi.org/10.34238/tnu-jst.4196

* Corresponding author. Email: phanthanhhien@tnut.edu.vn

http://jst.tnu.edu.vn

30 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://doi.org/10.34238/tnu-jst.

TNU Journal of Science and Technology 226(11): 30 - 37

1. Pat van dé

Séng hai 1 song diéu hoa bac cao ¢6 tan s6 1a boi s6 cua tan sb song co ban [1]. Trong ludi
dién song co ban cua nguon cap la song sin tan so6 50Hz, cac song co tan so 150Hz, 250Hz lan
luot la cac sdng hai bac 3, bac 5 (hinh 1). Séng hai gay nhiéu, anh hudong truc tiép téi chat lugng
luédi dién va can dugc chu y toi khi tong cac dong dién hai cao hon mtre do gidi han cho phép.
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Hinh 1. Séng co ban va cac song hai Hinh 2. Cdu triic co ban cua bé loc cdng sudt tich

cuc kiéu song song

SAPF (Shunt Active Power Filter) 1a bo loc cong suat tich cuc kiéu song song [2], duoc sir
dung dé 6n dinh hiéu suét cia hé théng cong suit bang viéc tao ra cac dong dién tham chiéu cho
mach cau IGBT nham lam giam hodc triét tiéu cac song hai bac cao va b cdng suét phan khang,
minh hoa nhu trén hinh 2.

Trong do:

- is 1a dong dién ciia ngudn phat

- ic la dong dién cua bd loc tich cuc

~ii 1a dong dién tai.

Ta c0:

I =lc +i D

Dé thuc hién chirc ning nay b loc SAPF hoat dong nhu mét bo nguon ba pha tao ra dong
dién thich hop bom 1én dudng ddy. Dong dién nay sé triét tiéu cac song diéu hda bac cao sinh ra
bai tai phi tuyén 1a thanh phan nguoc pha véi tong song diéu hoa dong dién bac cao.

Hiéu suit cua SAPF duoc danh gia théng qua chi s6 méo hai tong (THD) cua hé théng dién:

2
THD =100x Z['—“j 2
h=2 1

C4u trc va chat lugng bo diéu khién dong ic anh huéng chinh dén chit lugng bo loc SAPF,
c6 rat nhidu phuong phap diéu khién duoc gisi thiéu nhu bo diéu khién dai tré [3], deadbeat [4],
fuzzy logic [5], ky thuat diéu khién mang no-ron [6], v.v. Tuy nhién, bo diéu khién (PI) dugc biét
dén 1a bo diéu khién théng dung, don gian va hiéu qua da dwoc ang dung rong rai.

Bo6 diéu khién PI bao gom cac tham sé ty 18 va tich phan, didu khién dé dam bao gié trj ic =
ic* dya trén sai s6 cua tin hiéu tham chiéu so véi tin hiéu phan héi. Ngoai ra, bo diéu khién PI
khong chi dugc sir dung dé tao ra dong dién bl ma con dé 6n dinh dién ap tu dién lién két DC. DBé
diéu khién dong dién bu, tin hiéu dong dién dit cho bo didu khién dugc xac dinh tur ly thuyét
cong suat tic thoi p-q [7], trong khi tin higu dong dién phan hoi dugc do tir dau ra ciia by nghich
lwu. Nhu vay, c6 thé thay rang chéat lugng ciia SAPF con phu thudc vao cac théng sb cia bo
nghich Iuu, cudn cam ghép va tu dién lién két DC.

Do d6, bai béo trinh bay cach téi wu hoa cac tham sb cua bo diéu khién PI va thdng sb cuon
cam ghép va tu dién lién két DC bang thuat toan di truyén (GA). Thuat toan di truyén 1a mot
trong sb cac ky thuat tim kiém cac tham sé dé 1am cho hé théng c6 duoc hiéu suit cao nhét.
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2. CAu tric b loc cong suit tich cuc kiéu song song, thiét ké trén co sé b diéu khién Pl

2.1. Cdu triic diéu khién b loc cong sudt tich cuc si dung bg diéu khién Pl

@ \"va.b.c

NonLinear
Load

5| Logic
Operators

Hinh 3. Cdu triic diéu khién bé loc tich cuwc sir dung bé diéu khién PI

Cau trlic cia bo loc cong suat tich cuc dién hinh nhu trén hinh 3. Trong d6, sir dung bo diéu
khién PI. Sach luoc diéu khién bo loc cdng suét tich cuc gom hai mach vong: Mach vong ngoai
ding dé xac dinh dong dién dat can bu icrer dua trén dong tai i,dong dién can bu nay 1a luong dat
cho mach vong trong hay dong dién mong mudn ma bg inverter phai tao ra dugc dé dua 1én lui
nham muc dich bu séng hai va cong suat phan khang; mach vong trong c6 nhiém vu diéu khién
tao ra dong bl ic sao cho bam duoc dong dién can bl icrer bang cach diéu chinh nghich luu cau ba
pha toan phan ngudn &p [8].

Gia thiét dong dién qua tai phi tuyén bi méo do song hai i, bo loc cong suat tich cuc sé do
dong ii va tinh toan dé dua 1én ludi dong dién bl ic sao cho dong dién qua ngudn is = ii + ic ludn
1a hinh sin. C6 nghia la cac ngudn hai cua tai sinh ra s& dugc bu hét bang ic.

2.2. Ung dung ly thuyét cdng sudt trec theéi trong tinh toan dong bl séng hai.

MGt trong nhitng céch phd bién nhét dé xac dinh 'dong dién tham chleu la dya trén ly thuyét (p-
q) [7] do Akagi dé xuat. Ly thuyét nay trudc hét bién doi dién ap ngudn va dong tai caa hé thong
tir hé toa do abc sang hé toa do ap bang cach sir dung phép bién doi Clarke [9].

111
W ol h R
I ®)
’ o B B
L 2 2 |
(11 1]
W] Y2 2 2,
o R
ia 3 \/E 5 ilb (4)
L 2 2 |

‘Trong do, iia, i, iic 1a dong tai va Va, Vs and V. 1a dién &p nguon cép dén. Theo Iy thuyét cong
suat tirc thoi p-q, cong suat tac dung va cong suat phan khang dugc tinh trén hé toa do aff nhu sau:

H }{iavﬁ HM ©)
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Po =Vo-o (6)
Biéu dién cong suat tuc thoi dudi dang thanh tong caa thanh phan mét chiéu va thanh phan

xoay chiéu nhu sau:
p| | P+P
el
q qg+q
Trong do:

+p and g lan luot la thanh phdn mot chiéu cua cong suét tac dung va cong sudt phan khang,
duoc tao ra tir thanh phan co ban cua dong tai [7].

+ P and G lan luot la thanh phan xoay chiéu cua cng suat tic dung va cong suat phan
khéng, duoc tao ra tir thanh phan song hai béc cao cua dong tai.

Gia tri dong dién dat cho b nghich luu biéu dién theo hé toa d6 aff dugc tinh nhu (8):

ira _ 1 Va V,B _p
i vj+v§ -V, V, || (8)

Dién &p trén ty dién khong on dinh nén can bo sung cong suét (po) dé dam bao dién &p trén tu
khong doi. Do vay, gia tri dong dién tham chiéu duogc tinh theo céng thirc (9).

ira _ 1 Va Vﬂ ﬁ+p0 (9)
iy | VeV, V. |l -0

Chuyén hé truc toa d6 ap sang hé toa do abc ta cd (10):

. 1 0

|

ra -

| 2| 1 B

b | T2l "5 5 || 10
' 3l 22 iy (10)
I 1 1
L 2 2]
Tur d6 ta co6 thé tinh toan dong dién tham chiéu theo so do6 cau trdc hinh 4.
Ve > » Pl
e
V, 1 ye
Calculation _
p P <> B
= PG =
Ve Calculation Ca!culgtion Cglcqlaﬁion
" _ &) Ty Y ey
Calculation q q.

[T =
_ (4)
lic

Hinh 4. So do tinh todn dong dién tham chiéu
2.3. B diéu khién PI trong SAPF

Bo diéu khién PI trong hinh 5 dé 6n dinh dién 4p trén ty C.

Hinh 5. Cdu triic bg diéu khién PI 6n dinh dién dp trén tu C
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Phuong trinh ham truyén cua bo diéu khién PI dugc mé ta (11).
H(S) = Ko +Kie x— (11)
S

Dién ap lién két DC duoc so sanh vai gia tri dat dé tinh sai léch va bo diéu khién Pl c¢é chirc
nang tao ra cong suat bu ton that can thiét (po) ctia VSI [10]. Sau d6 duoc thém vao céng suat thuc
ctia song hai nhu trong (9) xac dinh dong dién tham chiéu.

Dau ra cua bo bu dién ap lién két DC duoc tinh (12).

1
Po = (Kpc +Kic ><E\Jxevdc (12)

B¢ diéu khién PI diéu khién dong b song hai
Bo diéu khién dong dién ¢ day khac voi cac phuong phap phd bién nhu bo diéu khién dai tré.
Bai bao nay giéi thiéu bo diéu khién P1 két hop vai song mang song tam giac (TWC) va céc toan

tir logic dé tao ra cac xung chuyén mach IGBT [11], dé diéu khién dong dién nhu trén hinh 6.
€

Logic
Operators — T,

TWC
Hinh 6. Cau tric bé diéu khién PI diéu khién dong bu séng hai.
Gia thiét nguon cap can bang 3 pha va tai doi xing 3 pha nén tham s6 (Kp, Ki) cia 3 pha la
giong nhau. Tin hi¢u dieu khién mot pha duoc tinh theo céng thirc sau:

1
Uaka =Yap =Yk = [Kp +K ngxei (13)

Dot bién

A

Hinh 7. Cdu tric téng quéat cia gidgi thudt di truyén (GA)

3. Sir dung gidi thut di truyén (GA) dé tdi wu héa tham s6 ciia bd lec cong suit tich cuc ba
pha kiéu song song

3.1. Téi wu héa tham sé ciia b loc cong sudt tich cuc ba pha kiéu song song si dung GA

http://jst.tnu.edu.vn 34 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(11): 30 - 37

Nhu d3 trinh bay & trén, mot sé tham sb cua hé théng SAPF can duoc ti wu hoa dé luu trir gia
tri toi thiéu cua tong méo hai. Cac tham sd nay bao gom cudn cam Ly, tu dién lién két DC Cq,
dién ap lién két DC V*, Kpc, Kic cua lién két DC - DC bo bu dién ap va K, K cua bo diéu khién
dong PI. Nguyén tac 1am viéc GA dé téi wu hoa cac tham sé cua SAPF duoc minh hoa théng qua
so d6 duoc hién thi trong hinh 7 theo trinh tu cic bude nhu sau:

Buéc 1: Khoi tao cac tham sb cua giai thuat di truyén nhu kich thudce quan thé (N), sé thé hé
(G), xéc sut lai tao (Pc), Xac suat dot bién (Pm). Khoi tao ngau nhién mot quan thé gdom N cé thé,
mai c& thé 1a mot bo 7 bién can t6i wu ( L, Cae, V*ae, Koc, Kic, Kp, Ki). khoang gia tri cua cac bién
la L= [0.7 + 1.5] mH, Cac = [0.5 + 5] mF, V¥4 = [600 + 1200] V, Kpc = [50 + 1000], Kic = [50 +
1000], Kp =[50 + 1000], K = [50 + 1000];

Buéc 2: Tinh toan gia tri thich nghi ciia mdi ca thé trong quan thé. O day, gia tri THD duoc
chon lam ham muc tiéu:

Fitness = THD (Ly, Cac, V', Kpc, Kic, Kp, Ki) (14)

Buéc 3: Kiém tra diéu kién dirng cua giai thuat biéu kién dung ¢ day l1a khi THD nh6 hon
mot gia tri cho trudc hoic giai thuat dat dén s6 thé hé G. Néu diéu kién thoa mén thi dirng lai va
tra vé ca thé tét nhat cuing vai gié tri ham muc tiéu, néu khong thi tiép tuc thuc hién budc 4;

Buéc 4: Thuc hién cac phép toan cia GA nhu chon loc, lai tao, dot bién dé tao ra quan thé
méi [12]. Sau do, giai thuat dwoc Iap lai tir bude 2 cho dén khi dat dén diéu kién dung.

Hoat dong ciia GA phu thudc vao viéc lra chon mot s6 tham sé nhu kich thudc quan thé N,
s6 thé hé G, phuong phap biéu dién céc ca the phép toan chon loc, phép toan lai tao cung vai xac
suit lai tao Pc, phép toan dot bién va xac sut dot bién Pp. Trong qué trinh cai dat giai thuat di
truyén dé téi uvu hoa tham s6 cua bo loc cong suit tich cuc ba pha kiéu song song, tac gia da thur
nghiém thay d6i mot so tham sé cua giai thuat theo phuwong phap “thir sai” va tim ra cac tham s
phu hgp cho giai thuat GA nhw sau:

- S6 lwong thé hé téi da G = 40, kich thudc quan thé 1a N = 40, c4c ca thé duoc biéu dién bang
sb thuc;

- Phép chon loc duoc tién hanh theo phuong phép giai dau;

- Lya chon phép dot bién dong nhat véi xéac suat Pr, = 0,08;

- Lya chon phép lai tao phan tan chéo véi xac suat P = 0,8.

Sensori Vabc

N L Ve labe
V_Labe
1abc Labc)|
: Vabe »(T-]
I %}—M—[Mps B a A labe
b B a
c c
c c b
c
Three-Phase Source | Fabc Sensor2
Fig tthe G L
12
= Sensord Fromi1
ILaDC. Idabe abc
— —‘ < m Idabe] o o
rom T g [
ouz -
<@ O -
L ==
- [IFabc] e [ I— HT labe2
\dabc T Fromz
Subsyster
e 1 - e L
b > Ifabe a|A N -
| c HT labc3
From =8 T
Adaptive hysteresiscurrent controller Lale N . |

IGBT Bridge

Hinh 8. M6 hinh ciia bg loc tich cuc ba pha mdc song song dua theo Iy thuyét cong sudt tiic thoi p-g thuc
hién trén phan mém Matlab/Simulink

Cau tric mé phong ciia b loc tich cyc ba pha méc song song dua theo ly thuyét cong suat tirc
thoi p-q thuc hién trén phian mém Matlab/Simulink dwoc minh hoa nhu trén hinh 8.
Thong sé mé hinh md phong dugc md ta trong Bang 1.
Bang 1. Tham s6 mach md phdng

Nguon cap Tai phi tuyén
V,=380 Chinh luu cAu diot va tai RL
f=50Hz (Ri0ad=60£2, Lioag=0.2mH)
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3.2. Két qua

Dé xuat sir dung giai thuat di truyén (GA) t6i wu tham sé bo loc tich cuc véi cau tric bo diéu
khién ty 1¢ - tich phan bang mé phong nhur sau:

- S6 lieu dau vao

Ham muc tiéu: Do méo séng hai THD theo don vi phan trim (%)

Kich thudc quan thé = 40.

S6 lugng tham s dugc lya chon chinh dinh = 7 bao gém (L, Cae, V*de, Koc, Kic, Kp, Ki).

S lan gieo cho giai thuat di truyén GA = 40

- Két qua

Thong sb sau khi chay GA: Gia tri THD t6t nhat = 0.0148 (1,48%). Cac tham s6 tdi uu cua bo
loc tich cyc SAPF: Ls = 2.05mH; Cqc = 4.9mF; V*4 = 875; Kyc = 30; Kic = 40; Ky, = 0.5; Ki = 5.

Céc két qua md phong dwoc minh hoa trén cac h|nh 9, 10 11 va 12.

Hinh 9. Dong dién 3 pha sau khi dwa bé loc tich Hinh 11. Ddp ing dién dp trén tu (Vac) sau khi co
cuc vao lam viéc bo diéu khién PI

Sgm Avalabie signale
FFT window: 1 0f 50 cyches of selectad signal e

[

Fundamental (50Hz) = 8.516 , THD= 1.48%

Hinh 10. Phdn tich FFT tin hiéu dong dién Hmh 12. Dong bu song hal
3.3. Nhan xét

- B6 diéu khién PI 12 bo diéu khién kinh dién. Do vy, khi sir dung né 13 mudn khai thac dé c6
thé hiéu va phan tich hoat dong caa b loc tich cuc mét cach rd rang. Md phong bo loc tich cuc trén
Matlab/Simulink tir d6 c6 thé thiét ké cac bo diéu khién nang cao wng dung vao bo loc tich cuc;

- D& xuét sir dung giai thuat di truyén (GA) dé ti wu cac tham sb bo loc tich cuc. Thuc hién
md phong tim duoc b tham sb t6i wu cho bo loc tich cuc st dung bd didu khién PI;

- Két qua mé phong cho thay, khi hé théng khong sir dung b loc tich cuc gia tri THD =
29,97% va sau khi sir dung bo loc tich cuc thiét ké trén co s bo diéu khién PI véi tham sb duoc
t6i wu bang giai thuat di truyén (GA) thi THD = 1,48%.

4. Két luan

Ung dung giai thuat di truyén (GA) téi uu hoa cac tham sé cho bo loc tich cuc va b diéu
khién PI ma nho @6 bo diéu khién PI dat chi tiéu THD = 1,48%.

Nghién cttu vé diéu khién bo loc tich cuc con tiép tuc thu hit sy quan tam cua cac nha khoa
hoc chuyén nganh va cac nghién cau sinh véi cac van dé sau: Thiét ké cac bo loc tich cuc phu

Dispiay Cose
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hop cho cac tai phi tuyén khong ddi xting gay nén THD [%] 16n; Vira loc song hai vira két hop
bl cos¢ cho ludi dién,...

Loi cam on
Tac gia xin chan thanh cam on Truong Dai hoc K§ thuat Cong nghiép — Dai hoc Thai Nguyén
da ho trg moi mat cho nghién ctru nay dé dat duoc két qua tot.
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