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Tom tat. Khi yéu cau hé thdng dién véi cap dién ap va cong suét 10n, thudng khong thé sur dung don thuén
céu hinh lién két song song (PC) vi c6 dong dién ngd ra rat 16n géy kho khan cho viée thiét ké cac mach
chuyén d6i. Thay vao do6, cac cu hinh néi tiép (SC) hodc nbi tiép song song (SPC) duoc ing dung nhiéu
hon vi dong di€n ng6 ra an toan hon cho cac khoa diéu khién. Tuy nhién, hai loai céu hinh nay c6 nhugc
diém 1a tao nhiéu diém cuc tri trong diéu kién bong che mot phan (PSC) gay kho khan cho viéc xdc dinh
chinh xac diém phat cong suit cuc dai toan cuc (GMPPT). Céc giai phap MPPT truyén thdng chi hiéu qua
trong méi truong van hanh déng nhat va kém hiéu qua trong diéu kién PSC. Trong noi dung bai viét nay
gidi thiéu giai phap GMPPT ctia h¢ thong pin quang dién (PV) bang giai thuat di truyén. Céu hinh dé xuét
dung 3 moé-dun PV loai PHM60W36 méc ndi tiép mo phong trong mdi truong PSIM trong moi dleu kién
van hanh. Nhiing két qua thu dugc cho thay khi birc xa thay doi lién tuc thi hé théng luén dat hiéu suat vuot
troi va tde do hoi tu cao.

Tir khéa: Thuat toan di truyén, Bong che mot phan, tim pin quang dién (PV), hé¢ thong pin mat troi, dic
tinh P-V.

GLOBAL MAXIMUM POWER POINT TRACKING OF THE PV SYSTEM USING
GENETIC ALGORITHM

Abstract. When electrical systems with large power and voltage levels are required, a parallel link
configuration (PC) cannot often be used alone because the output current is so great which makes it difficult
to design converter circuits. Instead, serial (SC) or parallel-serial (SPC) configurations are more applicable
because the output current value safer for the control switches. However, these two configurations have the
disadvantage of creating multiple extremes under partial shading (PSC), which makes it difficult to
accurately determine the global maximum power generation point (GMPPT). Traditional MPPT solutions
are only effective in uniform operating environments and less effective under PSC conditions. The content
of this article introduces the GMPPT solution of the photovoltaic (PV) battery system using genetic
algorithms. Recommended configuration uses 3 simulated series-connected PHM60W36 PV modules
under PSIM environment under all operating conditions. The results obtained show that when the radiation
is constantly changing, the system always achieves outstanding efficiency and high convergence speed.
Keywords: Genetic Algorithm, Partial shading, photovoltaic (PV) solar cell, solar system, P-V
characteristic.

1. GIOI THIEU

Nham giam bt ganh nang Ién cac nganh khai thac nang lugng truyén thong nhu hoa thach, thiy dién.. von
gdy tac dong 16n dén méi trudng. Céac qudc gia trén thé gisi da va dang chuyén hudng sang ngudn ning
luong tai tao bén ving, xanh, sach, than thién voi moi truong [1, 2, 3]. Dién mat troi la mot trong nhing
nguén nang luong duoc vu tién hang dau cho t6i thoi diém nay. Tuy nhién, nghich luu hoa luéi 1a mot
thach thure khong nhé khi phai lién két nhiéu mo dun PV lai dé dat t6i gidi han cua hé thong dién [4, 5, 6,
7]. Do @0, lién két cac mo dun lai v&i nhau nhu thé nao dé dat dugc hiéu suit cao nhét trong tinh trang lélm
viéc binh thudng ciing nhu khi xay ra su ¢d can duoc nghién ciru va xem xét.
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Trong nghién ctru trudc ddy cta ching toi da chi ra rang méc song song cac tim pin quang dién sé& cho hiéu
suét cao hon khi mic ndi tiép trong moi diéu kién van hanh [8]. Hon nita, kiéu lién két nay c6 s6 diém cuc
tri it nhat trong diéu kién boéng che mot phén. biéu nay khién cho viéc lya chon giai phap GMPPT don gian
hon nhiéu so voi cac kiéu ciu hinh khac. Tuy nhién, PC chi pht hop véi cac tng dung yéu cau muc dién
ap va cong suét thap boi vi dién ap ngd ra cua h¢ thdng cac PV song song kha nho gay kho khin cho viée
thiét k& cic mach chuyen d6i cong suit 16n va cac khoa dién phai chiu mot dong dién cao. N6 ciing 1a
nguyén nhan gay nén ton thét trén cac mach diéu khién.

Trong khi d6, mic du SC ¢6 nhugc diém 1a sinh ra nhiéu cuc trj trong diéu kién van hanh khong dong nhét
va dé bi su c¢b dbi voi nhirg mo-dun PV khong dugc bao vé trong truong hop nay (hinh 1). Tuy nhién n6
lai cho thay su vuot troi ve gid tri dién ap voi mirc dong dién thap, phu hop voéi viée thiét ke cac mach diéu
khién. Néu giai quyet tot vin dé da diém cuc tri trong cac diéu kién van hanh thi day 1a ciu hinh phu hop
cho nhiing yéu cau c6 muc dién ap va cong suat 16n [8].
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Hinh 1. Anh hudng bong che mot phan 1én dac tuyén ciia PV

Trong thuc té, dé dat gidi han yéu cau ciia hé thong dién thuong sir dung kiéu lién két SPC. Loai nay c6
murc dién ap va dong dién ¢ khoang gitra so voi hai céu hinh don 1é noi trén néu co cing s6 lugng mo-dun
PV. Tuy nhién do cau hinh SPC c6 chua lién két SC nén né ciing mang nhiig nhuoc diém cia loai cau
hinh nay nén viéc xuét hién nhiéu diém cuc tri cling 1a diéu khong tranh khoi. .
Khi khong thé str dung céu hinh PC cho nhiing yéu cau c6 dién ap va cong suit 16n, moi nghién ctru chuyén
sang hudng giai quyet bai toan da diém cuc tri nhdm GMPPT va tranh LMPP trong moi diéu kién van hanh.
Dé giai quyét van dé nay, cac thuat toan MPPT tr truyén thong den t61 wu 1an luge dugce gidi thiéu. Trong
do6, cac nghién ctru trude day da chi ra rang, nhom giai thuat truyen thong duoc biét dén voi tén goi thuat
toan leo ddi co chung nhiing dac diém nhu: don gian, dé thyc hién, tdc do hoi tu kha cao. Nhung nguoc lai
n6 ¢ hiéu suat va do chinh xac thép, chi phti hop véi méi truong van hanh dong nhat, d& bi biy vao LMPP
trong diéu kién bong che mét phan [9]. Trong khi d6, nhom thuit toan tdi wu dugc gi06i thiéu sau nay chu
yéu md phong nhitng hanh vi chon loc trong tu nhién cho thdy kha ning dép tmg t6t hon. Chung thé hién
kha nang vuot trdi khi tranh dugc cac LMPP dé xé4c dinh chinh xac GMPP trong moi diéu kién van hanh
nhu: tdi uu hoa bay dan (PSO) [10, 11], t&i wu thudc dia dan kién (ACO) [12], t6i wu bay s01 xam [13]. Tuy
nhién, mdi giai phap dua ra déu c6 nhiing vu diém, nhugc diém riéng bao gom: Dé ting toc do hoi tu cac
giai phap thuong chon lya budc 1ap 16n nén hiéu suat MPPT kha thép khién cho viéc khai thac cong sut
cua hé théng bi han ché. Nguoc lai, voi budce 1ap nho s€ gia tang hi¢u suét nhung lai khién cho tdc do hoi
tu tang 1én dang ke.

Téc d6 hoi ty, hidu sudt MPPT, sy phu hop, chi phi hop 1y, hoat dong 6 6n dinh. .. 1a nhing chi tiéu danh gia
tinh hi€u qua cia mot giai phap ing v6i moi cAu hinh lién két. Rat kho dé thuc hién mot thi nghiém thyc té
v6i s6 lugng 16n PV trong diéu kién bong che mot phan. Bai viét nay gidi thiéu thuat toan di truyén (GA)
ap dung trong mot cau hinh SC gom 3 mo-dun PV loai PHM60W36 dudi sy hd trg ctia phan mém PSIM
mo phong tac dong ctia bong che mot phan dé xac dinh GMPP cua hé thong. Nhiing két qua mo phong dat
dugc trén cau hinh may tinh véi bd xir 1y Intel(R) Core(TM) 2 Duo CPU T5800 @ 2.00GHz, RAM 3.00GB.
Céu tric va nguyén ly hoat dong ciia giai phap dé xuat duoc gi6i thidu trong phan 2. Trong khi d6, nhiing
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két qua m6 phong va thao luan dugc trinh bay trong phan 3. Va cudi ciing, nhitng két luan ciia bai viét dugc
trinh bay trong phan 4.

2. PAC TiNH PIN QUANG PIEN VA CAU HiNH HE THONG

2.1. CAu hinh hé théng PV dé xuit.

Véi mdi té bao quang dién co cAu trac nhu hinh 2 thi quan hé dong dién va dién ap ra cua no dugc trinh
bay theo biéu thirc 1

op o e VIR,
sc o R, (1)

Trong do:

Iy - dong dién bao hoa cua diode (A);

Isc - dong dién ngén mach (A)

q - dién tich cua electron (1,602.10°C);

k - hing sé Boltzman (1,381.102J/K);

T - nhiét d6 16p tiép xuc (K);

V - dién ap ra cua PV(V);

I - dong diénra cﬁa PV (A).

Rs, Rp: dién tro ndi tiép va song song (£2)
Trong ndi dung bai Vlet nay st dung cau hinh SC nén dong dién ra cua hé thdng 1a khong ddi va twong
duong vé6i dong qua mdi PV. Thong s6 PV duoc st dung trong nghién ctru nay duoc liét ké trong bang 1.

v

Hinh 2. So d6 twong duong té bao pin quang dién
Céu hinh hé théng PV dé xudt gdm ba mo-dun PV loai PHM60W36 mic ndi tiép nhu hinh 3. Mot b MPPT
dé xac dinh gié tri o rong xung nham diéu khién b bién d6i DC-DC sao cho gié tri dién ap dit 1én tai R
thay doi, tir d6 thay doi cong sudt tiéu thy phu hop v6i cong suét cuc dai ciia hé théng PV. H¢ thong dugc
md phong trong cung diéu kién nhiét d6 tiéu chuan 25°C nhung vé6i nhitng birc xa bé mat khac nhau. Ngoal
ra, viéc thay doi buc xa trén hé thdng lién tuc ciing duoc xem xét mod phong trong cau hinh dé xuat danh
gia chinh xdc kha nang GMPPT trong nhiing mdi trudng thay doi lién tuc.
Bang 1. Thong so cua mdt mo-dun PV

Tén module PV PHM60W36
S6 lugng cell 36
Cong suat cyc dai 60W
Dong dién tai Pmax 3.33A
Dién ép tai Pmax 18V
Dong dién ngan mach Isc 3.99A
Dién ap hd mach Voc 21.6V
Kich thudc 780x675x35mm
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Hinh 3. C4u hinh hé thdng dé xuat

2.2. Giai thuit do tim MPPT.

bé giai quyét bai toan de ra, noi dung bai viét str dung giai thuat GA 1a k¥ thuat phong theo qua trinh thich

nghi tién hoa cta cac quan thé sinh hoc dua trén hoc thuyét Darwin. GA 1a phuong phap tim kiém t6i vu

ngiu nhién bang cach mo phong theo su tién héa cua con nguoi hay cua sinh vat. Y tuong cua GA la mo
phong céac hién tugng tu nhién, la ké thira va dau tranh sinh ton. So véi cac thuat toan t6i wu khac, GA ¢6
nhitng wu diém ndi bat nén duoc d& xuat sir dung trong nghién ciru nay nhu:

- GA lam viéc v6i bd ma cua bién chir khong phai 1am viéc truc tiép trén bién.

- Hau hét cac ki thuat ti uu thong thuong tim kiém tir mot dinh, trong khi d6 GA luén hoat dong trén
tap hop dinh (diém tbi wu), didu nay 1a mot uu diém ciia GA gitipting co hoi tiép can tdi vu toan cuc
va tranh hoi tu sém tai diém cuec tri dia phuong.

- GA danh gid ham muc tiéu dé phuc vu qué trinh tim kiém, vi vay c6 thé img dung cho bat ki bai toan
t6i rru nao (lién tuc hay roi rac).

- GA thudc 16p céac thuét toan xac sudt, cac thao tac co ban ciia GA dya trén kha ning tich hop ngau
nhién trong qua trinh xr 1y.

- Hoat dong ctia GA don gian la viéc md phong su tién hoa va chon loc tu nhién b'fmg viéc bét dau tir
mot qu'ém thé ngau nhién. Bén canh do dé t6i wu ta can so sanh tuyén chon dé chon c4 thé t6t va loai
b6 ca thé x4u.

Luu d0 giai thuét cta giai phap dé xuat duoc trinh bay trong hinh 4.

Tir luu d6 giai thuat co thé thay giai phap dé xuét hoat dong theo cac budce co ban nhu sau:

Budc 1. Tao quan thé ban dau:

Cac phan tir ban dau ctia quan thé duoc tao ngdu nhién phuc vu cho viéc khao sat cong suét ra ctia PV khi

¢6 bong che. Pham vi khao sat MPPT s& bi gidi han tir 0+0.8R 14 gi4 tri quan thé cic phan tir c6 chira gia

tri d6 rong xung D diéu khién mach DC-DC. Trong d6 R 14 gi6i han do rong xung cyc dai. Quy trinh nay
hoat dong khi kh(n dong hodc co su thay dbi birc xa mat troi 1am dic tuyén dudng cong P-V thay doi.

Buoce 2. Xur 1y mau:

Ung v6i mdi gia tri D dugc cp trong budc 1 s& tién hanh do lay mau céc thong sé dong dién, dlen ap ngd

ra ctia h¢ thdng dé xac dinh cong suat tuong tmg. Cac thong s6 khdo sat nay s& dugc chon loc, sap xép va

luu trit cho qua trinh lai tao va dot bién ké tlep.

Budc 3. Lai tao va dot bién:

Trong qua trinh lao tao gitra hai ca thé t&i uu cua bude 2 dé tao ra quan thé méi ludn bao dam gi61 han hoat

dong cua by chuyén d6i DC-DC nghia 14 gi tri d6 rong xung trong khoang 0.8*R. Céc hé s6 o dinh va

ngiu nhién dugc sir dung trong qua trinh lai tao dé tao ra sy dot bién vé gia tri trong thé hé con.

Budc 4. Xac dinh hoi tu:

Qua trinh hoi tu duoc x4c dinh khi thoa mén sai s6 vé cong suat va d6 rong xung gitra hai budc 13p lién tiép

theo diéu kién:

- biém cho cong suat dau ra tot nhat sau 4 thé hé lai tao va dot bién 1a MPPT

- Badiém t6t nhit c6 gia tri gan bang nhau tir thé hé lai thir 2 tré di thi diém d6 1a MPPT
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Hinh 4. Luu dbi giai thuat GA déu xuit

3. KET QUA MO PHONG

3.1. Cac trwong hop mod phong thir nghiém.

Tir cAu hinh d& xudt va cac truong hop thir nghiém bong che mét phin cho trong bang 2 v6i cong sudt tong
Poax 14 tong cong sut thuc ciia hé thong dugc phat boi cic mo-dun riéng biét ing véi cac gia tri buc xa
khac nhau. Céc truong hop dé xudt thir nghiém cho thay gia tri GMPP ¢ thé 1a diém dau (THS), diém giira
(TH1, TH2, TH7) hay diém cudi (TH9) nhu trong hinh 5. Diéu d6 thé hién sy da dang, phong phu trong
viéc ldy mau va tinh khach quan cia giai phap dé xuat khi gié tri diém can tim khong tap trung tai mot ving
¢b dinh. Riéng TH10 1a truong hop dic biét khi birc xa trén toan hé thdng 1a dong nhat nén duong cong
cong suit chi c6 mot cuc tri.

Ngoai viéc mé phong giai thuat GA v6i céu hinh dé xuit trong diéu kién bong che mot phan ¢b dinh, cac
truong hop birc xa thay ddi lién tuc giira cac trudng hop ciing duge xem xét van hanh mot cach doc 1ap dé
kiém tra tinh hiéu qua ciia giai phap dé xuat. Hon nita, dé lam ndi bat hon nira vu diém cia thuat toan, hé
thdng ciing dugc mod phong song song véi giai thuat PSO trong cung cc diéu kién van hanh. Chi tiét vé
giai thudt PSO c6 thé duoc tim thiy trong [10].
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Hinh 5. Cong sut dinh ctiia mot s truong hop dé xuit.

Béang 2. Cac truong hop mo phong GMPPT h¢ thong

Stt Birc xa trén Cong suét tong Cong suét Hiéu sudt Téc do
PVi-PV2-PV3 Pmax (W) MPPT (W) MPPT hdi tu (s)
1 800-900-1000 154.77 154.57 99.87 0.136
2 1000-500-200 65.82 65.77 99.92 0.139
3 900-600-200 77.77 77.32 99.42 0.141
4 1000-750-300 96.61 90.01 93.17 0.137
5 800-500-200 64.82 64.70 99.81 0.135
6 200-500-750 64.48 64.35 99.80 0.134
7 700-1000-300 90.72 87.92 96.91 0.138
8 200-300-700 42.14 38.89 92.29 0.135
9 600-300-400 59.01 58.96 99.91 0.137
10 1000-1000-1000 181.53 180.07 99.19 0.133

3.2. Két qua mé phong GMPPT va thio luin.

Vi gidi thudt GA dé xuat khi mo phong trong méi trudmg PSIM cho thy tit ca céc trudng hop déu xéc
dinh chinh xac GMPPT. Dang song ngd ra cua hé thong qua tat ca cac truong hop dugc trinh bay trong
hinh 6. Ngoai ra, thong s6 trong bang 2 cting chi ra rang. hiéu sut va toc do cua giai phap ciing 1a mot loi
thé khi ludn dat hon 90% vdi thoi gian it hon 0.15s. Diéu d6 cho thay cho du van hanh & méi truong dong
nhit (TH10) hay khong ddng nhat (cac trudng hop con lai) thi hé thong luén tranh duoc biy LMPP dé dat
duogc gia tri tt nhat. Khi c6 do chénh 1éch 16n vé birc xa mit troi khién cho dinh cuc tri toan cuc 1éch vé
phia du hodc cudi cliing cua dudng cong dic tuyén thi hiéu suat ctia hé thong kha thap (92.29% - THS).
Diéu nay dugc hiéu 1a do gidi han cua mach chuyén d6i DC-DC hoat dong hiéu qua trong khoang
0.2D+0.8D do rong xung.

Ngoai cac truong hop mo phong bong che ¢ dinh nhu trén, khi cho hé thdng hoat dong trong diéu kién
bong che thay ddi lién tuc, két qua thu duoc c6 dang nhu hinh 7. Trong hinh nay, hé théng duoc gia dinh
thay d6i tir TH2 1én THI. Két qua cho thiy; khi c6 sy thay doi buc xa, hé théng ludn ty didu chinh dé
bam diém GMPP mgt cach chinh x4c.
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Hinh 6. Dang song GMPPT ciia cac truong hop thi nghiém
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Hinh 7. Két qua GMPPT khi thay @i tir TH2 1én THI.
Khong nhiing thé, khi birc xa co sy thay ddi tir mirc cao xuong mirc thap (hinh 8) thi cu hinh dé xuat
ludn chimng to tinh hidu qua khi bam diém GMPPT véi hiéu suat cao va toc do dang ké.
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Hinh 8. Két qua GMPPT khi thay déi tir TH10 xubng TH7

Trong khi d6, trong cac hinh 9 va 10 thé hién su so sanh vé tinh hiéu qua cua giai thuat GA voi PSO.

Trong hau hét cac truong hop mo phong, dac biét la trong cac tinh hudng bong che mot phan ¢b dinh, ca
hai giai thuat deu c6 hiéu suit va toc do hoi tu tuong d6ng nhu nhau. Nhung khi méoi truong van hanh
thay d6i thi mot s6 treong hop co cac dinh cuc tri xap xi nhau khién cho giai thuat PSO bi bdy vio LMPP
(hinh 10). Trong hinh nay da cho thay, mac du tai xuat phat diém ca hai duong Pga va Ppso déu tiém can
gia tri Pmax. Tuy nhién do khong c6 kha niang d6t bién nhu trong GA nén khi hai dinh cyc tri gin nhau
thi giai thuat PSO xac dinh nham gia tri GMPPT. Nho c6 kha ning ké thira (lai tao) va sy dot bién ma
GA da chung t0 sy vuot troi hon trong trudong hop nay. Cling nh¢ kha nang ndy ma trong hai hinh 9 va
10 ciling da chi ra rang, toc d6 tiém can diém cuc tri cua GA la nhanh hon han so v6i PSO va voi dg dao
dong it hon han. Diéu nay cho thdy ngoai viéc cé hidu suat va toc do cao, giai phap dé xuét cling chimg
t6 kha nang on dinh cac gi tri ngd ra mot cach thuyét phuc.
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Hinh 9. So sanh két qua MPPT bing GA va PSO tir TH10 xuéng TH7
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Hinh 10. So sanh két qua MPPT biang GA va PSO tir TH2 1én TH1

Tir nhitng két qua mo phong trinh bay trong cac hinh 6 dén hinh 10 cung v&i bang gia tri hiéu sudt va tc

d6 hoi tu (bang 2) cho thiy:

- Giai thuat GA d& xuat kha phu hop v6i cau hinh trong viéc GMPPT va tranh bdy LMPP trong moi
diéu kién van hanh.

- Mic du GMPPT 6 bat ky vi tri ndo trén duong cong dic tuyén cong suét thi giai phap dé xuat luén
t6 ra hidu qua khi xac dinh chinh xac véi hiéu sudt dang ké va tc do cao.

- Khoéng nhimg trong méi trudng ddng nhit, bong che c¢b dinh ma ngay ca khi birc xa trén hé thong
thay di lién tuc theo chiéu hudng ting (hinh 7) hodc giam (hinh 8) thi giai phap luén ching t6 uu
thé vuot troi khi bam diém cuc tri mot cach chinh xac.

- Ngoai hiéu suét cao, tbc 4 GMPPT nhanh, giai thuat GA con cho thiy kha ning 6n dinh céac gia tri
ngd ra dap tmg duoc nhu cau tng dung thuc té trong cac diéu kién van hanh.

4. KET LUAN

Bai viét gidi thiéu mot giai phap GMPPT hé théng PV trong moi diéu kién van hanh bang cach sir dung
giai thuat GA. Nhing két qua mo phong hé thdng cho thay rang: dbi v6i nhimg hé théng khong thé sir dung
céu hinh PC dé tan dung vu diém cua no thi giai quyet bai toan da diém cuec tri chinh 1a lya chon t6i wru.
Nhu trinh bay trong nhitng phan trude, cac giai thuat tdi wu hoa co loi thé hon cac giai phap truyén thong
khi tranh duoc bly LMPP dé dat dwoc hiéu qua cao véi toe do hoi tu dang ké. Vi hiéu suat ciia hé thong
thap nhat 12 92.29% va toc do hoi tu t6i da la 0.141s, giai phap dé xuat trong ndi dung bai viét nay di ching
t6 tinh hiéu qua va kha ning ing dung ctia n6 vao nhimng hé thng c6 yéu cau mirc dién ap va cong suat
16n. Ngoai ra, kha niang dap ing nhanh chong v6i dd dao dong ngd ra it trong khi diéu kién méi trudng thay
dbi lién tuc ciing 1a mot trong nhing wu diém ndi bat mang tinh ing dung cao cta giai phap.
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