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TOM TAT

Dé thu duoc hiéu suat tdi da tir cac hé théng pin quang dién (PV) thi ki thuat theo ddi
diém phat cong suat cuc dai (MPPT) thudng dugc ap dung trong moi diéu kién van hanh.
Trong khi d6, cong sut cuc dai thu dugc tir hé théng quang dién mit troi thay ddi do su thay
d6i cua diéu kién méi truong. Mot trong nhimg phuong phéap kinh dién duoc 4p dung rong
rai nhat d6 1a giai thuat nhidu loan va quan sat (P&O). Tuy nhién, kich thudc budc cho cac
vong lap van con 1a van dé quan tdm khi muén tang hiéu suat dong thoi rat ngan duogc tée do
hoi tu cua giai phap. Trong bai bdo nay, mot nghién ctu so sanh gitra thuat toan P&O véi
kich thudc budc duoc diéu chinh so véi giai phap P&O thong thuong dugc trinh bay. Giai
phap d& xuat cho thay c6 nhimng uu diém vuot troi vé toec @6 MPPT nho vao kha niang diéu
chinh kich thudc budc mot cach linh hoat.

Tir khoa: Hé thong dién mat troi, giai thuat P&O, diéu chinh kich thudc budc.

1. GIOI THIEU

Nhu ciu ning luong dang gia ting timg ngay. Sy phat trién kinh té, xa hoi doi hoi viéc
su dung ndng lugng mot cach higu qua va than thién hon véi méi truong. Nang luong tai tao
c6 tiém nang to 16n trong viéc cai thién an ninh ning luong thé gisi dac biét la dién mat troi.
N ton tai dudi dang anh sang va nhiét duoc khai thac bing cach sir dung cha yéu hai cong
nghé 1a hé théng quang dién mat troi va dién mat troi tap trung dé san xuat dién. Té bao PV
chuyén d6i birc xa mat troi truc tiép thanh dién nang dua trén hiéu tng quang dién. cac hé
thdng PV doc lap dugc sir dung cho céc Gng dung chiéu sang duong phd, bom nudc, nong
nghiép va ca cho xe dién [1]. N6 ciing c6 thé duoc tich hop vao ludi dién dé s dung trén
mot quy mo 16n dudi dang cac canh dong PV [2]. Tuy nhién, cong suat dau ra caa hé thong
PV thay d6i theo diéu kién thoi tiét (nhiét do va buc xa mat troi). Do d6, ki thuat MPPT
thudng duoc thuc hién dé didu chinh hé théng PV dé tao ra cong suit toi da. N6 dua trén su
ph hop tré khang gitra ngudn PV va tai. Biéu nay dwoc thuc hién dua vao céc thuat toan
MPPT khéc nhau ding trong hé théng PV dé diéu chinh ty s6 dong dién cua bo bién doi
cong suat (bo chuyén d6i DC-DC) phu hop véi tré khang [3].

Trong nhimg nam gan day, nhiéu ky thuat khac nhau da dwoc phat trién dé MPPT hé
thong PV [4-15]. Cac ky thuat nay c6 thé dugc chia thanh bén loai: phuong phap dua trén
cac mo hinh toan hoc; phuong phap dua trén kiém soat diu ra; phuong phap duwa trén céc
thuat toan théng minh; va cic phuong phap dua trén téi wu hoa nhidu [16].

Phuong phap dién 4p ho mach va dong dién ngin mach [4, 5] ¢6 cach tiép can don gian
va hiéu qua dé 1am cho hé théng PV hoat dong & diém cong suat téi da (MPP). Tuy nhién, hé
thdng PV phai dugc ngét két ndi hoic ngan mach dinh ky dé lay hai théng sé lam tham
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chiéu. Do @6, loai phuong phap nay lam tang tén thit dién ning va cac diém hoat dong do
duoc khdng phai 1a diém cdng suat cuc dai thuc té.

Nhom thir hai bao gdm diéu khién phan héi thong sé dau ra [6], diéu khién giam dién
ap bus DC [7] va phuong phéap diéu khién chu ky gigi han [8]. N6 chi do mét trong cac dong
tai va dién ap dé MPPT va c6 thé duoc thuc hién mot cach don gian. Tuy nhién, hiéu suat va
dao dong quanh trang thai 6n dinh cua n6 phu thudc rat nhiéu vao thiét ké cua cac théng sé
mach, va day 1a mot qua trinh rat phuc tap.

O nhom thir ba, cac phuong phap diéu khién logic mo [9], diéu khién trugt [10] va diéu
khién mang no-ron [11] thuong dugc &p dung do kha nang xu ly phi tuyén tinh cua ching.
Ching c6 hiéu suat thoa dang trong cac diéu kién moi truong khac nhau. Tuy nhién hi¢u qua
cua ching phu thudc rat 16n vao kinh nghiém, ché do huan luyén, diéu nay han ché tinh linh
hoat cta né do qué phuc tap.

Loai phuong phap thit tu dua trén sy ti wu hoa nhiu loan, va bao gom céc thuat toan
“leo @6i” [12], “nhiéu loan va quan sat” (P&O) [13] va d6 dan ting dan (INC) [14-17].
Chung dugc ap dung rong réi trong cac hé théng PV vi kha ning thyc hién don gian, toc do
cao. Tuy nhién, kich thudc budc cua ching 1a mét bét loi. Chon kich thude budc 16n s& gia
tang toc do hoi tu nhung hidu suat va 6n dinh tai MPP thap. Nguoc lai, giam kich thudc budc
c6 thé gia ting hiéu suat nhung tn nhiéu thai gian cho cac vong liap dan dén thoi gian hoi tu
cling gia tang [17].

Trong bai bao nay, viéc két hop giita gia tri xap xi dién &p ho mach Voc va kha ning
diéu chinh kich thuée budc linh hoat trong thuat toan P&O dugc trinh bay. M6 hinh mo
phong dua trén nén tang PSIM duoc phaét trién cho nhiing tng dung c6 yéu cau dién &p va
cong suat thap. Nhitng két qua mo phong nham so sanh hidu suat va toc do cua giai phap dé
Xuat voi phuong phap P&O truyén thdng trong cac diéu kién van hanh thay doi.

2. MO HINH PV VA ANH HUONG CUA MOI TRUONG
2.1. M6 hinh h¢ théng PV

M6 hinh todn cua té bao quang dién dugc gidi thigu trong hinh 1 bao gom mot diode
song song vd&i mot nguon dong duoc dieu khién boi anh sang va hai dién tré noi tiép va song
song la Rs, Rp [14-17].

Hai thong sb quan trong caa PV 1a dong ngin mach Isc va dién ap hd mach Voc lién
quan dén biéu thuc tinh dong ngd ra. Dong qua diode la.

qVy
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Voc :k—Tln(liJrl) (3)
q Iy

Trong do: lo — dong dién bao hoa cua diode (A);

Vq— dién ap diode (V); q— dién tich cua electron (1,602.102°C);

V — dién ap ra cua PV (V) k — hang s6 Boltzman (1,381.102)/K);

| — dong di¢n ra cua PV (A). T — nhiét do 16p tiép xtc (K);

lp — dong qua dién tro RP (A) Rs, Rp — dién trg ndi tiép va song song (Q

Isc — dong dién ngan mach cia PV (A)

+
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Hinh 1: So db thay thé té bao quang dién

2.2. Phuwong phap dé xuat

Cong suat dau ra cua hé thong PV thay doi do sy thay doi ciia diéu kién moi truong va
do d6 hiéu suat giam. Cac dac tinh dong dién - dién &p va cong suat - dién &p cua mot mo-
dun PV ¢ cac buic xa khéac nhau trong cung nhiét do khong d6i dugc mo ta trong Hinh 2.
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Hinh 2. Dang dic tuyén PV khi thay d6i buc xaa. 1 -V vabh. P -V

Hinh 3 md ta céc ddc tinh & cac nhiét do khac nhau nhung cing mot mie d6 bac Xa.
Khi thay doi buc xa thi dong dién cua moé-dun bi anh huong nhiéu va dién ap hau nhu khong
doi. Trong khi nhiét d tang, dién ap mo-dun giam, con dong di¢n cta mo-dun it bi dao
dong.
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Hinh 3. Dang dic tuyén PV khi thay d6i nhiétdo a. | -V vab.P—-V

Khi nhiét d6 té bao va buc xa mit troi thay ddi, cdng suat dau ra caa md-dun ciing khac
nhau. B diéu khién MPPT duoc str dung trong hé thong PV dé theo doi diém lam viéc ma
tai d6 cong suét dat mac t6i da. Hé théng PV ndi véi bo didu khién MPPT dé kiém soét hoat
dong cua bo chuyén doi DC-DC. Ty sb déng dién D cua bo bién d6i dugc diéu chinh theo
cach dé dat dugc diém cong suat 16n nhat. Cac thuat toan MPPT nén duoc dua vao hé thong
PV dé dat dugc hiéu qua cao nhat.

3. GIAI THUAT P&O TRUYEN THONG

Cong suét cuc dai thu duoc tir hé thong PV thay d6i do sy thay dbi cua buc xa va nhiét
d6 bé mat PV. Bé thu duoc cdng suit 16n nhat, nhiéu thuat toan MPPT duoc sir dung trong
hé thong PV. Phuong phap P&O hoat dong bing cach ting / giam dién 4p mo-dun dé tim
cong suat dau ra téi da. Néu dPpy / dVpy > 0, nghia 1a né nam & phia bén trai cia MPP. Khi
d6 can ting dién ap 1én dé dat dén MPP. Khi dPp, / dV,y <0, thi dién &p can duoc giam dé
quay vé MPP. Kich thuéc budc cua P&O thong thuong 1a mét gia tri ¢b dinh (thuong l1a dD
= 0,01). Thuat toan tang hoic giam gié tri D theo tirng budc cho dén khi dat dén MPP. Kich
thudc bude duoc diéu chinh dya trén két qua cia budc lap trude d6. Néu cong suat dau ra
tang 1én do 1an nhiéu loan cudi cung thi 1an nhiu loan tiép theo ciing theo cing mot hudng.
Néu cong suit dau ra giam do 1an nhiu loan cudi cung thi 1an nhiu loan tiép theo s& theo
chiéu nguoc lai. Thuat toan P&O Ia thuat toan don gian nhat va viéc thuc hién ciing rat dé
dang. Tuy nhién, thuat toan khdng phi hop véi diéu kién thoi tiét thay d6i nhanh chong do
hiéu suat va toc do phu thude vao kich thude budc. Céc tin hidu dién ap va dong dién dau ra
dao dong quanh trang thai 6n dinh [17, 18]. Luu do cua thuat toan P&O thong thudong dwoc
hién thi trong Hinh 4.

4. GIAI PHAP PIEU CHINH KiCH THUOC BUOC P&O

Mot giai phap P&O Vi kich thude bude thay ddi duoc dé xuat dé khac phuc nhitng han
ché cua thuat toan P&O truyén thdng. Thuat toan duge dé xuat lam ting toc d6 MPPT va
cling giam dao dong. Trong thuat toan ndy, ngoai gié tri dP/dV dwoc sir dung dé xac dinh
chiéu dich chuyén cua lan lip tiép theo. Gi4 tri sai léch dién 4p & budc trude d6 so voi dién
&p ho mach Vo cling duoc xem xét nhu mot thong sb diéu chinh kich thude budce. Néu diém
hoat dong & xa MPP, thuat toan cho gia tri budc 16n va né giam dan khi diém hoat dong tién
gan dén diém MPP. Didu ndy c6 thé duogc giai thich nhu sau: theo hé s lap diy cua PV thi
Impp ~ 0.9 lsc VA Vinpp & 0.8Voe. Nhur vay c6 thé 1ay gia tri Vo 1am diém tham chiéu dé diéu
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chinh kich thude budc. Do gia tri Vo twong tng v6i D = 0 nén dién ap lam viéc cang xa
MPP tuong ung véi D cang l6n, khi d6 can giam gia tri D bang mot bude dieu chinh phu
thudc vao khoang cach dién ap theo biéu thuc sau:

Start

Piat D, Voc

dD = A[V-0.8Voc]

:
Pref = V=l Vref =V

PitD, AD D, =D+dD
v v
4.| Do V[il. I[i] | Do V(n). I(n)
7 Tinh P(n) = V(n)*I(n)
P[i]= V[i]*1[i] v
AP =P(i) - P(i-1) AP =P(n) - Py
AV = V(i) - V(i-1) AV =V(n) - Vier

Cap nhét P(i-1), V(i-1)

| Téng Vi | ‘DI Gidm Vi |

Hinh 4. Luu db giai thuat P&O truyén thng

Hinh 5. Luu d6 gidi thuat P&O véi kich thudc
budc diéu chinh

dD =A*(V,, ~0,8*V,,) @

Nhu da phén tich trong muyc 3, bude diéu chinh dD qua I6n thi higu suat thap, néu quéa
nho thi toc d0 MPPT cham va thuong c6 gia tri dD = 0,01, Trong nghién cau nay, dD phu
thudc vao do chénh dién ap gitra diém dang xét (V) vai diém lam viéc toi uu (0.8Voc) [18].
Dé dam bao gia tri dD khong Ién hon 1 khi d6 chénh 16n nhit thi gia tri A duoc chon dya
trén mic dién &p Voe cuc dai ma hé thong cé thé cung cip. Cu thé & day gia tri A duoc chon
tinh toén 1a 0,02.

Khi dé, gia tri budc didu chinh tiép theo s& dugc tinh theo biéu thic:

D" =D'+dD (5)

Néu dlem véan hanh dang ¢ bén trai MPP nghia 1a theo bleu thirc (4) dD <0, lac do gia tri
D & lan lap tiép theo s& dwoc giam xudng dé ting V nham tién gan hon t6i MPP. Diém nay
cang xa MPP thi gi4 tri cua dD cang 16n va nguoc lai, gia tri dD = 0 khi diém lam viéc tién sét
MPP.

Trong khi diém van hanh dang & bén phai cia MPP nghia 1a theo biéu thuc (4) s& ¢6
dD > 0. Khi d6, theo biéu thirc (5) gié tri D ¢ budc tiép theo s& duoc tang 1én, né dong nghia
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Vi viée dién ap bi giam di dé quay vé MPP. Tuong tu nhu trén, khoang cach cang xa MPP
thi dD cang lon va nguoc lai.

Nhu vay, dya vao su sai biét dién &p giira diém lam viéc hién tai véi gid tri tham chiéu
ma kich thuéc bude duge dieu chinh cho phu hop nham gia tang toc do hdi tu dong thoi
giam dao dong khi dat tai vi tri MPP. Luu do giai thuat d¢ xuat dugc trinh bay trong Hinh 5.

5. KET QUA MO PHONG VA THAO LUAN

Giai phap dé xuat va thuat toan P&O truyén thong ciing dugc xay dung mé phong trong
cac diéu kién van hanh khac nhau trong méi truong PSIM. Hé thong PV duoc lién két véi tai
théng qua mot mach chuyén d6i Buck c6 ciu trac nhu Hinh 6. Cac truong hop dé xuét cho
van hanh md phong thir nghiém nhur liét ké trong Bang 1. Trong do, Pmax 12 gia tri cong suat
tai diém MPPT ma hé thong c6 thé cung cap tng voi nhitng diéu kién buc xa khac nhau. Cac
giatri Pyva Ty tuong ung V6i cong suat va toe do hoi tu cua g|a1 phap d& xuat. cudi cung 1a
Ps va Tt 1a cOng suét va toc do hoi tu ciia phuong phép truyén thong
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Hinh 6. Cau truc hé thong trong méi truong PSIM

Bang 1. Cac diéu kién van hanh va két qua thu duoc

STT | vy | P | PO | T Pr (W) Ti (s)
1 200 47.73 47.24 0.017 46.77 0.036
2 350 8507 | 84.60 0018 8451 0045
3 500 | 12211 | 12170 | 0,019 12111 0057
4 750 | 18193 | 18178 | 0021 18120 0070
5 900 | 21686 | 21676 | 0.025 216.14 0082
6 | 1000 | 23933 | 23929 | 0026 238,65 0085

Hinh 7 trinh bay két qua mé phong cua hai giai phap trong trudng hop 1. Giai phap dé
Xut cho thay chi vai bay budc diéu chinh da c6 thé hgi tu trong 0.017s. N6 ciing cho thy
gia tri D giam dan khi tiép can MPP dé dat mic hiéu suat cao hon (47.24W tuong dwong
98,97% so v&i 46.77W khoang 97,98% cua giai phap truyén thong). Do cac bude diéu chinh
D cua giai phap truyen thong 1a cb dinh nén kho dé diéu chinh Sat V6i gia tri toi wu nhu
phuong phap dé xuat. Hon nira, n6 can trai qua nhiéu budc lap cé dinh khac nhau nén ton
nhiéu thoi gian hon khi hoi ty tai thoi diém 0.036s.
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Céc truong hop 4 va 6 c6 dang séng md ta cung tinh chat nhu trudng hop 1 dugc trinh
bay trong Hinh 7. Ching chi khac nhau vé gié tri cong suat va toc do hoi tu nhu da liét ké
trong Bang 1. Toc ho hoi tu cua giai phap dé xuat so véi P&O truyén théng lan luot 12 0.021s
va 0.026s so véi 0.070s va 0.085s. Bén canh do, tuy khong co su chénh léch qué lon vé cong
Suat nhung giai phap dé xuat ludn thu duoc hiéu suat 16n hon trong hai truong hop nay.
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Hinh 7. So sanh MPPT trong truong hop 1

Twong tu két qua md phong trong hinh 8 thé hién so sanh MPPT bang hai giai phap cho
truong hop 2. Két qua cho thay, hiéu suat cua hai giai phap kha twong dong nhung toc do hoi
tu thi c6 su khac biét rd rét. Trong khi P&O véi cac budc D ¢ dinh hoi tu tai thoi diém
0,045s thi giai phap dé xuat véi gia tri D duge diéu chinh hop ly hoi tu tai 0,018s.
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Hinh 8. So sanh MPPT trong truong hop 2

Céng s ut (W)

Khéc véi truong hop hop 1. Két qua mé phong trong Hinh 9 cho trudng hop 3 lai cho
thdy: ty s6 dong dién D cua P&O truyén thong thip hon so véi giai phap dé xuit va do d6
kéo theo cong suat ciing kém hon. Téc d6 hoi tu ciing 12 vin dé dang ban luan khi giai phap
dé xuat c6 thé nhanh hon gin 0,04s so v&i khi chua duogc didu chinh.
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Hinh 9. So sénh MPPT trong truong hop 3
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Hinh 10. So sainh MPPT trong trudng hop 5

Chua dirng lai & d6, két qua mé phong cho truong hop 5 thé hién trong hinh 10 con cho
thdy. Giai phap d& xuat khdng nhirng c6 toc do hoi tu vuot troi, hiéu suat cao ma con c6 kha
ndng 6n dinh quanh diém lam viéc t6i wu. Khi dat toi diém MPP, giai phap dé xuat gitr
nguyén trang thai gia tri D trong khi d6 phuong phap truyén théng bi dao dong quanh diém

nay. NG la nguyén nhan din dén gia tri cong suat ngd ra ciing khong 6n dinh ma dao dong
khong ngung.

Tom lai, trong cac truong hop mo phong dé xuat, giai phap diéu chinh thich ‘nghi gia tri
budéc lap D lubn co hiéu suit cao hon phuong phap truyén théng. Bén canh do, tc do hoi tu
ctia n6 duoc rit ngan hon mot nira v6i do 6n dinh dang tin cay. cac biéu dd so sanh vé hiéu
suit va téc do MPPT cua hai giai phap thé hién trong Hinh 11 va 12 da cho thiy diéu do.
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Trwing hop

Hinh 11. So sanh hiéu suit MPPT cua hai giai phap

Trwing hop

Hinh 12. So sénh téc d6 MPPT cua hai giai phéap
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6. KET LUAN

Bai bao di trinh bay mét giai phéap P&O vai gia tri D duoc diéu chinh phy thudc vao vi tri
diém hoat dong két hop vai thong sé Voc cua hé théng PV. Cac két qua md phong da cho thay,
giai phap dé xuat khong nhiing c6 hiéu suat cao, téc do hoi tu vuot tréi ma con co kha nang on
dinh dang song cdng suat ngd ra cua hé thong PV trong cac diéu kién van hanh khéc nhau.
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ABSTRACT

VARIABLE STEP SIZE MPPT ALGORITHM BASED ON P&O

Duong Van Khai, Bui Van Hien, Le Khac Sinh
Ho Chi Minh City University of Food Industry
*Email: hienbv@hufi.edu.vn

To reach the highest efficiency from photovoltaic (PV) systems, maximum power point

tracking (MPPT) technique is commonly applied under all operating conditions. Meanwhile,
the peak power obtained from the solar photovoltaic system changes due to environmental
conditions. One of the most widely used classical methods is the perturbation and
observation (P&O) algorithm. However, the step size of duty cycle is still a concern when

both

of increase performance and shortening the convergence rate of the solution. In this

paper, a comparative study between the P&O algorithm with the adjusted step size compared
to the conventional P&O solution is presented. The proposed solution shows outstanding
advantages in MPPT speed based on the ability to flexibly adjust the step size.

Keywords: Photovoltaic system, P&O algorithm, variable step size.
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