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Triét tiéu song hai chon loc cho bé nghich luu da bac dang moé dun
ghép tang ap dung giai thuat GA va GWO
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TOM TAT

Hién nay, viéc nghién cliu cac phuong phap diéu khién bo nghich luu bang cach van dung nhimng
gidi thuat téi uu nham triét tiéu cac song hai bac cao chon loc (Selective Harmonic Elimination)
ngay cang danh dugc nhiéu su quan tdm cla gidi nghién ctu. Nhirng nghién ctiu nay dugc phan
hoa thanh 2 hudng la cac thuat toan tién hoa va tri tué bay dan, ma trong dé giai thuat gen di
truyén (genetic algorithm: GA) dai dién cho nhém cac thuat toan tién hoa va gan day la su xuét
hién gidi thuat téi uu bay séi xam (Grey Wolf Optimizer: GWO) dai dién cho nhém cac giai thuat
tri tué bay dan. Khi ap dung cho bai toan loai bo séng hai bac cao cho bd nghich luu, nhing giai
thuat nay déu cho thay két qua kha quan. Tuy nhién, chua cé mot su danh gia vé ca mat thai gian
va téng d6 méo dang séng hai (Total Harmonic Dirtorsion) trén toan bé dai ti s§ diéu bién gita 2
phuang phap GA va GWO khi dp dung cho bd nghich luu da bac ghép tang. Do dé, bai bao dua ra
nhiing danh gia chi tiét vé mat thai gian, séng hai clia cac phuong phap trén dé thay dugc cac uu
diém va mat han ché cla ting gidi thuat trén timg phan doan cla ti s6 diéu bién cho bd nghich
luu 11 bac ghép tang. BO nghich luu da bac dang mé dun ghép tang dugc mé phong bang phan
mém Matlab/Simulink dé kiém ching cac giai thuat diéu khién GA va GWO.

Tu khoa: Bo nghich luu da bac ghép tang, ky thuat loai bo séng hai chon loc (SHE), gidi thuat toi
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uu bay soi xam (GWO), gidi thuat gen di truyén (GA), tdng dé méo dang séng hai (THD)

GIGI THIEU

Viéc tich hgp nhiéu ngudén phan tan ti nhiing nha
may dién gio, dién mdt troi dan dén sy xudt hién ctia
cdc bo chuyén déi cong sudt ngay cang nhiéu dé c6 thé
dap ting cho phia ngusi dung DC, AC, va cho phép
hoa ludi dién qudc gia. Trong do, nhiing bd nghich
luu DC/AC géy ra nhiing anh hudng khong tot 1én hé
thdng vi nhiing thanh phan hai bac cao & tin hiéu dau
ra sé chuyén héa thanh nhiét nang, c6 thé1am hu hong
cach dién, gay nhiéu tin hiéu vién thong, phét sinh tén
hao va c6 thé lam hu thiét bi, tii d6 gay ra sy kém hiéu
qua cho hé thdng, kho khan cho coéng tac van hanh,
diéu khién, gy mat 6n dinh va giam thiéu chat lugng
dién ning . Do d6, cac bd loc song hai dugc st dung
& ngd ra bo nghich luu déloai bo cac thanh phén hai
nay. Tuy nhién, viéc stii dung bo loc lam gia ting sy
cong kénh, gia thanh va ton hao cong suat.

Gan déy, nhiing nha nghién ctiu tap trung nhiéu hon
vao viéc tim ra cac giai thuat ti uu cho phép tim ra
céc goc dong cat khda ban dan trong cic bo chuyén
d6i nhim dap ting dugc yéu ciu vé triét tiéu cac thanh
phén hai bac cao dua trén cac ky thuat metaheuristic.
Giai thuat GA duogc tao ra bsi J.H.Holland nam 1970
1a giai thudt metaheuristic phd bién nhét nhd vao tinh
linh hoat va kha ning tinh todn nhanh!. Thuét todn

toi uu by dan (Particle Swarm Optimization: PSO)
hay thuat toan bat chudc tip tinh sin moi cta loai
s6i xdm (Grey wolf Optimizer: GWO) cho két qua
tot hon cac phuong phép truyén théng va khong cin
thong qua bang tham chiéu. Khi so sainh PSO va GA
v6i cac phuong phép truyén thong, PSO va GA ré rang
cho két qua t6t hon, trong khi cac phuong phap ci cho
két qua la do méo dang cao hon va c6 thé khong hoi tu
(khéong tim duigc gia tri géc déng cit phit hop) 2. GA
khi so sanh v6i PSO ¢ nhiéu diém vuot tréi hon vé ca
dd chinh x4c va thi gian tinh todn®. GWO ciing cho
két qua t6t hon GA* khi ap dung cho b nghich luu
ngudn dp. GWO ciing cho két qua vé€ mit song hai t6t
hon PSO va céc phuong phép truyén théng® cho bo
nghich luu da bac ghép tang. Tu nhiing danh gia trén
c6 thé thay GA va GWO la 2 giai thuét tiém nang cho
bai todn SHE. Tuy nhién, chua c6 mét danh gia cu thé
vé€ GWO va GA cho b6 nghich luu da bac ghép tang.
Mit khéc, nhiing két qua cong b khong lam 1o yéu
t6 thoi gian, mot yéu té quan trong dé€ cho thdy kha
ndng ap dung truc tuyén. Do d6, bai nghién ctiu nay
trinh bay chi tiét viéc xay dung va ap dung giai thuat
t6i uu GA va GWO cho bai todn loai bo song hai chon
loc d6i véi bo nghich luu da bac dang mo-dun ghép
tang.

Trich dan bai bao nay: Hang N T, Diing P Q. Triét tiéu séng hai chon loc cho bé nghich luu da bac dang
mo dun ghép tang ap dung giai thuat GA va GWO. Sci. Tech. Dev. J. - Eng. Tech.; 5(2): 1451-1462 .
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Céc phén ti€p theo ctia bdo cdo nay sé trinh bay vé bo
nghich luu da bac va bai toan SHE theo phuong dién
todn hoc, tit 6 tim ra phuong trinh todn hoc ctia ham
muc tiéu. Ham muc tiéu nay sé dugc ap dung cho cac
gidi thuét t6i uu GA va GWO va dugc trinh bay chi
ti€t & phan thd ba. Phin bon cua bai bao trinh bay
nhiing két qua m6 phong tit Matlab/Simulink, dua ra
nhiing ddnh gid vé mat séng hai va thoi gian thyc thi.
Va nhiing két ludn, hudéng phat trién tiép theo dugc
trinh bay trong phan cudi ctia bdo cdo.

BO NGHICH LUU DA BAC VA CO S&

AP DUNG GIAI THUAT
METAHEURISTIC CHO PHUONG
PHAP SHE

Céc bo nghich luu da bac dugc st dung ngay cang
nhiéu va dong vai tro quan trong véi su c6 mit trong
cdc dong co cong nghiép, hé thong chuyén dong linh
hoat (FACTS), cac hé thong truyén dong trong nha
may,... va dac biét tii cac trang trai dién gi6, dién mit
trdi, cdc mo hinh dién mit tréi mai nha dé hoa dién
1én lu6i nhd vao céc vu diém ctia mo hinh nay so véi
bo nghich Iuu hai bac va véi cdu hinh néi tu hay néi
diode. M6 hinh mét bo nghich Iuu da bac dang mo-
dun ghép ting véi cac ngudén DC doc lap dugce biéu
dién & Hinh 1.
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Hinh 1: C4u hinh bd nghich luu da bac dang mé-
dun ghép tang

Vé phuong phap diéu khién, ¢ nhiéu cich tiép cén
khéc nhau, tuy nhién trong bai nghién ctiu nay 4p
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dung phuong phép diéu khién PWM t6i uu, ting dung
cdc gidi thuat metaheuristic d€ tim ra gid tri goc dong
cat khoa phu hgp, nhim loai bé séng hai bic cao
khong mong muén & dién dp ngd ra bo nghich luu.
Dai véi bo nghich luu 11 béc, dién ap da bic ngo ra
dugc téng hgp tit 5 thanh phan dién dp caa cidc mo-
dun ghép ndi ti€p véi nhau, khi ti s6 diéu bién m,
bang 1 thi dién 4p ngo ra dat bién d¢ 13 5V, thanh
phén hai bac ba va boi ba 3n (n=1,2,3..) tu triét tiéu,
cdc thanh phan hai bac cao dugc biéu dién 1a téng hop
céac thanh phén cos(50), cos(70), cos(110), cos(130).
Dé xic dinh cic thanh phin hai nay, tién hanh phan
tich Fourier dang song dién 4p ngo ra, ta cé:

V(owt) =
4V,
[E7135... =, (cos (n6y) +cos (n6y)
+...+cos (nBy))sin (nwt)]

1

Thanh phan bién d¢ dién ap co ban ctia bo nghich luu
11 bac:

4V4,
T

Vour = (2)

Zis:l cos (6;) = 5Vy.my

Hé s6 méo dang toan phan THD dugc xac dinh nhu
sau:

1/2

1

THD (%)= | —X¥i s(a)?|  x100  (3)
(a1)

V6iap 12 bién do cta thanh phan co ban, a, 1a bién do

ctia hai bic n va c6 gid tri phu thudc vao goc déng cit

khéa ban dan 0 :

4
an = <ﬂ> Y cos(n6) =0

nw

(4)

V6in =6k+1 (k=1,2,3,...).

Dé giam thiéu THD & tin hiéu dién dp ngd ra, ham
muc tiéu F(0) = (01, 02,... 0,,) v6i0< 0; <0, <..<
0, < /2 phai dugc t6i thiéu véi diéu kién rang budc
ctia SHE. V& mit toan hoc, thuc hién khai trién biéu
thiic (1) két hgp moi lién hé gitia hé s6 méo dang toan
phén va goc kich ctia cic khoa ban dan nhu (3) va (4)
vGi muc tiéu cdc thanh phan hai bac cao dugc triét
tiéu ta c¢6 diéu kién rang budc cho cac gbc déng cat 0
nhu sau:

cos (01) +cos(62) + ... +cos (6) = %r

cos (501) +cos (56,) + ... +cos (56,,) =0
cos (761) +cos(76;) +... +cos(76,) =0

mg

cos (n0;) +cos (n6,) + ... +cos (n6y,) =0

Vé6im, 1a ti s6 diéu bién.
Thé (5) vao (1), ldy t6ng binh phuong cic s hang, ta
thu dugc ham muc tiéu (6), vn dé dat ra 1a tim ra gid
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tri phtthgp cho céc gbc kich 6 d€ thdoa man ham muc
tiéu dat cuc tiu. Do d6, cac gidi thuit toi uu GA va
GWO dugc ap dung d¢€ giai quyét bai toan nay.

F(6)...65) = . (6)
(22 cos (6) - STQ + g (T2 cos (56)))° AR

+% (X3, cos(76))" + ﬁ (X, cos(119,~))2 %/
—0—% (Zl-szlcos(li%@i))z

Khéi tao ngau nhién quén thé

V6i0 < 6; < 6, < 03 < 0y < 05 < F (rad) gém 20-30 NST & dang 56 thyc c6
. . ” N gid tri [0,15708]. Moi NST gém 5
AP DUNG CAC GIAI THUAT gia tri Umg vGi 5 goc dong cit.
METAHEURISTIC CHO BAI TOAN iE

SHE VOI BO NGHICH LUU 11 BAC [sa vong lap o= 200. }

Giai thuat GA Exm M=t

Do tinh chit bai todn 1a viéc tim céc gid tri goc kich :

cho khéa ban dan, cic géc nay ndm trong khoéang gia —>[ Tinh mirc @ phi hop. ]
tri (—%, %) va 12 c4c s6 thap phan. Viéc biéu dién 1oi ¢

gidi dudi dang s6 thuc gy ra nhiing han ché vé mit

tinh toan. Do d6 trong bai bao nay, cac16i giai sé dugc l:\la hoa cac NST tiz 50 thye sang ma]

P PR s gray.
bi€u dién dang chudi bit, cac gia tri thuc ctia cac goc R
(radian) sé dugc chuyén d6i thong qua ham dich ma ¢

(encode) va gidi ma (decode). Qua trinh xay dung giai [Lu'a chon quén thé mdi bing ?h'.wngJ
thuat GA duogc tién hanh nht Iiu d6 Hinh 2. phép Toumament
B1. Khdi tao quan thé D4i véi viéc lua chon goc

kich, céc gia tri dugc lya chon hoan toan ngau nhién.
V6i bo nghich luu 11 bac, s6 lugng goc kich cin tim
ung v6i moi ti s6 diéu bién 1a 5. Do d6 lya chon kich
thudc quan thé la 20+-30 nhiém sic thé (NST). Do
can chuyén d6i gitia dang ma nhi phan va s6 thuc, do
chinh xdc ctia cdc gid tri goc nay anh hudng dén chit
lugng dién dp ngd ra. D€ dat d6 chinh xdc la 3 chi
s6 thap phan tuong ting véi gid tri nguyén nim trong
khoéng [0+-15708], d0 dai chudi bit ctia mdi gia tri
goc kich dugc tinh nhu sau:

2¥ > 15708 {3 héa cic NST tir dang mi
x> 14 gray vé dang so thare.

Nhu vay, moi gia tri goc kich c6 do dai téi thiéu la 14

bits, moi nhiém sdc thé gom 5 gdc kich nén c6 d6 dai

Tra vé NST ma tai d6

t6i thiéu 1a 70 bits. him muc Zlf?t datnhéd

B2. Tinh mic ) phuhgp: Qua mbivong lip, gid tri nhat

thuc clia cac goc sau khi khaoi tao dugc dua qua ham

fitness (6) d€ lya chon quan thé & thé hé tiép theo, sau

d6 dugc ma hoa dua vé dang chubi bit d€ tién hanh @

cac budc hodn vi va dot bién.

B3. Lua chon quin th€ méi: D& lya chon thé hé sau Hinh 2: Tim géc déng cét t6i uu cho khéa ban dan

cho quin thé céc gié tri gbc dong cit, phuong phip gépgbgifli thuat GA tai mot gi tri xac dinh cua ti s6
iéu bién

lya chon Tournement (giai ddu) va Roulette (bdnh xe)
dugc 4p dung, tuy nhién Iyga chon Tournement cho
théy két qua t6t hon. Qua trinh cu thé dugec mo ta
nhu luu d6 Hinh 3.

Nhu vay chi c4n sau vai 14n lap, nhiing cd thé ¢ diém
cao sé xudt hién ngay cang nhiéu.
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'S e . i Y
Luva chon ngau nhién 5 NST trong
quan thé . Chon ra NST ma tai d6

Y

ham muc tiéu dat nho nhit.

Y
NST duoc chon va dva vao vitrin
trong quan thé mdi
n=n-+1l

Ngirng qua trinh Iap, thu

duoc quan thé maéi gébm

cac NST ma tai 6 ham
muc tiéu dat cuc tiéu

Hinh 3: Lua chon quan thé méi bang gidi thuat
Tournement

B4. Hoan vi: Phuong phap lai ghép lua chon 1a
phuong phap thong dung nhat-lai ghép 1 diém. Nghia
1 chon ngu nhién 1 diém trén mot NST, trdo dau va
duoi ctia 2 NST cho nhau tai vi tri diém chon. S6 phan
tt dugc chon d€ hoan vi theo xdc xudt p, = 0.5. Tu
budc nay, cac gid tri goc dugc dich mi dé dua vé dang
cac bit 0,1.

B5 Dot bién: C6 nhiéu cach khic nhau dé tao ra dot
bién, tuong tu nhu qua trinh dét bién NST trong tu
nhién nhu méit doan, ldp doan, ddo doan hay chuyén
doan. Tuy nhién, viéc dot bién ma gy thay ddi chiéu
dai chubi bit sé giy khé khin cho viéc tinh todn. Do
dé, bai bao ap dung phuong phap dao bit cho bai toan
tim gid tri goc dong cdt t6i uu. Nghia la chon ra mot
bit bt ky trong quéin thé va déo gid tri tai bit d6 (0
thanh 1/1 thanh 0). S6 lugng bit dugc lya chon trong
mbi 14n 13p tinh theo cong thic (7).

nbit =70 x Search Agents * py, (7)

V6i py, 1a xdc sudt dot bién (rdt nho so véi p), gid tri
nay dugc chon 14 0.005. Dau vao cta budc nay la quan
thé sau khi da dugc tién hanh lai ghép & buéde 4. Céc
gid tri dugc gidi ma dé€ dua vé dang s6 thyc va dua vé
budc 2 € tinh muc d6 phu hgp. Bai todn c6 diéu kién
diing 13 khi dat s6 vong ldp t&i da l1a 200 vong lap (c6
thé1a 250 va 300).

Giai thuat GWO?

Tuong tu nhu GA, thuét todn bit chudc tép tinh sin
moi ctia bdy s6i GWO ciing can cac budc la khoi tao
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quén thé, tinh mic d phu hgp, cap nhét lai vi tri
(tuong duong véi bude tao quin thé méi), va diéu
kién duing ciing 1a khi dat dugc s6 vong lap t6i da.
B1. Khdi tao quan thé: ma tran khong gian tim kiém
dugc khoi tao ngdu nhién trong khoang [0, /2] v6i
kich thuéc 20x5.

B3: Tinh miic d phu hgp: Ham muc tiéu dugc chon
nhu & cong thiic (6).

B2. Cap nhit lai vi tri: Sy khac biét 16n nhét gita
GWO v6i GA chinh 13 § budc cap nhat lai vi tri. Dé
cép nhét lai vi tri, gia tri a & cdng thiic (8) dugc giam
tit 2 vé 0 khi s6 vong lap ting din. O méi vong Lip cac
gid tri A, C, D dugc tinh todn lai theo cong thiic (8),
(9), (10), gia tri X & vong lidp thi t dugc cap nhat lai
til trung binh ctia 3 thanh phén X, X, X3 theo cong
thic (11).

A=227,-7 ®)

T =27, ©)

B:YAQQ?@’ (10)
X, =Xg— A, By
?2 = ?ﬁ — 725}6
X3=Xs5— A3Ds

voi

_ M (11)
3

X(+1)

Bai todn c6 diéu kién diing tuong tu nhu giai thuat
GA la khi dat s6 vong ldp t6i da, v6i s6 vong lap t6i da
dugc chon 1a 200 (250 hodc 300). Cac budc thuc hién
thuat toan GWO dugc tém tit nhu luu d6 Hinh 4.

MO HINH MO PHONG TREN
MATLAB/SIMULINK

Mo hinh b¢ nghich luu 3 pha 11 bac dang mo dun
ghép ting va khéi diéu khién dugc mé phong trong
Matlab/Simulink nhu mé ta & Hinh 5 bao gom 3 phan
chinh la khéi diéu khién, khéi tao xung va b nghich
luu 3 pha, mdi pha gém 5 mo dun H-bridge dugc ghép
tang v6i nhau.

Khéi diéu khién dugc x4y dung trong Simulink dé 1dy
tin hiéu diéu khién cho bd nghich luu va duge mo ta
nhu Hinh 6. Dau vao la ti s6 diéu bién m, va ddurala
cdc gid tri goc dong cét tdi vu da dugce tinh todn tu giai
thuét tdi uu, gidi thuét t6i vu nay c6 thé la GA hoic
GWO nhu da mo ta trong phén 3.1 va 3.2. Cac thuit
toan nay dugc thuc hién thong qua cac khoi m-file.
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KHOI TAD XUNG

BO CHUYEN BOI

Hinh 5: M6 phong bo nghich luu da bac trong simulink

Ti s6 diéu bién m, c6 thé thay déi trong khoang tii 0.1
dén 1 v6i bude nhay 13 0.05, gid tri nay sé do ngudi mo
phong tiy chinh trong qud trinh khao sit. Ung véi
mbi gid tri diéu bién dua vao, thuat todn diéu khién
nhu GA va GWO sé tinh todn va cho gia tri 5 goc kich
tuong tng v6i 5 khoi trong bo chuyén d6i. Céc gid
tri goc nay sé dugc dua qua khéi tao xung d€ dua vé
dang xung PWM d€ tuong thich véi dang tin hiéu ngo
vao ctlia cac khoa ban dan. Moi gia tri goc tu khoi
diéu khién thong qua khoi tao xung sé cho ra 4 gid
tri PWM. Do b6 nghich luu ba pha 11 bic, mdi pha
g6m 5 mo6 dun ghép tang véi nhau nén khéi tao xung
cin 5 gia tri goc déng cdt ngd vao va ddu ra sé gébm
20 tin hiéu diéu khién tng v6i 5 mo6 dun & khéi b
chuyén d6i. D€ 4p dung cho bo nghich Iuu 3 pha, cin
c6 3 khdi tao xung véi cac gid tri gbc dong cat tuong
tu nhau va géc pha ctia mdi b 1éch nhau 120° . M6
hinh b¢ ngich luu dugc mo ta nhu Hinh 7.

Mbéi pha gébm 5 mo-dun ghép tang véi nhau, dién cuc
S ctia moO-dun trude dugce ndi véi dién cuc D ctia mo-
dun lién ké. 3 pha néi chung nhau tai dién cuc S ctia
mo-dun cudi. Mo hinh H-bridge co ban ctia mdi mé-
dun dugc xay dung trong Simulink nhu Hinh 8. Khoéa
ban danla cic MOSFET ly tudng, g, g1, g2, g3 14n lugt
1 xung tin hiéu diéu khién déi nghich dugc cip boi
khéi tao xung (chinh la cac xung S11, S12, S13, S14
ctia khéi tao xung). M6i mé dun nay duge cdp ngudn
bdi mot ngudn ap mot chiéu 100V. Hiéu dién thé gitia
diém S va diém D la thanh phéan dién dp ngo ra cta
mobi khéi. Nhu vay dién 4p ngd ra mdt pha ctia b

nghich luu chinh 13 hiéu dién thé gitia diém S ctia mo
dun dau tién va diém D ti m6 dun cudi cung.
DANH GIA KET QUA MO PHONG
Panh gia vé mit séng hai

Dékhdo sit vé mit séng hai, bai nghién ctiu tién hanh
mo6 phong dp dung 2 gidi thudt GA va GWO cho khéi
diéu khién ctia mo hinh b nghich luu trong Hinh 5.
Gid tri goc déng cat tii 2 phuong phdp nhu mo ta trong
cdc d6 thi trong Hinh 9 va Hinh 10 cho thdy quj dao
thay d6i gid tri cic goc nay khi ti s6 diéu bién thay d6i.
Quy dao thanh phén alphal va alpha2 tu giai thuat
GWO bj phan tan va khong tuan theo quy dao nhu
két qua tu gidi thuat GA khi ti s6 diéu bién nho hon
0.3. Tuy nhién, v6i khoang ti s6 diéu bién trén 0.3 quy
dao clia céc gid tri goc dong cit ti gidi thust GA lai
ton tai nhiéu diém nhiéu léch khoi quy dao.

V& mat dién ap ngo ra, thanh phén dién ép co ban dau
ractia GA (Hinh 11) va GWO (Hinh 12) cho thiy mét
s6 danh gid nhu sau:

« Khi ti s6 diéu bién thay d6i tii 0.01 dén 0.3,
GWO cho thanh phan dién ép co ban dao dong
nhiéu quanh quy dao tuyén tinh (dudng mau
vang) va gin nhu léch hén vé phia trén quy dao
nay, trong khi d6, quy dao dién dp co ban ti gidi
thuat GA cho thdy muc d¢ sai léch khoi quy dao
la nhé hon va it dao dong hon.

o Khi ti s6 diéu bién thay d6i tu 0.3 dén 1, ca hai
giai thuét cho gia tri dién 4p co ban bam sat quy
dao tuyén tinh.
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Khoi tao ngau nhién vi tri cho cac s6i
xam alpha, beta va delta.
Khéi tao ngdu nhién ma trin khéng
gian tim kiém c6 kich thude 20x5

[SS vong 1ap n = 200. ]
Budc lapi=1

y
Tinh mirc 46 phi hop ctia cac phin ti
3| trong khong gian tim kiém. Vi tri ca
alpha, beta va delta dugce chon 12 3 vy tri
ma tai d6 ham muyc tiéu dat cuc tidu.

v

[Tin.h lai gis tri a trong cdng thic (3) ]

a=2-1%2n

ap thit t theo cong thic (8), (9). (10)

Tinh lai vi tri cia con méi tai bude
1
v6i 11, 12 duge chon ngdu nhién.

Tra vé vi trimatai d6
ham myc tiéu dat nhé
nhat

Hinh 4: Cac budc thuc hién giadi thuat GWO

ma

| png
L

Khoi diéu khién

Hinh 6: Khéi diéu khién cho bd nghich luu

1456

o -

T - R o —

1) = s

9 L] =

254 B

3

Si] B9

) ;

£ =

s—lz_| 1529

Ey— ] = =D
o S seig—] =
ED - 2| B
ED 2| 52 e
o)l [— N —
S—lor T — ==
Bt | Bt | B

Hinh 7: M6 hinh bo nghich luu 3 pha dang mo-dun
ghép tang

Hinh 8: M6 hinh H-bridge ctia b6 nghich luu

Switching angles (Radian)
o
@

0 01 02 03 04 05 06 07 08 09 1
Modulation index ma

Hinh 9: Suthay déi gia tri goc dong cét ctia khéi diéu
khién bo nghich luu theo ti s6 diéu bién khi ép dung
gidi thuat GA
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Hinh 10: Sy thay déi gia tri goc dong cat ctia khéi
diéu khién bo nghich luu theo ti s6 diéu bién khi ap
dung giai thuat GWO

o Miic d¢ sai léch ctia quy dao dién 4p quanh
dudng thing tuyén tinh dugc xac dinh béng gid
tri R? va RMSE, két qua ciing cho thdy R? ctia
GA (0.9978) 1a16n hon GWO (0.9937) va RMSE
ctia GA(0.1899) nhé hon GWO (0.3053) cang
chiing t6 rang GA bam séat quy dao ly tuéng hon.

Linear: y = 0.9958"x + 0.00328
R%=09978
RMSE =0.1899

Qutput voltage V1
°
o

A

0 01 02 03 04 05 06 07 08 09 1
Modulation index ma

Hinh 11: Thanh phan dién &p co ban ctia bé nghich
luu khi 4p dung giai thuat diéu khién GA

V€ mit song hai, két qua md phong trong simulink
cua bd nghich Iuu ghép tdng 11 bac cho do méo dang
séng hai ctia 2 phuong phap ting véi ti s6 diéu bién
thay d6i ti 0.1 dén 1 dugc thong ké trong Bang 1 va
biéu dién & d6 thi 6 Hinh 12.

Két qua thong ké cho thdy GA va GWO cho gia tri
THD(%) tuong tu nhau, dao dong quanh gia tri 5%
khi ti s6 diéu bién 16n hon 0.6. Tuy nhién trong
khoang gid tri nay, GA lai cho gia tri THD(%) tuong
dai thdp hon so véi gid tri tuong Ging ctia gidi thuét
GWO.

Khi ti s6 diéu bién nho hon 0.6, 2 phuong phép déu
cho gid tri THD(%) tuong déi 16n, trong khi GWO c6

datal
091 |inear y=0.9445% + 0.03933 Ll
08 R? =0.0937

RMSE = 0.3053

Qutput voltage V1
a

0 01 02 03 04 0.5 06 07 08 09 1
Medulation index ma

Hinh 12: Thanh phan dién &p co ban ctia bd nghich
luu khi &p dung gidi thuat diéu khién GWO

Bang 1: So sanh vé téng dé méo dang séng hai (THD)
cGia GA-original va GWO khi ciing s6 vong lap va ti sé
diéu bién

ma GA(%) GWO(%)
0.1 32.39 40.21
0.15 29.93 28.05
0.2 24.45 24.47
0.25 14.98 14.09
0.3 16.43 17.75
0.35 13.15 13.15
0.4 11.56 11.56
0.45 8.18 8.18
0.5 10.92 8.18
0.55 8.11 8.11
0.6 4.7 4.63
0.65 5.21 5.21
0.7 4.74 6.72
0.75 5.03 5.03
0.8 5.96 7.27
0.85 3.34 3.34
0.9 5.47 5.92
0.95 3.39 4.37
1 391 391
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gid tri THD(%) 16n nhat 1a 40.21% khi ti s6 diéu bién
béng 0.1 thi GA c6 gid tri THD(%) nho hon 1a 32.39%.
Theo tiéu chudn IEC 61000, quy dinh v€ séng hai va
gi6i han song hai cho cac cdp dién dp tuong ting, déi
v6i cdp dién ap phén phdi 400kV, miic THD(%) cho
phép la 5%. Nhu vay 2 phuong phap ton tai cac ving
ti s6 diéu bién thoa man diéu kién la ma bing 0.6, 0.85
v [0.95,1].

THD(%)

Hinh 13: So sdnh THD(%) ctia 2 phuong phap khi ti
s6 diéu bién thay d6i tir 0.01 dén 1

T Hinh 13 ¢6 thé thdy, dudng mau xdm biéu dién
THD(%) theo ti s6 diéu bién ctia phuong phap GWO
va dudng mau cam biéu dién THD(%) theo ti s diéu
bién ctia phuong phap GA. V€ tdng quat:

1. Nhin chung khi ti s6 diéu bién thay d6i, gia
tri THD(%) ctia ca 2 phuong phap cho két qua
tuong tu nhau.

2. Khima>0.6, gid tri THD(%) ctia 2 phuong phap
dao dong quanh mitc 5%. Va ngugc lai, khi ma
< 0.6 gia tri THD(%) cua 2 phuong phép ting
dan ti 8 dén khoang 40%.

Nhu vay, xét vé mit song hai, GA va GWO cho két
qué tuong tu nhau, tuy nhién, GA c6 nhiing uu diém
hon so v6i GWO trong nhiing khoang ti s6 diéu bién
la [0.6,1]. Bén canh d6, GA cho thanh phén dién ap
co ban bam sat quy dao ly tudng véi sai 1éch nhoé hon
GWO vdi gid tri goc dong cit it bi dao dong hon véi
ti s6 diéu bién nho hon 0.3.

Panh gia vé mat thai gian

Mic du cho thdy mot s6 uu thé vé mit song hai va
gid tri dién ap co ban, tuy nhién vé khia canh thoi
gian thuc thi GA phai thuc hién cic qué trinh ma hoéa
va gidi ma trong cac vong lap, viéc nay lam thoi gian
thuc thi ctia phuong phap GA 16n hon rat nhiéu so
v6i GWO. Bang 2 tdng hop thoi gian tinh todn cta
2 phuong phép ting véi s6 vong lip lan lugt la 250,
300, 350 va 400 vong ldp. Trung binh, gidi thuat GA-
encoded c6 thai gian thuc thi gdp hon 27 1an so véi
giai thuat GWO. Cu thé, tling budc tinh, ctia moi
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phuong phép ciing nhu thoi gian thuc hién tling buée
nho nay dugc do dac bang ham tinh thdi gian trong
matlab va thé hién trong Bang 3.

Nhu vay c6 thé thiy trong 1 vong lip, khdi lugng tinh
toan ctia GA-encoded 16n hon va thai gian thuc hién
bi kéo dai hon so véi GWO & céc budc:

» Khéi tao (dich ma)
o Giai ma, tinh mic d6 pht hgp.

o Dich mi cho vong lip tiép theo.

Téng thoi gian 3 budc nay chiém 94.88% thoi gian
chay ctia 1 vong ldp. Do d6 d€ duy tri uu diém vé mit
song hai cua phuong phap GA vé€ mit séng hai nhu
da trinh bay & trén, cin tim ra mét phuong phap dé
giam thiéu thai gian clia cac qua trinh dich ma (deci-
mal sang gray) va giai ma (gray sang decimal) néi trén.
Bai béo trinh bay huéng tiép cin st dung bang tham
chiéu cho bai toan dich ma va giai ma.

Viéc stt dung bang tham chiéu nghia la tao ra mot
bang ghi lai tit ca cac trudng hop cé thé xdy ra cha
cac gia tri goc kich trong khoang xem xét, do dé kich
thudc bang phu thudc vao s6 lugng bit dugc lya chon
d€ ma héa cho cic gia tri goc dong citla 11 bit hay 14
bit. Khi s6 lugng bit cang 16n thi d¢ chinh xdc cang
cao.

Bang tham chiéu gom 2 cdt: cdt thi nhét chua gia tri
thuc cua cac gia tri trong khong gian tim kiém ( tu
1 dén 16383 (2/14-1)) va cot thi 2 chiia gid tri  ma
gray voi chiéu dai 14 bit. Cot 1 tuong ting véi chi s&
clia cdc gid tri trong cOt 2, moi gid tri nay chixudt hién
1 Ian duy nhat va khong trung ldp nhau nhu moé ta &
Hinh 14.

thl?a:it;)'!;:s’;:a Gia tri 6 ma Gray
1 '00000000000001'

2 '00000000000011'

3 '00000000000010'

4 '000000000001 10"

5 '00000000000111'

6 '00000000000101'
16382 '10000000000001'
16383 '10000000000000'

Hinh 14: Minh hoa cho bang tham chiéu
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Bang 2: So sanh vé thai gian tinh toan ciia GA va GWO khi ciing sé vong lap

S6 vong lap Thoi gian thuc thi trung binh ctia

GA(s)
250 227
300 271
350 314
400 360

Thoi gian thuc thi trung binh cia  TGA/TGWO
GWO(s)

8 28.375

10 27.1

12 26.2

13 27.7

Bang 3: So sanh vé thai gian chay cda titng budc tinh todn ctia 2 phuong phap GA va GWO trong 1 vong lap

Budc tinh Thoi gian thuc thi ctia GA (s)

Khdi tao (dich ma) 2.61E-3
Tinh mic d6 phu hgp 1.20E-4
Tao quén thé méi 1.94E-4
Hodén vi 6.88E-5
Dot bién 4.26E-5
Gidi ma, tinh mdc do phu  2.45E-3
hop

Dich ma 2.83E-3
T6ng thoi gian 1 vong ldp  8.31E-3

Budc tinh Thoi gian thuc thi cta
GWO (s)

Khoi tao 2.20E-5

Tinh mic d6 phu hgp 7.63E-5

Cép nhat lai vi tri (GWO) 1.11E-4

T6ng thoi gian 1 vong lip 2.10E-4

Khi chua dp dung bang tham chiéu, qua trinh tién
hanh cén trai qua 2 budc 1a: (1) bude dich ma tit dang
s6 thuc thanh ma nhj phin + ma nhi phan thanh ma
Gray va ngugc lai (2) ti ma gray thanh ma nhi phin
+ tit ma nhi phan vé dang s6 thuc. Cac gid tri thuc
nay dugc chia cho 10000 dé dua vé mién gia tri cua
bai toan [0, /2]. Thong thuong, cac qua trinh dich
ma va gidi ma nay dugc thuc hién bing cich xor cac
bit d€ chuyén tii gray sang ma nhi phan va ngugc lai,
sau d6 ap dung ham dec2bin/bin2dec trong matlab
dé€ dua vé mién gia tri tuong tGng. Do d6, bang tham
chiéu sé thay thé cho bu6c dich ma (1) bang cich tim
kiém gia tri ma Gray tng véi gia tri thuc cin tim va
thay thé cho buéc gidi ma (2) bang cich tim kiém s6
thuc tng véi gia tri ma Gray cin tim. Lic nay viéc
dich ma hay gidi ma dugc thay thé bang viéc tim kiém
cdc gia tri tuong ting trong bang tham chiéu. Viéc ap
dung bang tham chiéu nay kha don gian thong qua
cdc ham tim kiém gid trj trong mang dugc hoé trg ti
matlab va két qua thong ké & Bang 4 cho thdy thoi gian
chay ctia bai toan t6i vu trung binh giam 30% so véi
viéc dich m3, gidi ma thong thudng.

Céc gia tri nay dugc do cho giai thuat GA véi chiéu
dai bit 13 14 bit va s6 vong ldp thay d6i lan lugt 1a 200,
250 va 300 vong ldp. Mac du gia tri thoi gian nay c6 sy
giam thi€u dang ké so véi khi chua céi tién, tuy nhién
van 16n hon thoi gian thyc thi ctia gidi thudt GWO.

THAO LUAN

Nghién ctiu nay dugc thuc hién nhim kiém tra tinh
kha thi cta 2 giai thuét t6i uu 1a GA va GWO khi ap
dung cho mo hinh b nghich luu da bac dang mo-dun
ghép ting. Trong thuc té, da cé nhiéu bai nghién ctiu
vé céc giai thudt nay cho b nghich luu va cho thdy
két qua kha quan. Tuy nhién, chua c6 mét sy dinh
gid téng thé trén toan bo dai ti s6 diéu bién khi ap
dung cho bo nghich luu da bac ghép tang. Do d9, bai
nghién ctiu dua ra nhiing so sanh, danh gia chi tiét vé
mat thoi gian, séng hai ctia cdc phuong phép trén dé
théy dugc cac uu diém va mét han ché cta tling giai
thuét trén tiing phan doan cta ti s6 diéu bién cho bd
nghich luu 11 b4c ghép tang.

Nghién ctiu da trinh bay cu thé vé Iy thuyét ciing nhu
quy trinh xay dung va ap dung gidi thuét diéu khién
t6i tu GA va GWO trong matlab cho bé nghich luu 11
béac dang m6 dun ghép tang dugc mo hinh moé phong
trén simulink.

Tt mo6 phong cho thdy GA va GWO cho nhiing két
qua vé mat song hai tuong d6i bam sat nhau khi ti s6
diéu bién thay d6i va GA cho gid tri THD nhoé hon
khi ti s6 di€u bién 16n hon 0.6. Thai gian thuc thi cta
GWO nho hon GA nh¢ vao khoi lugng tinh todn it
va cho théy kha nang ting dung tryc tuyén. Bén canh
d6 bai nghién ctiu cling dua ra nhiing dé xuit cai tién
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Bang 4: So sanh vé thai gian thuc thi cia phuong phap GA, GA cai tién va GWO

Léan do GA

(200 vong lap)

1 169.8082
2 180.6831
3 176.6025
4 177.7158
5 175.0709
TB 175.9761
Lan do GA

(250 vong lap)

1 221.4059
2 219.3869
3 216.8684
4 210.5815
5 220.7699
TB 217.80252
Léan do GA

(300 vong lap)

1 261.4961
2 255.8357
3 248.934
4 262.2252
5 253.5297
TB 256.40414

GA cii tién GWO
119.1724 5.1048
119.0008 5.1507
115.9434 6.8121
119.877 6.988
116.7375 6.7315
118.14622 6.15742
GA cdi tién GWO
150.298 7.739
149.895 7.3043
145.2396 7.5759
145.688 7.3795
145.822 6.9229
147.38852 7.38432
GA cdi tién GWO
167.1851 8.5522
171.5901 8.2086
197.3559 7.7856
173.3495 7.7823
176.3211 8.5124
177.16034 8.16822

phuong phap GA vé mit séng hai va thoi gian, mang
lai nhiing két qua kha quan hon so v6i GA truyén
thdng.

KET LUAN

Nghién ctiu nay da trinh bay chi tiét qud trinh xay
dung va ap dung giai thuit diéu khién t6i uu GA va
GWO cho bd nghich luu da b4c dang mé6 dun ghép
tang d€loai bo song hai chon loc. Tl d6 dua ra nhiing
danh giad chi tiét vé mit song hai va thoi gian thuc
thi ctia 2 phuong phép cling nhu dé xuit mot s6 cai
tién trong qua trinh x4y dung giai thuat. Két qua mo
phoéng trong Matlab/Simulink cho thdy khi xét vé mit
song hai, GA va GWO cho gia tri THD(%) tuong d6i
giong nhau khi thay déi ti s6 diéu bién, tuy nhién, GA
cho gia tri THD(%) nho hon khi ti s6 diéu bién 16n
hon 0.6. V€ dién 4p ngo ra, GA cho thanh phén dién
dp co ban bam sat quy dao Iy tudng véi sai léch RMSE
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nho hon GWO va gid tri géc déng cit it bi dao dong
hon véi ti s6 diéu bién nhoé hon 0.3.

Vé khia canh thdi gian thuc thi, GWO cho thiy uu
diém r6 rét khi khdi lugng tinh todn it va thoi gian
thuc thi nho hon nhiéu so v6i GA. Nhugc diém nay
cuia giai thuat GA dudc giai thich la do cdc budc ma
héa va dich ngugc céc gid tri goc dong cat tit decimal
sang gray va tli gray sang decimal. Do d¢, bai nghién
ctiu da dé xudt mot giai phap cai tién la viéc st dung
bang tham chiéu. Viéc 4p dung bang tham chiéu da
g6p phén giam lugc thoi gian thyc thi cia GA xudng
khoang 30% tuy nhién vin tuong d6i16n so véi GWO.

DANH MUC TU VIET TAT
BBD: Bb bién déi

GA : Genetic Algorithm

SHE: Selective Harmonic Elimination
PSO : Particle swarm optimization
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THD: Total Harmonic Distortion: hé s6 méo dang
toan phan

NR : Newton Raphson

PWM : Pulse Width Modulation

DE: Differential Revolution

LOI CAM ON

Chung t6i xin cdm on Trudng PH Bach Khoa Tp.HO
Chi Minh (HCMUT), VNU-HCM da hd tr¢ vé mat
thai gian va phuong tién nghién ctiu cho bai nghién
ctiu nay.

XUNG POT LOI iCH

Nhom tdc gid cam doan rang khong c6 bat ky xung
dot loi ich nao trong cong bd bai bao.

PONG GOP CUA CAC TAC GIA

PGS.TS Phan Quéc Ding dua ra y tudng, phuong
phép luan, giadi thuat diéu khién, tham gia viét bai va
hiéu chinh hoan thién bai bdo.

Nguyén Thanh Hing dong dua ra y tuéng, ddm nhan
lap trinh phuong phdp GA cai tién va tng dung
phuong phap GA, GWO 1én m6 hinh mé phéng trén
simulink, phén tich s6 liéu va viét bai.
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Selective harmonic elimination for cascade modular multi-level
inverters using GA and GWO algorithms

Thanh Hang Nguyen'?, Quoc Dung Phan'2"*

ABSTRACT
Nowadays, the study of methods to control the inverter by applying optimization algorithms to
i eliminate selective harmonics (Selective Harmonic Elimination (SHE)) is attracting more and more
Use your smartphone to scan this attention of researchers. These studies are divided into two directions: evolutionary algorithms and
QR code and download this article swarm intelligence, in which genetic algorithm (GA) represents the group of evolutionary algo-
rithms, and one solution recently appeared is the gray wolf algorithm (Grey Wolf Optimizer: GWO)
which represents the group of swarm intelligence algorithms. When applied to the SHE problem
for the inverter, these algorithms show positive results. However, there has not been an evaluation
of both time and total harmonic distortion (THD) over the entire range of modulation index be-
tween the two methods GA and GWO when applied to multi-level inverters. Therefore, the article
gives detailed evaluations in terms of time and harmonics of the above methods to see the advan-
tages and limitations of each algorithm on each segment of the modulation ratio to the modular
11 -levels cascade inverter. Modular multi-levels cascade inverter is simulated by Matlab/Simulink
software to verify GA and GWO control algorithms.
Key words: Modular multi-levels cascade inverter, Selective harmonic elimination (SHE), Grey
wolf optimization (GWO), Genetic algorithm (GA), Total harmonic distorsion(THD)
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