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LOI CAM DPOAN

T6i xin cam doan dé tai nghién ciru trong ludn dn ndy la cong trinh nghién
ctru cua toi duwa trén nhirng tai liéu, s6 lidu do chinh t6i tw tim hiéu va nghién cuu.
Chinh vi vdy, cdc két qua nghién ciru dam bdo trung thiee va khdch quan nhat. Pong
thoi, két qua ndy chuwea tirng xudt hién trong bat civ mot nghién cieu nao. Cdc 6 liéu,
két qua néu trong ludn an la trung thuec, néu sai téi hoan toan chiu trach nhiém trudc

phap luat.

Tac gia ludn an

NCS PANG THANH TRUNG



LOI CAM ON

Tac gia xin bay t6 151 cam on va 10ng kinh trong d6i véi hai nguoi thay
huéng dan: PGS. TS Thai Quang Vinh va TSKH Tran Ky Phiic boi nhiing chi
dan quy bau vé dinh huéng nghién ctru va phuong phap luan dé luan an nay
duoc hoan thanh.

Tac gia cling xin chan thanh cdam on Ban 1anh dao Vién Cong nghé thong
tin, Ban 1anh dao Hoc vién Khoa hoc va Cong nghé, Ban Ianh dao Vién Han
lam va Khoa hoc Cong nghé Viét Nam da tao diéu kién vé co s& vat chit va
thoi gian dé tac gia hoan thanh luan an.

Tac gia xin trin trong cam on cac nha khoa hoc, cac dong nghiép da
phan bién, dong gop cac y kién 1y luan dé xay dung va trao d6i vé cac van dé
ly thuyét cling nhu thuc tién cho lusn 4n dugc hoan thién.

Cudi cung tac gia xin bay t6 161 cam on sau sic nhit dén gia dinh d2 luon
chia sé, ganh d& nhitng kho khan va 13 ngudn c6 vii, dong vién tinh than khong

thé thiéu ddi véi tac gia trong sudt qua trinh thuc hién luan an nay.
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Cong suét tac dung ctia ngudn dién th i.

Cong suit phan khang cta ngudn dién thi i.

Heé s6 bac 2, bac 1, bac 0 khi tinh gi4 phat dién theo cong suat tac dung
ctia cac nguodn dién.

Cong suit tac dung chay trén nhanh 1-k.

Cong suat phan khang chay trén nhanh 1-k.

Bién d6 dién ap tai nut k trong hé don vi twong ddi co ban.

Goc pha cua dién ap tai nut k.

Dién ap cho phép 16n nhat va nho nhét tai niit i trong hé don vi twong
ddi co ban.

Dién ap dat tai nut 1

Dién dan cua dudng day k-m trong hé don vi twong dbi co ban.
Dung dan caa duong day k-m trong hé don vi twong ddi co ban.
Dong dién va dong dién cho phép 16n nhét chay tir k-m

Téng dan nit

Dong dién nhanh

Ma tran két nbi nhanh

Céc dang thirc rang budc

Céc bt ddng thirc rang budc

Pao ham béc 1 caa ham f theo bién X

DPao ham bac 2 cia ham f theo bién X

Ham Lagrangian

Pao ham bac 1 va bac 2 cia ham Lagrangian theo bién X
Pao ham bac 1 va bac 2 cua ham H(X), G(X) theo bién X

Ma tran don vi

Hé s6 budce nhay

Hang s0 ty 1¢ khi tinh hé s6 budc nhay

Nhan tir Lagrangian.

Hé sb ty 1€ cho gié tri cia ham tham s6 nhidu.

Tham s6 cho bat dang thire, c6 gia tri xap xi 0.

Ma tran bu cho bat dang thirc dé tré thanh dang thuc.
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Cong sudt truyén tai va cong suat truyén tai 1on nhat trén duong day
tur k-m.

Cong suat phatlon nhét ctia ngudn ning lwong mit troi va nang lugng
gio.

Phu tai khong diéu khién duoc.

Phu tai diéu khién dugc.

Nguon dién 13 gian pin mit troi ndi véi ludi dién.

Ngué)n dién 1a tua bin gid ndi véi ludi dién.

Hé sb ¢o loi tai vi tri dat nguén 1

Véc to dau vao mang no ron.

Véc to trong sd.

S6 lwgng ciap mau (X,0) sir dung cho dao tao.

S6 lwong dau ra ctia mang.

Gi4 tri ddu ra thir j twong Gng ciia mang tng voi cip mau th m trong
tap $6 liéu mau.

Gié tri dau ra thi j cia mang khi tinh todn véi cac gia tri dau vao ting
v6i cdp mau thir m trong tap sé liéu mau va trong sd ctia mang.

Gia tri trong s6 trudc va sau khi cap nhat.

Ma tran Jacobian 1a dao ham cua ham muc ti€u E theo céc gia tri trong
sO ctia mang.

Ma tran don vi.

Hé s6 két hop, luén duong.

Sai léch ctia qué trinh lan truyén ngugc clia cac no ron khac ndm trong
cung lop do.

Sai 1éch ctia qua trinh lan truyén nguoc qua no ron j.

Chi s6 ctia cac no-ron trong 16p thir nhét, tir 1 dén s.

Cong suat phirc toan phan va ton thit cong suit phirc toan phan trén
duong day.

Cong suat phirc cua tai (khong diéu khién duge- LUC va diéu khién
duogc LC).

Cong suit phtrc phét ciia gian pin mat troi.

Cong suat phuc phat cia tua bin gio.

Téng tré, Pién trd, Dién khang cua dudng day.

Dién tro va dién khang don vi cia dudng day.

Chiéu dai duong day.

Dién 4p, Dién ap 16n nhat, Dién 4p nho nhat cua nit, Tén that dién ap

trén duong day.



I, Tmax Cuong d6 dong dién, Cudng d6 dong dién 16n nhat trén dudng day.

P,Q Cong suat tic dung, Cong sut phan khang.
PRGr(t) Gia mua dién tir ludi tai diém t trong nira gio.
PRpv(t) Gi4 ban dién tir gian pin mat troi 1én ludi tai diém t trong nira gid.
PRwr(t) Gié ban dién tir tua bin gi6 1én ludi tai diém t trong nira gio.

Cong suit ciia phu tai dién tai ntit thir i khong diéu khién duoc va didu
Piruc(t), khién duoc tai diém t (s liéu dugc du bao 30 phit/1 1an). Véi phu tai
Pirc(t) dién diéu khién dugc thi thoi diém nao phu tai d6 dong thi Prci(t) =

Prcmax; con thoi diém phu tai dién d6 khong dugc dong thi Prci(t)=0.

Cong suat phat cua gian pin tai nut thir i tai diém t (sd liéu duogc du

Pirv() b4o 30 phat/1 1in)

Piws(t) Cong suét phat ‘cﬁa tua bin gio tai nat thir i tai diém t (s6 lidu duoc du
bao 30 phut/1 1an)

C Hang s6 dé cho ham f luén 16n hon 0

I, Tmax Cudng do dong dién, Cudng d6 dong dién 16n nhat trén duong day.

dayfo Ngay du bao.

dayfo-1 Ngay trude ngay du bao
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MO PAU
1. Tinh cép thiét ciia dé tai

Cung voi sy phat trién manh mé cia ty trong cac ngudn dién mat troi, dién gio
trong ludi dién thi cling di kém nhiing dnh hudng rat 16n do tinh bién ddi cua cac
ngudn dién nay t&i ludi dién. Do d6 van dé diéu khién, van hanh t6i wu hé thong dién
c6 su tham gia cua nguén dién gid, dién mat troi ngdy cac cép thiét. Viéc diéu khién
van hanh tdi vu hé théng dién s& lam giam tic dong cua sy bién thién ngudn ning
lugng gid, nang lugng mat troi 1€n ludi dién, ddm bdo an ninh hé théng dién, tranh
cit nguén cac nha may dién gid, dién mat troi, ting hiéu qua kinh té khi giam ton that
va phan bd kinh té cac ngudn dién 1am giam chi phi phat dién.

DPong thoi v6i sy phat trién ciia cac ngudn dién méi nay thi phu tai ciing c6 su
bién d6i rat 16n. Cac phu tai ngay nay c6 thé diéu khién dong/ cit tir xa qua mang
Internet hoac ty dong diéu chinh theo céc thong s6 dat trude. Pac biét véi cac tram
sac xe dién la mot phu tai rat 16m, c6 kha nang diéu khién duge va co bd pin luu trix
nang luwong 16n c6 thé tan dung dé cung cap dién cho phu tai khi can. Cac phu tai nay
chinh 12 mot trong nhirng ddi tuong rat tot dé diéu khién, van hanh t6i wu ludi dién.

Ngoai ra, tdc do tinh toan ciia may tinh ngdy cang ting, cac thuat toan diéu khién
ti uru, thuat toan du bao, thuét toan tinh toan do tin cay ngay cang phat trién nén Viéc
hd tro diéu khién hé thong dién 1a mot doi twong rat 16n, nhidu bién, nhidu rang budc
ngay cang thuan loi.

Do d6, van dé dat ra 13 can mot giai phap tong thé dé diéu khién, van hanh hé
thong dién dé dam bao khi cac ngudn dién gio, dién mat troi bién thién lién tuc két
nbi véi ludi, hé théng dién van van hanh 6n dinh, giam t6i da anh huong 1én dién ap
nut, dong dién nhanh ma van tan dung dugc hét cong suat phét cia cac ngudn ning
luong gid, ning luong mat troi 1a cac ngudn nang luong it anh hudng dén moi trudng
va bién d6i khi hau c6 thé ap dung duoc trén thé gisi va phu hop véi hé théng dién
Viét Nam.

2. Muc tiéu, pham vi, ddi twong va phwong phap nghién ciu

a. Muc tiéu ciia dé tai

Muc tiéu cuia dé tai 1a nghién ctru dé xuét két hop cac giai phap nham diéu khién
van hanh t8i vu hé théng dién khi c6 su tham gia cua nguén dién gio, di¢én mat troi
nham dam bao tan dung tdi da cong suat phat ciia cac ngudn dién nay nhung dién ap
nut, dong dién nhanh van nam trong gia tri cho phép va hé thong dién ludn on dinh.

V61 myc tiéu trén, nhi€ém vu cua luén an s€ bao gom:
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- Nghién ctru phuong phap xac dinh téng cong suit 16n nhit ctia ngudn dién gio,
dién mat troi c6 thé phat 1én ludi ma khong 1am anh hudng dén hé thong dién. Dic
biét khi xét t61 &nh hudng cua cac nguén dién gio, dién mat troi 1€n phu tai dan dung
thuong stir dung 1 pha cta luéi dién ha ap.

- Khi céc ludi dién c6 nhiéu nguén dién gi6, di€n mat troi phat 1én. Ngoai viée
st dung cho phu tai cua lu6i dién d6 thi phan dién ning thira cAn dwgc phat qua may
bién 4p ting ap 1én ludi dién cao ap dé tan dung toi da ngudn dién gio, dién mit troi.
Luc nay tong cong suat 16n nhét ctia ngudn dién gio, dién mat troi tai cac ludi nho lai
phu thudc vao ciu hinh cua ludi 16n nén can nghién ctru phuong phap phu hop xac
dinh téng cong suét tdi da cua nguén dién gio, dién mat troi tai cac nut.

- Nghién ciru phuong phap du bao cong suat phat ciia gian pin mit troi, tua bin
gi6, cong suat tiéu thy cua phu tai dién, gia dién dé diéu khién dong/cat phu tai dam
bao dién ap nut, dong di¢n nhanh nam trong gia tri cho phép va on dinh hé théng dién.
Mo rong giai phap diéu khién phu tai bang cach st dung tram sac xe dién va gian pin
mat troi cung cap dién cho phu tai.

- Tinh to4an mé phong trén luéi dién thyuc té dé kiém tra lai tinh dung dén cua
cac luat d3 dé ra.

b. Pham vi va doi twong nghién ciru

Trén co s& nghién ctru trude cua céc tac gia vé diéu khién, van hanh tdi uu hé
thong dién c6 su tham gia clia nguén niang luong gio, ning lwong mit troi cling véi
viéc phan tich két cAu cua hé théng dién, luan an dé xuét pham vi nghién ctru 1a cac
giai phap tong hop dé diéu khién, van hanh hé thong dién c6 su tham gia ctia ngudn
dién mat troi, dién gio trong d6 tap trung vao ddi twong 1a 1 pha luéi dién ha 4p nham
dam bao cho dién 4p nit, dong dién nhanh nam trong gi6i han cho phép, sir dung t6i
da ngudn dién gio, dién mit troi va toi uu kinh té ludi dién. Dong thoi tinh toan cho
lw6i dién thir nghiém nham kiém nghiém so sanh tinh ning cua cac giai phap dé xuit.

c. Phwong phap nghién ciru

- Nghién ctru 1y thuyét: Phan tich 1y thuyét, xay dung co so 1y thuyét cho bai
toan diéu khién van hanh ti wu hé théng dién co su tham gia cla nguén nang luong
g16, nang lugng mat troi. Nhiém vy la tdi wu kinh té, sir dung tdi da nguén dién gio,
dién mat tro1 ddm bdo cho dién dp nit, dong dién nhanh cia 1 pha ludi dién ha ap
nam trong gi6i han cho phép.

- Cong cu: Cac thuit toan toi wu nhu thudt toan di truyén (GA), thuit toan bay
dan (PSO), cac thudt toan tinh toan ludi dién xoay chiéu ha ap va cao ap, thuat toan
tinh toan do tin cdy str dung mo phong Monte Carlo, thuat toan tinh t6i uu trao luu
cong sudt st dung phuong phap ham chin va phép lip Newton, mang no ron nhan

tao
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- Luén an su dung ly thuyét mang no ron nhan tao dé du bao cong suét phat cta
nguén dién mat troi, di€n gid, cong suit tiéu thu cua phu tai dién, gié dién trong ngay
tiép theo. Sau d6 sir dung két qua dy bao lam dau vao cho khdi diéu khién t6i wu phu
tai dién dua trén thuat toan di truyén. Ngoai ra luan an con st dyng thuat toan di
truyén (GA), thuat toan bay dan (PSO) dé tinh tong cong sudt I6n nhat ctia ngudn
dién gid, dién mat troi phat 1én ludi dién. Ludn an cling st dung thuat toan Monte
Carlo dé tinh db tin cdy cua ludi dién nham danh gia hiéu qua khi tich hop b sac xe
dién két hop gian pin mat troi. Sau d6 s& mo phong chay trén ludi dién thir nghiém
dé kiém chimg tinh ding dén cia cac thuat toan va phuong phap sir dung. Tac gia
cho rang két qua nghién ciru nay sé 1 nén tang cho nhitng nghién ctru sdu hon dé dua
ra mot giai phap tong hop didu khién van hanh t6i wu hé thong dién c6 sy tham gia
cua nguén dién gio, dién mat troi.

3. Y nghia khoa hoc va thue tién

- Khéng dinh lai tinh dung dén caa mot sd li thuyét dugc xem xét va 4p dung
vao nghién ctru dy bao, diéu khién tdi vu va tinh toan do tin cay.

- Khai quat hoa mot phurong thire tinh toan, t6t nhat, don gian nhat co thé dé thu
duogc két qua v6i cac phép sai sd cho phép. Ap dung cho xiy dung giai phap cho bai
toan diu khién kinh té t6i wu vdi cac diéu kién rang budc vé dién ap nat va cudng do
dong dién nhanh ciing nhu bai toan dénh gia do tin cay cho hé thong dién khi dua ra
mot giai phap moi lap dat 1én ludi dién.

- Y nghia thuc tién: C6 thé duoc ing dung dé diéu khién, van hanh ludi dién ha
ap nham st dung ti da nguén nang lugng gid, nang lugng mat troi va ddm bao dién
ap nat, dong dién nhanh nam trong gii han cho phép, dam bao giai toa hét cong suét
va cap dién cho phu tai khi mat ngudn dién tir may bién 4p nham ting do tin cay cung
cap dién.

4. Cau triic luin 4n

No6i dung nghién ctru cua luan an dugc trinh bay trong ba chuong:

Chuong 1. Tong quan vé diéu khién van hanh t6i uru hé thong dién phan phdi co
su tham gia cia cdc ngudn nang luong gio, nang lugng mit troi: phan tich chung vé
cAu tao hé théng dién va su phat trién cua nguén dién gi6, dién mat troi. Phan tich cac
phuong phap diéu khién, van hanh tdi vu hé théng dién khi c6 su tham gia ctia ngudn
dién gio, dién mat troi. Panh gia tom tit cac két qua nghién ciru trong va ngoai nudc,
nhitng van dé con ton tai va dé ra hudng giai quyét cta luan an.

Chuong 2. Tinh tong cong suét 16n nhat ciia ngudn dién giod, dién mit troi phat
1én luéi dién: Nghién ctru cac thuat toan vé tdi wu trong d6 tap trung vao thuat toan
di truyén (GA) va thuat toan by dan (PSO). Xdy dung va giai bai toan tim tong cong

suat 16n nhat ciia nguén dién gio, dién mat troi phat 1én 1 pha ludi dién ha ap (ké ca
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1 pha két ndi trong ngudn dién gio, dién mat troi két ndi ca 3 pha). Dé xuit mé hinh
két ndi, gidi tda, trao doi cong suét gitra cac ludi dién nho co nguén dién mat gio, dién
mit troi trong ludi dé trung hoa tinh bién thién cong suit phat ctia cic ngudn nay.
Xay dyung bai toan tim tong cong suat 16n nhat ciia nguon dién gio, dién mat troi tai
cac nut trong mé hinh két ndi thanh ludi 16n trung ap va cao ap c6 xét dén diéu khién
phan bé tdi wu cong suat phat va vu diém cua vi tri, tiém ning xay dung ngudn dién
g16, dién mat troi.

Chuong 3. Diéu khién tbi vu phu tai dién: Nghién ctru thuat toan st dung mang
no ron dé du bao cong suét phat cua nguén dién gid, dién mat troi, cong sut tiéu thu
cta phu tai dién, gi4 mua dién. Phan tich dic diém cua cac phu tai ¢6 thé diéu khién
dugc va tim hiéu sir dung thuat toan di truyén dé diéu khién dong/cat phu tai dién
dam bao toi vu kinh té, dién 4p nat va dong dién nhanh cua 1 pha ludi dién ha ap ludn
nam trong gidi han cho phép. Pdng thoi dé xuat giai phap tich hop tram sac xe dién
va gian pin mat troi ndi ludi dé cung cp dién cho phu tai khi mat ngudn dién tir may
bién 4p ha 4p. Sir dung thuat toan Monte Carlo dé tinh thoi gian mét dién trung binh
hang nam tir 46 danh gia hiéu qua cua giai phap. Xay dung thuat toan phan b cong
suét x4 ctia cc tram sac xe dién tich hop dé cép dién cho phu tai.

Két luan va kién nghi: Trinh bay tom tat cac két qua trong qua trinh nghién ciru.
Panh gi4, so sanh va ban luan vé két qua dat dugc va dua ra cac hudng nghién ciru

trong tuong lai.
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CHUONG 1: TONG QUAN VE PIEU KHIEN VAN HANH
TOI UU HE THONG PIEN PHAN PHOI CO SU THAM GIA
CUA NGUON NANG LUOQNG GIO, NANG LUQONG MAT
TROI

1.1 Ddc diém cua hé thong dién va bai toan diéu khién van hanh toi wu hé

théong dién

San xuat, phan phdi va cung cip dién ning 1a mot linh vuc cuc ky quan trong
ctia bat ky qudc gia nao. Mot hé thong dién dién hinh bao gém cac thanh phan nhu
trong hinh vé 1.1

May bién ap

Nha may dién Duong day truyén tai cao ap

) - 1 ] 1
Nut 4—# 110 kV, 220 kV, 500kV -+ B

Puong day trung ap
22 kV

Phu ti 4— Phu tai €¢—] Phu tai €—]
)I ——p Phuy tai >I —— Phu tai )I —— Phu tai
Phu tai 4——% Phu tai ‘——% Phu tai (——@

Hinh 1. 1: So db luéi dién dién hinh

Trong d6 so d6 bao gom:

+ Cac nguén dién bao gém cac nha may nhi¢t dién, nha may thuy di¢n, dién gio,
dién mat troi, dién diesel...

+ Puong day truyén tai gdom dudng day truyén tai cao ap, trung ap va ha ap

+ Cac phy tai dé tiéu thy dién. Ludn phai c6 su cin bang giita tong cong suat
phat ra tir cac ngudn va tong cong sudt tiéu thy ciia phy tai.

Trong co cAu ngudn dién thi ngudn dién mit troi va dién gi6 hién nay phat trién
rat manh. Theo s liéu ctia co quan ning luong quéc té (IEA), tong cong suat dit clia
ngudn dién mit troi trén thé gidi nam 2021 1a 843,086 TW ting truong 18% so véi
nam 2020. Tong cong suit dit ciia ngudn dién gié trén thé gidi nam 2021 1a 824,874
TW, tang truong 12,9% so voi ndm 2020. Dy béao dén nam 2050, nguén dién gid s€

dong gop 36% va dién mit troi dong gop 22% tong dién ning san xuét toan thé gidi.
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Hinh 1. 2: Biéu dd su phat trién cta dién mat troi va dién gi6 trén thé gidi theo )
lidu ciia co quan ning luong qudc té (IEA)

Trong xu thé chung d6, Viét Nam 1a mot trong nhitng qudc gia c6 tiém ning va
phat trién rat manh vé dién mat troi va dién gio. Tong cong suét lap dat ngudn dién
mat troi ctia Viét Nam ndm 2021 13 10.909 MW, dung tha 3 toan thé gidi sau Trung
Qubc va My (nam 2018, téng cong suit dién mat troi ctia Viét Nam 1a 86 MW). Theo
s6 lidu cua trung tam diéu do hé théng dién qudc gia, tinh dén thang 12/2020, tong
cong suat dat cua cac nguén dién mat tro1 4p mai tai Viét Nam la 7760 MW (10,1%
téng cong suit dat cac ngudn dién trong hé thdng), con tong cong suat dit cia cac
trang trai di¢én mat troi 1a 8732 MW (11,39% téng cong suit dit cac nguén dién trong
hé thong). Tinh dén thang 11/2021, tong cong suat dit cia ngudn dién gio 1a 3980
MW (5,19% tong cong suat dit cac nguon dién trong hé thong). Viéc phat trién nhanh
cac nguén dién mat tro1i, dién gio6 ¢ Viét Nam do gia thanh dau tu giam va céac chinh
sach hd tro ciia nha nuéc nhu mua dién tir trang trai dién mait troi voi gia 9,35
UScent/kWh khi hoa luéi trude ngay 30/06/2019, mua dién mét troi 4p mai véi gia
8,38 UScent/kWh khi hoa ludi trudc ngay 31/12/2020, mua dién gio trén bién
(offshore) vé&i gia 9.8 UScent/kWh, dién gi6 dat lién (onshore) véi gia 8,5
UScent/kWh trudc ngay 1/11/2021.
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Hinh 1. 3: Biéu dd cong suat dat cua nguén dién mat tro1 va dién gio ¢ Viét Nam
theo s6 liéu ctia trung tam diéu do qudc gia (A0)

Khi ty trong ngudn dién mit trdi va dién gié ngay cang ting thi do tinh thay doi
cong sudt phat lién tuc clia cac ngudn dién nay nén gy anh hudng rat 16n dén diéu
khién, van hanh hé théng dién nhu:

+ Mat 6n dinh dién ap: DPién ap ting cao hodc giam thip hon gia tri cho phép
gy anh huong rat 16n dén phu tai dién. Khi dién ap 1én qua cao, nhiéu truong hop
phai ct nguén dién mat troi, dién gié khong tiép tuc ban dién 1én ludi.

+ Qua tai duong day truyén tai: Trong nhiéu trudng hop khi cong suat phat cta
ngudn dién gio, dién mit troi qua 16n thi s& phai cit ngudn dién va khong tiép tuc ban
dién l1én luai.

+ Dao dong cong sudt phat: Dao dong cong sut s& lan truyén trong hé thong
dién gdy mat 6n dinh hé thong dién.

+ Giam quan tinh hé thong dién: Ty trong ngudn dién mat trdi cao s& lam giam
quan tinh hé théng dién lam gidm 6n dinh hé théng dién.

+ Sai s6 du bao cong suét phat nguén dién gid, dién mat tro1 1on: Khi sai s6 du
bao 16n gay khé khin viéc van hanh t6i wu hé théng dién, ting chi phi van hanh hé
thong dién.

+ Gay kho khin cho thiét bi bao vé: Thoi gian thao tac cua thiét bi dong/cat 1on
hon thay ddi cong suét ciia ngudn dién mit troi. Dong dién ngan mach va qué tai giam
dudi ngudng do ngudn dién mat troi, dién gio.

Dic biét, khi két nbi ngay cang nhiéu ngudn dién mat troi, dién gi6 thi cac phu
tai ha ap (thuong 1a cac phu tai 1y dién tir 1 ddy pha va 1 day trung tinh cta luéi dién
ha 4p) bi anh hudng nhiéu nhét do tinh bién thién lién tyc ctia ngudn dién gid, dién

mat tro1 s€ lam cho dién 4p cung cap cho céc phuy tai thay doi lién tuc c6 thé nam
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ngoai gia tri van hanh cho phép cua phu tai. Tai Puc, tinh dén nim 2015 da lap dat
gén 40 GW dién mat troi, trong d6 c6 khoang 22 GW duoc két ndi vai ludi dién ha
ap, 90% trong s6 d6 1 hé thong dién mat trdi ap mai co cong suat nhé hon 30 kW.
Nhirng ngudn dién mit troi ap mai nay 1a mot trong nhitng thanh phan rat quan trong
gitip cho nude Pic ¢ thé dich chuyén sang sir dung ngudn ning luong ti tao (theo
tai liéu tham khao sb 94). O Viét Nam, theo thong tu sé 39/2015/TT-BCT cua Bo
Cong Thuong ban hanh ngay 18 thang 11 nim 2015 c¢6 quy dinh d6i v6i hé thong
dién mat troi ddu ndi vao ludi dién phan phdi cap dién ap ha ap nhu sau:

+ Hé théng dién mat trdi cd cong suét dudi 03 kW tr& xuéng duoc dau ndi vao
ludi dién ha ap 1 pha hoac 3 pha.

+ Hé thong dién mat trdi co cong sudt tir 03 kW dén 100 kW (nhung khong vuot
qué 30% cong suit dit cia tram bién ap ha thé dau néi) duoc du vao ludi dién ha ap
3 pha.

Con theo quyét dinh vé co ché khuyén khich phat trién dién mat troi tai Viét
Nam sb 13/2020/QD-TTg ban hanh ngay 06 thang 04 nim 2020 c6 quy dinh vé hé
théng di€n mat tro1 &p mai. Piéu 3 trong quyét dinh vé hé théng di€n mat tro1 ap mai
quy dinh nhu sau: Hé théng dién mat tro1 ap mai nha 1a hé théng dién mat troi co cac
tam quang dién dugc lap dat trén mai nha cia cong trinh xay dung va c6 cong suat
khong qua 1 MW, d4u ndi truc tiép hodc gian tiép vao ludi dién co cap dién ap 35 kV
tré xuéng. Hinh v& 1.4 md ta so do két ndi cla nguén dién mat tro1, dién gid vao ludi
dién ha ap va trung ap (tir 35 kV tr& xubng). Tir hinh v& 1.4 ta thiy rang, cac phy tai
s& lay dién tir 1 pha cta ludi va day trung tinh. Cac gian pin mat troi, tua bin gio cong
suat nho (d6i voi gian pin mat troi 1a nho hon 03 kVA) s& phat dién 1én 1 pha két noi.
Céc gian pin mat troi, tua bin gio cong suat 1on hon s& phat dién 1én ca 3 pha cia luéi.
Diéu d6 c6 nghia 1a mdi pha cua ludi dién ha ap 3 pha déu phai tai 1/3 cong suit phat
cua gian pin mat troi, tua bin gié két ndi 1én ludi d6. Vi du, gian pin mat troi két ndi
luéi 3 pha phat cong suat 100 kW thi mdi pha sé& phai tai cong suat 1 33,3 kW. Thong
thuong, khi gian pin, tua bin gi6 khong phat dién 1én luéi thi dién ap & dau ra cua
may bién ap thuong dé cao hon dién ap dinh murc ciia mang dién do ton thit dién ap
truyén tai trén duong day. Tuy nhién, trong nhiéu trudng hop khi cac gian pin 1 pha,
3 pha phat 100% cong suat va phu tai tiéu thy it dién thi cong suat s& truyén nguoc
vé may bién ap. Khi d6, dién ap tai cac nut cudi dudng day c6 thé cao hon dién ap

dau dudng day dan t6i dién dp cung cap cho phu tai 1 pha s& 16n hon gié tri cho phép.
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Hinh 1. 4: So dd két ndi cua nguén dién mat tro1, dién gi6 vao ludi dién ha ap va
trung ap

Tuong tu vy, v6i cac nguodn dién gio, dién mat troi két ndi voi ludi dién trung
ap & gan may bién ap ha ap 22/0,4 kV nhu trén hinh v& 1.4 (Dién mat troi, dién gi6
trung ap 3 pha) thi trong mot s trudng hop nhu trén ciing s& lam tiang dién ap cudi
duong day trung ap (phia cao ciia may bién ap ha ap 22/0,4 kV). Ma véi cac may bién
ap ha 4p 22/0,4 kV & nhiing nu6c dang phét trién nhu Viét Nam thi khong cé chirc
ning ty dong diéu chinh dau phan ap. Do d6 dién ap phia cao (22 kV) ting thi ciing
s& 1am tang dién ap phia ha (0,4 kV) va anh hudng 16n dén phu tai ha ap. Véi su phat
trién cuia cac ngu@)n dién mat tro1 4p mai tai Viét Nam (Tinh dén cudi nam 2020, dién
mat troi 4p mai chiém 10,1% téng cong suét dit cac ngudn dién trong hé thong — gan
bang 1/3 tong cong suat dat cua tit ca cac nha may thuy dién trong hé théng) 1a mot
ngudn dién rat 16n va gay anh hudéng 16n téi cac phu tai két ndi 1 pha luéi dién ha ap.
Tuy nhién, tai cac nudc phat trién, nhitng anh huong nay s€ dugc giam bot do ludi
dién dugc quy hoach tbt, dAu tu hién dai (cac bo Inverter c6 kha niang tham gia hd tro
diéu khién On dinh dién 4p, ty dong can béng gitra cac pha, ty dong diéu chinh dién
ap clia may bién 4p), hé sb thiét ké an toan cao. Chang han nhu sir dung tiét dién day
dién 16n hon s€ lam giam dugc ton that dién ap, tr d6 giam anh hudng cua su bién
thién ngudn dién gio, dién mat troi dén ludi dién.

Duya vao kha ning dich chuyén thoi diém st dung, phu tai dién co thé chia thanh
2 loai la:

+ Phu tai c¢6 kha niang dich chuyén thoi diém sir dung dién: Pay 13 nhitng phu
tai co thé thay doi thoi diém dong/cat ma khong anh hudng dén toan bo qua trinh hoat
dong ctia phy tai. Vi du nhu bom nudc co thé diéu khién thoi diém hoat dong
(d6ng/cit phu tai bom nudc) dé bom nude 1én bé chira sao cho tong lugng nudc bom
1én trong ngay 1a khong d6i. Khi d6, hé thong co thé thay ddi thoi diém st dung phu
tai bom nudc nham hd tro 6n dinh hé thong dién va van dam bao tong luong nudc

bom 1én bé trong 1 ngay 1a khong d6i. C6 nhiéu phu tai cho phép thay doi thoi diém
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st dung dién trong mot khoang thoi gian kha 16n nhu bom nude, binh néng lanh, may
gidt, may sdy quan 4o, sac xe dién...Nhung c6 nhiing phu tai chi cho phép thay doi
thoi diém trong mot khoang thoi gian ngan nhu ti lanh, may diéu hoa nhiét d6 (thay
d6i thoi diém chay may nén khi khi nhiét d6 phong chua thay doi nhiéu).. Nhiing phu
tai nay két hop vé6i cac thiét bi két ndi Internet va diéu khién tir hé thong dién s& tré
thanh nhimng phu tai c6 kha ning diéu khién dugc gitp hd trg 6n dinh hé thong dién.
Dac bi€t voi phu tai sac xe di¢n, ngoai tinh nang phu tai diéu khién dugc thi con chira
b pin 1a mot bo luu trit ndng lugng rat 16n c6 thé sir dung dé cung cap dién cho phu
tai.

+ Phu tai khong c6 kha ning dich chuyén thoi diém sir dung dién: Day 1a nhiing
phu tai khong thé thay d6i thoi diém déng/cat vi du nhu dén chiéu sang, bép ti...

Nhu vy, v6i hé thong dién truyén thong, khi cong suét tiéu thy cia phu tai thay
d6i thi viéc diéu khién hé thng dién sé& 1a diéu khién phan phdi cong suat phét ti uu
cua cac ngué)n dién truyén théng (thay dién, nhiét dién, may phat dién diesel) dé can
bang cong suat phat, cong suét tiéu thu va dién ap nat, dong dién nhanh nam trong
giéi han cho phép, dam bao an ninh hé théng dién va téi wu kinh té. Nhung voi hé
théng dién hi¢n nay, khong chi phu tai thay ddi ma cac nguén phat dién mat troi, dién
gi6 cling thay dbi. Do d6, viéc diéu khién hé théng dién s& bao gdm ca diéu khién
phan phdi cong suét phat tdi vu ciia cac ngudn dién truyén thdng, diéu khién dong/ciat
phu tai va diéu khién bo tich trit ning luong.

Vi nhitng anh hudng cua ngudn dién mat trdi, dién gio va thay doi nhu di néu
trén thi viéc nghién ctru diéu khién van hanh tdi vu ludi dién co sy tham gia cta nguén
dién giod, dién mat troi 13 rat quan trong. Viéc nghién ciru nham giam cac tac dong
x4u cua nguén dién gid, dién mat tro1, tdng hi€u qua kinh té cua van hanh luéi dién
dong thoi dua ra cac giai phap pht hop dé tinh cong suét 16n nhat cia ngudn dién gio,
dién mat troi két ndi vao ludi dién va diéu khién cac phu tai dién nham dat duoc hiéu
qua t6i wu cho ludi dién.

Nghién ctru trong luan &4n nay sé st dung nhitng thuat toan va cac phuong phap
toan hoc dé dat duge tdi wu hoa thong qua vi¢c xem xét cac bai toan da dugc giai
quyét cta céc tic gia trude. Pong thoi dé xuat thém mat sb thuat toan didu khién dé

chat luong dap mg dau ra tot hon ddi véi yéu cau dit ra.
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1.2. Tinh hinh nghién citu trong va ngodi nwéc vé diéu khién, vgn hanh toi
wu hé thong dién cé sw tham gia ciia nguén ning lwong gié, nang lwong mdt

\

troi
1.2.1. Cdc nghién ciru trong nuoc

Do tinh bién thién lién tuc ciia ngudn ning luong gio, ning lwong mat troi nén
mdt trong nhitng nghién ctru dé van hanh, diéu khién t8i vu 1a t6i wu hoa vi tri va
cong suit cua nguodn dién gié va ngudn dién mat troi [1],[2],[3]. Hudng nghién ctru
nay rat phi hop nham dua ra vi tri va cong suat 16n nhét ciia ngudn dién gio, dién mat
troi tai cac vi tri d6 ddm bao cho khi van hanh dién ap nat va cuong d¢ dong dién
nhanh lu6n ndm trong gia tri cho phép.

Theo [1], tac gia st dung thuat toan di truyén (GA- Genetic Algorithm) dé tim
vi tri dat va cong suat tdi uu cho ngué)n dién phan tan (gém nguén dién gi0, dién mat
troi, pin luu trit, dong co d6t trong, may phat tuabin khi) nham dam bao cho s6 nguon
phan tan, dién ap tai cac nat nam trong gidi han cho phép (£5%.Uam) va ton thit cong
sudt tic dung nho nhat. Nghién ctru tinh toan cho luéi dién 22 kV voi gia thiét cong
suat phu tai khong ting dot bién va ludi dién 3 pha ddi xtmg. Két qua tinh toan cho
thdy rang v6i cong sudt va vi tri ciia ngudn phan tan tinh toan duoc, dién p ludn nim
trong gia tri cho phép.

O [2], tac gia cling sir dung thuat toan di truyén (GA-Genetic Algorithm) dé tim
vi tri dat va cong suét tdi wu cho nguén dién phan tan (ngudn dién gié, dién mat troi)
v6i ham muc tiéu 13 ton thit cong suat tac dung cua ludi dién phan phdi 1a nho nhat
va dam bao cac rang budc vé dién ap nit, dong dién nhanh va cin bang cong suat tac
dung, cong suat phan khang tai cac nut. Két qua mo phong trén ludi dién IEEE-33
nut thay rang ton that cong suat tac dung giam va dién ap lun nam trong gia tri cho
phép.

Cung vdi viéc gioi han cong suat tdi da cua nguén dién gi6 va dién mat troi thi
viéc diéu khién t6i vu cong suat phat ciia cac ngudn dién truyén thong (thuy dién,
nhiét dién...) va dong cong suat chay trén cac nhanh két hop vai du bao cong suét tiéu
thu cua phu tai dién, cong suét phat cta nguén dién mat troi, dién gio cling mang dén
hiéu qua rat 16n cho luéi dién va giam tac dong cua nguén dién gio, dién mat troi dén
ludi dién [4-7].

Nghién ctru [4], [5] st dung thuat toan ham chin va heuristic két hop véi phuong
phap Newton dé giai bai toan toi wu trao luu cong suat (OPF) nham dat duoc toi thiéu
chi phi nhién liéu cta cac nha may dong thoi dam bao van dé an ninh trong hé thong
dién nhu cong suat phat cua cac to may, dién ap cic nat, cong sudt truyén tai trén

duong day, ti s6 dau phan ap va goc 1éch pha may bién 4p nam trong gia tri cho phép.
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Két qua mo phong cho hé thong ludi gdm 6 nut, 24 nut, 30 nat, 142 nat, 300 nit va
hé théng dién Viét Nam da tim duoc cong suét phat t8i wu cho céac nguén dién dé dam
bao chi phi phat dién tdi thiéu va dam bao an ninh trong hé théng dién. Nghién ciru
nay dong vai tro 16n trong viéc van hanh, diéu do toi vu hé théng dién dac biét trong
thi truong dién canh tranh.

Nghién ciru [6] str dung cac thuat toan tim kiém bay dan (PSO-Particle Swarm
Optimization) cho bai toan diéu d6 kinh té hé théng dién dé tim chi phi phat dién cuc
tiéu trong ludi dién co cac ngudn dién truyén thong va dién gié véi rang budc tong
cong suit tac dung phat ctia cac nha may dién bang téng cong suit tiéu thy va ton that
cong suat. Dong thoi, nghién ctru ciing tinh toan diéu khién cong suit phan khang khi
xét dén muc tiéu cuc tiéu cong suit tac dung, cuc tiéu do léch dién ap va cuc dai h¢
s6 6n dinh dién 4p. Két qua mé phong cho luéi dién IEEE 30 nut va tinh cho phuy tai
24h rat phu hop cho bai toan diéu do van hanh kinh té hé thdng dién khi xét dén su
tham gia ctia ngudn ning luong gio.

Dé viéc 1én ké hoach diéu do van hanh tdi vu cong suat dat hiéu qua cao thi viéc
du bao cong suét tiéu thu cua phu tai di¢n, cong suét phéat cua gian pin mat troi la rat
can thiét. Nghién ctru [7] tic gia sir dung mang no ron nhan tao két hop véi thuat toan
di truyén dé du bao ngén han cong suét tiéu thu cua phu tai dién. Két qua tinh toan
du bao cho cong suét tiéu thu 16n nhat, cong suat tidu thu nho nhét trong ngay va phy
tai 24h cua dién luc Ha Noi. V6i két qua du béo ndy, ta ¢ thé sir dung cho bai toan
diéu do van hanh t6i wu ludi dién dé giam anh hudng cua sy bién thién cong suét ciia
cac ngudn dién gid, dién mat troi khi dau ludi.

Mot trong nhiing giai phap hién nay ciing hay dugc s dung dé van hanh tbi uu
ludi dién c6 ngudn dién gio, dién mat troi dau ludi 1a dau tu xay dung cac bo luu trir
ning lugng (BESS-Battery Energy Storage System). Khi cac ngudn phat cong sut
nhiéu hon tiéu thu ctia phu tai, BESS s& chuyén hoa va luu trit ning luong dién. Khi
cong suat cac ngudn phat it hon cong suat tiéu thy, BESS s& x4 va cung cap ning
luong cho phu tai. Nghién ctru [8] x4y dung cac kich ban so sanh khi dau tu hé thong
I trit nang luong va khi khong c6 hé thong luu trit ndng lwong ddi véi hé thong dién
khu vuc Mién Nam. Két qua mo phong thiy rang nhd ¢é bo luu trit ma 6 dao dong
tan s trén thanh cai 500 kV Thuan Nam giam di dang ké sau khi dau tu hé thong luu
trir nang lwong gitp cho hé théng dugc 6n dinh hon rat nhiéu.

Ngoai viéc dé xuét cac giai phap nham giam anh huong ctia ngudn dién gio, dién
mat troi dén hé thong dién thi ciing can nghién ciru danh gia khi dua cac giai phap d6
vao thi c6 ting dugc do tin cdy cung cap dién nhu giam thoi gian cat dién hodc giam
s6 khach hang bi cit dién khong. Nghién ciru [9], [10], [11] dé xuat phuong phap sir
dung thuat todan Monte Carlo va phuong phap mé phong ap dung thuat toan di truyén
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dé danh gia do tin cdy cua hé thong dién. Két qua mo phong tinh toan cho hé théng
dién Viét Nam da dénh gia dugc thoi gian mét dién trung binh cua khach hang trong
1 nam (SAIDI) va tir 6 danh gia duoc hidu qua cua viéc diéu do, van hanh tdi uu hé
thong dién.

Trong tat ca cac nghién ctru trong nude cing chii d& ma tac gia c6 thé tiép can
duogc, van dé nghién ctru diéu khién van hanh t6i wu hé théng dién khi c6 su tham gia
ctia ngudn dién gio, dién mat troi van con dang dugc xem xét dudi nhiéu hudng khac
nhau. Dic biét viéc tich hop cac giai phap va danh gia giai phap d6 voi cac yéu t van
hanh thuc t& van con dang bi bd ngd. Luan an s€ dé xuét céc giai phap vé gidi han
cong suat phat cia ngudn dién gio, dién mat troi 1én ludi dién khi xét dén diéu do he
théng dién, anh huong cua vi tri lép dat nguén dién mat tro1, dién gid trong chuong 2
va giai phap diéu khién phu tai gitip hd trg 6n dinh hé théng dién va danh gia hiéu
qué giai phap sir dung pin xe dién cung cap dién cho phu tai trong chuong 3.

1.2.2. Nghién civu nwéc ngoai vé diéu khién, vin hanh t6i wu hé théng dién

co sy tham gia ciia nguon ndng lwong gio, nang lwong mat troi

Céc nghién ctiru nudc ngoai vé diéu khién, van hanh tdi vu hé théng dién co su
tham gia cia ngudn niang luong gi6, ning lwong mit troi ciing bao gdm nghién ciru
vé phan bd cong suét tdi wu céc nguén dién trong h¢ théng dién, tdi wu cong suit va
vi tri cac ngudn nang luong gid, nang lwong mat troi nham dam bao cho dién 4p nit,
cong sudt truyén tai trén cac nhanh luén nam trong gia tri cho phép.

Nghién ctru [18,19] sir thuét toan ham chin két hop phép lap Newton, mang no
ron nhén tao dé tinh toan phan bd tdi wu trao luu cong suit trong ludi dién dam bao
téng chi phi phat dién, tong tén that 1a nho nhat. Trong d6 nghién ctru [19] anh hudng
ctia sy bién thién cong suit ctia cac ngudn nang luong téi tao.

Nghién ciru [20], [21], [22], [23] vé cong suat 16n nhat, vi tri ddt cac ngudn phan
tan 1a cac ngudn niang luong gid, ning lwong mat troi. Nghién ctru 20 tinh toan cong
suét toi uu cta nguén dién gio, dién mat troi, thuy di€n nhd dam bao cung cép dién
cho phu tai va chi phi t6i wu nhat. Nghién ctu st dung thuat todan Monte Carlo
Simulation (MCS) dé tinh anh huong cta cac nguén dién gio, dién mat troi dén do
tin cdy cua ludi dién. Tir d6 sir dung thuat toan di truyén dé tinh tdi wu ham chi phi
bao gdm chi phi do ton thit truyén tai, chi phi do phai mua dién tir ludi hodc tir cac
nha méy thay dién, nhiét dién do tinh bién thién lién tuc, bat thuong cta ngudn ning
luong gio, nang lugng mit trdi, chi phi dau tu va van hanh nguén ning luong gio,
nang luong mat troi [21] . Ham muc ti€u ciing co thé tinh dén gia dat mua, dat ban
trudc trong thi trudng dién canh tranh [22]. Him muc tiéu ciing c6 thé 1a ton that nho

nhat trén ludi truyén tai dién [23]. Ngoai ra, trong nghién ciru [23] tac gia dé xuat
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phuong phap sir dung mang no ron nhén tao dé t6i wu hoa vi tri, cong suit ctia ngudn
phan tan bang cach tinh anh huong khi c¢6 ngudn dién gid, dién mat troi déu vao ludi
va khi khong d4u vao ludi trong cac chi tiéu vé ton that cong suat, dong ngan mach
va di¢n ap.

C6 nhiéu nghién ciru vé viée du bao cong suat phat ciia ngudn dién gio [36-47],
dién mat tro1 [24-33], cong suét tiéu thu cua phu tai di¢n va gia dién [34,48-55] nhu
nghién ctru [24] st dung mang no ron nhan tao ANN dé dy bao mat do birc xa ning
lwong mit troi, 4p dung cho thanh phé Oryahovo, Bulgaria. Trong nghién ciru [29,30]
tac gia da liét ké va so sanh cac phuong phap dé du bao cong suat phat ctia gian pin
mat troi va cuong do buc xa mat troi. Cac phuong phap thuong dugce sir dung 1a sir
dung mang no ron nhan tao (ANN), phuong phap phan tich chudi thoi gian (time
series Analysis — AR, MA, ARMA, ARIMA) hoac phuong phap dua vao sb lidu du
bao thoi tiét (NWP). Két qua thiy rang phuong phép sir dung mang no ron nhan tao
cho hiéu qua tot hon cac phuong phap con lai. Nghién ciru [25] str dung may hoc cuc
tri (ELM) dé du bao cong suat phat ciia gian pin mat troi theo gio (6h-18h) cua ngay
tiép theo. Nghién ctru [26] st dung mang no ron lan truyén nguoc (BPNN) du béo
cong suat phat v6i bo s6 liéu ghi nhan 30 phat/1 1an tir 6h-18h cta gian pin mat troi
cho ngay tiép theo. Ciing du béo cho cong suat phat clia gian pin mit troi cho khoang
thoi gian 30 phut/1 1an ghi sb liéu ctia ngay tiép theo, nghién ctru [27] chia nhém s
liéu theo cac loai ngay khac nhau (troi quang, tro1 may, troi mua) va st dung mang
no ron truyén thing MLP du bao riéng cho tirng nhom ngay. Nghién ctru [28] st dung
mang no ron lan truyén nguoc (BP-ANN) dé dy bao mat do birc xa nang luong mat
troi theo gio clia ngay tiép theo véi s liéu dau vao 14 cac thong sb thoi tiét.

Céc nghién ciru [36-40] gi6i thiéu va so sanh cac phuong phap du bao cong suat
phat ctia ngudn dién gio, tc do gié ngin han va trung han. Cac phuong phap duoc
st dung 12 str dung dit liéu du bao thoi tiét (NWP), phuong phap phan tich chudi thoi
gian (time series Analysis — AR, ARMA, ARIMA), sit dung logic m¢ (fuzzy logic),
st dung mang no ron nhan tao (ANN — BPNN, RBF), két hop mang no ron nhan tao
va logic mod. Két qua ciing chi ra rang sir dung mang no ron nhén tao cho sai s6 nho
nhat. Nghién ctru [41-42] sir dung mang no ron lan truyén nguoc (BPNN) dé du bao
cong suat phat cho tua bin gié & dao Jeju, Han Qudc. Nghién ciru di dua ra cac sb
lidu dau vao khac nhau va so sanh két qua du bao. Nghién ciru [44-45] ciing sir dung
mang no ron lan truyén nguoc (BPNN) dé du bao cong suit phat cua tuabin gio khi
thay d6i thong s6 mang (s6 no ron 16p 4n) hodc cac thong s6 dau vao nhu toe do gid,
hudng gid, ap suat va do 4m khong khi dé tim ra cAu hinh tdi uu cho du bao. Hay nhu
nghién ctru [46, 47] st dung md hinh ARIMA hodc st dung mo hinh may hoc

(Machine learning) dé du bao cong suét phat cia tua bin gio.
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Nghién ctru [34] sir dung mang no ron nhan tao (FF-BPNN) dé du bao cong suat
tiéu thy cta phu tai dién cho gio tiép theo. Nghién ctru [49, 50, 51, 52] str dung mang
no ron (BPNN) va mang no ron két hop logic mo (FNN-BP) va sir dung thuat todn
bay dan tai cu tric mang no ron két hop logic mo (FNN-PSO), str dung mang no ron
hiéu chinh gia tri cuc dai, cuc tiéu cua dau hodc mang no ron Elman ra dé du bao phu
tai ngay. Hodc nghién ctru [54] két hop mang no ron va thu thap sd liéu phu tai tir hé
thong SCADA dé dy bao cong suat tiéu thu theo thoi gian thyec.

Nghién ctru [48, 55] st dung logic md va mang no ron nhan tao dé du béo gia
mua ban di¢n trong thi trudong phat dién canh tranh.

C6 nhiéu nghién ctru diéu khién, van hanh luéi tdi vu luéi dién nhoé cé sy tham
gia ctia ngudn dién mat troi, dién gio [56-86]. Nghién ctru [56, 57] st dung mo hinh
mang 1 pha tdn sb cao dé truyén tai cong sudt cua ludi dién nho gom phu tai dién, pin
mat troi, bd tich trlr nang lugng va ludi dién. HE théng c6 thé du bao cong suét phat
clia gian pin mit troi, cong suat tidu thy cua phu tai dién tir d6 sé diéu khién toi vu
dam bao chi phi van hanh nho nhat va loi ich 16n nhat. Ngoai ra hé thng ciing bao
gdm bo diéu khién thoi gian thuc cho phép diéu khién ngay lap tirc dap ing cac thay
d6i ciia phu tai. Nghién ctru [58, 59, 60] dé xuit str dung duong day tai dién mot chiéu
dé diéu khién sac xa bo du trir nang lugng cua hé théng gém gian pin madt troi, tuabin
gid, sac xe dién, ludi dién va cung cap cho phu tai dién xoay chiéu. Bo luu trit ning
lugng co thé 1a pin, banh xe tich trir ning lwong... Bai toan ciing xét dén chi phi khi
dau tu, van hanh b tich trix nang lugng. Khi dy bdo, nghién ctu s€ dung mang no
ron con khi tim gia tri van hanh t6i wu nghién ciru sir dung thuat toan di truyén (GA).
Nghién ctru [61] cling str dung m6 hinh 1u6i dién nhé mot chiéu va cac thanh phan
nhu trén va may phat diesel nhung lai nghién ctru vé viéc sir dung cac b luu trit ning
luong, may phat dién cap ngudn cho phu tai khi mat ngudn dién ludi va danh gia do
tin cdy ctia ludi dién. Nghién ctru [62] dwa ra mo hinh mot ludi dién 16n xoay chiéu
gdm nhiéu ludi dién nhé mot chidu va co trao ddi cong suat voi nhau. Mo hinh nay
rat pht hop dé giam anh hudng cua viée bién thién cong suét lién tuc ctia ngudn dién
mat troi, dién gid dén do 6n dinh cua ludi dién. Nghién ctru [63, 64, 71, 72, 73, 75,
76, 79, 83, 84, 85, 86] st dung thuat toan di truyén, mang no ron nhan tao dé diéu
khién t6i uu kinh té hé théng gdm dién gid, dién mat troi, may phat diesel, thiy dién
cong suét nho, pin, pin nhién li¢u (pin hydro), si€u tu, tram sac xe di€n, phu tai di¢n,
ludi dién véi gia ban dién bién d6i va cong sudt phat ciia cac may phét bi rang budc
boi cong suat 16n nhat, nho nhat. Ngoai ra nghién ctru [64, 74, 77] con thém rang
budc thoi gian st dung phu tai bom nude. Nghién ctru [65, 78] s dung thudt toan di
truyén cho bai toan da muc ti€u gém chi phi lép dat va van hanh cac nguén dién nho

nhat, anh huong cit dién 1én phu tai it nhat, ty trong nguén nang luong tai tao cao
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nhit, d6 sin sang ctia ngudn dién cao nhat. Twong tu bai toan nhu nghién ciru [58-
60] nhung nghién ctru [66, 68] lai st dung m6 hinh duong day tai dién xoay chiéu
mot pha, ba pha dé diéu khién téi wu sac/xa bo luu trit ning luong, may phat diesel
va rang budc lugng nudc bom 18n bé chira. Nghién ctru [67, 81] st dung thuét todn
di truyén dé diéu khién t6i vu dau phan ap may bién 4p nhim 6n dinh dién ap khi lué6i
dién c6 ngudn dién mit troi va dién gio. Cling nghién ctru vé hién twong xay ra khi
mat ngudn dién ludi, nghién ctru [69] lai dé xuat phuwong phap hd trg 6n dinh tan sd
khi c6 su tham gia cta céc tram sac xe dién.

Ngoai ra ciing c¢6 nhitng nghién ctru tinh viéc cit giam luong dién ning cap cho
phu tai khong mong mudn va ting chét lugng dién nang dé danh gia viéc khi ap dung
cac phuong phap diéu d6 tdi wu méi hodc lip thém cac bo luu trit ning lwong nhu
nghién ciru [87-90]. Nghién ctru [89] dénh gia anh huong dén lwong dién ning céap
cho phu tai bi mat khi lp dit tua bin gid dén hé thdng dién va khi lap thém céac bd
tich trir nang lwong. Nghién ciru [90] sir dung thuat toan Monte Carlo dé tinh va so
sanh sb luong phy tai bi mat dién (LOLE) va lugng dién ning bi cat khong mong
mubn cia hé théng dién khi co6 su tham gia cia nguén nang lugng gio, nang luong
mit trdi va may phat dién. Nghién ctru [87] két hop thuét toan Monte Carlo va ham
MLRB dé tinh d9 tin cay cung cap dién cho lu6i dién ma khong can yéu cau tinh t6i
wu trao luu cong suat. Nghién ciru [88] str dung phuong phép lai quasi-sequential

Monte Carlo dé tinh d6 tin cdy ludi dién trong nhiing kich ban khac nhau.

1.3. Nhin dinh vé tinh hinh nghién ciru lién quan dén dé tai va dé xudt muc

tiéu nghién cwru cua lugn dan

Qua tim hiéu, phan tich vé hé théng dién, dac diém va su phat trién cta nguén
dién gi6, dién mit troi ta nhan thay rang ngudn dién gio, dién mat troi phat trién rat
nhanh va manh m¢, dac biét & Viét Nam trong nhirng nam gﬁn day. Tuy nhién do tinh
bién thién lién tuc cua nguén dién gid, di€n mat troi s€ gdy nén nhiing hau qua rt 16n
d6i véi ludi dién nhu:

+ Dién 4p tai mot s6 nit tang, giam 16n do cong suat phat ciia ngudn dién gio,
dién mat troi bién thién lién tuc. Khi dién ap nut nam ngoai gia tri cho phép thi hién
nay giai phap duogc sir dung 14 gian pin mat trdi, tuabin gio két ndi véi ludi dién tai
nut d6 s& bi ngat ra khoi ludi va khong dugc tiép tuc ban dién 1én luéi. Didu nay giy
thiét hai rat 1én cho nha dau tu va hé théng dién cling bi lang phi mdt nguén dién sach
rat 16m. Ngoai ra, viéc dong/ cit nguén dién lién tuc cling 1am giam tudi tho cua cac
thiét bi dién trén ludi va ngudn dién gio, dién mat troi.

+ Cuodng do dong dién truyén tai trén dudng diy ciing tang, giam 16n do cong

sudt phat ngudn dién gio, dién mat troi bién thién. Khi dong dién truyén tai 1én hon
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dong di¢n cho phép ctia nhanh do thi nguén dién gio, dién mat troi két ndi v6i nhanh
d6 s& bi ngit ra va khong tiép tuc dugc ban dién 1én ludi. Pong thoi, hé théng s& phai
diéu do, phan bd lai cong sut giita cac ngudn dién 1am tang ton that toan hé thong
dién.

Ngoai ra con nhirng hau qua khéac cta viéc bién thién cong suét ctia ngudn dién
gid, dién mat tro1 nhung luan an s€ tap trung ndi dung chinh dé giam thiéu tac hai cua
2 hau qua néu trén.

Viéc diéu khién van hanh ti vu sir dung nhiing thuét toan, phuong phap méi sé
gitp giam anh hudng cua ngudn dién gio, dién mit troi 1én ludi dién dong thoi dam
bao t6i wu kinh té cho toan bd ludi dién. Theo cic nghién ctru & trén, cac giai phap
duoc dé xuét nhu sau:

+ Tinh téng cong suét 1én nhit cua nguén dién gio, dién mat troi tai cac nut.

+ Két ndi cac lu6i nhoé cod nguén dién mat troi, dién ludi v6i nhau dé trao doi
cong suat clia cac ludi nho gitp trung hoa tinh bién thién cong suét phat. Viéc truyén
tai cong suit trong cac ludi nho co thé 1a dudng day truyén tai tin sd cao, dudng day
mot chiéu hodc x0ay chiéu.

+ Piéu khién t6i wu dong cong sudt truyén tai trén duong day va didu chinh cong
suit phat ctia ngudn dién truyén thong (thuy dién, nhiét dién, diesel).

+ Lap dat cac bo du trir nang luong (pin, pin nhién liéu, siéu tu, banh xe tich trir
nang lugng...) va diéu khién t6i uu ludi dién nhéd ¢ bo luu trir ning lugng va may
phat dién dé chi phi van hanh luéi t6i wu nhit.

+ Diéu khién b6 tich trit nang lugng dé cép dién cho phu tai khi mét nguén dién
luéi (ché d6 tach dao).

Céc nghién ciru cling dé xuat phuong phéap tinh todn danh gia hidu qua céc
phuong phép trén.

Mic du c6 nhiéu nghién ctru v tinh toan cong suét va vi tri lép dat t6i wu cho
ngudn dién giod, dién mat troi nhung cac nghién ciru nay thudng ap dung cho ludi
dién cao 4p va trung ap, hau nhu khong thay nghién ctru ndo ap dung cho 1 pha cia
ludi dién ha ap ma c6 xét dén dam bao dién ap nut va dong dién nhanh nam trong gia
tri cho phép trong khi hau hét cac phu tai thong dan dung thudng str dung dién tir 1
day pha va 1 day trung tinh. Pdng thoi ciing khong xét dén giai toa cong suat phat
cua cac nguén dién gid, dién mat troi két ndi véi cac ludi dién nho. bay la kha nang
truyén tai cong suét phat ra tir cac nguén dién gid, dién mat troi két ndi véi ludi dién
ha ap sau khi cung cap cho phu tai thi cong suat con lai s& duoc truyén qua may bién
ap 1én duong day trung ap va cao ap. Cong sudt thira truyén tai 1én nay s& bi gidi han
boi kha ning truyén tai ciia duong day, dién ap nut va kha ning diéu chinh cong sut

cua cac nguon khac.
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Céc nghién ctru vé tinh toan cong suat tdi da cta ngudn dién gio, dién mit troi
van chua xét dén viéc diéu d6 hé théng dién va loi thé vé vi tri xay dung, tiém ning
xdy dung ciia cic ngudn niang luong gio, nang lugng mat troi. Pay 1a qua trinh cac
ngudn dién truyén thong co6 thé diéu chinh dugce nhu nhiét dién, thuy dién, diesel...sé
tu dong diéu chinh cong suét dé dam bao dién ap nut, dong dién nhanh va tan s6 nam
trong pham vi cho phép va chi phi van hanh hé thdng 1a nho nhat.

Céc nghién ctru vé toi uu ludi dién nho thuong di kém véi tdi uu sac/xa cho thiét
bi luu trit nang luong. Tuy nhién viéc dau tu va van hanh céac thiét bi nay rat dit trong
khi hé théng pin mit troi bao gdm bod bién dbi 1 chiéu/xoay chibu, xe dién di c6 sin
luong pin Iuu trit rit 16n nén ta c6 thé két hop nhimng thiét bi ¢ sin dé tang kha ning
diéu khién, van hanh luéi dién.

Qua nhitng phan tich trén, dé tai “Nghién ciru diéu khién, van hanh t6i wu hé
thdng dién phan phdi cé sw tham gia ciia cac ngudn ning lwong gié, ning lugng
mat troi” tap trung vao cac muc ti€u chinh sau:

+ Xay dung phuong phap tinh toan tong cong suat 16n nhat ciia ngudn dién gio,
dién mit troi phat 1én 1 pha lu6i dién ha ap (xét dén ca cong suét phat 1én cia cac
ngudn dién gid, dién mit troi 3 pha phat 1én pha d6) (hinh 1.5) véi rang budc dién ap
nut va dong dién nhanh ludn nam trong gia tri cho phép khi xét dén kha niang giai toa
cong suat 1én ludi dién cao ap (hinh 1.6), diéu khién phan bd tdi wu coéng suit phat
ctia cac ngudn dién truyén thong va hé s ¢6 loi vi tri. Két qua nghién ctru muc tiéu
nay da dugc cong bd trong tai li¢u s6 02, 03, 05 danh muc céc cong trinh khoa hoc

da cong bo.

Gian pin,
tua bin gi6
3 pha
maxE(PryPyn)?  (Pov+Pun))|
—
A 22kV A L, o L ©) Lo @
Vo o) >
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Jc J
C / N ) (
(Ppy+Pyr)(1) I w (Ppy+Py1)(10) I
Gian pin, Gian pin,
tua bin gid e o o o o o oftuabingio
1 pha 1 pha
Phu tai Phu tai

Hinh 1. 5: So dd luéi dién ha ap dé xac dinh téng cong suét 16n nhit cua nguén dién
210, dién mat tro1 phat 1€n 1 pha cua ludi.
+ Du bao, diéu khién phu tai nham gidm anh hudng X4u cla nguén dién gio,

dién mat troi, toi vu kinh t&. M& rong giai phap diéu khién phu tai khi st dung tram
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sac xe dién dé cdp dién cho phu tai trong truong hop mat ngudn dién tir may bién ap
ha 4p. Két qua nghién ctru muc tiéu nay da dugc cong bd trong tai liéu s6 01, 04 danh

muc cac cong trinh khoa hoc da cong bo.

Hinh 1. 6: So d két ndi giai toa, trao ddi cong suat giita cac ludi dién nho
bang dudng day mot chiéu (DC) hodc xoay chiéu (AC).

Khi tap trung vao diéu khién van hanh lu6i dién ha ap thi dbi twong c6 nhiing
dac tinh dac biét nhu sau:

+ 86 luong 16m.

+ Doanh thu thip nén chi phi du tu cho diéu khién, tu dong hoa ludi dién ciing
khong cao.

Do d6 céc thuat toan str dung cho bai toan diéu khién khong dugc yéu cau khbi
lugng tinh toan qua 16n nhung phai dadm bao dg chinh xéac nén tir cac nghién ctru trén,
tac gia dé xuét céac thuat toan sit dung nhu sau:

+ Thuat toan st dung cho bai toan xac dinh cong sudt 16n nhat, thuat toan diéu
khién déng cat phy tai dién: Thuat toan di truyén (GA), thuat toan bay dan (PSO).

+ Thudt toan sir dung cho bai toan du bao cong suit phat cia gian pin mit troi,
tua bin gio, cong suét tiéu thu cua phu tai dién va gia dién: Sir dung mang no ron nhan
tao c6 thoi gian dao tao nhanh.

+ Thuat toan str dung cho danh gia d¢ tin cay ludi dién khi st dung bd sac xe
dién tich hop gian pin mat tro1: M6 phong Monte Carlo.

Luén 4n str dung phén mém Matlab 2018a dé 18p trinh, tinh todn thir nghiém két
qua.

Nhirng phan tich dic diém hé théng dién va cau tric cia ngudn dién cho thay

rang ty trong dién mat tro1, dién gio trong co cau nguodn dién Viét Nam la kha lon va
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s& ¢6 xu hudng ting trudng trong twong lai. Dong thoi, véi tinh bién thién lién tuc
cua nguén dién gio, dién mat troi s€ anh hudng 16n dén phu tai dién, dac biét 1a cac
phu tai dién ndi vé6i 1 pha ludi dién ha ap dan toi viée cat két ndi cac ngudn dién gid,
dién mat troi dén ludi dién. Piéu ndy gay anh huong 10n dén hiéu qua dau tu va kha
nang tan dung tdi da nguén dién sach. Cac nghién ctru ¢ Viét Nam va trén thé gioi
cling dé cap dén van dé nay, tuy nhién cac nghién ctru chua dua ra dugc giai phap
phu hop véi ludi dién Viet Nam dic biét khi xét dén diéu d6 nguon dién truyén thong
va anh hudng cua vi tri xay lap ngudn dién gio, dién mat trdi ciing nhu diéu khién
phu tai. Tir 46, luan 4n nhan thay tAm quan trong cua viéc nghién ctru phuong phap
gidi han téng cong suét phat cac nguén dién gio, dién mat troi kém theo céc rang budc
phu hop véi ludi dién Viét Nam va du bao cong suat phat cac ngudn dién gio, dién
mat troi cong sudt tiéu thu phu tai, gia dién, diéu khién sir dung phu tai dung thoi

diém giup tan dung tdi da nguén dién gio, dién mat troi cung cép cho phu tai dién.
1.4. Két lugn chwong 1

Trong chuong 1, luan an da néu bat dugc nhiing anh hudng cua su bién thién
ngudn dién mat troi, dién gio 1én phy tai dién két ndi v6i 1 pha va day trung tinh ciia
ludi dién ha ap. Tir d6 luan 4n dé xuat duoc 02 giai phap gitip hd tro diéu khién hé
thong dién la:

+ Gid1 han cong sut phat cta nguén dién gi10, dién mat troi lén 1 pha ludi dién ha ap
(ké ca cac ngudn dién gid, dién mit troi 03 pha phat 1én pha d0), xét dén anh hudng
cua ludi dién 3 pha cao ap dén kha ning giai toa cong suat ciia ngudn dién gio, dién
mat troi két ndi vao ludi dién ha ap, tu dong diéu khién thay doi cong suét phat cua
cac ngudn dién truyén thong va hé sd ¢o loi ctia vi tri 1ap dit ngudn dién gio, dién mit
troi.

+ Piéu khién déng/cit phy tai dé giam anh hudng ctia sy bién thién dién gio, dién mat
troi dén phu tai dién két ndi 1 pha cua ludi dién ha ap, tranh cit giam ngudn dién mat
troi, dién gié va danh gia hiéu qua ciia giai phap sir dung pin cua xe dién cap dién cho

phu tai khi mat ngudn dién tir may bién ap.
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CHUONG 2: TINH TONG CONG SUAT LON NHAT CUA
NGUON PIEN GIO, PIEN MAT TROI PHAT LEN LUOI
DPIEN

2.1. Dit vin dé

Céc nghién ctru [1,2,3,6,20-23] cho thdy dat cong suat gidi han duoc phat 1én
ludi 12 mot trong nhirng giai phap tiét kiém, phi hop nhat nham giam tac dong xau
cua nguén dién gio, dién mat troi dén ludi dién. Viéc tinh toan cong suét toi da thuong
sir dung cac thuat toan t6i uru nhu thuat toan di truyén (GA), thuét todn bay dan (PSO)
do cac bién t6i vu thudng kém rat nhidu rang budc. Tuy nhién, nhiing nghién ciru nay
thudng tap trung vao cac ludi dién 16n hodc ludi dién siéu nho chi xét dén can bang
cong sudt tic dung ma it nghién ciru t6i mot pha trong ludi dién ha ap khi dam bao
diéu kién dién ap nit va cuong d6 dong dién nhanh nam trong gidi han cho phép. Do
d6, trong chuong nay, luan 4n sé& sir dung cac phuong phap toi wu dé tinh tong cong
suat phat 1on nhat ctia cic ngudn dién gio, dién mit troi 1én 1 pha ludi dién ha ap (ké
ca 1 pha két ndi cua ngudn dién giod, dién mat trdi phét 1én ca 3 pha) voi diéu kién
rang budc dién ap nit va dong dién nhanh nam trong giéi han cho phép.

Khi két ndi cac nguodn dién gio, dién mat trdi vao 1 pha ludi dién ha ap, ngoai
viéc cung cip cho phu tai cta ludi dién thi mot phan sé duoc dua qua may bién ap va
cung cap 1én ludi dién trung ap, cao ap 3 pha. Pay 1a mot ngudn ning lugng sach va
khong mét chi phi nhién li€u van hanh, do d6 can tan dung tbi da nang luong dién tir
cac ngudn dién gio, dién mat troi nay. Pong thoi, viée chia sé cong suit gitra cac ludi
dién nho trong ludi dién 16n ciing s& gitp trung hoa tinh bién thién cia cic ngudn
dién gid, dién mat troi. Tuy nhién téng cong suét phat ttr cac nguén dién gio, dién mat
troi 18n ludi cao 4p qua may bién ap s& bi giéi han béi kha ning truyén tai coa ludi
dién cao ap, kha ning diéu khién cong suit cua cac ngudn dién truyén thong (thuy
dién, nhiét di€én, may phat dién diesel), gidi han dién ap cac nut va on dinh hé théng
dién. Nghién ctru [6,20] sir dung thuat toan bay dan (OPF) hoic phuong phap sb dé
tinh cong suat phat 1én ludi 16n nhat cia ngudn dién gio, dién mat troi khi xét dén
diéu chinh cong sut phat cta cic ngudn dién truyén thdng va giéi han dudng day
truyén tai. Trong qua trinh van hanh thuc té, ham muc tiéu van hanh c6 thé thay doi
tiy theo tinh trang thyc té cua ludi dién, quan diém van hanh. Do d6, tich hop tinh
phan bé t6i wu cong suat ngudn phat va cong suat phat 1on nhét cua ngudn dién gid,
di€n mat trd1 vao mot muc tiéu tinh todn chung s€ c6 nhuoc diém la phai thay ddi lai
toan bd phuong phap tinh khi muc tiéu van hanh thay do6i. Dong thoi khi sir dung cac

thuat toan di truyén, thuat toan bay dan cho bai toan van hanh tbi uu c6 thé s& gay
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nén nhitng rui ro cho van hanh ludi dién do céac yéu td ngau nhién trong thuat toan
gy nén kha nang khong hoi tu hodc thoi gian chay qué lau. Tir d6, nghién ciru s& dé
xuat phuong phap xac dinh tong cong suat 16n nhat ctia ngudn dién mat troi, dién gio
phat 1én luéi dién trung ap, cao ap 3 pha bao gom 2 budc riéng biét:

+ Budc 1: Diéu khién phan bd cong suit phat tdi uu ctia cac ngudn dién truyén
thdng trong ludi dién (tinh trao luu cong sut tdi wu). Khi tinh trao luu cong suat t6i
vu hoi ty nghia 1 hé théng tim dugc cong suat phét cia cac to may nam trong gioi
han cho phép ma dam bao cho ham muc tiéu tong chi phi phét dién nho nhat va cac
rang budc dién ap nut, dong di¢n nhanh va can béng cong suét tac dung, cong suét
phan khang. Trong budc ndy, luan an sir dung thuat toan ham chén két hop phép lap
Newton dé tim cong suat phat toi wu ciia cac ngudn dién truyén thong trong ludi dién.

+ Budc 2: Tinh tong cong suit 1én nhat cia ngudn dién gio, dién mat troi phat
1€n ludi dién tai cac nat voi rang budc: Khi nguén dién gid, di¢n mat troi khong phat
dién, cac nguodn dién truyén théng sé tang cong suat phat dé cung cép dién cho phu
tai (thuc hién budc 1 hoi ty). Khi ngudn dién gio, dién mat troi phat 100% cong sut,
cac ngudn dién truyén thong s& giam cong suit phat d& dam bao st dung hét ngudn
dién gid, di€n mat troi (thuc hién budc 1 hdi ty). Rang budc nay dam bao cho khi
ngudn dién gio, dién mit troi bién thién tir 0-100% cong suat phat thi hé théng van
dam bao cung cap dil cong suét cho phu tai.

Viéc xac dinh tong cong suat phat 16n nhét cia ngudn dién giod, dién mat troi
qua 2 bude trén chinh 13 qué trinh tinh céng suat phat 16n nhit ctia ngudn dién gio,
dién mit troi khi xét dén diéu khién t6i uu hé théng dién.

Céc nghién ctru [1,2,3,6,20-23] gitip xac dinh dugc tong cong suat 1on nhat
cua nguén dién gid, dién mat troi két ndi ludi nhung cac nghién ctru trén chua xét dén
anh hudng cta hé s6 ¢6 loi tai vi tri xay dung nguén dién gid, di€n mat troi. Pay Ia
mot yéu té rit quan trong anh hudng dén hiéu qua dau tu va quyét dinh dau tu du an.
Luan an s& dua ra phuong phap xac dinh cong suit 10n nhét ctia ngudn dién gid, dién
mat troi phat trén ludi dién khi co xét dén hé s6 ¢6 1oi vi tri.

Nhu vay, trong chuong nay, luan 4n s& giai quyét cac van dé sau:

+ D¢ xuit phuong phap tinh tong cong suat 16n nhat cia ngudn dién gio, dién
mat troi phat 1én 1 pha luéi dién ha ap c6 xét dén diéu kién dién ap nat va dong dién
nhanh ndm trong gia tri cho phép.

+ Pé xuét phuong phap tinh cong suat phat ciia cac ngudn dién truyén thong
dé tong chi phi phat dién nhé nhat, dam bao dién ap nit, dong dién nhanh nam trong
gi4 tri cho phép va can bang cong suét tac dung, cong suat phan khang tai cac nut.

+ Pé xuit phuong phap tinh tong cong suat 16n nhat cia ngudn dién gio, dién

mit troi phat 1én ludi dién trung ap, cao ap 3 pha khi xét dén didu khién phan bd tbi
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uu cong suat cac nguon dién truyén thong va hé so cé loi vi tri xay dung nguon di¢n

gid, dién mat troi.
2.2. Nghién ciru vé cdc thudt toan cwc tri co rang bugc

toan, vi du nhu trong bai todn tim kiém trén danh séach, cay, dd thi cac nha khoa hoc
dad dua ra thuat toan tim kiém quay lui, vét can. Cac thuat toan nay tuy tim dugc
nghiém t6i wu nhung chi 4p dung dugc cho céc bai toan c6 khong gian tim kiém nho.

Dbi v6i cac bai toan c& 16n khong co phuong phép giai ding, dén nay van
ding cac cach tiép can nhu sau:

+ Tim kiém heuristic dé tim 10i giai di tot

+ Tim 10 giai gan dung nhd cac thuat toan mo phong tu nhién nhu : giai thuat
di truyén (GA- Genetic Algorithm), thuat toan bay dan (PSO- Particle Swarm
Optimization)...

Thuét toan tim kiém heuristics la thuat toan cé st dung céc tri thure vé linh vuc
bai toan dé nham giam thoi gian tim kiém. Tuy nhién cac thuat todn nay lai vap phai
mot vin dé 1a cac tri thirc thuong 1a kinh nghi€m cta con ngudi, do d6 n6 c6 thé chua
chinh x4c, day du va diéu nay c6 thé dan tdi su chéch hudng trong qué trinh tim kiém.
thé cho 101 giai nhanh chong nhung khong thé cai thién thém 15i giai duoc. Do d6
cach tiép can thir ba 1a sir dung cac thuat todan moé phong ty nhién 1a phu hop cho cac
bai toan ¢ 16n ¢6 nhiéu rang budc.

Giai thuat di truyén 12 mot trong nhitng k¥ thuat tim kiém t6i uu gitp ta giai
cac khong gian 10n, nguyén tic co ban cua giai thuat di truyén 13 mo phong qua trinh
chon loc cua tuy nhién. Cho dén nay linh vyc nghién ctu vé gidi thuat di tmyén da thu
dugc nhiéu thanh tyu, giai thuat di truyén dugc ting dung trong nhiéu linh vyc phirc
tap, cac van dé kho ¢ thé giai quyét duoc bang phuong phap thong thudng.

PSO (Particle Swarm Optimization) la khung thuét toan chung dua trén kinh
nghiém cta bay dan duoc dé xuat bai boi Kennedy va Eberhat. N6 1a mot khung thuat
toan thong minh dya trén bay dan, mo phong lai hanh vi x3 hdi cta bay chim hay dan

c4 khi di tim ngudn thire an.
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2.2.1. Thudt todn di truyén (GA)

Giai thuat di truyén (Gennetic Algorithm, viét tit 1a GA) 1a giai thuat tim kiém,
chon lwa céac giai phap t6i vu dé giai quyét cac bai toan khac nhau dya trén co ché
chon loc ty nhién cua nganh di truyén hoc.

Trong co thé sinh vat, céc gen lién két v6i nhau theo ciu trac dang chudi goi
12 nhiém sic thé, n6 dac trung cho mdi loai va quyét dinh su séng con cua co thé do.

Mot loai mudn ton tai phai thich nghi véi méi trudng, co thé sdng nao thich
nghi v6i moi trudng hon thi s& ton tai va sinh san véi s lwong ngay cang nhiéu hon,
trai lai nhitng loai khong thich nghi véi méi truong s& dan dan bi diét chung.

Méi truong ty nhién lu6n bién doi, nén ciu trac nhidm sic thé ciing thay doi
dé thich nghi voi méi truong, va ¢ thé hé sau ludn c6 do thich nghi cao hon & thé hé
trude. Cau trac ndy c¢6 dugc nhd vao sy trao doi thong tin ngau nhién véi moi trudng
bén ngoai hay gilra chung véi nhau.

Duya vao d6 cac nha khoa hoc may tinh xay dung nén mot giai thuat tim kiém
tinh t& dua trén co s& chon loc ty nhién va quy luat tién hoa, goi la giai thuat di truyén.

Céc nguyén 1y co ban cua giai thuat duoc tic gia Holland dé xuat 1an dau vao
nam 1962. Nén tang toan hoc cua giai thuat GA duoc tic gia cong bd trong cudn sach
“Sy thich nghi trong cac hé théng tuy nhién va nhéan tao” xuat ban nam 1975,

Giai thuat GA dugc xem nhu mot phuong phap tim kiém c6 bude chuyén ngiu
nhién mang tinh tong quat dé giai cac bai toan t6i wu hoa.

Giai thuat GA thudc 16p cac giai thuat tim kiém tién hoa. Khac voi phan 16n
cac giai thuat khac tim kiém theo diém, giai thuat GA thuc hién tim kiém song song
trén mot tap duoc goi 13 quan thé cac 10i giai ¢6 thé.

Thong qua viéc ap dung cac toan tir di truyén, giai thuat GA trao ddi thong tin
gitta cac cyec tri va do d6 lam giam thiéu kha nang két thac giai thuat tai mot cuc tri
dia phuong. Trong thyc té, giai thuat GA d dugc ap dung thanh cong trong nhiéu
linh vuec.

Giai thuat GA duy tri mot quan thé cac 101 giai c6 thé cua bai toan tdi vu hod.
Thong thuong, cac 10i giai nay duoc ma hoa dudi dang mot chudi cac gen. Gid tri cua
cac gen co trong chudi duoc 1ay tir mot bang cac ky tu duge dinh nghia trudc. Mai
chudi gen duoc lién két voi mot gia tri dugc goi 1a do phu hop. PO phu hop duoc
dung trong qua trinh chon loc.

Co ché chon loc dam bao cac ca thé co6 do phu hop tdt hon c6 xac suét duoc
lra chon cao hon. Qua trinh chon loc sao chép cac ban sao cua cic ca thé c6 do phu
hop tot vao mot quan thé tam thoi duoc goi 1a quan thé bd me. Cac ca thé trong quan
thé bd me duoc ghép doi mot cach ngau nhién va tién hanh lai ghép tao ra cac cé thé

con.
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Sau khi tién hanh qua trinh lai ghép, giai thuat GA mo phong mot qué trinh
khac trong ty nhién 14 qué trinh dot bién, trong d6 cc gen ciia cac ca thé con tu thay
doi gia tri voi mot xac suat nho.

C6 6 budc khi ap dung giai thuat GA dé giai mot bai toan, cy thé 1a:

+ M4 hoéa 16 giai thanh cé thé dang chudi.

+ Ham xac dinh gia tri d6 phu hop.

+ So d6 chon loc cac ca thé bd me.

+ Toan tir 1ai ghép.

+ Toén tir dot bién.

+ Chién luoc thay thé hay con goi 1a todn tir tai tao.

2.2.1.1. Gidi thudt di truyén don gian (SGA)

Trong giai thuat di truyén ctia minh J. H. Holland st dung ma hoa nhi phan dé
biéu dién cac ca thé, 1y do 1a phan 16n cac bai toan tdi uu hoa déu c6 thé duoc ma hoa
thanh chudi nhi phan kh4 don gian.

Ham muc tiéu, ham can t6i vu, duge chon 1am co s& dé tinh d6 phu hop cua
ting chudi ca thé. Gia tri o phu hop cia timg ca thé sau d6 duoc dung dé tinh toan
xé4c suét chon loc.

So d6 chon loc trong giai thudt SGA la so dd chon loc ty 1&. Trong so dd chon

loc nay, ca thé co d6 phu hop f; c6 xac suat chon lua

Nf if ; & day N 1a sb ca thé c6 trong quan thé.
j=17]

Toan tir lai ghép trong giai thuat SGA 1a toan tir lai ghép mot diém cit. Gia st

Pi=2

chudi ca thé c6 d6 dai L (c6 L bit), toan tir lai ghép duoc tién hanh qua hai giai doan
la:

+ Hai cé thé trong quén thé bd me dwoc chon mot cach ngau nhién voi phan
b xac suat déu.

+ Sinh mot s6 ngau nhién j trong khoang [1, L - 1] . Hai cé thé con dugc tao
ra bang viéc sao chép cac ky tu tir 1 dén j va trao ddi cac ky tu tirj + 1 dén L.

Diéu dang luu y 14 giai thuat GA khong yéu cau toan tir lai ghép ludn xay ra
d6i v6i hai ca thé bd me duoc chon. Sy lai ghép chi xay ra khi s6 ngau nhién twong
ung voi cdp ca thé bd me duge sinh ra trong khoang [0, 1] khong 16n hon mdt tham
sO pe (goi 1a xac sudt lai ghép). Néu s ngau nhién nay 16n hon pe, toan tir lai ghép
khong xay ra. Khi d6 hai c4 thé con 14 ban sao tryc tiép cua hai ca thé b me.

Tiép theo, J. H. Holland xay dung toan tir dot bién cho giai thuat SGA. Toan
tir nay duoc goi 1a toan tir dot bién chuan. Toan tir dot bién duyét timg gen cua ting
c4 thé con dugc sinh ra sau khi tién hanh toan tir lai ghép va tién hanh bién doi gia tri

tr 0 sang 1 hodc nguoc lai voi mot xéac suat pm dugce goi la xac suat dot bién.
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Cubi cuing 1a chién luoc thay thé hay con goi 13 toan tir tai tao. Trong giai thuat
SGA, quén thé con duogc sinh ra tir quﬁn thé hién tai thong qua 3 toan ti 1a chon loc,
lai ghép va dot bién thay thé hoan toan quan thé hién tai va tré thanh quan thé hién
tai ctia thé heé tiép theo.

Giai thuat di truyén phu thudc vao bd 4 (N, pe, pm, G), trong do:

N - s6 cé thé trong quan thé; p. - xac suat lai ghép; pm - x4c sudt dot bién; G -
s6 thé hé can tién hoa. Pay chinh 1a cac tham s6 diéu khién cua giai thuat SGA.

C4 thé c6 gia tri ham muc tiéu tot nhat ciia moi thé hé 14 101 giai cudi cung cua
giai thuat SGA. Quan thé dau tién duoc khai tao mot cach ngau nhién.

2.2.1.2. Co ché hoat déng ciia gidi thudt di truyén

Khong lam mét tinh tong quat, ta gia dinh bai toan t6i wu 13 bai toan tim cuc
dai ctia ham nhiéu bién . Bai toan tim cuc tiéu ham g chinh 1a bai toan tim cuc dai
ham f'= -g, hon nita ta c6 thé gia dinh ham muyc tiéu /¢ gia tri duong trén mién xac
dinh ctia nd, néu khong ta c6 thé cong thém mot hang sé6 C duong

Cu thé bai toan dugc dit ra nhu sau: Tim cuc dai mot ham & bién Axi,.., xk):
Ri—R. Gia st thém 13 mdi bién x; co thé nhan gia tri trong mién D; = [a;,b]] €ER va
Ax1,.., x1)>0 voi moi x; € D;. Ta mudn tdi wu ham £véi d6 chinh xac cho trude: gia st
can n s 1 d6i véi gia tri ciia cac bién

Dé dat dugc do chinh xac nhu vy mdi mién D; can dugc phan cét thanh (b;-
a;)x10” mién con bang nhau, goi m 1 s nguyén nho nhit sao cho

(b; —a;). 10" < 2™ —1 (2.1)

Nhu vy mbi bién x; duoc biéu dién bang mot chudi nhi phan c¢é chiéu dai m.

Biéu dién nhu trén rd rang thoa man diéu kién vé do chinh x4c theo yéu cau. Cong

thirc sau tinh gia tri thap phan cia mdi chudi nhi phan biéu dién bién x;

bi—a;

x; = a; + demical(string,). (2.2)

2Mi—1

Trong d6 ham decimal(stringz) cho biét gi4 tri thap phan cta chudi nhi phan
do.

Bay gid, mdi nhidm sic thé (1a mot 1oi giai) dwoc biéu dién bang mot chudi
nhi phan c6 chiéu dai m = ¥, m; , m; bit du tién biéu dién gia tri trong khoang
[a1,b1], m> bit ké tiép biéu dién gia tri trong khoang [a2,b2], ...

Dé khoi tao quan thé, chi can don gian tao pop_size nhiém sic thé ngiu nhién
theo tung bit

Phan con lai cua giai thuat di truyén rat don gian, trong moi thé hé, ta luong
gi4 timg nhiém séc thé (tinh gia tri ham f trén cac chudi bién nhi phan di duoc giai
mi), chon quan thé méi thoa min phan bd xac suat dya trén do thich nghi va thuc

hién cac phép dot bien va lai dé tao ra cac ca thé thé h¢ maoi.
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Sau mot s6 thé hé, khi khong con cai thién thém duoc gi nita, nhiém sac thé
t6t nhat s& duoc xem nhu 10i giai ciia bai toan tdi wu (thuong 14 toan cyc). Thong
thuong ta cho ding giai thuat sau mét sé budc lap c¢b dinh tuy ¥ tuy thudc vao diéu
kién téc d6 va tai nguyén may tinh.

Ddi véi tién trinh chon loc (chon quﬁn thé mai thoa phan bd x4c suit dya trén
cac do thich nghi), ta dung banh xe quay Rulet v6i cac ranh dugc dinh kich thude
theo do thich nghi. Ta xay dung banh xe Rulet nhu sau (gia dinh rang cac do thich
nghi déu duong)

+ Tinh d6 thich nghi eval(vi) ciia mdi nhidm sac thé v; (i =1,..., pop_size)

+ Tim tng gia tri thich nghi toan quan thé:

F = ypop-stze eval(v;) (2.3)
+ Tinh xé4c suit chon p; cho mdi nhiém sac thé vi, (i= 1,..., pop_size):
L(vi)
pi="F" (2.4)

+ Tinh vi tri xac sudt ¢; cia mdi nhiém sic thé v, (i = 1,..., pop_size):

q; = Z§'=1 pj (2.5)

Tién trinh chon loc thyc hién bang cach quay banh xe Rulet pop_size 1an, mdi
1an chon mot nhiém sic thé tir quan thé hién hanh vao quan thé méi theo cach sau:

+ Phat sinh ngdu nhién mét sé r trong khoang [0,1]

+Néur< g1 thi chon nhiém sdc thé dau tién vy, nguoc lai thi chon nhiém sdc
thé thir i, vi 2 < i < pop_size) sao cho gi1<r < g

Nhu vay cé thé c6 mot sd nhiém sic thé duge chon nhiéu lan, diéu nay la phu
hop vi cac nhiém sac thé tot nhat can cé nhicu ban sao hon, cac nhidém sic thé trung
binh khong thay ddi, cac nhidm sac thé kém nhat thi chét di.

Bay gio ta ¢ thé ap dung phép toan di truyén: két hop va lai ghép céc cé thé
trong quan thé vira dugc chon tir quan thé il nhu trén.

Mot trong nhirng tham s6 ctia giai thuat 1a xac suét lai p.. X4c suit nay cho ta
s6 nhiém sic thé pop_size x p. mong doi, cac nhiém sic thé nay duoc dung trong tac
vu lai tao. Ta tién hanh theo cach sau day:

Déi véi mdi nhiém sac thé trong quan thé méi:

+ Phat sinh ngau nhién mot sé r trong khoang [0,1]

+Néur< De, hiy chon nhiém sdc thé do dé lai tao

Bay gio ta ghép doi cac nhiém sic thé di duoc chon mot cach ngiu nhién: ddi
v6i mdi cip nhidm sic thé dugce ghép ddi, ta phat sinh ngau nhién mot s nguyén pos
trong khoang [1, m-1] (m 14 téng chiéu dai - s6 bit - cia mot nhidm sic thé). S6 pos
cho biét vi tri ciua diém lai. Hai nhiém sic thé:

(b]bz. . .bposbpos+]. . .bm) Vé (CICZ. . .0p05Cpos+]. . .Cm)
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duoc thay bang mot cip con cua ching:
(b1b2...bposCpos+i...Cm) VA (CiC2....Cposbpos+i...bm)

Phép toan ké tiép 1a phép dot bién, duoc thyc hién trén co so timg bit. Mot
tham s6 khac cta giai thuat 1a xac suat dot bién py, cho ta s bit dot bién p, x m x
pop_size mong doi. Mdi bit (trong tit ca cac nhidm sic thé trong quéan thé) c6 co hoi
bi dot bién nhu nhau, nghia 14 ddi tir 0 thanh 1 hodc nguoc lai. Vi thé ta tién hanh
theo cach sau day:

D6i voi mdi nhidm sac thé trong quan thé hién hanh (nghia 14 sau khi lai) va
dbi voi mdi bit trong nhiém sic thé:

+ Phat sinh ngau nhién mot s6 r trong khoang [0,1]

+ Néu r < p,, hdy dot bién bit d6

Sau qua trinh chon lgc, lai va dot bién, quén thé méi dén luot lugng gia ké tiép
ctia n6. Luong gia ndy duoc dung dé xay dung phan b xac suat (cho tién trinh chon
lwa ké tiép), nghia 1a dé xay dung lai banh xe Rulet véi cac ranh duge dinh kich thude
theo cac gid tri thich nghi hién hanh. Phan con lai cua tién hoa chi 1a 1ap lai chu trinh

cua nhiing budc trén.

2.2.2. Thudt todn by dan (PSO)

Thuat toan bay dan (PSO) 1a mot thuat toan t6i wu héa phi tuyén ngau nhién
dugc dé xuit boi Kenedy va Eberhart vao nim 1995. Thuat toan dya trén mé hinh
hoéa viéc dan chim di tim kiém thtc an nham dat duoc gia tri t61 wu nhat trong mién
tim kiém

Mot ca thé (particle) dugc thé hién trong PSO tuwong tyr nhu mot con chim hodc
mot con ¢4 tim kiém thirc an trong khong gian tim kiém cua né. Su di chuyén cia
mdi ca thé 1a su két hop gifra van tbe va huong di chuyén. Vi tri cia moi cé thé tai
bat ky thoi diém nao ciing bi anh hudng béi vi tri tét nhat ctia nd va vi tri tot nhét cia
ca béy dan. Hi¢u qua dat dugc cua mot ca thé duoc xac dinh boi mot gia tri thich
nghi, gia tri ndy duoc xac dinh phu thudc vao ting bai toan.

Trong PSO, quéan thé bao gdm céc cé thé trong khong gian cua bai toan. Cac
c4 thé duge khoi tao mot cach ngau nhién. Méi ca thé s& c6 mot gia tri thich nghi, gia
tri nay dugc xac dinh boi mdt ham thich nghi dé tbi wu trong moi thé hé. Trong moi
thé hé, mdi ca thé thay ddi van tdc va thay ddi vi tri cia né theo thoi gian. Dya vao
gié tri thich nghi, mdi c4 thé tim ra giai phap tdi uu cuc bo trong khong gian tim kiém
nhiéu chiéu. Sau do, giai phap t6i uu cuc bd dugc so sanh véi giai phap t6i vu toan
cuc cua ca bﬁy dan dé cap nhat lai gia tri cho giai phap t6i wru toan cuc. Dya vao giai
phap tdi rru toan cyc dé tim ra giai phap t6i wu nhét.

2.2.2.1. Lwa chon kich thudc bcfy dan va tao qucfn thé ban dau:
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Kich thudc cua bﬁy dan duogc ¢b dinh cho toan bd qua trinh tinh toan. Bé“mg
truc gic, ta thay rang, cang nhidu ca thé thi s6 budc 1ap tim kiém cang it. Tuy nhién,
sO budc 1ap khong thuc sy 1a mot tiéu chi phii hop. Chinh xac hon, s6 1an tinh ham
muc tiéu mai 13 tidu chi dé dénh gia vé thoi gian va khdi lwong tinh toan vi trong phan
16n céc bai toan, viéc tinh va kiém tra rang budc ham muc tiéu doi hoi mét thoi gian
dang ké. Do d6, néu mudn giam tong s6 1an tinh ham muyc tiéu dé tim ra giai phap toi
wu, chiing ta nén giam kich thudc cua bay dan. Nhung mot by qua nho co thé s& mat
nhiéu thoi gian hon dé tim ra giai phap t6i wu hodc tham chi 14 hoan toan khong tim
thdy. Theo kinh nghiém, cac nha thi nghiém da dé xuat kich thudc cua bay dan khoang
20 dén 30 ca thé va thuc té da chirng minh dugc hoan toan du dé giai quyét hau hét
céc bai toan thir nghiém c6 dién.

Bai toan PSO c¢b dién chi quan tam dén cac bai toan lién tuc véi cac bién thuc.
Khong gian tim kiém dugc xac dinh 1a mot hinh khéi c6 D chiéu duoc gidi han baoi
céc gia tri 16n nhat va nho nhét dang [Xmin, Xmax]”

Vi¢ce khéi tao chi don gian bao gém viéc dit ngau nhién céac ca thé ban dau
theo su phan bd ddng déu trong khong gian tim kiém nay. Day 1a mot giai doan ma
ta hay thdy trong hiu nhu tat ca cac thuat toan cua t6i wu hoa 13p ngdu nhién. Nhung
& day, cac ca thé ¢ van téc chuyén dong trong d6 van tdc 1a mot vecto hay chinh xac
hon 1a mdt toan tir khi dugc &p dung cho mgt vi tri, sé cho mdt vi tri khac. Do van tbe

cling 1a phan b6 déu nén ta s€ chon van toc 1a gid tri ngau nhién nam trong khoang

[xmin_xmax xmax_xmin]
2 ! 2
2.2.2.2. Phuong trinh chuyén dong va giGi han khéng gian
S6 chiéu cua khong gian tim kiém 1a D. Do d6, vi tri hién tai ciia mot ca thé
trong khong gian nay tai thoi diém ¢ duoc cho bdi vecto x(z), v6i D thanh phan. Van
tdc hién tai cua nd 13 v(z). Vi tri tot nhat duoc tim thiy cho dén nay cua ca thé nay
dugc cho boi mot vecto p(?). Vi tri tot nhét cta nhitng ca thé lién két va cung cip
thong tin cho ca thé dang xét cho boi mot vecto g(). Thanh phan thir 4 ciia mot trong
cac vecto nay dugc biéu thi bang chi s6 d, vi du xo. Phuong trinh chuyén dong cia
mot c4 thé, dbi véi mdi chiéu d:
{vd = ¢1.Vq + C3. (Pg — Xa) + ¢3.(ga — Xa) (2.6)
Xg =Xq + vy
Hé s tin cdy duoc xac dinh theo cach sau:
- ¢1 12 hang s6 (tin cay vao chuyén dong cua chinh no);
- ¢2 va c3 (d0 tin cdy twong tmg vé hiéu sudt tot nhat cta chinh ca thé d6 va cua
ca thé cung cip thong tin tot nhit cho né) duoc chon ngiu nhién véi mdi bude thoi
gian theo phan b ddng déu trong mot khoang [0, Cmax]-

Khi 1am ndi bat yéu t6 ngiu nhién ta co thé viét lai phwong trinh (2.6) nhu sau :
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{vd = 1.V + Cax-Tand(0,1). (pg — X4) + Cax-rand(0,1). (gg — x4)
Xqg = Xg + Va

2.7)

DPé st dung mo hinh nay, hai tham $6 C1 VA Cmax phai duoc xac dinh trude. Gia
tri thr hai c6 thé dugc coi 1a do tin cay 16n nhat ma cé thé duoc cung cép bdi cac ca
thé khac. Cac gia tri nay co thé x4c dinh béng thuc nghi¢m nhung ta co thé dua trén
2 quy tic sau day:

Quy tic 1: ¢1 phéi c6 gia tri tuyét ddi nhé hon hodc bang 1. N6 dai dién cho
qué trinh gia tang thoi gian lién tiép trong truong hop cé thé van 1a noi cung cap thong
tin t6t nhat ciia n6. Khi d6 ching ta c6 pa = X = ga va v6i mdi lan ting, van toc duoc
nhan véi ¢;. Néu gia tri tuyét ddi cua nd 16m hon 1, van toc tang khong ngung va sy
hoi tu 1a khong thé. Trong thuc té, hé s6 nay khong dugce qua nho vi né sé gay ra hoi
tu som, ciing khong duoc qué 16n vi c6 thé 1am cham hoi tu qua murc. Cac nghién ciru
vé PSO thuong khuyén nghi dat gia tri can bé“mg la 0,7 hoac 0,8.

Quy tic thir 2: Qua céac thyc nghiém nhan thdy tham s cmax khong duoc qua
16n, gia tri trong khoang 1,5 dén 1,7 dugc coi 1a hiéu qua trong phan 16n cac truong
hop.

Trén thue té, cac gia tri dugc dé xuét rat gﬁn voi nhiing gid tri dugc suy ra sau
nay tir cac phan tich toan hoc cho théy réng dé hoi tu tét, cac gia tri ¢1 va Cmax N€N
duoc chon theo cap vi du (0,7 1,47) hoac (0,8 1,62).

Ngoai ra, mdt s6 ham c6 khong gian xac dinh khong phai 1a vo6 han. Do do,
can phai nhanh chéng bd sung mét co ché dé ngan chan mot ca thé roi khoi khong
gian tim kiém. Nhu trén ta d4 gia dinh khong gian tim kiém 13 [Xmin, Xmax]°. Néu mot
toa o x4 duoc tinh theo phuong trinh chuyén dong (2.7) roi khoi khoang [Xmin, Xmax],
thi s& phai gan cho no gi tri gan nhét cia diém bién gidi. Do do, trong thuc té, viéc
thay thé dong tht hai cua (2.7) bang:

Xq = MIN(MAX (x4 + Vg, Xmin)» Xmax) (2.8)

Tuy nhién, phuong thirc ndy tuy cho két qua chinh xac nhung lai c6 mot nhuoc
diém. Chung ta gia dinh trong mét kich ban ma van tdc thich hop cua ca thé co xu
hudng khién né roi khoi khong gian tim kiém. Sy giam gitr (2.8) chic chin dua ca
thé tro lai bién gidi cia khong gian tim kiém, nhung khong lam thay ddi van toc clia
né. Van tdc s& duoc tinh toan lai va s& dugce stra trong lan lap tiép theo, nhung né van
¢ thé duoc dinh hudng it nhiéu theo cung mot hudng cli. Do do, ca thé s& co xu
hudng di qua bién mét 1an nita va lai duoc dua trd lai bang phuong trinh (2.8)... Nhu
vay ca thé co thé "bi mic ket" & diém bién nay. Pay 14 1y do tai sao ta phai bo sung
co ché giam git v6i mot su thay doi van tdc. Ta c6 thé thay thé thanh phan van tdc

bang cach ddo nguoc va c6 thé dugce can bang bdi mdt hé s6 nhd hon 1, hodc cé thé
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don gian bo thanh phan dé di. Néu viéc huy bd duge chon, co ché hoan chinh sau dé
s& duge mo ta bang cac thao tac sau:
v, =0
Xq & [Xmin Xmax] = {%a < Xmin = Xa = Xmin (2.9)
Xa > Xmax = Xd = Xmax

Nhu vay nguyén tic cta viéc diéu chinh 13 “néu mot ca thé co xu hudng rdi
khoi khong gian tim kiém, thi hiy dwa no tré lai diém gan nhét trong khong gian nay
va thay d6i van toc ciia n6”. Piac biét ching ta s& thiy rang nguyén tic nay c6 thé
duogc sir dung dé xac dinh cac gidi han can thiét cho cac bai toan c6 céc vi tri ¢6 gia
tri nguyén hodc cho cac bai toan to hop ma 151 giai ctia nd phai c6 tat ca cac toa do

khac nhau.

2.3. Tinh téng cong sudt I6n nhit ciia nguon dién gié, dién mdt troi phit

lén 1 pha luwoi dién ha dap
2.3.1. Pdt vin dé

Sau khi phan tich cic nghién cru vé xac dinh cong sudt phat 16n nhét cua
ngué)n dién gio, di¢én mat troi va cac thuat todn tim kiém tdi wu ¢ rang budc, luin an
s& sir dung thuét toan di truyén di truyén (GA) dé tinh tong cong suat 1on nhat cua
nguén dién gid, dién mat troi phat 1én 1 pha ludi dién ha ap dé dam bao cho dién ap
nat, dong dién nhanh ludén nam trong gia tri cho phép khi phu tai dién thay dbi. Két
qua cta bai toan sé& 1a tong cong suat 10n nhat ciia ngudn dién gié va dién mat troi
phat 1én 1 pha luéi dién ha ap va cong suét phat twong (mg cia cic ngudn dién nay
tai cac nat. Dé giai quyét bai toan nay, luan an s& gdm 2 phan: tinh cong sudt nhanh,
dién ap nut trong 1 pha ludi dién ha ap va xac dinh tong cong suat 16n nhat ctia ngudn
dién gio, dién mat troi phat 1én ludi dé dam béo dién ap nut va dong dién nhanh luon
nam trong giéi han cho phép khi phu tai thay d6i cong suét tir cuc dai dén cuc tiéu.

2.3.2. Tinh toan gén dung cho 1 pha lwoi dién ha dp

2.3.2.1. Khi gian pin mat troi (PV), tua bin gio (WT) chwa phat lén
lwoi
Ta xét truong hop khi gian pin mat troi va tua bin gio chua phat dién 1én ludi.
So d6 thay thé ciia 1 pha khi xét truong hop 2 phu tai 1 va 2 dau vao ludi dé sir dung
cho tinh to4dn nhu hinh 2.1
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Hinh 2- 1: So db thay thé khi tinh dién ap, dong dién va cong sut cho pha A
Trong do6:
+S,, S,: Cong suit tai cac tai (kVA).
+80-1,5"0-1, Si—z S'i_,: Cong suat chay trén duong day 0-1, 1-2 (kVA)

+ Z40-1, Zg1—5: Tong tré dudng day 0-1, 1-2 (Q)

Ta c6 dién ap tai ntt 0 thuong dugce dat 1a Ug =230 V. Dién 4p cac nut 1 va 2
gia st bang dién 4p lugi Uy = Uz =220 V. Tir cong suit tic dung (P) va hé sb cong
sudt (cos¢) cua cac phu tai ta tinh dugc cong sut phan khang (Q) theo cong thirc

sau:
§=— = (kVA) (2.10)
Q = V52 — P2 (kVAr) (2.11)

S=P+j.Q (kVA)
Tong tro ciia duong day tinh theo cong thirc sau:
Zg=R+j.X=1(0+].x)(Q) (2.12)
R: Pién tré ctia duong day (Q); X: Pién khang cua dudng day (Q); 1: Chiéu
dai duong day (m); ro: Dién tré don vi ciia duong day (€/m); xo: Dién khang don vi
cua duong day (2/m)
Tinh cong suat truyén tir tai vé ngudn:
S’l__2 =53 (kVA); 4S5, , = PJZZU;ZZQZZ. (Ri_, +j.X1_5).103 (kVA)  (2.13)
Sip =8"1_,+45,_, (kVA) (2.14)
h =512 + 51 (kVA) (2.15)

)2 )2
45,1 = PO+2QH- (Ro—1 +J-Xo-1)-103(KVA); Sy_; = S'y_; + 4S,_; (KVA)

1

(2.16)

Tinh dién ap tai cac nut:
AUy = Pt omsdins 403 (V) Uy = Uy = AUy, (V) (217)
AU, = DRt 403 (VY Uy = Uy - AU, (V) (218)

Tinh dong dién chay trén céc nhanh:
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P§_1+Q5_4 ; \/PZ_ +Q7_ 3
ly_1 = Y A0° (A); L, = U—1 10° (A) (2.19)

0
Tinh toén twong tu khi s6 lugng nit phy tai tang lén.
2.3.2.2. Khi gian pin mdt troi, tua bin gio phat dién o cac nut 1... 10
Tinh toan twong tu trén, tuy nhién lac nay cong suit cia phu tai s& bang:
§S'=85- Spy — Swr(kVA) (2.20)

Str dung cac cong thirc (2.10-2.20) ta c6 thé tinh gan ding duoc dién ap cac

nat, dong dién truyén tai trén cic nhanh cia 1 pha ludi dién ha ap.

2.3.3. Sir dung thudt todn di truyén dé tinh tong cong sudt phdt I6n nhit

ciia nguén dién gié, dién mdt troi phdt lén 1 pha lwéi dién ha dp

2.3.3.1. Bai todn céng sudt phdt I6n nhat
Ham muc tiéu tong cong sut ngudn dién gio, mat troi phat 1én ludi 16n nhét:
max fpywr = max Y, Peywry (2.21)
Céc rang budc:

+ Dién 4p tai cac nat:

Unin < Ui < Upax (2.22)
+ Cuong d6 dong dién chay trén duong day:
Ii1oi < Dnaxi-1- (2.23)

2.3.3.2. Céc buéde sir dung thudt todn di truyén cho bai toan tinh tong
cong sudt Iom nhdt ciia gian pin mdt troi, tua bin gié phdt 1én lwéi dién ha dap:
e Tir khao sét thyc té nit c6 két ndi gian pin mit troi, tua bin gié voi dong
dién cho phép cua day dan, ta xac dinh duoc cong suét 1on nhét, nho nhat
clia gian pin, tua bin gi6 tai moi vi tri: Pminj Pmax
e Coi budc ting cong suit 1a Pye, = 1 kW ta tinh dwoc gia tri 16n nhét theo
bude c6 thé phat 1én ludi cho mdi gian pin va tua bin gid tai cac nit: x; =
Pmax—Pmin

Pstep
e Tirx; ta tinh duoc chiéu dai chudi nhi phan (m;) phi hop: x; < 2™
e Tur m; tinh dugc, ta tim chiéu dai m cta nhidm sic thé duge tinh nhu sau:

— npywr

e Pit gid tri s6 luong nhidm sic thé trong quan thé (pop_size) va khdi tao
ngau nhién cac chudi nhi phan dai m chinh 14 cc gié tri nhiém sac thé ngau
nhién theo tung bit

e Tiur cac nhiém sic thé di khdi tao, tinh dugc cong suat phat ciia cac gian
pin mat troi, tua bin gid tai cac nut. Tur do, st dung cong thirc 2.10 dén 2.20

tinh toan cho kich ban khi phu tai chi tiéu thu 10% cong suét (day la cong
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suét trung binh nho nhét dua trén khao sat cong suét tiéu thu cta cac phu
tai) va gian pin mat troi, tua bin gio phat 100% cong suat dé kiém tra xem
khi cic gian pin mat troi, tua bin gi6 phat cong suat nhu vay c6 dam bao
diéu kién dién ap va dong dién nim trong khoang cho phép khong? Néu
dam bao diéu kién thi nhidm sic thé d6 s& dugc s dung dé tinh ham t6i vu
f(P1,P2...Py). O day ta xét didu kién t6i uu 13 téng cong suét cac gian pin
mat troi, tua bin gié lip dat 1a 10n nhat tire 1a £=Pi+ Po+...P, . Néu khong
dam bao diéu kién dién 4p va dong dién nam trong khoang cho phép, ta bo
nhiém sic thé d6 di va khoi tao nhiém sic thé khac phu hop. Sau d6 lan
luot tinh cac gia tri fi, f..., fpop size ca quan thé.

e Phép toan chon loc (chon quﬁn thé mai thoa phan bd x4c suat dua trén cac

pop-—size

d6 thich nghi): Tinh tong gi4 tri thich nghi toan thé F = Yzt fi sau
do6 tinh x4c sudt chon p; cho mdi nhidm séc thé p; = % va tinh vi tri xac
suét ¢g; ciia mdi nhiém sic thé q; = Z;'- p;. Tién trinh chon loc ty nhién thyc
hién bang cach quay banh xe Rulet pop_size lan, mdi lan chon mot nhiém
sac thé tir quan thé hién hanh vao quan thé méi theo céch thic sau:

o Phat sinh ngau nhién mét s6 ry trong khoang [0,1]

o Néur< g1 thi chon nhiém sdc thé dau tién f1, nguoc lai thi chon

nhiém sic thé thir i (2<i<pop_size) sao cho gi /<r<qi

e Phép toan két hop va lai ghép cac ca thé trong quan thé vira duoc chon tir
quan thé cii ¢ trén. O ddy ta s& chon xé4c sut lai 1 p:

o Phat sinh ngau nhién mot sd r trong khoang [0,1]
o Néur< pe thi chon nhiém sdc thé do dé lai tao

e Bay gid ta ghép doi cac nhiém sic thé da dugce chon mot cach ngau nhién:
d6i véi mdi cap nhidm sic thé duoc ghép doi, ta phét sinh ngau nhién mot
s6 nguyén pos trong khoang [1,m-1] (m 13 tong chiéu dai — s6 bit cia mot
nhiém sic thé). S6 pos cho biét vi tri diém lai. Hai nhiém sic thé
(b1b3...bposbpos+i...bm) Va (CiC2...CposCpos+1...Cm) S€ lai tao dugc ra mot cdp
con cua chung 1a (b1b:...bposCpos+1...Cm) Va (C1C2...Cposbpos+1 ... bm).

e Phép toan dot bién: Chon tham sb xac suét dot bién pm ta s€ tinh duogc $6
bit dot bién mong doi 14 pm x m X pop_size. Mdi bit ctia nhiém sic thé co
co hoi dot bién nhu nhau, nghia 1a d6i tir 0 thanh 1 hodc nguoc lai. Do do
ta lam theo céch sau day:

o Phat sinh ngiu nhién mot sé r trong khoang [0,1]
o Néu r < pn thi dot bién bit d6

Sau qua trinh chon loc, lai va dot bién ta duoc quan thé méi. V&i mdi nhiém
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sdc thé trong quan thé ta tinh nguoc lai gia tri cong suit phat ciia cac gian pin mat
troi, tua bin gié ¢ cac nut. T d6 tinh dién ap va dong dién cac nat xem c6 dam bao
cac diéu kién 2.22,2.23 khong? Néu NST nao khong dam bao thi dat ham muc tiéu
ctia NST d6 bang 0. Tir bd NST méi va cii ta chon ra quan thé méi dé diém tra kha
nang hoi tu hodc quay tro lai budc 1ap cac phép toan trén. Phép lap s€ dirng khi bai
toan hoi tu. Tir d6 ta tinh duoc ham muc tiéu 16n nhat, NST twong tng véi ham muc
tiéu do6 va cong suat nguén dién gio, di¢n mat troi tai cac nut tuong ung voi NST do.
So d6 thuat toan di truyén tinh cong suat phat 1on nhat ctia ngudn dién mat troi, dién

gi6 1én 1 pha ludi dién ha 4p nhu trong hinh 2.2
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ottt AA gas Pimax—Pimi ,
i)Tinh 6 dai NST m; P; = ==&—==; P, < 2Miim = ¥m;
step

v

ii)Tao quin thé gébm Npopsize NST. Ttr NSTi => Ppywri => Tinh dién ap nut,
dong dién nhanh. Kiém tra NST (thoéa man 2.22,23). Chon pe, Pm

iii)Chon loc: Tinh ham muc tiéu f; (2.21) cta NST, tong thich nghi toan thé
—> e 7 i . ’ ’ A i
F= Z?:f SZ€ £ xac sut chon p; = %, vi tri xdc suat q; = X p;

A 4

iii)Tao ) ngau nhién re=rand(1). Chon NST; néu Qi-1<ts<qi

v

iv)Lai ghép:Tao re=rand(1). Néu P>ty => Chon NST; lai ghép

v

iv)pos=randi(1,m-1). (bib...bposbpos+1...bm) Va (C1C2...CposCpos+1---Cm)
=> (b1b2...bposCpos+i...Cm) Va (€1C2...CposDpos+1...bm)

A\ 4

v)Dot bién:Tao s6 ngau nhién ry=rand(1). Néu rn<pm => Dot
bién bit d6 tir 0=>1 va nguoc lai

NST; => PPVWTi‘):>Tinh g‘Iién ap nut, dong
dién nhanh. Kiém tra diéu kién (2.22,23)

g

Chon quén thé moi, kiém tra kha nang hoi tu hoac tro lai budc iii

bat fi=0

Hoi ty?
Sai

Tinh fmax, NSTmax, Ppvwimax

Két thac

Hinh 2- 2: Luu @6 thuat toan di truyén tinh tong cong suat 1on nhat cia ngudn dién

g10, dién mat tro1 phat 1én 1 pha ludi dién ha ap
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2.3.4. Tinh todan thir nghiém cho 1 pha lwdi dién ha dp

Theo khao sét thuc té vé cac duong day ha ap cép dién dan dung ¢ Viét Nam,
cac may bién ap thuong tir 160 kVA dén 1600 kVA trong d6 pho bién 1a cac may 320
kVA, 560 kVA, 750 kVA 14y dién tir cap 22 kV ha dién 4p xudng cap 0,4 kV va cip
dién cho phu tai. Ludn an su dung dong may phé bién 320 kVA cép dién cho phu tai
ha 4p gdm 3 pha A,B,C va ddy trung tinh N. Xét pha A cua ludi trén gdm cac phu tai

va gian pin mat troi, tua bin gié két néi nhu hinh 2.3.

Gian pin,
tua bin gio
3 pha
maxZ(PryvPyr)? - (PrvPn)) |
—rr W
A 22kV A L o L e Lo ®
\ g 04KV J ‘| %
B
Jc J
c N )] p
L=
(Ppy+Pyr)(1) T W (Ppy+Pyr)(10) T
Gian pin, Gian pin,
tua bin gid o o o o o o oftuabingio
1 pha 1 pha
Phu tai Phu tai

Hinh 2- 3: So d6 mé hinh luéi dién ha ap

Trong do:

+ PV, WT: Phu tai c6 thém nguén phat 1a gian pin ndng lugng mat troi hoac
tua bin gi6 ndi ludi.

Theo khao sat cac ludi dién ha 4p ¢ Viét Nam sir dung duong day trén khong
thi cac cot dién cach nhau 1 khoang 40 m. Tai mdi cot dién sé& c6 diém dau ndi cung
cap dién cho phu tai dong thoi c6 thé 1a diém két ndi ngudn dién gid, dién mat troi.
Vé6i may bién ap 320 kVA thi ban kinh cip dién thuong 1 khoang 400m tuong duong
véi 10 khoang cot. Day dién thuong dung la day A-120, A-95, A-70, A-50. Tt loai
day, tra tai liéu “Mang luéi dién-TS. Nguyén Vin Pam” duoc dién trg va dién khang
don vi va dong dién cho phép cua tirng loai day. Str dung cong thuc 2.12 tinh dugc
dién trd, dién khang cac nhanh nhu trong bang 2-1.

Bang 2- 1: Dién trg, dién khang va dong dién cho phép cta cac nhanh pha A

o, L A " , in Dong dién cho
Tunat | Bén nut | Pi¢n tré R(Q) | DPién khang X() | Loai day phép (A)
0 1 0,011 0,012 A-120 375
1 2 0,014 0,012 A-95 375
2 3 0,014 0,012 A-95 375
3 4 0,014 0,012 A-95 320
4 5 0,014 0,012 A-95 320
5 6 0,018 0,012 A-70 265
6 7 0,018 0,012 A-70 265
7 8 0,026 0,013 A-50 215




38

N I A A , . in Dong dién cho
Tunat | Bén nat | DPién tréd R(Q Pién khang X(Q Loai da .
on tr6 R(Q) | Pién khing X(Q) | Loaidiy | B
8 9 0,026 0,013 A-50 215
9 10 0,037 0,013 A-35 170

Qua khao sat thuc té, cac ap t6 mat dau cuc cung cép dién cho cac ho tiéu thy
thudng 1a loai 63 A, 40 A, 32 A, 20 A. Nhu vy cong suit tiéu thu 16n nhit cta cac
phu tai thuong s& tir 4 kW dén 12 kW. Hé sd tiéu thu cong sudt cua phu tai dién phai
16n hon 0,9 theo yéu cau cua Pién luc. Vi cac phuy tai sir dung nhiéu thiét bi sinh
nhiét nhu binh ndng lanh, may sdy... thi hé s6 cong suét co thé gan bang 1. Nhu vy,
ta s€ gia thiét lya chon cong sut tac dung cua phu tai va hé ) cong suét cua phu tai

két ndi vao pha A 1a gia trj trung binh, thudng xuét hién nhiéu nhu trong bang 2.2.

Bang 2- 2: Cong suét phu tai, hé sb cong suét tai cac nit cua pha A

Cong suit phu tai dién tai cic nut
Phu tai Cong suit Hé s cong suit

P(kW) COSQ

1 6 0,95

2 6 0,95

3 6 0,95

4 8 0,95

5 6 0,95

6 10 0,95

7 4 0,95

8 12 0,95

9 6 0,95

10 12 0,95

Trong diéu kién tinh toan thuc té, dua vao cac bd do dém, hé théng co thé cung
cap cho phan mém cac sd liéu riéng biét va chinh x4c twong Ung véi timg ludi dién
khac nhau ciing nhu s6 nut ¢6 thé ting giam. Phan mém hoan toan c6 thé tinh toan
phu hop véi céc s6 liéu thuc té thu thap dugc.

Dién ap nit nguon dat Up= 220V, cong suat phat t6i da cia gian pin mit troi
va tua bin gio6 1én ludi tai cac nat phai dam bao cho dién ap céc nat khong dugce vuot
qua Umax = 231V va khong dugc nhé hon Unin = 209V (theo tai li¢u tham khao 12)
khi xét dén phu tai tiéu thy thay doi tir 100% xudng 10% cong suat cuc dai.

St dung thuét toan di truyén (GA) dé tim tong cong suat 16n nhat cia gian pin
mat troi va tua bin gié phat 1€n ludi tai cac nat cua 1 pha ludi dién ha ap ta tim dugc
téng cong suat I6n nhat va cong sudt phat ciia tua bin gio, gian pin mat trdi tai cac nat
dé dién ap nat va dong dién nhanh luén nam trong gi tri cho phép. Str dung phan
mém Matlab R.2018a dé 1ap trinh tinh todn cho luéi dién ta dugc bang 2.3 bao gém

tong cong suat phat cia cac nguon dién gid, di¢n mat troi phat 1€n ludi (ham finax) va
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cong suit trong Ung tai cac nat. Cac cong sudt ndy duogc tinh tir gia tri NST tbi uu

cua quan thé sau cac budc lap.

Bdng 2- 3: Cong suét phat ctia gian pin va tua bin gio tai cac nit

Gid trj 16n | Cong suat gian pin (PV) va tua bin gi¢ (WT) ndi vao phu tai (kW)
nhat trong
quan thé 1 2 3 4 5 6 7 8 9 | 10
fmax (kW)
66 44 | 6 7 0 2 2 1 0 4 0
88 68 13 0 0 0 0 1 0 4 2
89 14 65 6 2 2 0 0 0 0 0
89 14 65 6 2 2 0 0 0 0 0

Sau mot s6 budc lp ta im duoc gia tri 16n nhét cia ham muyc tiéu 1a 89 ¢
nghia 12 tong cong sudt phat ciia cac gian pin mat trdi va tuabin gié 1én ludi dién t6i
da 12 89 kW v&i cong sudt phat trong (mg tai cac nat nhu trong bang 2.3 d¢é dam bao
cho dién ap nit khong 16n hon 231V va khong nho hon 209V. Ta thiy rang dong dién
cho phép ctia nhanh 0-1 12 375A tirc 1a cong suat truyén tai 1on nhat ciia nhanh 1a 82,5
kW. Tuy nhién téng cong suét phat c6 thé dat duoc 89 kW do ngoai viéc cong sut
thira phat qua may bién ap cung cap cho ludi cao p 3 pha thi gian pin mait troi va tua
bin gi6 con cung cip dién cho phy tai. Ty 1é phan trim cong suat phy tai cuc tiéu so
v6i cong suat cuc dai cang cao thi tong cong suat phat 16n nhat cta gian pin mat troi
va tuabin gid 1én ludi cang cao.

Két qua thir nghiém cho thay vai tram bién ap 320 kVA, khi phan bd cong suat
lap dat thich hop theo tinh toan & trén thi mdi pha co thé lip dat duoc 89 kW, nhu
vay ca 3 pha s& 1a 267 kW. Tong cong suat nay 16n hon rat nhidu 30% cong suit dat
ctia tram bién ap twong dwong 96 kVA theo thong tu 39/2015/TT-BCT di trinh bay
¢ chuong 1.

Nhu vay, luan an da dé xuat duge phuong an tinh cong suét 16n nhit cua nguén
dién gi0, dién mat tro1 phat 1€n 1 pha ludi dién ha ap ddm bao cho dién &p nat, dong
dién nhanh lu6n nam trong gia tri cho phép khi phu tai bién thién. Két qua ciia nghién
ctru da dugc cong bd trong tai liu s6 03 danh muc cac cong trinh khoa hoc da cong
bd. Trong phan tiép theo, luan an s& xét anh hudng cla viéc giai toa cong suat phat

cua cac nguon dién gid, dién mat troi phat ¢ ludi ha ap 1€n ludi cao ap.
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2.4. Tinh téong cong sudt I6n nhit ciia nguén dién gié, dién mdt troi phdt lén
Iwéi dién 3 pha khi xét dén diéu khién t6i wu hé thong dién va hé sé cé loi vi

tri
2.4.1. Pdt vin dé

Hé théng dién 12 mot thé théng nhét duoc két ndi toan dién tir nha may dién,
dudng day truyén tai cao ap, duong day va phu tai ha ap. Do d6 trong muyc 1.1 chuong
1 nhan thiy rang khi két ndi nguon dién gio, dién mit troi vao ludi dién ha ap 3 pha
hodc ludi dién trung ap 3 pha thi vAn c6 anh huong rat 16n dén phu tai st dung 1 pha
ctia ludi dién ha ap. Pong thoi khi cac ngudn dién gio, dién mat troi két ndi vao ludi
dién ha 4p 1 pha hoac 3 pha thi ngoai diéu kién dam béo cho dién ap nut, dong di¢n
nhanh cua luéi dién d6 nam trong gidi han cho phép thi tong cong suét phat cia cac
ngudn dién gid, dién mat troi ciing bi gidi han boi kha ning truyén tai cua ludi dién
cao ap 3 pha & phia trén dé giai toa hét cong suat truyén tai. Hinh 2.4 mé ta so do két

ndi truyén tai cong sudt giita cac ludi dién cao ap, trung ap va ha ap 3 pha va 1 pha.

Tua bin gi6,
Z(Ppy+Pyr-Pr) g;a;ﬁ:: 5
@ Z(Ppy+Pyr-Pr) :
4+— .4 A o= o0 Lo @
B [ Yoo 1T 1)
c \ /c J ] 1
Luéi dién trung ap, / N ) )
cao ap 3 pha
— Cum nha may
—/-— dién mat trdi hul[Tua bin gi6
L .- 2o Y )
cong suat lon @il gianpin |, o o
1 pha
°
@ Cum may phat
—T— dién diesel,
—T—T—1__sinh khéi
o ” Cum nha may Cum phy tai
Nha may nhiét & dién gi6 cong ° ° dincaoap3 | o o
dign suit I6n pha ©
1)) I} |} =
1] 1] 1] may
"l "l "[ thiy
dién

© ©) ©

Hinh 2- 4: So d6 két nbi ludi dién ha ap, trung ap va cao ap don gian

Khi tong cong sudt cac gian pin mit troi, tua bin gid phat 1én 1 pha ludi dién
ha ap va 3 pha ludi dién ha ap 16n hon tong cong suat tiéu thu cta phu tai thi cong
suét thira Y.(Ppy + Pyr — P,) s& duoc dua qua may bién ap dé nang dién ap 1én cao
va truyén nguoc 1én ludi dién trung ap va cao ap tai ntit 7C (hinh 2.4). Piéu d6 c6 thé

lam tang dién ap nat 7C, 6C va dong dién truyén tai 5C-4C-3C ting Ién va 16n hon



41

gid tri cho phép. Khi truong hop nay xay ra, hé thong dién s& diéu chinh giam cong
suit cia nha may nhiét dién & nut 4C va may phat diesel ¢ ntit 5C dé dién 4p cac nit
7C, 6C va dong dién nhanh 5C-4C-3C trg vé gi tri cho phép. Tuy nhién, viéc giam
cong suat cic nha may dién truyén théng (nhiét dién, thiy dién, may phat diesel) lai
phu thudc vao cong suét cho phép nhé nhat, 16n nht cta chinh nguén dién d6. biéu
d6 c6 nghia 1a khong thé giam cong sudt phat ctia cac nha may dién truyén thong dén
cong suat nho hon giGi han cong suat cia nha may dé va viéc tang cong suat ciing
phai dam bao diéu kién d6. Ngoai ra, chi phi phét dién ciia cac ngudn dién truyén
thdng ciing khac nhau chang han: do khong mat chi phi nhién liéu nén céc nha may
thiry dién dudng c6 chi phi phat dién ré hon rat nhiéu so véi nha may nhiét dién chay
than, nhiét dién chay khi va may phat diesel. Do d6, viéc phan bo cong suat phat cho
cac nha may dién truyén thong trong ludi dién dam bao khi két hop vdi cac ngudn
dién gio, di€n mat troi bién thién sao cho téng chi phi phat dién toan bd hé théng la
nho nhat va dam bao cac rang budc vé dién ap nut, dong dién nhanh.

Nhu vay, bai toan tinh tong céng suit 16n nhat ciia cac ngudn dién giod, dién
mat troi phat 1én 1 pha lu6i dién ha ap s& bao gém rang budc 1a bai toan tinh tong
cong suét cong suét 16n nhat cua cac nguén dién gid, di€én mat troi trong ludi dién
trung 4p, cao ap sao cho tong chi phi phat dién cta toan bo hé thdng 1a nho nhat va
dam bao dién 4p nut, dong dién nhanh ludn nam trong gia tri cho phép. Qua do, luan
an d¢ xuat quy trinh xac dinh cong suat phat 16n nhét cta cac ngudn dién gio, dién
mat troi phat 1én 1 pha ludi dién ha ap s& bao gdm cac bude nhu sau :

+ Théng ké cac nguén dién gio, dién mit troi da co san trén ludi bao gém cac
ngudn phat 1én 1 pha ludi dién ha 4p, 3 pha ludi dién ha ap, 3 pha ludi dién trung ap
va cao ap.

+ Xac dinh thong sd, ciu tric cua toan bd ludi dién, phu tai dién, chi phi phat
dién cua cac ngudn dién truyén thong.

+ Vi cac 1udi dién cao ap, trung ap 3 pha, mdi ludi ha ap c6 két ndi cac ngudn
dién gio, dién mat trdi s& coi nhu 1 nit trong ludi va c6 két ndi ngudn dién gio, dién
mat troi phét 1én ludi cao ap, trung ap 3 pha d6. Giai bai toan xac dinh tong cong sut
16n nhat ctia ngudn dién gio, dién mat troi c6 thé lap dat trong ludi dién d6 kém theo
cac rang budc dién ap nit, dong dién nhanh luén nam trong gia tri cho phép va cong
suét phat cia nguén dién gid, dién mat troi mot sb nat tuong tng la cac ludi ha ap co
két ndi ngudn dién mit trod, dién gié s& nho hon téng cong sudt 16n nhat cho phép
ctia né di tim duoc & bai toan xac dinh tong cong suat 1on nhét cia cac ngudn dién
gi6, dién mit troi phat 1én 1 pha ludi dién ha ap. Bai toan xac dinh tong cong suat 1on
nhat cta nguén dién gio6, di€n mat troi phat 1én ludi dién cao ap, trung ap 3 pha nay

s€ dugc long vao mot bai toan toi uvu khac 1a bai toan tim phan bd cong suat toi wu
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ctia cac nguodn dién truyén thong trong hé thong dé tong chi phi phat dién 12 nho nhat.
Piéu d6 nghia 12 v6i moi gid tri ciia cong suét phat cua cac nguén dién gid, dién mat
troi trong ludi dién cao 4p, trung ap 3 pha thi ta lun phai giai 1 bai toan tim phan b
cong suat toi uu ciia cac ngudn dién truyén théng trong ludi cho két qua hoi tu dé
chimg minh rang luén c6 thé diéu chinh cong suit ctia cac ngudn dién truyén théng
trong ludi dé cung cap du dién cho phu tai. Véi nhitng khu vuc dugc théng ké da lap
dat san nguén dién gi6, dién mat troi thi co thé coi 12 1 tham sb khAu trir cho téng
cong suét 16n nhat cua nguén dién gio, dién mat troi cho toan hé théng.

+ Sau khi ¢6 cong suét phat tuong ung cua nguén dién gio6, dién mat troi tai
mdi nut & ludi cao ap, trung ap thi tong cong suit phat cua cic ngudn dién gid, dién
mat troi két ndi voi ludi ha ap d6 phai didu chinh dé twong ting cong suat phat lén
ludi cao ap vira tinh.

Nhu véy trong muc 2.4, luan 4n sé& trinh bay phuong phap tinh tong cong sudt
16n nhét cta nguon dién gio, dién mat troi phat 1én ludi dién trung ap, cao ap 3 pha
gdm 2 budc nhu sau :

+ Budc 1: Tinh trao luu cong suat t6i wu. Dé giai quyét bai toan nay, luan an
s€ su dung cac thuat toan tinh toan dong cong suat, dién ap cho ludi dién 3 pha va st
dung phuong phap ham chan dé tim gia trj t6i uvu cua cong suat phat ciia cac to may
nham dam béo cac rang budc vé dién ap nut, dong dién nhanh, cong suat cac nha may
nam trong gidi han cho phép va can bang cong suat tac dung, cong suat phan khang
tai tt ca cac nut trong hé thong. Két qua cua bai toan s& 1a cong sudt phat cia cac nha
may tai tdc nut nguén dé dam bao téng chi phi nhién liéu cho toan b hé théng la nho
nhat.

+ Budc 2: Tinh tong cong suat phat ciia cac ngudn dién gio, dién mat troi khi
xét dén hé thng tu didu khién cong sut phat cia ngudn dién truyén thong trong ludi
dién dé can bang cong suit khi phu tai dién khong ddi. Dé giai quyét bai toan nay,
ludn 4n s& sir dung thuat toan di truyén dé tim tong cong suat phat 16n nhat ciia nguon
dién gi6, dién mat troi. Trong bude nay, luan &n con mé rong khi xét dén hé s6 ¢co loi
tai vi tri xay dung nguén dién gid, dién mat troi va co st dung thém thuat toan bﬁy
dan dé tinh toan va so sanh két qua. Hé s6 c6 loi vi tri phan anh hiéu qua dau tu dy
an khac nhau tai cac vi tri xdy dung khac nhau. Pay 1 mot tham s rat quan trong
anh huong dén quyét dinh dau tu nguén dién gid, dién mat trdi cuia chu dau tu do :

- Méc du cong suét dau tu cac nguén dién gio, dién mat troi tai cac vi
tri khac nhau c6 thé bang nhau nhung do anh hudng cua tong thoi gian cung cép ning
lugng, mat do ning lugng gid, ndng lugng mdt troi ma lugng dién nang phat duoc

trong 1 ngdy, 1 nam s& khac nhau nhiéu. Piéu nay s& dan t6i ngudn thu tir ban dién
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1én ludi cua cac nguén dién gid, di€n mat troi tai céc vi tri s€ khac nhau khi cong suét
dau tu 1ap dat bang nhau.

- Chi phi két nbi phat dién 1én ludi s& khac nhau do khoang cach tir
nguén dién dén luédi, do ciu trac cua ludi dién, do chinh sach cua cac cong ty dién
luec.

- Chi phi xay dung, van hanh s& khac nhau do chi phi nhan cong, chi
phi van chuyén, chi phi an ninh, chinh sach hd tro cua dia phuong.

Két qua cua bai toan trong budc 2 s& 14 tong cong suat phat 1on nhat hodc tong
cong suit phat nhan véi hé sb ¢ loi vi tri 16n nhat va cong suét phat cta cac ngudn

dién gid, dién mat troi twong Ung tai cac nut trong ludi dién 3 pha.

2.4.2. Tinh trao luu cong sudt toi wu

2.4.2.1. Tinh toan cho luoi dién 3 pha
Pé tinh toan cong suat, dién ap, dong dién nhanh cho ludi dién 3 pha ta su
dung céac cong thirc trong tai liéu tham khao [13] nhu sau:
+ Tai cac niit, ta c6 phuong trinh can bang giita dong dién (Ipus), dién ap (V)
va tong dan nut (Yous) nhu cong thire (2.24):
Iyus = Ypus V (2.24)
+ Tai cac nhanh (f-t), ta ¢ phuong trinh can bang giita dong dién (Ir, I), dién
ap (V) va tong dan nat (Yr, Y¢) nhu cong thie (2.24-1; 2.24-2):
I =Y.V (2.24-1)
I, =Y.V (2.24-2)
+ Céc téng din tai cac nat duoc tinh nhu cong thuc (2.25):
Y, = [Yff]cf + [Yﬁ]'ct
Y,=[v,]C, +[1,]C (2.25)

Ybus = C;Yf +C[TY; +[Y;h]

+ Cong suét tai cac niit va dong cong suat tai cic nhanh dugc tinh nhu cong thirc
(2.206):

*

Sy (V) = [V].Zm = [V].;/;m v
S,(V)= [cf.V].}f = [cf.V].}f v (2.26)
S,(V)= [CI.V].}t =[C,V].1*/, v

+ Phuong trinh can bang cong sudt tai 1 nit dugc tinh nhu cong thic (2.27):

g,V.,8,)=5,,V)+8,-C,.5,=0 (2.27)
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Trong do6, céc gia tri Cg, Cr, Ct 1a cdc ma tran két ndi, néu tai nut d6 co nguén
nao ndi vao thi gia tri cua Cg bang 1, néu khong ndi thi bang 0, néu tir nhanh f dén
nhanh t thi gia tri cia Crva C; bang 1, néu khong ndi thi bang 0. Ysh: 1a ma tran tong
dan ctia cac thanh phan két nbi ngang vé6i niit. S 1a cong suat phu tai néi vao nuit, Sg
1a cong suat cac ngudn ndi vao nut.

2.4.2.2. Xdy dwng bai todn tinh trao lwu cong sudt toi wu:
Ham muc tiéu cho bai toan s& 14 tdi thiéu chi phi phat dién (tinh cho cong suat
tac dung) nhu cong thuce (2.28):
min fG =min Z?ZI(CGi' Pgl + bGl" PGi + aGl’) (2.28)
Céc ham rang budc bao gom:
+ Tong cong suat tic dung, cong suat phan khang di vao va dira tai 1 nat
phai bang 0
N ,
PLk - PGk + Vk' Zm=1 Vm [gkm COS(Bk - Bm) + bkm- Sin (Qk - Bm) ] =0 (229)
:v6i moi niit k, N 1a gdm nhitng nat m ndi véi nat k
N .
Que = Qo + Vi 20—, Vin- [Grom-SIn(Oy — 01) + bym-cos (6 —6) | =0 (2.30)
:v6i moi niit k, N 1a gdm nhitng nat m ndi véi nat k
+ Gi6i han cong suat tac dung va cong suat phat khang phét ra tai may phat
Peimin < Poi < Pgimax VOi i=1,...,n cho tit ca cac niit ngudn (2.31)
Qcimin < Qi < Qgimax VO11=1,...,n cho tit ca cac nut ngudén (2.32)
Hoac

Pgimin = P6i <0
PGi_PGimaxSO

2.33
Qgimin — Qi <0 (2.33)
QGi - QGimax <0
+ Gid1 han dién ap tai cac nut
Vimin < Vi < Vimax (234)
Hoac
Vimin = Vi <0
2.34-1
{VL - Vimax <0 ( )

+ Gi6i han cong sudt truyén tai trén dudng ddy hodc dong dién truyén tai trén

duong day
1 Lem| < Temmax v6i tit ca cac duong day (2.35)
Hoac
SZn < SEmmax (2.35-1)
Hoac

Sl%m - Sl%mmax <0 (235-2)



45

Nhu vay, két qua cua bai toan s& 13 tim gia tri cong suit tic dung Pai tai cac
nat ngudn (cac nha may dién) sao cho tong chi phi phat dién tai tit ca cac nha may
(f(x)) trong hé thong 12 nho nhat khi xét chi phi phét dién tai mdi nha may 1a ham bac
2 clia cOng sudt tac dung Pg;iphat tai nha may d6. Pong thoi két qua ctia bai toan ciing
phai thoa mén cac rang budc dang thirc (h(x)) 1a cin bang cong suét tic dung va cong
suét phan khang tai tat ca cac nat trong hé théng va dién ap dat trudce tai nat dién ap.
Ngoai ra, két qua ctia bai toan ciing phai thoéa man cac rang budc bat dang thirc (g(x))
1a giéi han cong suét phat tai cac to mdy, gidi han dién ap tai cac niit va gidi han cong
sut truyén tai trén dudng day. Tong hop toan bo bai toan va rang budc duge trinh
bay cu thé trong hé phuong trinh (2.36) dudi day:

+ Ham muc tiéu tuong tng voi tong chi phi phét dién & cac t6 may nho nhat:

min f{x) < min f= Y% (cg;. P4 + bgi- Pgi + agi) (2.36-1)
+ Pang thirc rang budc twong tng:
( g cos(H )
Py — P+ g VE+ V. X0 V] v
J i sm(H )
h(x) =0 o g--.sm(Q- - 6;) (2.36-2)
Qui— Q¢i — by VE+ V.34 V}l l;] =0
j#i — l']'.COS(Gi — 9])
\ Vi=Viset =0

+ Bét ding thic rang budc twong tng:
(1Skm!? = |Skmmax|* <0
Pg; = Pgimax <0
gx) <0 e 4 Pgimin — Pei <0 (2.36-3)
I Vi = Vimax <0
' v,..—V,<o0
beé tim cyc tri cia ham nhi€u bién f{x) (2.36-1) kém céc rang budc dang thic
(h(x)=0) (2.36-2) va cac bat dang thirc rang budc (g(x)<0) (2.36-3). Dé giai bai toan
nay, ta phai 1ap mot ham Lagrange bao gdm ham f{x); cac dang thirc va cac bat dang
thirc. Ham Lagrange s€ dat cuc tri khi dao ham ctia ham theo céc bién béng 0. bat gia
tri ban dau cta céc bién, st dung phép lap dé tién toi hé phuong trinh dao ham béng
0 s& tim duoc cac gia tri bién x can tim bao gdm cong suét phat Pg; ciia cac t6 may dé
cho téng chi phi phét dién toan hé thong nho nhat. Viéc giai bai toan tim ham tbi uu
nay dugc trinh bay chi tiét trong muyc 2.4.2.3
2.4.2.3. Nghién crru xay dung phwong phap tinh toan trao luu cong
sudt t6i wu sir dung phwong phdp ham chdn
+ Phuong phap ham chén va bai toan tdi thiéu hoa ham chi phi: Theo tai liéu
[4], [18], bai toan tim gi tri cuc tiéu ctia ham vé&i cac rang budc dang thirc va bat
dang thirc cua bién duoc giai quyét bang phuong phap ham chian (PDIP) nhu sau:
Bai toan: Ti thiéu héa ham chi phi f(x): min f{x)
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Vi cac rang budc

h(x) =0
{ gx) <0 (2.37)
Xmin < X < Xmax
Dé giai bai toan nay, ta lap ham Lagrangian
L(x,A,pu,0) =0.f(x) +AT.h(x) + uT. g(x) (2.38)
A, 4 1a cac nhan tir lagrangian, o : Hang s ty 1¢ cho gia tri ctia ham
bé gidi bai toan trén, ta tinh dao ham bac 1, bac 2 cua ham f theo cac bién x
of _[of o of

fX = ax dx, 0xy | dxn (2.39)
o%r _o%f
ax? " 9x,.0xn 540
fxx = a5y (2.40)
oxndxy ax%

V6i ham F gém nhiéu ham nhé 13 dao ham bac ctia ham muc tiéu f{X) theo
bién X. Ham Fx 1a dao ham bac 1 cua ham F(X) theo bién X va 1a dao ham bac 2 cua
ham f(X) theo bién X.

FX) =[(X) X)) .. [u@]"

Thi dao ham cua F theo bién X 1a

on o

R | L o 2.41

o g 24D
dx, T 0xp

Néu ta tiép tuc dao ham bac 2 thi s& dugc ma tran 3 chiéu, nhu vay viéc tinh
toan s& vo cung phire tap do d6 ta s& tién hanh tinh chinh lai ham lagrangian ban dau

nhu sau

minf(x) (MO0 v Y1 1N (Zm)]

H(X) =0 - HX)=0 (2.42)
GX)<0 GX)+Z=0
Z>0

Tham s6 nhiu y c6 gia tri xap xi 0, Z 13 gia tri bu cta bat ding thizec G(X) ta

c6 ham lagrangian mdi nhu sau

LY(X,Z A, ) = £(X) + AT HX) + n". (G(X) + Z) — .3V _, In (Z,) (2.43)

Pao ham bac 1 theo cac bién nhu sau

IrLg((x, Z,A ) = fy + AT Hy + nT. Gy
4 Ly(X,Z A p) = p' —y.e'.[Z]? (244)
| L) (X, Z, A, p) = H'(X) '

L.(X,ZAp) =G (X)+ 2"
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Ma tran Hess cua dao ham bac 2 voi1 X nhu sau

L}/(X(X: Zap = fyx T+ Hyx(A) + Gxx (1) (2.45)

Theo diéu kién Karush-Kuhn-Tucker (KKT). Ham s6 s& dat gi tri cuc tri khi

dao ham theo cac bién cua ham (2.43) bang 0 va cac bién bu Z, hé sb u c6 gia tri
duong:

F(X,Z,A,u) =0
Z>0 (2.46)
u>0

Vé6i F(X,Z, A, 1) 1a dao ham ctia ham Lagrange theo cac bién
T
[ L 1 [ff +AHy+uGy

(M. Zz-yej_| [ul.Z-ye |
Fizam =14 H(X)” =1 a1 @4
l con+2 | G(X) +Z

Dé giai phuong trinh (2.46) 1a tim bo gié tri cta cac bién X, Z, A, u dé dao ham
béac 1 cia ham LY(X, Z, A, p) theo céac bién 1 hé phuong trinh F(X,Z, 4, u) = 0. Dit
bién Y gbém cac bién (X, Z, A, i ). St dung bude lip Newton va khai trién chudi Taylo
tai diém YP ta co:

F(y= F(Y") + 5| ,.(r=¥") +e=0

Trong d6 &; 1a cac khai trién bac cao hon ctia khai trién chudi Taylo. Bé qua gia tri

&, va dat AY=Y — Y ta c6 phuong trinh sau:

oF
p _— =
F(YP) + 2 y:yp.AY 0
hay:
JF
arly_yp &Y = —F(Y?) (2.48)

Thay bién Y bing cac bién (X,Z,A, it ) va trién khai cac dao ham ta duoc hé
phuong trinh 2.49. Str dung phép lap Newton voi gia tri dat ban dau ¢ mot diém cho
truéc cho hé phuong trinh 2.49 dén khi sai s nam trong gia tri cho phép ta sé& tién
dén gi4 tri nghiém gan dung dé cho hé phuong trinh F (X, Z,A, u) = 0.

AX

oF OoF oF oF] |AZ| _
55 5% 5 3 |aa| = F&ZAW -

Ap
Ly O HE GI][AX Ir I 1|
| 0 0 [2]] |Aaz] _ 7=,
Hy [g] 0 E)]l' AL __I[M]H(X)yei (249
Ley 1 o o lll  |exy+z]

Khai trién hang 2 ¢ hé phuong trinh 2.49 ta c6
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[u].AZ + [Z].Ap = —[u].Z +y.e » [Z].Au = —[u].Z + y.e — [u].AZ

S>Ap=—u+[Z]71.(y.e — [u].AZ) (2.50)
Khai trién hang 4 ¢ hé phuong trinh 2.49 ta c6
Gy.AX +AZ = —G(X)—Z - AZ = —G(X) — Z — Gy.AX (2.51)

Thay AZ,Au vao phuong trinh khai trién & dong 1 ta co
LY AX + HE. AL + GT.Ap = LY
> 1Y AX + HEAA + G (= + [2]7%. (y.e — [u).A2)) = —L1,"
- LY. AX + HI.AA + G (—y + 2] (y.e = [W). (—G(X) — Z — GX.AX))) ="
= LY AX + HE. AL — GE.u+ GL.[Z] Yy.e + GE.[Z) N [u]. G(X) + GE. [2) L. [u). Z
+GT.[Z]7 2. [u]. Gy. X = —L},
> (Lhy + GE.[Z]7% [1]. Gx).AX + HL . AL — GR.p+ GE.[Z] L.y.e
+GI[Z]7 L [ul. G(X) + L. [Z) . [u).Z = -1,
- (Lhy + GE.[Z]17% [u]. G ). AX + HY AL — G+ GE.[Z] 7. [u]. Z + G§.[Z] t.y.e
+GI (2] [ul. G0 = -1,
- (Lhy + GE.[Z]71 [1]. Gx).-AX + HY . Ad — GF. i + GE . [u]
+GL[Z] L (v.e + [u]. GX)) = —L%."
- (Lhy + GE.[Z]7Y. [u]. Gx ). AX + HY. AL = —L’)’(T —GL[Z] . (y.e + [u].G(X)) (2.52)
Pit
M = Ly + G [Z]7" (1] Gy=fyx + Hxx (D) + Gxx (D) + Gx. [Z]7". []. Gy
N =15 +GL[Z]1™ (v.e + [u]. HX))

> N=fy+AHy+pGx+ 6Lz ' (v.e + [u]. 6(X)) (2.53)
Ta dugc phuong trinh
M.AX + HY.AA = —N (2.54)
Két hop phuong trinh 2.54 va hang 3 hé phuong trinh 2.49 ta dugc hé
phuong trinh méi
[M HY _[AX] :[ -N ]
Hy 0] laal ™ |-H(X)
=  Nhu vdy, v6i phuwong phap nay dé tinh toan gia tri méi cia bién ta phai

(2.55)

thuc hién 3 budc
+ Budc 1: Tinh AX , AA tir hé phuong trinh (2.55)
+ Budc 2: Tinh AZ tir phuong trinh (2.51)
+ Budce 3: Tinh Au tir phuong trinh (2.50)
Ngoai ra dé tang tdc d6 tinh toan, ta thém vao cac hé sd budc nhay a,,a,

trong cac phép tinh X,Z, A, u
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. | z
@, =min fgng Y 1 (2.56)

a, = min£§. guq)(—i}l] (2.57)

Va cac gia tri méi s€ dugce tinh nhu sau

X X+a,AX
Z<«—Z+a,N
Ae—A+a, AL
U u+a, Au

(2.58)

Héng ) ty 16 & duoc chon nho hon 1, thong thudng ta chon béng 0,99995
Pé thuc hién phuong phap ndy, gia tri tham sé nhidu 5 phai tién téi 0 dé dat
gia tri t8i vu cho ham. Do d6 trong tirng budc 1ap, ta chon
77

y oM (2.59)
n.

1

Hé s6 ty 16 o nam trong khoang tir 0-1, ta chon o=0,1
Luu d6 thut toan ctia bai toan tinh trao luu cong suit toi vu duoc thé hién trong hinh
2.5. Khi tién hanh cac budc 1ap s& co trudng hop cac vong lap mai khong tién toi gia
tri hoi tu gy anh huong 16n dén thoi gian tinh todn va két qua van hanh thuc té. Do
d6, thuat toan s& thém diéu kién kiém tra s6 budc 1ap ir phai nho hon imax. Néu sb
bude 1ap tién qua gia trj imax ma ham muc tiéu khong hoi tu thi thuat toan s€ bt bude
dung va két luan bai toan khong hoi tu. Thuat toan dugc lap trinh trén phﬁn mém

Matlab R.2018a dé tinh toan thir nghiém cho céc ludi dién chuan.
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Doc s0 li¢u dau vao cua ludi (file excel)

v

Dit gia tri ban ddu ctia Xo, A, 1,y sai s6 &, &, o 1an Lip thit i; = 0, imax, tinh gia trj Z o

v

Tinh LY (X, Z, A, ), LY, (X,Z, 2, ),

LY(X,Z,,1), L}, (X, Z, A, 1) theo 2.44

v

Kiémtra ||L} ., [l<e,Z >0,

u>0

Tinh fy, fix theo (2.39— 2.40)

v

Tinh Hy, Hyx, Gy, Gxy, tinh L, theo (2.45), tinh ma tran N, M theo (2.53)

v

Tinh AX, AA theo (2.55), AZ theo (2.51)), Au theo (2.50)

'

Tinh «a,, a4 theo (2.56,2.57), X,Z,A, u theo (2.58) ), y theo (2.59), ir =i+ 1

v

Kiém tra i; > imax

Sai

Khong hoi ty, ghi s6 liéu
(file excel két qua)

Hoi tu, ghi s6 liéu
(file excel két qua)

Hinh 2- 5: Luu d6 thuat toan tinh tdi uu trao luu cong suat
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2.4.3. Tinh tong cong suit Ién nhdt ciia nguén dién gié, dién mdt troi phdt
Ién lwéi khi xét dén diéu khién cong sudt toi wu ciia cdc nguén dién truyén thong

trong lwoi dién 3 pha

2.4.3.1. Xdy dung bai toan

Ham muc tiéu cua bai toan la téng cong suét cua nguén dién mat troi, dién gio

phat 1én lwé6i 3 pha tai cac nit 13 16n nhat
f=max ¥}, Poywr (2.60)

Bai toan c6 xét dén hé thong tu didu khién cong suét phat t6i wu ciia cac ngudn
dién truyén thdng trong hé théng dién nhu di trinh bay & muc (2.4.2). Dé thuc hién
bai toan nay, ta tién hanh nhu sau:

+ Budc 1: Khi cong suat phat cta cac nguén dién gi0, dién mat tro1 tai cac nut
bang 0, tinh trao luu cong suét toi uu (2.4.2) dé dicu khién phan bd cong suat phat
cho céc ngudn dién truyén thong trong ludi dién. Két qua tinh trao luu cong suét toi
uu hoi tu s€ dam bao cho hé théng dién khi cong suét cac nguén dién gid, di€n mat
troi bién thién va trong trudng hop xau nhat 13 toan b cac ngudn dién nay co cong
suit phat bang 0 thi hé thong van c6 thé dam bao diéu khién cong suit phat cia cac
ngudn dién truyén thong cung cap dii cho phu tai.

+ Budc 2: Thay doi cong suét phat cua cac nguén dién gid, di€n mat troi trong
cac nat. Tinh trao luu cong sudt tdi vu (2.4.2) va dam bao hoi tu. Sir dung thuat toan
di truyén tinh tong cong suat 16n nhat ciia ngudn dién gio, dién mat troi tai cac nit
v6i diéu kién trao luu cong suat tdi wu (2.4.2) ludn hoi tu. Piéu kién rang budc nay
dé dam bao rﬁng khi phat thém cong Sudt tir nguén dién gi6, dién mat troi thi hé théng
s& diéu khién giam cong suat cac ngudn dién truyén thdng dé dam bao tong cong suat
phat dap ung du tong cong suat tiéu thu cua phu tai va cac ngudn dién truyén thong
van phat cong suit trong gié tri cho phép.

2.4.3.2. Sir dung thudt todn di truyén (GA) dé tinh tong cong sudt lom
nhat ciia nguén dién mat troi, dién gio phat lén ludi dién: Luu do thuat toan

nhu trong hinh 2.6
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/\

( Bétdiu )
Sai

Ppywr=0; Phén b("),cf)ng sudt cac ngudn
dién truyén thong 2.4.2. Hoi tu?

1) Pnaxpvwri < 2™ m = ¥ m;. Tao quéan the Npopsize NST. NST; => Ppywri => Phan bb lai
cong suat toi wu gitra cac ngudn dién truyén thong 2.4.2 dé bai toan hoi tu. Chon pe, pm

il

ii)Chon loc: Tinh f; (2.60) NST;, F = YPP ¢ £, p, = fF q =Yip;

!

iii)Tao ) ngau nhién re=rand(1). Chon NST; néu Qi-1<rs<q;i

'

iv)Lai ghép:Tao re=rand(1). Néu p>res => Chon NST; lai ghép

.

iv)pos=randi(1,m-1). (biba...bposbpos+1...bm) Va (CiCa...CposCpos+i...Cm)
=> (ble...bpostos+l...Cm) Vé (CICZ...Cposbpos+l...bm)

\4

v)Dot bién:Tao s ngau nhién ry=rand(1). Néu rm<pm =>
Dot bién bit do tir 0=>1 va nguoc lai

/\ Sai
NST; => Ppywri => Phan b6 lai cong suit cac
nguon dién truyén thong 2.4.2. Hoi ty?

bat fi=0

Ping

Chon quﬁn thé mdi, kiém tra kha nang hoi ty hoac tro lai budc ii <

!

Sai

Tinh fmax, NSTmax, PpvwTimax

Két thic

/:

Hinh 2- 6: Luu @6 thuat toan di truyén tinh tong cong suat 1on nhat cia ngudn dién
g10, dién mat tro1 phat 1én ludi dign.
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MO ta thuat toan:
i)

+ Tinh trao luu cong suit téi uu ciia hé thong dién (2.4.2) khi khong xét dén
cong suit phat ctia ngudn dién giod, dién mat troi tai cac nit. Néu bai toan khong hoi
tu thi két thic va dua ra thong bao bai toan khong hoi ty.

+ Tir s6 liéu gidi han cong sudt phat ctia cac ngudn dién truyén thong va cong
suat phy tai dién trong ludi dién, kha ning tai ctia cac nhanh ta udc lugng dugc tong
cong suat tdi da cua cac nguodn dién gio, dién mat troi tai cac nit (Pmapy+wr).

+ TU Puapr+wr va s6 lugng nut tiém nang npy+wr du kién phat 1én luéi cua

nguodn dién mat troi, ngudn dién gio ta tinh dugc chi€u dai chuoi nhi phan cua nhiem

sic thé:
PmaxPV+WTi < Zmi (2~61)
m =N m, (2.62)

+ Khdi tao ngau nhién cac chudi nhi phan dai m chinh 1a cac gi4 tri nhiém sdc
thé (NST) ngau nhién theo tirng bit. Ttr chudi NST, ta tinh duoc cac gia tri Pipy+pr tai
céc nit. So sanh tong cong suat d6 voi tong cong sudt udc luong 16n nhat (Puaxpr+wr).
Néu tong cong suat d6 16n hon thi ta phai giam cong sudt Pipy+wr tai cac nit dé dam
bao tdng cong suit nho hon hodc bang tong cong suit udc lwong 16n nhit. Sau do
chuyén cong suat Pipy-pr d giam vé chudi nhi phan va ghép lai tao thanh NST mai
dé thay thé NST vira tao.

+ Tao quan thé pop_size v6i s6 lugng quan thé npepsize NST. Vi mdi NST tao
m&i, ta tich chudi NST va tinh nguoc duge cac gia tri Pipy+prtai cac nut. Tinh tdi wu
trao luu cong sudt trong trudng hop cic ngudn ning luong gio, ning lugng mat troi
phat toi da 100% cong suét va kiém tra xem bai toan trao luu cong suét t6i uu (2.4.2)
c¢6 hoi tu khong. Néu c6 truong hop nao khong hoi tu thi phat sinh NST moi.

+ Tur quén thé tao duoc, st dung cong thuc (2.60) dé tinh gia tri ham muc tiéu
ctia modi NST trong quﬁn thé: J1pv+wt, foPv+wr ..., fpopsizerv+wr. Tim g14 trl fmaxpv+wr
trong cac gia tri fipy+wr tinh dugc.

i)
+ Phép toan chon loc: Tinh tong ham muc tiéu ciua quan thé Fpy,pyr =

anop_size

1 ficpv+wr) tr d6 tinh dugc xac suit chon p; cia mdi NST theo cong thirc

pi = w. Sau khi tinh x4c suit chon NST ta tinh vi tri x4c sut chon NST gi theo
PV+WT

cong thuc q; = 23- D;- Tién trinh chon loc ty nhién thyc hién bang cach quay banh xe
Rulet 71popsize 1an, m&i 1an chon mot NST tir quan thé hién hanh vao quan thé méi theo
cach thuc sau:

- Phat sinh ngau nhién mét sb ry trong khoang [0,1].
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- Néu ry < g, thi chon NST déu tién, nguoc lai thi chon NST thtt i (2<i<npopsize)
sao cho gi.1< rs <qi.
iii)

+ Phép toan lai ghép: Chon tham sb cho xac suat lai ghép 12 p:

- Phat sinh ngau nhién mét sb r. trong khoang [0,1].

-Néur. < pe thi chon NST dé dé 1ai tao.

+ Ghép d6i cac NST di dugc chon mot cach ngau nhién: ddi voi mdi cap NST
dugc ghép doi, ta phat sinh ngau nhién mot s6 nguyén pos trong khoang [1,m-1] (m
1a téng chiéu dai — sb bit ctia mot NST). S6 pos cho biét vi tri diém lai. Hai NST
(b1...bposbpos+1...bm) Va (ciC2...CposCpos+1...cm) S€ lai tao dugc ra mdt cdp con ciia chung
18 (b1...bposCpos+1...Cm) VA (C1...Cposbpos+1...bm).

v)

+ Phép toan dot bién: Chon tham s6 cho xac suét dot bién pm thi s6 bit dot bién
mong doi 13 puXmXnpopsize. MO bit ctia nhidm sic thé co xac suat dot bién tir 0 thanh
1 hodc tir 1 thanh 0 1a nhu nhau. Dé thuc hién phép dot bién ta tién hanh cac bude
nhu sau:

- Phat sinh ngéu nhién mot sé 7, trong khoang [0,1].

- Néu 7 < pm thi dot bién bit do.

+ Tai mdi NST méi, ta tinh dugc cac gia tri Pipy+wr tai cac nat. So sanh tong
cong sudt d6 v4i tong cong sudt udc luong 16n nhat tai mdi nt (Pamaxpr+wr). Néu tong
cong sudt d6 16n hon thi ta phai giam cong suit Pipy+pr tai cac niit dé dam bao tong
cong suit nho hon hoic bang tong cong suat udc lugng 16n nhét. Sau d6 chuyén cong
suat Pipywr dd giam vé chudi nhi phan va ghép lai tao thanh NST méi dé thay thé
NST vira qua qua trinh chon loc, lai ghép va dot bién.

v)

+ Sau cac phép toan chon loc, két hop va dot bién ta tao dwoc mot quén thé
NST méi. Vi mdi NST trong quan thé mdi, ta tach chudi NST va tinh duoc cac gia
tri Pipy+wr tai cac nat. Tinh t6i vru trao luu cong suat trong truong hop cac ngudn ning
lwong gid, nang lwong mat trdi phat t6i da 100% cong suat. Néu c6 truong hop nao
NST khong hoi tu thi ta dat ham muc ti€u cua NST d6 be"mg 0. Tir b0 NST moi va cii
ta chon ra quﬁn thé méi dé diém tra kha nang hdi tu hoac quay trd lai budce lap cac
phép toan trén.

+ Bai toan s& dirng khi két qua hoi ty. Tinh ham muc tiéu 16n nhat va tong cong

suat phat ciia nguon dién gié, mit trdi tai moi nat twong tng.
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2.4.4. Tinh tong cong sudt lon nhdt ciia nguén di¢n gié, di¢n mdt troi phit

Ién lwi dign khi xét dén tiém ning va loi thé lip dat

2.4.4.1. Xdy dung bai toan

Ham muc tiéu ciia bai toan 1a tong cong suét ciia ngudn dién gio, dién mat troi
phat 1én ludi ciia tt ca cac nat (Ppywr) 14 10n nhat khi xét dén hé s6 ¢6 loi vi tri (a;)
maxf = max YN, a;. Ppywri (2.63)
Bai toan c6 xét dén hé thong ty dong diéu khién tdi wu cac ngudn dién truyén
théng nhu d trinh bay ¢ muc (2.4.2). Bé thyuc hién bai toan nay, ta tién hanh nhu sau:
+ Budc 1: Khi cong suét phat cta cac nguén dién gio, dién mat troi tai cac nut
bang 0, tinh trao luu cong suét toi uu (2.4.2) dé dicu khién phan bd coéng suat phat
cho cic ngudn dién truyén thong trong lwdi dién. Két qua tinh trao luu cong suét tdi
uu hoi tu s€ dam bao cho hé théng dién khi cong suét cac nguén dién gid, di€n mat
troi bién thién va trong trudng hop xau nhat 13 toan b cac ngudn dién nay co cong
suat phat bang 0 thi hé thong van c6 thé dam bao diéu khién cong suat phat cua cac

ngudn dién truyén thong cung cip di cho phu tai.

+ Budc 2: Thay d6i cong suat phat ctia cac ngudn dién gio, dién mat
troi trong cac nit. Tinh trao luu cong suét ti uu (2.4.2) va dam bao hoi ty. Str dung
thuat toan di truyén, thuat toan bay dan tinh tong 16n nhat ctia cong suat ngudn dién
gid, dién mat troi nhan véi hé s6 ¢6 loi vi tri tai cac nat véi diéu kién trao luu cong
sudt tdi wu (2.4.2) ludn hoi tu. Diéu kién rang budc nay dé dam bao rang khi phat
thém cong suat tir ngudn dién gid, dién mat troi thi hé théng s& didu khién giam cong
suat cac nguon dién truyén théng dé dam bao tong cong suat phat dap tng du tong
cong suat tidu thu cia phuy tai va cac ngudn dién truyén théng van phat cong suét
trong gia tri cho phép.

2.4.4.2. St dung thudt todn di truyén (GA) dé tinh tong céng sudt lom

nhdt ciia nguén dién gio, dién mqt troi phat lén luoi khi xét dén hé sé ¢é loi vi

tri:

Tuong tu nhu muc 2.4.3, luu dd thuat toan di truyén cho bai toan tinh téng
cong suét 16n nhat ciia ngudn dién gio, dién mat troi phat 1én ludi dién khi xét thém

hé s6 c6 loi vi tri nhu trong hinh 2.7
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/\

< Bit dau >
Sai

Ppywr=0; Phajm bér cong suit cac ngudn
dién truyén thong 2.4.2. Hoi tu?

1) Praxpvwri < 2™ m = ¥m;. Tao quan the Npopsize NST. NSTi => Ppywri => Phan b6 lai
cong suat toi wu gitta cac ngudn dién truyén thong 2.4.2 dé bai toan hoi tu. Chon pe, Pm

v
ii)Chon loc: Tinh f; (2.63) NST;, F = Y720~ Slzefl, p; = i, q; = 25. p;

l

iii)Tao s6 ngau nhién re=rand(1). Chon NST; néu q; 1<r.<q;

.

iv)Lai ghép:Tao re=rand(1). Néu pc>rei => Chon NST; lai ghép

'

iv)pos=randi(1,m-1). (bibx...bposbposti...bm) Va (C1C2...CposCposti-+-Cm)
=> (ble...bpostos+l...C1n) Va (CICZ...Cposbpos+l...bm)

\ 4

v)Dot bién:Tao sb ngau nhién rm=rand(1). Néu Tm<pm =>
Dot bién bit d6 tir 0=>1 va nguoc lai

NST; => Ppywri => Phén bb lai cong sudt cac
nguon dién truyén thong 2.4.2.a. Hoi tu?

bat fi=0

Pung

Chon quﬁn thé moi, kiém tra kha nang hoi tu hoac trg lai budc ii

!

\
Hoi tu?

Sai

Tinh fmax, NSThmax, PpvwTimax

Két thiic Pa
\/
Hinh 2- 7: Luu @6 thuat toan di truyén tinh tong cong suat 1on nhat ciia ngudn dién

gi6, dién mat tro1 phat 1€n ludi dién khi xét dén hé so6 ¢6 1g1 vi tri.
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2.4.4.3. Sir dung thudt toan bdy dan (PSO) dé tinh tong céng sudt Iom

nhdt ciia nguén dién gio, dién mqt troi phat lén luoi khi xét dén hé sé ¢é loi vi

tri:

Dé sir dung thuat toan bay dan cho bai toan tim tong cong suit 16n nhit cia
ngudn dién gio, dién mit troi phat 1én ludi dién khi xét dén hé sb 6 loi vi tri, ta thuc
hién cac budc sau :

i)

bat cong suét phat cua cac nguén dién gid, dién mat troi tai cac nut bﬁng 0.
Tinh trao luu cong suét tdi uu (2.4.2), néu két qua khong hoi tu thi két thic thuét
todn va bao khong hoi tu.

(0)

Tao quan thé trong khong gian tim kiém ban dau gdm p ca thé [Ppyyri] j

Trong d6 mdi ca thé 1a tap hop cua téng cong suét ngué)n dién gid, dién mat troi tai

moi nut:
0
P, p(vi.m- = Peywrmin + Rand(0,1). (Ppywrmax — Pevwrmin) (2.64)
Vian tdc ban dau ctia mdi ca thé Vi(o) sao cho
0 0
V' = Rand(0,1). (Poywrmax — Ponyri) (2.65)

Tai mdi ca thé trong quan thé, tinh trao luu cong suét t6i wu (2.4.2), néu ca
thé nao khong hoi tu thi chon tiép c4 thé khac hdi tu cho dua sb ca thé cua quﬁn thé.
i)

+ Tinh ham muc tiéu cua cac cé thé f ([PPVWTL-]E.R)

+ Chon ra cyc tri dia phuong cta ca thé do fbest([PpVWTi](k)) va téng cong

(k)

suat nguon dién gio6, dién mat troi tai moi nut twong Ung [Ppyywril,.sr

+ Pdng thoi, so sanh céc cyc tri dja phuong duoc cung cap bdi cac ca thé khac
ta tim dugc gia tri cho cuc tri toan cuc fgbest([PPVWTi](k)) va tong cong suit ngudn
dién gi6, dién mit troi tai mi nat twong tng [Peyyri] o,

+ Sau mdi vong ldp ta cAp nhat vi tri méi clia cac ca thé theo cong thirc

plert) — plo 4y (2.66)

PVWTi PVWTi i

p

() 15 A LA , r 1A
V;*"’ 1a van toc cua ca thé Py,

p®

Trong d6 van toc Py p;

duoc tinh theo cong thire sau:

besti PVWTi gbesti PVWTi
(2.67)

Trong do: Ci, Cmax 12 céc h¢ so tin cdy vao chuyén dong cua né va hiu suat

Vi(k“) = Cl.Vl.(k) + Chax-rand(0,1). (P(k) - p® ) + Crnax-rand(0,1). (P(k) - p )

16n nhat ho tro tim kiém toan cau va tim ki€m cuc bo.
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Tai mdi ca thé trong quan thé mdi tao, tinh trao luu cong suit tdi vu (2.4.2),
néu ca thé nao khong hoi tu thi cip nhat lai vi tri méi dén khi ca thé d6 cho két qua
tinh trao luu cong suét toi uu (2.4.2) hoi ty.

Sau mdi vong lap, cac gia tri ban ddu gan tim dén vi tri ctia bién t6i vu can tim.
Vong lip s& dirng khi bai toan hoi ty. Luu d0 thuat toan by dan (PSO) cho bai toan
tim téng cong suit 1én nhét cta nguén dién gio, dién mat troi phat 1én ludi dién khi

xét dén hé s6 ¢ loi vi tri nhu trong hinh 2.8
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Bét diu

) ) . Sai
Ppywr=0; Phan bo cong suat cac nguon
dién truyén thong 2.4.2. Hoi tu?

l Pung

1)bat cac hang s6 ban dau C1, Ciax, 56 c4 thé trao doi thong tin. Tao quan thé ban déu
g0m Npopsize phan tir theo (2.64,2.65). Ppvwri =>Phan bb lai cong suat toi vu giira cac
ngudn dién truyén théng 2.4.2 dé bai toan hdi tu

!

ii)Tinh ham muc tiéu cic cé thé f ([PPVWTi]E-k)) theo (2.63). Chon cuc

. K\ . k ,
tri dia phuong f; best([P PVWTi]g;;;)) va [P PVWTi]I(,e)st tuong tmg. Chon

cyc tri toan cuc fypest ([P pywril©) Va [Poywrilfest

!

i1) Cép nhat vi tri maéi theo (2.66) va van tbc mai theo (2.67)

A

vawn moi=> Phan b lai cong sudt cac
ngudn dién truyén théng 2.4.2. Hoi ty?

Sai

Hobi tu?
Sai

Tinh fmax, PpvwTimax

Két thic )

Hinh 2- 8: Luu d6 thuat toan bay dan (PSO) tinh tong cong suat 16n nhat ctia ngudn

dién gid, di¢n mat troi phat 1€n ludi dién khi xét dén hé s6 co 191 vi tri.
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2.4.5. Tinh toan thir nghiém cho lwoi dién 3 pha
2.4.5.1. Tinh t6i wu trao lweu céng sudt
+ Tinh toan thtr nghiém cho ludi dién 5 nut

“Power system analysis” tac gia Hadi Saadat thuong duogc su dung tai li€u

st dung cho tinh toan h¢ théng dién — tai liéu tham khao s6 13. Trong do,

chuong 7 — Optimal Dispatch of Generation vé tinh toan diéu do t6i wu cac ngudn

dién dé tong chi phi phat dién trong hé thong 14 thap nhat. Trang 297 trong tai lidu

trinh b

ay vé tinh t61 uu cho ludi dién 5 nat gdm 3 ngudn va 4 phu tai. Luan &n s€ su

dung phan mém dé tinh toan, kiém tra két qua so véi két qua tinh toan trong tai liéu

dé danh gia hiéu qua cua phan mém. So d6 ludi dién nhu trong hinh 2-9.

Vi =1.06£0°
30 MWl |Vs| = 1.03
—U _ 0.08+j0.24 4-T
. S0 MW
0.02+0.06 |30 Mvar
0.08+50.24
0.06+3;0.18
0.04+50.12
5
10 Mvar
O i
40 MW 40 Mvar
[Va| = 1.045
Hinh 2- 9: M0 phong ludi dién 5 nlit
+ Thong s6 ludi nhu trong bang 2.4 dén bang 2.7
Bdng 2- 4: Thong sb nut ludi dién 5 nit
Cong sudt | Cong suat A Goc pha A bién ap bién ap
Ni Loai | tac dung phan Dlm,l ap dién ap bien ap nut 16n nut nhé
ut , . . . nut , CO SO A A

nut tai -Pq khang tai - Vo (pu) nut kV) nhat nhat
MW) | QeMwr) | "Y1 v, (rad) Vinax (pu) | Vinin (pu)

1 3 0 0 1,06 0 220 1,05 0,95

2 2 20 10 1,045 0 220 1,05 0,95

3 2 20 15 1,03 0 220 1,05 0,95

4 1 50 30 1 0 220 1,05 0,95

5 1 60 40 1 0 220 1,05 0,95
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Bdng 2- 5: Thong s6 nhanh ludi dién 5 nat

oo Pién tror Pi¢nkhing | Diendin | Congsuatcho
Tunat | Té1nit R (Q) X (Q) B (S) phép truyeén tai
(MVA)
1 2 0,02 0,06 0,03 200
1 3 0,08 0,24 0,025 200
2 3 0,06 0,18 0,02 200
2 4 0,06 0,18 0,02 200
2 5 0,04 0,12 0,015 200
3 4 0,01 0,03 0,01 200
4 5 0,08 0,24 0,025 200
Bdng 2- 6: Thong s6 ngudn ludi dién 5 nit
Cong suat Cong suat Picn ap Cong suit Cong suat tac
, phéan khang phan khang ”, tac dung 16n | dung nho nhat
Nut . £ , 1A . nut £ .
16n nhat Qmax | nhé nhat Qmin v nhat Pmax Pmin
(MVAr) (MVAr) e (pv) (MW) (MW)
1 50 10 1.06 85 10
2 50 10 1.045 80 10
3 40 10 1.03 70 10

Bdng 2- 7: Thong s6 gia phat dién cua cac ngudn ludi dién 5 nat

Nt Hé sd gia phat dién (USD)
Ci bi ai

1 0,008 7 200

2 0,009 6,3 180

3 0,007 6,8 140

Téng chi phi phat dién t6i uu cua hé thong theo tinh toan trong tai liéu tham

khao 13 14 1596,96 $ v6i phan bd cong suat phat clia cac ngudn dién nhu trong bang

2-8

Bdng 2- 8: Cong suit phét tai cac ngudn ludi dién 5 nit

Nut Cong suit tic dung P (MW) Cong suét phan khang Q (MV Ar)
1 23,64 25,72
2 69,51 30,76
3 58,99 14,05

Tong chi phi phat dién t6i wu ciia hé thong theo tinh toan ctia phan mém la

1595,28 $ v6i phan bb cong suat phat cia cac ngudn dién nhu trong bang 2-9

Bdng 2- 9: Cong suit phat tai cac ngudn ludi dién 5 nit

Nut

Cong suét tac dung P (MW)

Cong suét phan khang Q (MV Ar)

1

29,24

10
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Nut Cong suét tic dung P (MW) Cong suit phan khang Q (MVAr)
2 67,8 35,48
3 55 39,99

+ Tinh toan thtr nghiém cho luéi dién 23 nat

Tai liéu tham khao 93 sir dung phuong phap Newton dé tinh tdi vu trao luu

cong suat nham phan bod to1 wu cong suat phat cua cac nguon dién trong ludi dién 23

nat nham tim ra phan bd cong sudt tdi wu nhét dé tong chi phi phat dién cua hé thong

12 nho nhit. So dd ludi dién, thong s6 chi tiét cua lu6i dién, két qua tinh toan & trang

39 va phu luc F trang 83-85 tai liéu tham khao s6 93. Luén 4n s& st dung phén mém

dé tinh toan, kiém tra két qua so véi két qua tinh toan trong tai liéu dé danh gia hi¢u

qua ctia phan mém. So dd ludi dién nhu trong hinh 2-10.

Hinh 2- 10: M6 phdng ludi dién 23 nut
+ Thong s6 ludi nhu trong bang 2.10 dén bang 2.13

Bdng 2- 10: Thong s nut ludi dién 23 nit

Cong suat | Cong suat A Goc pha o bién ap Dién ap
, Loai | tac dung phan Dler,l ap dién ap bicn ap nut 16n nat nho
Nut , . S nut , Ny £ £

nut tai -Pqg khéng tai - Vin (pu) nat kV) nhat nhat

MW) | QeMwr) | "™PY | v, (rad) Vinax (p) | Vi (pu)
1 2 125 50 1,05 0 220 1,05 0,95
2 1 300 100 1 0 220 1,05 0,95
3 2 250 50 1,05 0 220 1,05 0,95
4 1 75 10 1 0 220 1,05 0,95




Cong suat | Cong suat A Goc pha A bién & bién &
, Loai | tac %hmg pl%én Dlm,l ap diénpép bien ap nat 1(')'1? nut nhg
Nut , . . . nut , CO SO A A
nut tai -Pq khang tai - Van (pU) nut kV) nhat nhat
(MW) Q4 (MWr) V. (rad) Vinax (Pu) | Vimin (pu)
5 2 350 100 1,05 0 220 1,05 0,95
6 3 150 35 1,05 0 220 1,05 0,95
7 1 100 10 1 0 220 1,05 0,95
8 1 225 75 1 0 220 1,05 0,95
9 2 175 50 1,05 0 220 1,05 0,95
23 1 0 0 1 0 220 1,05 0,95
25 1 0 0 1 0 220 1,05 0,95
28 1 0 0 1 0 220 1,05 0,95
101 2 700 200 1,05 0 220 1,05 0,95
102 2 200 20 1,05 0 220 1,05 0,95
103 1 350 100 1 0 220 1,05 0,95
104 1 450 75 1 0 220 1,05 0,95
105 2 200 20 1,05 0 220 1,05 0,95
122 1 0 0 1 0 220 1,05 0,95
201 1 300 100 1 0 220 1,05 0,95
202 1 200 20 1 0 220 1,05 0,95
203 2 300 100 1,05 0 220 1,05 0,95
204 2 0 0 1,05 0 220 1,05 0,95
224 1 0 0 1 0 220 1,05 0,95
Bdng 2- 11: Thong s6 nhanh ludi dién 23 nit
o, e bién tro bién khang bién dan ang S“aE Chf).
Tunuat | Té1nt R (Q) X (Q) B (S) phép truyen tai
(MVA)
1 2 0,015 0,04 0,0005 1000
3 23 0,01 0,05 0 1000
6 7 0,03 0,07 0 1000
6 9 0 0,1 0 1000
2 6 0,015 0,04 0,0006 1000
8 9 0,01 0,03 0,005 1000
5 7 0,03 0,07 0 1000
4 7 0,02 0,1 0,0005 1000
3 4 0,03 0,1 0 1000
1 3 0,025 0,06 0,0005 1000
8 28 0,01 0,05 0 1000
25 28 0,002 0,009 0,0008 1000
23 25 0,002 0,009 0,0008 1000
5 25 0,01 0,05 0 1000
102 122 0,01 0,05 0 1000
122 23 0 0,1 0 1000
204 224 0,01 0,05 0 1000
224 28 0,001 0,007 0,0005 500
105 201 0,01 0,03 0,0005 500
201 203 0,02 0,06 0,0005 1000
203 204 0,02 0,06 0 1000
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N e Dién tré Dbién khang Dién dan ang Suai Ch?.
Tunat | Té1nit R (Q) X (Q) B (S) phép truyeén tai
(MVA)
202 204 0,02 0,06 0 1000
201 202 0,02 0,05 0,0005 1000
102 101 0,02 0,06 0 1000
102 104 0,015 0,04 0,0008 1000
104 105 0,02 0,06 0,0005 1000
101 103 0,03 0,07 0 1000
103 105 0 0,1 0 1000
Bdng 2- 12: Thong s6 ngudn ludi dién 23 nut
Cong suat Cong suat Pién 4 Cong suat | Cong suat tac
. . . , ién ap . . Y
Nt ,phangkhang p}lan }(hang. it tac Ardung 16n | dung nhp nhat
16n nhat Qmax | nhd nhat Qmin v nhat Pmax Pmin
(MVAr) (MVAr) e (pu) (MW) (MW)
1 500 0 1,05 1000 100
3 500 0 1,05 600 100
5 500 0 1,05 1000 150
6 500 0 1,05 400 100
9 500 0 1,05 800 100
101 500 0 1,05 600 100
102 500 0 1,05 1000 200
105 500 0 1,05 600 100
203 500 0 1,05 200 50
204 500 0 1,05 800 100

Bdng 2- 13: Thong sb gia phat dién ciia cac ngudn ludi dién 23 nut

Nt Hé s6 gia phat dién (USD)

Ci bi ai
1 0,005279 | 7.8181 55,43
3 0,007657 7,657 58,9
5 0,006428 | 7,7141 64,28
6 0,007657 7,657 58.9
9 0,006897 7,5102 80,47
101 0,009981 7,2937 72,94
102 [0,004367 |  7.8609 74,24
105 [0,008285| 7,5255 65,59
203 [0,008161 7,533 6591
204 0,004165 7,914 70,81

Téng chi phi phat dién tdi uu cta hé thdng theo tinh toan trong tai liéu tham

khao 93 12 50300,38 $ voi phan bd cong suat phat ciia cac ngudn dién nhu trong bang

2-14
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Bdng 2- 14: Cong suat phat tai cac ngudn ludi dién 23 nut

Nut Cong suit tic dung P (MW) Cong suét phan khang Q (MV Ar)
1 432 264
3 359 219
5 430 262
6 340 207
9 400 244

101 464 283

102 763 465

105 543 331
203 200 122
204 657 401

Tong chi phi phat dién t6i uu ciia hé thong theo tinh toan ctia phan mém la

50234,25 $ véi phan bd cong suat phat ciia cac ngudn dién nhu trong bang 2-15

Bang 2- 15: Cong suét phat tai cac ngudn ludi dién 23 nit

Nut Cong suit tac dung P (MW) Cong suat phan khang Q (MVAr)
1 440,71 73,01
3 358,54 83,49
5 43925 125,92
6 344,17 115,69
9 391,97 106,93

101 458,66 369,83

102 759,35 104,81

105 537,47 383,88

203 200 237,94

204 656,35 11,72

Qua cac tinh toan va so sanh vdi cac tai liéu tham khao cho cac ludi dién 5 nut
va 23 niit, ta nhan thdy rang thuat todn phi hop va dat két qua tot khi im cong suét
t6i wru ctia ngudn dién trong hé thong dé tong chi phi phat dién 16n nhat. Ngoai ra,
phuong phép ciing tinh toan thir nghiém cho ludi dién 9 nut, ludi dién 118 nat, ludi
dién 300 nat va hé théng dién Viét Nam duogc trinh bay chi tiét trong bdo cao dé tai
[-273-B6 cong thuong giai doan 2017-2016: Nghién ctru ndi dia hoa cac cong cu quy
hoach, thiét ké va van hanh hé théng dién: tinh toan trao luu cong suit toi vu OPF
ding may tinh song song — Tai liéu tham khao s6 4.

+ Tinh todn thir nghiém cho ludi dién IEEE-24 nlt

Lué6i dién IEEE-24 nit 13 luéi dién dugc phat trién boi tiéu ban do tin cay cua
hoi k¥ thuat dién, dién td My (IEEE) vao nam 1979. Ludi dién duoc st dung dé tinh
toan kiém tra do tin cay cua ludi dién va tinh trao luu cong suét. Lu6i IEEE-24 nut
gdém 24 nat c¢6 két ndi phu tai va 10 nat ngudn. So d6 két ndi ludi va cac thong sb

dugc 1y trong tai liéu tham khao [91]. So d6 luéi dién nhu trong hinh 2-11.
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Hinh 2- 11: M6 phong lu6i dién IEEE-24 nut
+ Thong s6 1udi nhu trong bang 2.16 dén bang 2.19

Bdng 2- 16: Thong s6 nit ludi dién IEEE-24 nit

Cong suat | Cong suat A Goc pha A bién & bién &
, Loai | tac iung p}%én Dlm,l ap diénpép bien ap nut lérrrl) nut nhg
Nut nut tai -Pqy khang tai - nut nut €0 S0 nhét nhat
MW) | QaMWr) | VPV | viad) | ®Y) | Vi (pu) | Vi (pu)
1 3 24 12 1,04 0 138 1,05 0,95
2 2 52,8 30,48 1,04 0 138 1,05 0,95
3 1 5,76 2,88 1 0 138 1,05 0,95
4 1 18,24 11,28 1 0 138 1,05 0,95
5 1 7,68 2,64 1 0 138 1,05 0,95
6 1 5,04 1,92 1 0 138 1,05 0,95
7 2 54,72 26,16 1,04 0 138 1,05 0,95
8 1 12 6 1 0 138 1,05 0,95




Cong suat | Cong suat A Goc pha A bién & bién &
, Loai | tac %hmg pl%én Dlm,l ap diénpép bien ap nat 1(')‘1? nut nhg
Nut , . p . nut , CO SO £ %
nut tai -Pq khang tai - Vi (pU) nut kV) nhat nhat
(MW) Q4 (MWr) V. (rad) Vinax (Pu) | Vimin (pu)
9 1 6 2,4 1 0 138 1,05 0,95
10 1 13,92 5,04 1 0 138 1,05 0,95
11 1 0 0 1 0 138 1,05 0,95
12 1 0 18 1 0 138 1,05 0,95
13 2 15,6 7,44 1,04 0 138 1,05 0,95
14 1 14,88 7,44 1 0 138 1,05 0,95
15 2 432 21,6 1,04 0 138 1,05 0,95
16 2 25,2 12 1,04 0 138 1,05 0,95
17 1 0 0 1 0 138 1,05 0,95
18 2 25,2 10,8 1,04 0 138 1,05 0,95
19 1 22,8 9,6 1 0 138 1,05 0,95
20 1 5,28 2,4 1 0 138 1,05 0,95
21 2 42 18 1,04 0 138 1,05 0,95
22 2 28,8 14,4 1,04 0 138 1,05 0,95
23 1 7,68 3,84 1 0 138 1,05 0,95
24 1 20,88 7,68 1 0 138 1,05 0,95
Bdng 2- 17: Thong s6 nhanh ludi dién IEEE-24 nut
Tunat | Téinat Pién tré bién khang Pién dan Dong dién cho
R (Q) X (Q) B (S) phep (A)
1 2 0,026 0,0139 0,04611 175
1 3 0,0546 0,2112 0,0572 175
1 5 0,0218 0,0845 0,0229 175
2 4 0,0328 0,1267 0,0343 175
2 6 0,0497 0,192 0,052 175
3 9 0,0308 0,119 0,0322 175
3 24 0,0023 0,0839 0 400
4 9 0,0268 0,1037 0,0281 175
5 10 0,0228 0,0883 0,0239 175
6 10 0,0139 0,0605 0,02459 175
7 8 0,0159 0,0614 0,0166 175
8 9 0,0427 0,1651 0,0447 175
8 10 0,0427 0,1651 0,0447 175
9 11 0,0023 0,0839 0 400
9 12 0,0023 0,0839 0 400
10 11 0,0023 0,0839 0 400
10 12 0,0023 0,0839 0 400
11 13 0,0061 0,0476 0,0999 500
11 14 0,0054 0,0418 0,0879 500
12 13 0,0061 0,0476 0,0999 500
12 23 0,0124 0,0966 0,203 500
13 23 0,0111 0,0865 0,1818 500
14 16 0,005 0,0389 0,0818 500
15 16 0,0022 0,0173 0,0364 500
15 21 0,0063 0,049 0,103 500
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Tunat | Téinat Pién tré bién khang Pién dan Dong dién cho
R (Q) X (Q) B (S) phep (A)
15 24 0,0067 0,0519 0,1091 500
16 17 0,0033 0,0259 0,0545 500
16 19 0,003 0,0231 0,0485 500
17 18 0,0018 0,0144 0,0303 500
17 22 0,0135 0,1053 0,2212 500
18 21 0,0033 0,0259 0,0545 500
19 20 0,0051 0,0396 0,0833 500
20 23 0,0028 0,0216 0,0455 500
21 22 0,0087 0,0678 0,1424 500
Bdng 2- 18: Thong s6 ngudn ludi dién IEEE-24 nit
Cong suat Cong suat Picn 4p Cong suét Cong suat tac
, phan khang phan khang Y, tac dung 16n | dung nho nhat
Nut . 1 . 1A . nut P .
16n nhat Qmax | nhd nhat Qmin v nhat Pmax Pmin
(MVAr) (MVAr) e (pv) (MW) (MW)
1 100 0 1 100 0
2 80 0 1 70 0
7 80 0 1 50 0
13 80 0 1 40 0
15 80 0 1 30 0
16 80 0 1 40 0
18 80 0 1 50 0
21 40 0 1 30 0
22 40 0 1 40 0
23 80 0 1 30 0

Bdng 2- 19: Thong sb gia phat dién ctia cac ngudn ludi dién IEEE-24 nat

Nt Hé s6 gia phat dién (VND
Ci bi a;

1 10000 | 1700000 0
2 10000 1700000 0
7 10000 1700000 0
13 12000 2300000 0
15 12000 2300000 0
16 12000 2300000 0
18 12000 2300000 0
21 12000 [ 1700000 0
22 12000 | 1700000 0
23 12000 | 2300000 0

St dung phan mém Matlab, 1ap trinh va tinh trao luu cong sut t6i wu. Két qua

tinh toan cho bai toan tinh trao luu cong suat tdi vu: Hoi ty trong thoi gian 0,85s véi
chi phi phat dién thip nhét ciia hé thong 1a 1128789122 VND
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Bdng 2- 20: Cong suat phat tai cac ngudn luéi dién IEEE-24 niit

Nut Cong suit tic dung P (MW) Cong suét phan khang Q (MV Ar)
1 78,97 0
2 70 20,09
7 50 20,33
13 40 0
15 30 0
16 40 0
18 43,62 0
21 30 0
22 40 0

Bang 2- 21: Dién ép tai cac nat ludi dien IEEE-24 nit

Nut Bién dd dién ap Vm (pu) Goc pha dién ap Va (pu)

1 0,965 0

2 0,96 -0,003
3 0,961 -0,039
4 0,954 -0,033
5 0,963 -0,021
6 0,963 -0,03
7 0,95 -0,053
8 0,954 -0,051
9 0,963 -0,039
10 0,964 -0,035
11 0,969 -0,036
12 0,968 -0,033
13 0,973 -0,029
14 0,967 -0,042
15 0,964 -0,043
16 0,966 -0,04
17 0,968 -0,038
18 0,967 -0,036
19 0,968 -0,042
20 0,973 -0,036
21 0,965 -0,039
22 0,968 -0,034
23 0,975 -0,031
24 0,962 -0,049

Bang 2- 22: Dong cong suit chay trong cac nhanh va ton that ludi dién IEEE-24 nut

Tunut | Téinat Cong suat tac Cong suét phan Ton that cong suét
dung P (MW) khang Q (MVAr) tac dung P (MW)

1 2 11,322 -2,940 0,024

1 3 12,924 -0,160 0,076

4 11,247 -0,530 0,069
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Tunut | Téinat Cong suét tac Cong suét phan Ton théat cong suét
dung P (MW) khang Q (MVAr) tac dung P (MW)

3 4 4,682 1,430 0,002
2 5 3,401 -1,549 0,005
2 6 9,356 -0,561 0,048
4 6 -5,967 -1,222 0,003
5 7 0,195 -0,264 0

6 7 -12,454 -2,335 0,044
6 8 5,003 2,512 0,003
6 9 5,840 -0,337 0

6 10 2,849 -0,394 0

9 11 0 0 0

9 10 3,340 -1,403 0

4 12 14,224 -0,599 0

12 13 0,541 -13,381 0

12 14 5,437 2,285 0,038
12 15 9,892 1,499 0,064
12 16 -1,647 1,012 0,003
14 15 -0,801 -0,898 0,003
16 17 -6,301 1,978 0,032
15 18 1,565 0,262 0,003
18 19 -1,177 4,204 0,011
19 20 -10,688 0,181 0,032
10 20 13,062 1,226 0,142
10 17 6,345 -1,869 0,012
10 21 -12,878 -2,389 0,047
10 22 -6,140 -0,921 0,025
21 22 -1,367 -0,047 0

15 23 -3,130 3,450 0,020
22 24 9,503 2,610 0,106
23 24 -6,350 1,810 0,053
24 3 -5,706 0,993 0,060

+ Tinh cho luéi dién IEEE-30 nut

Ludi dién IEEE-30 nut duoc coi nhu dai dién cho mot phﬁn luédi dién My vao
nim 1961. Dir liéu duoc cung cép boi Iraj Dabbagchi cia AEP va duoc nhap vao dir
liéu chung cua IEEE bdi Rich Christie tai Dai hoc cua Washington vao thang 8 nam
1993. Ludi dién dugce sur dung dé tinh toan tinh trao luu cong suét. Ludi IEEE-30 nat
gom 21 nut c6 két ndi phu tai, 6 nat ngudn va 42 nhanh. So do két ndi ludi va cac

thong s6 dugc 14y trong tai liéu tham khao [92]. So dd luéi dién nhu trong hinh 2-12.
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Hinh 2- 12: M6 phdng ludi dién IEEE — 30 nut

N

Bang thong s phu tai tai cac nit va tong trd cac nhanh dugc trinh bay chi tiét

¢ phu luc 1.
Bdng 2- 23: Thong s6 ngudn ludi dién IEEE-30 niit
Cong sudt phan | Cong suat phan | Pién ap | Cong suat tic | Cong sut tac
Nut khang 16n nhat | khang nho nhat nut dung 16n nhat | dung nho nhét
Qmax (MVAr) Qmin (MVAr) | Vi (pu) | Pmax (MW) Pmin (MW)
1 60 0 1 80 0
2 40 0 1 80 50
22 50 0 1 50 0
27 50 0 1 55 35
23 40 0 1 30 20
13 40 0 1 40 0

Bdng 2- 24: Thong so gia phat dién ciia cac ngudn ludi dién IEEE-30 nut
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Nit Haé sd gia phét dién (USD)
Ci bl’ a;
1 0,005 6 100
0,0119 37,55 117,75
22 0,002 10 500
27 0,0087 13,32 81
23 0,025 25,54 24,39
13 0,0025 8 300

Két qua tinh toan cho bai toan toi wu trao luu cong suat: Hoi ty trong thoi gian
1,5s v6i chi phi phét dién thdp nhat ctia hé thong 1 4750,11 USD

Bdng 2- 25: Cong suat phat tai cac ngudn luédi dién IEEE-30 niit

Nut Cbng suit tac dung P (MW) Cong suat phan khiang Q (MVAr)
1 80 2,492
2 32,317 28,542
22 50 20,831
27 55 5,366
23 30 3,014
13 40 14,156

Dong dién cac nhanh, dién 4p cac nit sau khi tinh trao luu cong suat tdi wu
duoc trinh bay chi tiét trong bang ¢ phu luc 1.

Nhu vay, st dung phuong phap ham chin ta c6 thé 1ap trinh tinh toan dugc bai
toan trao luu cong suat t6i wru nham phan bd cong suat phat cho cac nha may dién dé
tong chi phi phat dién nho nhat va dam bao dién ap nuat, cong suat truyén tai trén

duong day ndm trong gi6i han cho phép.

2.4.5.2. Sir dung thudt todn di truyén tinh tong cong sudt lom nhdt ciia

nguén dién gio, diéen mat troi phat lén luoi dién

Gia dinh cac nat 2,6,7,11,20 c6 tiém ning phat trién nang luong gid, ning
lwong mit troi nén nghién ciru sé tinh toan thém cong suat phat ctia cc ngudn ning
luong nay tai cic nit trén sao cho tong cong sudt phat 1én ludi ciia ngudn dién gio,
dién mat troi 16n nhat va khi cac nguén dién gid, di€n mat troi nay thay doi cong suit
tor 0-100% thi khong lam cho dién ap nut va dong dién nhanh vuot qué gia tri cho
phép khi xét dén cac ngudn dién truyén thong trong hé théng diéu chinh cong suat.
Str dung thuat toan di truyén tinh todn cong suét 16n nhat cua nguén dién mat troi,

dién gid phat 1én ludi dién dat tai cac nut 2,6,7,11,20 dugc két qua trong bang 2.26
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Bdng 2- 26: Bang két qua tim gia tri t6i wu cua tong cong suét phat cia ngudn dién

gi6, dién mat troi phat 1€n ludi dién

Cong suat phat ctia ngudn dién mit trdi va ngudn
i Sfrnax (uw) dién gid tai cac nut (MW)

2 6 7 11 20

1 65 0,2 0,9 4,3 53,9 5,7

2 65,2 0,2 0,9 4,3 53,9 5,9
821 99,5 26,5 12,7 10,6 49,6 0,1
822 103,1 26,5 6,3 7,4 50 12,9
1420 | 106 | 182 | 105 | 72 | 13 | 688

Tir bang két qua trén ta thiy rang co thé x4c dinh dugc tong cong suat 1on nhat
clia cac ngudn dién gid, dién mat troi phat 1én ludi tai cac nit va cong sudt sau 1420
vong ldp ma van dam bao duoc khi cong suét nguén dién gio, di€n mat troi bién thién
lién tyc (gia thiét trudng hop xdu nhit 1a thay ddi tir 0-100%) thi van dam bao dién
ap nit va dong dién nhanh ndm trong gia tri cho phép sau khi thuc hién diéu chinh
céc cong suat phat cta cac ngudn dién truyén thong. Sau 1420 vong 1ap thi bai toan
hoi tu va ham muc tiéu dat gia tri tdi da 1a 106 MW. bay la téng cong suét phat cua
cac nguén dién gio, dién mat troi trong ludi dién cao ap 3 pha lon nhat dé khi cong
suat ny bién thién tir 0-100% thi cong suat cac nha may dién truyén thong (tong cong
sut dat 16n nhat 1a 480 MW) c6 thé thay d6i dé dién ap tat ca niit va dong dién nhanh
luén nam trong gia tri cho phép va cung cap day du dién ning cho phuy tai.

Nhu vy, sir dung thuat toan di truyén ta c6 thé tinh dugc tong cong suét 1on
nhit ciia ngudn dién gio, dién mat troi phat 1én ludi dién sao cho khi ngudn dién nay
phat 100% cong suat hoic phat 0% cong suit thi dién ap nat, cong suét truyén tai trén
dudng day déu nam trong giGi han cho phép. Két qua ciia nghién ctru di duge cong
b trong tai liéu sé 05 danh muc céc cong trinh khoa hoc di cong bé.

2.4.5.3. Tinh tong céng sudt I6n nhat cia nguon dién gio, dién mdt
troi phat lén luoi dién khi xét dén hé so cé loi vi tri:

Ap dung tinh toan cho luéi dién IEEE 30 nit véi 6 nat ngudn nha may thuy
dién va nhiét dién, 24 nat tai duoc két ndi véi cac nguén qua 42 nhanh véi s6 liéu
twong ung ¢ muc 2.4.5.1. Gia dinh cac nut trong bang sau c¢6 ngudn dién gio, dién

mat troi va hé so c6 1oi vi tri tuong ung:

Bang 2- 27: H¢ s6 ¢6 loi vi trf tai cac nut lép dat nguén nang lugng tai tao

Nut 4 6 10 12 15 17 20 28 29

30

Hé sb vitri o 1 1,5 ] 1 1,3 1 1,2 1,4 1 1,5
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Str dung thuat toan di truyén tim ki€ém cong suat 16n nhat cua nguon dién gio,
di€n mat tro1 phat 1én ludi dién co tinh dén hé so ¢o6 loi vi tri va diéu khién toi vu cac
nguon dién truyén thong hé thong dién dam bao cho dién ap nuat, dong di€n nhanh

nam trong gié tri cho phép ta dugc két qua téi wu nhu trong hinh 2.13

A

=
2 140 /_//
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Hinh 2- 13: Ham t5i uu theo cac bude 1ap cta thuit toan di truyén (GA)
Véi gia tri t6i wu 12 = 164,43 (MW) va cong sut trong tng ciia ngudn dién

g16, dién mat troi tai cac nit nhu trong bang 2.28

Bang 2- 28: H¢ so c6 191 vi tri va cong suat phat twong ing cua nguon dién gio, dién

mat troi tai cac nut khi sir dung thuat toan di truyén

Nut H&é sd vi tri Cong suit phat tai ntit (MW)

4 1 0,2

6 1,5 0,8
10 1 0,1
12 1,3 1,9
15 1 0,5
17 1,2 0,5
20 1,4 37,9
28 1 0,2
29 1,5 70,4
30 1 0,5

St dung thuat toan by dan (PSO) ta tim duoc ham tdi wu 13 f = 164,645 véi
d6 thi ham muc tiéu va bang phan bd cong suét phat twong mg tai cac nit nhu trong
hinh 2.14 va bang 2.29
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Hinh 2- 14: Ham tbi uu theo cac budc lip cua thuat toan by dan (PSO)
Bang 2- 29: H¢ s6 ¢0 1o vi tri va cong suat phat cta nguén dién gio, di¢n mat troi

khi str dung thuat toan bay dan

Nat | Hé sb vi tri Cong suat phat tai nat (MW)

4 1 0,196

6 1,5 0,83
10 1 0,047
12 1,3 1,991
15 1 0,468
17 1,2 0,579
20 1,4 37,887
28 1 0,198
29 1,5 70,442
30 1 0,502

Tir bang két qua cong sudt phat tai cac nut ta thdy rang voi nit 29, hé s6 co loi
vi tri (bang 1,5) 16n nhit nén dugc phat cong suat rat 16n 1a 70,4 MW trong khi cac
nut khac c6 hé s6 ¢6 1oi vi tri nho (bang 1) nhu nit 4, nat 10, nat 15, nit 28 va nit 30
thi cong suat phat ciia ngudn dién gio, dién mit troi lai rat nho chi tir 0,05-0,5 MW.
Qua d6 ta thiy rang két qua tinh toan da dam bao duoc wu tién cho nhirng khu vuc c6
tiém ning 16n, dé xay dung va duogc hd tro chinh sach nhiéu ma van dam bao cung
cép tdi da nguén dién gid, dién mat troi cho ludi va khong 1am qua tai dién ap va cong
sudt truyén tai trén duong day.

Van st dung céc théng s cua ludi dién IEEE-30 nut & trén, ta tinh cho trudng
hop khi khong xét dén hé s6 ¢6 loi vi tri tic 1 khi cac hé s ¢6 loi vi tri déu duoc dat
béng 1. Str dung thuat todn di truyén va thuat toan bﬁy dan ta tim duoc ham tbi vu 1a
téng cong suit phat 16n nhét cta nguén dién gid, di¢n mat troi tai cac nat la f=113.4
MW (véi thuat toan di truyén) va f= 113,339 MW (véi thuat todn bay dan).
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Hinh 2- 15: Ham tbi wu theo cac budc lp cuia thuat toan di truyén (GA) khi khong
xét dén hé s6 ¢6 loi
Bang 2- 30: Hé s6 c6 loi vi tri va cong suat phat ciia ngudn dién gio, dién mit troi
khi sir dung thuat toan di truyén

NGt | Hé sd vi tri Cong suit phat tai ntit (MW)

4 1 1,3

6 1 0,5
10 1 19,1
12 1 7,5
15 1 0,1
17 1 1
20 1 4,5
28 1 0,3
29 1 43,2
30 1 35,9
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Hinh 2- 16: Ham t6i wu theo cac bude ldp cua thuat toan bay dan (PSO) khi khong

xét dén hé so co loi
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Bang 2- 31: H¢ s0 c6 1gi vi tri va cong suat phat cua nguon dién gid, di¢n mat troi

khi sir dung thuat toan bay dan

NGt | Hé sb vi tri Cong suit phat tai ntit (MW)

4 1 1,242

6 1 0,539
10 1 19,065
12 1 7,51
15 1 0,066
17 1 1,049
20 1 4,449
28 1 0,331
29 1 43,189
30 1 35,899

Str dung thuat toan di truyén (GA) va thuat toan bay dan (PSO) ta c6 thé tinh
duoc téng cong suét phat 16n nhét caa nguén dién gio6, di€n mat troi khi xét dén hé sb
V1 tri.

Ca thuét toan di truyén (GA) va thuit toan bay dan (PSO) déu cho két qua tdi
vu gan giéng nhau. Diéu d6 chung to v6i phan bd cong suit ctia cac ngudn dién gid,
dién mit troi tai cac nit nhu két qua tinh toan sé& gitp cho tong cong suat 1on nhat cia
cac nguén dién gio, di¢n mat troi két ndi vao ludi dat cong suit 16n nhat.

Khi khong xét dén hé sb c6 loi vj tri, téng cong suét phat 16n nhét cua nguén
dién gid, dién mat troi 1a 113,4 MW trong khi xét dén hé s6 co loi thi téng cong suét
phat 13 113 MW. Nhu vay khi 4p dung hé s6 c6 loi vao thi tong cong suat phat ciia
ngudn dién gio, dién mat troi khong thay doi nhiéu nhung di uu tién dugc nhimng khu
vue ¢o tiém nang va co nhiéu diéu kién thuan loi dé xay dung nguén nang lugng gio,
nang lugng mit troi. Két qua ciia nghién ciu da dugc cong bd trong tai lidu s6 02
danh muc céc cong trinh khoa hoc da cong bé.

Sau khi dé xuét duoc phuong phép tinh cong sut phat 16n nhat ctia ngudn dién
gid, dién mat troi 1én 1 pha ludi dién ha ap dé dam bao cho dién ap nut va dong dién
nhanh luén nam trong gii han cho phép. Luan 4n xét thém rang budc khi giup giai
toa hét cong suat phat cta cac ngudn dién gio, dién mat troi 1én ludi dién trung va cao
ap. Pong thoi xét cac rang budc vé ty dong didu khién t6i wu cong suat phat cta cic
ngudn dién truyén théng va vé loi thé vi tri xay dung ngudn dién. Qua dé, luan an
dua ra mot giai phap hoan chinh xac dinh cong suét phat 16n nhét ciia cac ngudn dién
gi6, dién mit troi 1én 1 pha ludi dién ha ap khi xét dén ty dong diéu khién toi wu hé

thong dién, loi thé vi tri xdy dung ngudn dién gio, dién mat troi.
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2.5. Két lugn chwong 2

Tur nhitng nghién ciru va tinh toan trén ta dua ra mot s két luan sau:

+ Thuat toan di truyén (GA), thuat toan bay dan (PSO) gilp giai quyét rat tot
van dé tim cong suét phat 16n nhét cua nguén dién gid, di€n mat troi véi céc rang
budc vé dién ap nut, cuong do dong di€én nhanh va can béng cong Suét.

+ Viéc chia bai toan x4c dinh cong sudt phat 16n nhat ciia nguén dién gio, dién
mat troi 1am 2 bai toan riéng biét giup dé dang ap dung cho cac diéu kién diéu khién
luéi dién khac nhau ma khong lam thay d6i toan bo bai toan.

+ Sur dung hé s6 ¢0 1gi vi tri giup phan bd tdi wu cac nguén dién gid, di¢én mat
trdi dong thoi trong mot sd trudng hop ludi dién thi tong cong suit phat ciia ngudn
dién gio, dién mat troi khi xét dén hé sé vi tri gan bang tong cong suit phat cia nguon
dién nay khi khong xét dén hé sd vi tri.

+ Viéc két hop tinh té)ng cong suit 16n nhit cua nguén dién gio, dién mat troi
phat Ién 1 pha ludi dién ha ap va téng cong suét 16n nhét cua nguén dién gio, dién
mat trdi phat 1én ludi dién cao ap 3 pha giup cho giai téa hét cong sut phat ciia cac

ngudn dién gio, dién mat troi phat 1én 1 pha ludi dién ha ap.
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CHUONG 3: PIEU KHIEN TOI UU PHU TAI PIEN
3.1. Dt vin dé

Trong chuong 1, luan 4n da chia phuy tai ha 4p gdm nhém c6 thé dich chuyén
thoi diém sir dung va nhém khong thé dich chuyén thoi diém sir dung. Véi nhom co
thé dich chuyén thoi diém sir dung khi thém cac thiét bi két ndi Internet sé& trd thanh
phu tai diéu khién duoc. Qua viéc diéu khién dong/cit phu tai dé s dung dién & céac
thoi diém khac nhau s& gitp cho dién ap nit, dong dién nhanh c6 thé diéu chinh vé
gid tri cho phép. Vi du vao thoi diém 12h00, cac ngudn dién gio, dién mat trdi phat
1én 1 pha luéi dién ha ap 16n va phu tai lac d6 sir dung cong suat nho thi c6 thé lam
dién ap cac nut ting 1én. Khi d6, hé thong s& diéu khién dong cac phu tai st didu
khién dugc (vi du bom nudc) dé ting luong dién tiéu thu giup cho dién ap cac nut
giam vé gia tri cho phép. Céc phu tai c6 thé diéu khién dugc nhu sau:

+ Bom nudc: Day 1a phu tai dong luc c6 rang bude boi lugng nude can bom
day trong ngay tuy nhién viéc thay d6i thoi diém bom nude khong anh hudng nhiéu
dén nhu cau str dung. Vi dy, trong 1 ngdy can bom 3 gid dé day bé. Trong khi cong
suat phat cia nguodn dién gio, dién mat troi phat 1én 1 pha ludi dién ha ap thay do6i
lién tuc lam cho di¢n ap nut va dong di¢n nhanh thay ddi ¢6 thé nam ngoai gidi han
cho phép, hé thdng s& diéu khién qua két ndi Internet dong/cat bom vao thoi diém
thich hop trong ngay dé dién ap cac nut, dong dién nhanh nam trong gidi han cho
phép va tong thoi gian bom nudc trong ngay 1a 3 gio.

+ Tram sac xe dién: Cong suét cua bo sac xe dién tai nha bao gém Xe may va
6 to dién rat da dang tir 300W dén 19 kW va dung luong pin cua xe dién ciing rat da
dang tir 1,79 kWh dén 94kWh. Trong nhiéu trudng hop, ngudi dung thuong cim sac
xe qua dém dé sang hom sau st dung ma thyc té chi can sac lién tuc trong vai tiéng
la day dung lugng pin. Do d6, co thé tan dung diéu khién tram sac tir hé thong dién
qua két ndi Internet dé hd tro 6n dinh ludi dién.

+ Mot s6 phu tai dién thong minh khac c6 thé tré thanh phu tai dién diéu khién
duoc:

- Binh nong lanh.
- May giat, may sdy quin 40, may rira bat.
- Lo siy thyc pham.
- Diéu hoa nhiét do.
- Tu lanh, tu da.
Pic diém chung ctia cac phu tai ndy 13 s& c6 thoi diém bat dau (tswn), thoi diém

két thic (tend) va tong thoi gian sir dung (At) (vi du: Bom nuéc cta toa nha thi cho
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phép bt dau bom nude tir tsar = 9 gio 00 sang dén tena = 17 gid 00, trong d6 thoi gian
bom 13 At = 3 gid). Hé thong diéu khién s& tinh thoi diém dong tdi wu ctia phu tai
dién nam trong thoi diém cho phép (tstar - tend) & dam bao c6 lgi cho hé thong dién,
cho ngudi st dung ma tong thoi gian st dung phu tai (At) van dam bao. Khi d6, phu
tai c6 thoi diém hoat dong linh hoat ma van dam bao dugc chirc ning cia nod (vi du:
Bé nudc van duge bom day trude 17 gio 00). Hé thong diéu khién nay s& duoc dua
trén may tinh diéu khién trung tim ctia ludi dién va gui 1énh diéu khién vé thoi diém
dong/cat qua mang Internet dén cac phu tai nhu trong hinh 3.1.
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Hinh 3. 1: So @0 két ndi truyén thong diéu khién phy tai
Tai mot s6 nudc phat trién va Viét Nam trong thoi gian sap t6i s& hinh thanh thi
truong mua ban dién canh tranh. Khi d6, gia dién s& bién thién lién tuc theo gio. Hinh

v€ 3.2 md ta gid mua dién tir ludi dién ha &p trong 1 ngay ¢ thi truong mua ban dién

canh tranh.
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Hinh 3. 2: Gid mua dién tir ludi dién ha ap trong 1 ngay ¢ thi truong mua ban dién
canh tranh
Tir hinh v& 3.2 ta nhan thiy rang vao cac thoi diém 2-14 tirc 1a tir 1gid00 dén
7gio00 thi gia dién rat thap. Nhu vay ngoai viéc diéu khién dé can bang cong suat
phat thay d6i lién tuc ctia ngudn dién gid, dién mit troi thi hé théng c6 thé diéu khién
cac phu tai didu khién duoc uu tién sir dung dién vao khung gid c6 gia dién thap dé

dam bdo toi wu chi phi va van ddm bdo 6n dinh hé thong dién.
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Duwa vao cac nghién curu [57-86] va diéu kién thuc té cia 1 pha ludéi dién ha ap,

ludn 4n dé xuat mo hinh diéu khién cho bai toan diéu khién phy tai nhu trong hinh

3.3
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‘ ANNL

J

|

Dur bio cong suit phét
cua gidn pin tai cic
thor diém:
0h00,0h30...23h30

Du bao cong suat phat
cua tua bin gio tai cac
thoi diém:
0h00,0h30...23h30

Du bio cong sudt tiéu
thu cta phu tai dién tai
cic thoi diém:
0h00.0h30...23h30

Du béo gia dién tai céc
thoi diém:
0h00,0h30...23h30

| Sir dung thuét todn di truyén (GA) dé diéu khién phuy tai téi uu ‘

|

’ Tin hiéu didu khién déng/cét cic phy tai didu khién duge ‘

KHOI BPIEU KHIEN

Hinh 3. 3: M6 hinh diéu khién phu tai trong lu6i dién ha ap

Mo hinh diéu khién dé xuat ¢ hinh v& 3.3 gom 2 khéi chinh véi cac chire ning
sau day:

+ Khéi du bao: Sau khi phan tich cac nghién ctru [7, 24-54], ludn an dé xuét
sir dung mang no ron nhan tao cho khéi dy bao. Khdi mang no ron nhan tao (ANN)
dé du béo s& gdm 48 dau ra twong (mg v6i 48 thoi diém trong ngay du bao (mdi thoi
diém cach nhau 30 phut tir 0 gid 00, 0 gio 30...23 gid 30) cua cong sudt phat gian
pin, tua bin gi6, cong suét tiéu thu cua phu tai, gia dién mua tu ludi. DPau vao cua cac
mang no ron nhan tao (ANN) s€ la cac s6 liéu thu thap dugc tur qua kht vé cong suit
phat cta gian pin mat troi, tua bin gid, cong suét tiéu thu cta phu tai di¢n, gia mua
dién tir ludi va s6 lidu thoi tiét, s6 liéu du bao thoi tiét twong ing ciia ngay can dy
bao. Bo s6 liéu thu thap duoc nay s€ dugc chia thanh bg sb liéu dé dao tao mang no
ron va bd 6 liéu dé kiém tra du béo.

+ Khbi diéu khién: Cong sudt phat cia gian pin, cong suat phét ciia tua bin gio,
cong suat tidu thu cua phy tai dién, gia dién trong ngay tiép theo duoc dy bao boi khoi
du béo s& tro thanh dau vao clia khoi diéu khién. Khoi diéu khién s& tinh toén diéu
khién thoi diém d(’)ng/cét cac phu tai véi cac muc tiéu:

- Pam bao dién 4p tai cac nut, dong dién trén duong diy nam trong gia



82

tri cho phép.

- Tdi da hoa lgi nhuan: téng tién ban dién 1én ludi tir gian pin mat troi
va tuabin gié — tong tién dién tiéu thu cta phu tai 13 16n nhat.

Qua tim hiéu tir cac nghién clru [59-86], ludn an dé xuat sir dung thuat todn di
truyén (GA) dé diéu khién tbi vu phu tai dién. Sau khi tinh duoc thoi diém dong/cat
t6i uu cua cac phy tai. May tinh diéu khién trung tim s& guri 1énh dong/cit dén cac
thiét bi diéu khién dong/cit tai phu tai tai thoi diém da tinh.

Khdi didu khién c6 2 chuc nang diéu khién chinh hd trg dam bao an toan hé
thong dién gdm:

+ Tu dong diéu khién d(’)ng/cét phu tai truc tiép theo di€n ap tai ntt két ndi néu
dién &p vuot ra ngoai gia tri cho phép. Tinh nang nay chi tdic dong khi c6 nhitng sai
s6 do qué trinh dy bao, van hanh thiét bi bang tay cta ngudi st dung.

+ Diéu khién tir mang Internet tir may chu cia hé thong qua bai toan diéu khién
t61 uu kinh té va dam bao diéu kién 6n dinh dién 4p va dong dién.

Bai toan diéu khién phu tai s& gom 2 bai toan chinh:

+ Bai toan dy bao: Sur dung mang no ron nhan tao dé du bao cong suét phat cia
gian pin mat troi, tuabin gid, cong suét tiéu thu cua phu tai dién, gia dién cua ngay
tiép theo véi khoang cach thoi gian 30 phit/1 1an. Nhu vay dau ra cia bai toan 1a 48
s liéu twong tmg véi cac thoi diém cach nhau 30 phut ciia ngdy hom sau.

+ Bai toan diéu khién tdi wu: Piéu khién dong/cat phu tai vao cac thoi diém dé
tdi wu chi phi kém diéu kién rang budc di¢n ap cac nut, dong di¢n cac nhanh nam
trong gia tri cho phép.

Dua vao sb liéu thu thap dugc thuc té va dic tinh cua cac s liéu du bao, luan
an dé xuat bang tong hop dic diém va tinh nang ctia khéi nhu sau:

Bdng 3- 1: Bang téng hop cac chirc ning cia khdi du bao
Khoi dy bdo
+ Goém 4 khéi nho: Khéi du bao cong suat phat cta gian pin mat troi, khéi du bao
cong suat phat cua tua bin gi6, khdi du bao cong suat tiéu thy cua phu tai dién va
khéi dy bao gia dién cho 48 thoi diém (0h00 dén 23h30) cua ngay tlep theo.
+ Lu4n 4n dé xuat cac mo hinh mang no ron c6 dau vao khac nhau, s6 mang no ron

khac nhau, bo sung khéi hiéu chinh, so sanh sai s6 va tim ra mo hinh cho sai s6 nho
nhit trong cac mo hinh dé xuat.

Khoi Pau vao Dau ra
£ - Cong suat phat cia gian pin trong nga % (s
Khoi dy ong suat p ua glan pin rong Ngay |- Cong suat phat cta gian
A trudc ngay du bdo: 48 dau vao tuong | . \ .
bao cong AN L, g e . 22 pin trong ngay dy bao: 48
Sudt pht duong vo1 cong suat phat tai cac thoi diém dAu 1a trone duone véi
1aLPIAt 1 4 ¢h nhau 30 phit tir 00h00 dén 23h30 cau fa wong uong vol
cua gilan N S A ., | cong suat phat tai cac thoi
.2 | - Trang thai thoi tiét vé may, mua tai cac . s
pin mat N X , AL cach nhau 30 phut tir
. thot diém trong ngay du bao: 48 dau vao X
troi . Y 00h00 dén 23h30
twong duong voi trang thai thoi tiét du
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béo tai cac thoi diém cach nhau 30 phit tir
00h00 dén 23h30

Khéi dy
bao cong
suét phat
cua tua
bin gi6

- Cong suat phat cia tua bin gié trong
ngay trude ngay du bao: 48 dau vao tuong
duong voi cong suat phét tai cac thoi diém
cach nhau 30 phit tir 00h00 dén 23h30

- Trang thai thoi tiét vé toc do gio tai cac
thoi diém cua ngay du bao: 48 dau vao
tuong duong véi trang thai thoi tiét du
b4o tai cac thoi diém cach nhau 30 phut tir
00h00 dén 23h30

- Cong sut phat ciia ngay
du bao: 48 dau ra trong
duong voi cong sudt phat
tai cac thoi diém cach
nhau 30 phut tor 00h00
dén 23h30

Khéi du
bao cong
sudt tiéu
thu cua
phu tai
dién

- Cong sudt tiéu thy cua phy tai dién trong
ngay trude ngdy du bao: 48 dau vao tuong
duong véi cong suét tidu thy tai cac thoi
diém cach nhau 30 phat tir 00h00 dén
23h30

- Cong sudt tiéu thu cia phy tai dién trong
ngdy tuan trude cta ngay du bio (cach
ngay du bao 7 ngay): 48 dau vao tuong
duong véi cong suét tidu thy tai cac thoi
diém cach nhau 30 phat tir 00h00 dén
23h30

- Cong suét phat ciia ngay
du bao: 48 dau vao tuong
duong véi cong suit tidu
thy tai cac thoi diém céach
nhau 30 phut tor 00h00
dén 23h30

Khdi du
bao gia
mua dién
tr ludi

- Gia mua dién tr ludi trong ngay trudc
ngay du bao: 48 dau vao twong duong voi
gia mua dién tai cac thoi diém cach nhau
30 phit tir 00h00 dén 23h30

- Gia mua dién tir ludi trong ngdy tuin
trudc cia ngay du bao (cach ngay du bao
7 ngay): 48 dau vao tuong duong véi gia
mua dién cac thoi diém cach nhau 30 phit
tir 00h00 dén 23h30

- Gia mua dién tur ludi cua
ngay du bao: 48 dau vao
twong duong voi gia mua

dién tai cac thoi diém
cach nhau 30 phut tir
00h00 dén 23h30

Bdng 3- 2: Bang téng hop cac chire ning cia khéi diéu khién

Khéi diéu khién

+ Gom 2 khéi nho: Khdi diéu khién toi wu dé tinh toan diéu khién thoi diém
dong/cat phu tai dién sao cho tong chi phi trong ngay (tong chi phi ban dién tir cac
gian pin mat troi, tua bin gié — chi phi mua dién tir lu6i) 16n nhat van dam bao cho
dién ap nit va dong dién nhanh nam trong gidi han cho phép. Khéi diéu khién truc
tiép dé diéu khién dong/cit phu tai dién khi dién ap nut, dong dién nhanh vuot qua
giéi han cho phép nham dua dién ap nit, dong dién nhanh d6 tré lai gia tri cho

phép.
Khbi Piu vio Pau ra
Khéi diéu | + Cong suat phat dy bao ciia cac gian pin | + Thoi diém dong/cit cac
khién toi | mit troi két ni ludi tai 48 thoi diém cach | phu tai diéu khién duogc
uu nhau 30 phut. t6i uu
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+ Cong suat phat dy bao cia cac tua bin
gi6 két ndi ludi tai 48 thoi diém cach nhau
30 phut.

+ Cong suét tiéu thu du bao cua cac phu
tai dién két ndi ludi tai 48 thoi diém cach

nhau 30 phut.
+ Gia mua dién tir ludi du bao tai 48 thoi
diém cach nhau 30 phut.
. |+ Pien ap tai cdc nt
Khoi dieu Bl(?n ap;cal cac n}lt e " 2 4, .
X + Cong suat phat cua gian pin mdt troi, tua |+ Dicu khién dong/cat
khién . A A , We aen b 4e X .2
true ti ép bin gio, cong suat tiéu thu cia phu tai dién | phu tai di€u khién dugc

tai cac nat

Trong céc phu tai dién co thé diéu khién duoc hién nay, sac xe dién 1a mot phu
tai rat dic biét do vira la phy tai tiéu thu dién nhung lai c6 két ndi véi pin xe dién co
thé sir dung 1am bd lyu trir nang lugng. T dic diém trén, luan 4n dé xuat phuong
phap két hop tram sac xe dién tich hgp gian pin mat trdi két ndi ludi dong vai tro nhur
bd tich trit nang luong gitp hd tro didu khién van hanh hé théng dién véi cac 1y do
sau:

+ Cé4c tram sac xe dién khi két ndi vai xe dién da c6 sén cac bd pin cua xe. Pay
1a mot thiét bi tich trit nang lwong rat tt co thé giup tich trit nang luong dién va phat
dién 1én ludi khi can.

+ Céc gian pin mat troi kétndi ludi da co sin cac bo diéu khién, két ndi Internet
va bién ddi dong dién mot chiéu thanh xoay chiéu (Inverter) cung cip cho phu tai
dién.

Viéc tich hop tram sac xe dién va gian pin mat troi giup hé théng c6 day du
thiét bi dé xay dung b tich trit ning luong v6i chi phi rat it. Mic du vay, ddy 1a mot
giai phap mai va c6 thé s& gap nhiéu kho khin khi dugc su thdng nhit ciia chu xe
dién dang sac. Do do6, luan an sé tdp chung vao cac muc tiéu sau:

+ Xay dung mo hinh tich hop tram sac xe di€n va gian pin mat troi, dé ra diéu
kién danh gia kha nang st dung tram sac tich hop du cép dién cho phu tai trong truong
hop mét ngudn dién tir may bién ap ha ap (ché do tach dao). Truong hop diéu khién
t61 vu kinh té lu6i dién s& duoc dua vao hudng nghién ctru tiép theo do hién nay gia
dién va chénh léch gia dién vao cac thoi diém khac nhau trong ngay ¢ cac nudc phat
trién nhu Viét Nam chwa 16n dan t6i hiéu qua diéu khién t6i vu kinh té chua cao trong
khi con nhiéu khé khin khi dugc phép st dung pin ctia xe dién cap dién cho phu tai.

+ Xay dung thuat toan danh gia hi€u qua cua mo hinh khi ap dung vao ludi.
Céc nghién ciru [9-11, 87-90] chi ra rang sir dung thuat toan Monte Carlo tinh thoi
gian mat dién trung binh trong nim cta phu tai 1d mot phuong phap rat phu hop dé

danh gia hiéu qua ciia mo hinh.
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+ Khi m6 hinh ap dung mang lai hi¢u qua tdt cho ludi dién. Luén an xay dung
thuét toan diéu khién phan bd cong suit phat cho cac tram sac xe dién két hop gian
pin mat troi dé cung cap dién cho phy tai khi méat ngudn dién tir may bién 4p ha ap
(ché do tach dao). Pay c6 thé coi nhu phan mé rong cia diéu khién phu tai khi cac
tram sac vira dong vai tro phu tai co thé diéu khién dugc vira dong vai tro cép nguén

cho phu tai khac khi hé théng bi mat ngudn dién tir may bién ap ha ap.
3.2. Swr dung mang no ron nhdn tgo cho bai toan dw bado
3.2.1. Nghién ciru vé mang no ron nhdn tao sw dung cho dw bdo

Mang no ron nhan tao (Artificial Neural Networks) dugc xay dung dua trén
c4u tric cua bd ndo con nguoi. Mang no ron nhén tao co thé thyuc hién céc bai toan
phan loai mau, t61 wu, nhan dang, diéu khién cac doi tugng tuyén tinh, phi tuyén va
du bao dat hiéu qua cao hon so v&i cac phuong phép tinh toan truyén thong.

Mang no ron dugc McCullock va Pitts dé xuét tr nam 1943 véi mot s6 lién
két co ban ctia mang. Nam 1949, Hebb dua ra céc lut thich nghi trong mang. Sau d6
1a cac dong gop vé cdu triic va tinh chat méi caa Rosenblatt, Minsky, Pepert. Dén
nam 1982, Hopfield da dua ra mang hoi quy mdt 16p Hofield va Rumelhart, Hinton,
Williams dua ra mé hinh xir Iy song song va thuét toan lan truyén ngugc (Back
Propagation) dé huan luyén mang no ron truyén thang nhiéu 16p.

Céu tric mang no ron nhan tao co6 thé duoc chia thanh céc loai nhu sau:

+ Mang no ron truyén thing: gdm mang no ron truyén thing mét 16p - single
layer feedfoward networks, mang no ron truyén thiang nhiéu 16p - multilayer
feedfoward networks, mang Adaline, mang wavelet.

+ Mang perceptron: gdm mang perceptron, mang perceptron nhiéu 16p -
multilayer perceptron neural networks.

+ Mang RBF -Radial basis function artificial neural networks.

+ Mang mdt no ron ty hdi quy -recurrent network: gdm mang hdi quy mét 16p,
mang hoi quy nhiéu 16p, mang Hopfield, mang by nhé lién két 2 chiéu — BAM, mang
Jordan, mang Elman.

+ Mang no ron Kohonen.

Mang no ron str dung hai nhom luat hoc sau:

+ Nhom cac luat hoc thong sé (parameter learning rules): Tinh toan cap nhat
gia tri cia trong s6 lién két cac no ron trong mang. Nhom luat hoc thong s6 6 3 kiéu
hoc la:

- Hoc c6 giam sat (Supervised Learning)

- Hoc ciing ¢6 (Reinforcement Learning)
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- Hoc khong c6 giam sat (Unsupervised Learning)

+ Nhom luat hoc cdu trac (structure learning rules): Pua ra cau tric hop 1y cua
mang nhu thay d6i s6 lwong no ron hogc thay doi s6 lugng lién két cua cac no ron
trong mang.

+ Nhém luat hoc lai (hybrid learning rules): Hoc ca cdu tric va thong sd.

Mot s6 luat hoc thuong dugc sir dung tuong ung dao tao cho cac mang no ron
nhu sau:

+ Luat hoc Adaline (Adaline learning rule), luat hoc Widrow — Hoff (Widrow
Hoff learning rule), luat hoc binh phuong trung binh cyc tiéu (Least Mean Square —
LMS) str dung dao tao mang Adaline.

+ Luat hoc perceptron str dung dao tao mang Perceptron.

+ Luét hoc lan truyén ngugc -back propagation learning rule st dung dao tao
mang no ron truyén thing.

+ Luat hoc Stochastic Gradient sir dung dao tao mang no ron wavelet.

+ Luat hoc lan truyén ngugc hdi quy sir dung ddo tao mang no ron hoi quy.

+ Luét hoc canh tranh, luat hoc Kosko dung cho mang Kohonen.

M&i no ron déu ¢ cac ham truyén (transfer function) dung dé bién doi tong
cac thong s6 ddu vao (v) thanh tin hiéu dau ra (). Cac ham truyén thudng duoc st
dung cho mang no ron nhu sau:

+ Ham gid1 han ctng (hard limit transfer function) hay con goi la ham budc
nhay c6 biéu thirc:

1, nfuv=>0
a) = {O, néuv <0 3.1

+ Ham chuyén d6i dang gi6i han d6i xtng cimg (symmetric hard limit transfer
function) c6 biéu thirc:

1, nfuv>0

-1, nfuv <0 (32)

a(v) = {

+ Ham chuyén d6i dang tuyén tinh bio hoa (saturating linear transfer function)
c6 bicu thuc:
1, néuv>1
a(v) = {v, ntu0<v<1 (3.3)
0, nfuv <0
+ Ham chuyén d6i dang tuyén tinh bdo hoa d6i xing (symmetric saturating
linear transfer function) ¢6 biéu thirc:

1, néuv >1
a(v)={v, nfu—1<v<1 (3.4)
-1, nfuv < —1
+ Ham chuyén d6i dang sigmoid (sigmoid transfer function) c6 biéu thirc:
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1
a(v) = 1+e~Av

+ Ham chuyén d6i dang tang hyperbolic (hyperbolic tangent transfer function)

(3.5)

¢6 biéu thuc:

a(v) = -—1 (3.6)
+ Ham chuyén d6i dang tuyén tinh (linear transfer function) c6 biéu thirc:
alv) =v (3.7)
Tu nhitng nghién ctru du bao cong suat phat ciia ngudn dién gio, dién mat troi,
cong suat tiéu thu cta phuy tai dién, gia dién ludn an s€ st dung mang no ron nhan tao
truyén thiang 2 16p c¢6 cac ham 16p an dang sigmod va 16p dau ra dang tuyén tinh. Luat

hoc str dung dé dao tao mang la luat hoc lan truyén nguoc.

3.2.2. Sur dung mang no ron truyén thtfng nhiéu 16p va thudt todn

Levenberg-Marquardt dé dao tao mang no ron truyén thing

Trong bai todn du bdo cong suit phat cua cac nguén dién gio, dién mat troi,
cong suét tiéu thu cua phu tai dién va gia dién ta sit dung mé hinh mang no ron truyén
thang 2 16p gdm r dau vao [xs, x2,...x,], ¢ ddu ra [01,02, ...0/] va ¢6 s no ron 16p an nhu
trong hinh 3.4:

(1) (1) (1) 2) 2) 2)

im

Hinh 3. 4: M6 hinh mang no ron truyén thang 2 16p
Ma tran trong sb cua 16p dau vao 1a IW, cua 16p an 1a LW gdm cac trong sd
wi; nhu hinh vé. Ma tran O dau ra cua mang dugc tinh nhu sau:

0=fAuw.fO(w.p+w) +w?) (3.8)
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Dua vao phuong trinh trén, v6i mdi sb liéu dau vao twong tng ta d& dang tinh
duoc dau ra dua vao cac trong s6 w; ; cua mang. Viéc dao tao mang la tinh gié tri cac
trong s6 wi, clia mang sao cho ham muc tiéu binh phuong sai sb gitta cac gia tri dau
ra theo tinh toan ctia mang (O) va céc gié tri dau ra ctia bo s6 liéu mau (D) dat gié tri
nho nhat nhu sau:

EQW) =230 % el (3.9)

Sai léch ciia qué trinh dao tao giita dau ra j va cac gia tri tmg v6i dau vao cap
mau thtr m dugc xac dinh nhu sau:

em =djm— O0jm (3.10)

C6 nhiéu thuat toan dé dao tao mang no ron, & ddy ta st dung thuat toan
Levenberg-Marquardt véi luat cap nhat trong s6 nhu sau:

Wir = Wi = Ui Jie + D74 e (3.11)

Pé cap nhat duge trong s ta phai tinh duoc ma tran Jacobian (J) 1a dao ham
ctia ham sai léch theo trong s6. Ddi véi mang no ron truyén thang ta ding thuat toan
lan truyén nguoc gdm 2 qué trinh, qué trinh tinh toan theo chiéu thuin va qua trinh
tinh toan theo chiéu nguoc dé giam sai 1éch dau ra cia mang v6i mau mong mudn.
a. Qua trinh tinh toan theo chiéu thuén:

V6i 16p thir nhét tinh cho no ron tht k

1 1 1
a,(”)n =Y Xim- wfk) +w“ (3.12)

Ve = £ (ago, (3.13)

)

Dao ham cta ham £ theo bién dau vao 4, goi la do doc ctia ham

1)

1) _ Yim
Skm = —aa&)n (3.14)

Vi 16p tha 2

Str dung ddu ra cta cac no ron 16p dau tién lam du vao cia tit ca cic no ron
trong 1&p thtr hai, thuc hién mot phép tinh tuong tu cho céc gia tri cua mang, do dbc
va dau ra:

2 1 2 2
a® = = 1y,5731 W,EJ) +W() (3.15)

Jm
n=ym=f2(a (3.16)

Dao ham cua ham f; @ theo bién dau vao a ' goilado dbc ciia ham

()

@ _ jm
. = .1
Sjm 2a®, (3.17)

Sau khi tinh toan lan truyén thuan, c6 thé thu duoc mang nat y va mang do déc

s cho tat ca cac no-ron theo mau da co.
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Vi két qua tir tinh toan lan truyén thuan, d6i voi dau ra j di cho ta tién hanh
bude tiép theo 1a tinh toan lan truyén nguoc.
b. Tinh sai s6 & dau ra j va tin hiéu sai 1éch ban dau 6 nhu 1a d6 doc ciia ham (dé thuan

tién cho tinh toan, ta bo chi sd vé tht tu cia mau st dung cho dao tao):

@) _ (@
8 =5 (3.19)
82 =0 (3.20)

Lan truyén nguoc d tir dau vao cua 16p thtr hai dén dau ra cua 16p thir nhat
(J—=k—=0D)
® _ @) ¢(2)
8 =W ;-6 (3.21)
Lan truyén nguoc J tir dau ra ciia 16p thir nhat dén dau vao cta 16p thir nhat
cua no ron thu k
@ _ @O @
S = O;) Sk (3.22)
Tinh céc phén tir ctia ma tran J theo cong thirc sau:

+ V6i 16p trong s6 LW:

9¢jm — 9(djm=0jm) aa;',zrzt - _ ayﬁ% aa}zrzt — _s@ @ (3.23)
ow® 0a@  ow®  0a? owl jij Ve :
+ Vi 16p trong s6 TW:
) (1) 1 2 (2) (€)) 1)
aej,m _ a(dj,m - Oj,m) aaj,m a.'yk,m aak,m _ ayj,m aaj,m ayk,m aak,m
n (2) "a.,@) T4 (1) 7 M~ 5 @ 4,0 5 @ " (€Y
awi,k aaj'm ayk‘m Bak,m awi'k aaj,m ayk‘m aak'm awi'k
dej, 2 2 1 1) (1 1 0
—aWJ(’S = —5,-(,,-)-W;£,731-5;E,31-xi,m = —5]-(,k).s,g’%.xi,m = _5IE,}2'yi(,n2 (3.24)
i,k

Tir cong thire (3.23) va (3.24) ta thdy dé tinh cac phan tir ctia ma trén Jacobian
(J) ta s& tinh cac gia tri lan truyén nguoc, gia tri ham dau vao y va sit dung cong thirc
sau:

aej'm

= —5k,k- Yim (3.25)

Luu db thuat toan dao tao mang no ron trong hinh 3.5

awi'k
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Bit dau

1) bt gia tri ban dau Wy, m=1, me=1, mu_dec, mu_inc, mu_reduc, Mmax, €max

Ding Tinh sai 1éch eo

Pung

€0< Cmax

l Sai

Tinh ma tran Jacobian (Ji)

A

Cap nhat trong s6: Wiy = Wi — (T Jxc + 1.1) " Jie- €

v

Tinh sai 1éch
Gili én Wi;
ur_ nguyén Wig Wi=Win: 4 = U
U= u.mu_inc mu_dec
T Ck+1< €k
Sai
l bung
Sai
Puang
»| Bai toan khong hoi ty Kétthic )

Hinh 3. 5: Luu d6 thuat toan ddo tao mang no ron truyén thang str dung thuat todn
Levenberg- Marquadt
MO ta thuat toan:
i. V6i cac trong sb ban dau (dugc tao ngau nhién), tinh tong sai s (SSE) xem
c6 nam trong gié tri sai s6 cho phép khong.
ii. Thuc hién cap nhat theo cong thirc (3.11) dé diéu chinh trong s6.
iii. V&i cac trong s6 méi, tinh téng sai s6 va kiém tra véi sai sd cho phép dat

trudc
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iv. Néu téng sai s hién tai tang 1én do cap nhat, thi tré lai bude trude do (dat
lai vecto trong sb vé gia tri trude khi cdp nhat) va tang hé s6 két hop u theo hé )
mu_inc. Sau d6, chuyén sang budc ii va thir cdp nhat lai. Néu qua trinh cap nhat lai
lién tiép 1am tang gia tri ham sai 1&ch thi sau mu_reduc lan lién tiép ta s& phai tro lai
budc i va cdp nhat trong s6 wr. Néu sau mmax 1an trd lai thi thuat toan s& dung va
thong bao bai toan khong hdi tu.

v. Néu té)ng sai sb hién tai giam do cép nhat, thi bo qua budc cip nhéat trong )
(giit vecto trong s6 m&i nhu vecto hién tai) va giam hé s6 két hop u theo hé sé mu_dec.

vi. Chuyén sang buéc ii v6i cac trong s6 méi cho dén khi tdng sai sb hién tai

nho hon gia tri yéu cau.

3.2.3. Du bdo cong sudt phdt ciia gian pin mdt troi, tua bin gio

Cong suat phat ctia gian pin mit troi phu thudce vao loai pin sir dung, mat do
buic xa nang luong mit trdi, bong rAm che gian pin, vi tri va goc lap dat gian pin, tinh
trang bao dudng gian pin va suy hao gian pin theo thoi gian, nhi¢t d§ gian pin va cac
yéu td thoi tiét. Vi cac du bao trung han va dai han va dyu bao téng san luong dién
phat ra thi cac yéu té thoi tiét, miia anh huéng 16n dén két qua du bao con véi du bao
ngin han 1a céng suit phat cua gian pin tai cic thoi diém cach nhau 30 phut trong
ngay hom sau thi mat do blrc xa nang lugng mat trdi va bong ram che gian pin anh
hudng rat 16n dén cong suat phat ciia gian pin tai thoi diém d6. Khi sir dung s6 lidu
cong sudt phat tai cac thoi diém cach nhau 30 phat cua gian pin vao ngay hém trudce
1a dau vao dé du bao cong sudt phat cua gian pin vao ngy tiép theo thi cac sb liéu
nay da bao ham céac yéu t6 twong tu vé thoi tiét, tinh trang bao dudng, suy hao theo
thoi gian cua gian pin, goc dat gian pin, toa do gian pin va mat do birc xa nang luong
mat troi. Ngoai ra, khi thém yéu té dy bao trang thai thoi tiét ciia thoi diém dy béo vé
tinh trang may va mua s& phan anh duoc bong ram che gian pin, dy la yéu t6 anh
hudng 16n nhat dén cong suit phat ciia gian pin tai thoi diém d6. Tuong tu nhu vay,
cong suét phét cua tua bin gi6 bi anh hudng boi tbe do 216, mat do khong khi, hudng
gi6, tinh trang bao dudng va cac yéu td thoi tiét khac. Sir dung cong suét phat cia
ngay hom trude sé& mang lai cac yéu td tuong tu vé mat do khong khi, tinh trang bao
dudng va yéu td thoi tiét khac. Str dung du béao trang thai thoi tiét cua thoi diém dy
bao vé tbe do gi6 (manh, nhe, khong c6 gi6...) s€ 1a mdt thong s6 dAu vao hd tro thém
cho két qua du bao do tc do gid 1a mot trong nhiing yéu té chinh anh huong t6i cong
suat phat ctia tua bin gi6. Qua nhiing phén tich trén va dya véo s6 liéu thu thap duoc
luan an dé xuét cdc mé hinh sir dung dé du bao cong suét phat cua gian pin mat troi
va tuabin gié nhu trong hinh 3.6, 3.7, 3.8, 3.9

+ M5 hinh 1: Sir dung 1 mang no ron c6 48 dau vao tuong ing voi cong suat
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phat ctia gian pin/tua bin gi6 trude ngay du béo va 48 dau ra tuong (g véi cong suat

phat vao ngay du bao
dayfo-1 day fo
P, PV/WT(0h) —> Y PV/WT(0h)
'y pvwronso) | ANN [ P, PV/WT(0h30)
(] @
o ((MLP)|,
e [
P, PV/WT(23h30) —¥ Ny PV/WT(23h30)

Hinh 3. 6: M6 hinh 1 st dung mang no ron nhan tao dé dy bao cong suét phat cia
gian pin mdt tro1 hoac tuabin gid
+ M5 hinh 2: Str dung 48 mang no ron c6 1 dau vao twong Gng véi cong suat
phat ctia gian pin/tua bin gi6 trude ngay dy bao va 1 dau ra twong Gmg voi cong suat

phat vao ngay dy bao tai cung 1 thoi diém

dayfo-1 day fo

ANN
(MLP) — PPV/WT(()h)

P, VIWT(0h) —¥

ANN
P PYWTOR30) (MLP) — b PV/WT(0h30)

ANN
P, PYWT23h30) (MLP) —p PV/WT(23h30)

Hinh 3. 7: M0 hinh 2 sir dung mang no ron nhén tao dé du bao cong suét phat cta
gian pin mdt tro1 hoac tuabin gid
+ Mb hinh 3: Sir dung 48 mang no ron c6 2 dau vao tuong ung voi cong suat
phat ciia gian pin/tua bin gi6 trudc ngay du béo va sb liéu vé du bao trang thai thoi
tiét ctia ngay du bao. 1 dau ra tuong tng véi cong suat phat vao ngay du béo tai cling
1 thoi diém
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dayfo-1

P PYWT(Oh) — ANN dayfo
ayfo —>p P
d‘/Weazher(oh) — W(MLP) PV/WT(0h)

dayfo-1

PY/WT(0h30) — 4NN Pdayfb
dayfo —>
eatheronzoy —y(MLP) PV/WT(0h30)

dayfo-1 ®
PV/WT(23h30)—¥ ANN dayfo

dayfo —p P
Weather(23h30) —» (MLP ) PV/WT(23h30)

Hinh 3. 8: M6 hinh 3 st dung mang no ron nhan tao dé dy bao cong suét phat cia
gian pin madt tro1 hoac tuabin gid
+ Mb hinh 4: Str dung 48 mang no ron cé 2 dau vao twong tng véi cong suit
phat cua gian pin/tua bin gid trude ngdy du bao va sb lidu vé du bao trang thai thoi
tiét ciia ngay du bao. 1 du ra twong tng v4i cong sut phat vao ngay du bao tai cling
1 thoi diém. Béng thoi tai mdi mang no ron déu ¢6 khdi hiéu chinh dya vao sb lidu
cong suat phat trung binh, cong suét phat 1on nhat, cong suit phat nho nhat cta cing

thoi diém va c6 clng trang thai thoi tiét trong qua khu.
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dayfo-1
PV/WT(0h) —» ANN Pdayfo
dayfo
Weather(0h) —> (MLP ) PY/WT(OR)
PPV/WT(()h, weather(0h))maxtrain —W
PPV/WT(()h, weather(0h))mintrain — Ad]
P, PV/WT(0h, weather(0h))avetrain —»
dayfo-1
PV/WT(0h30) —¥ ANN Pdayfo
dayfo
Weather(0h30) —M (MLP ) PY/WT(0R30)
P, PV/WT(0h30, weather(0h30))maxtrain —
PPV/WT(()hS(), weather(0h30))mintrain  —» Ad]
P, PV/WT(0h30, weather(0h30))avetrain —H
®
®
®
dayfo-1
PPV/WT(23h30) — ANN Pdayﬁ)
dayfo
Weather23n30) — ¥ (MLP) PY/WI(23h30)
PPV/WT(23h30, weather(23h30))maxtrain —¥
PPV/WT(23h30, weather(23h30))mintrain  — Ad]
PPV/WT(23h3(), weather(23h30))avetrain  —

Hinh 3. 9: M6 hinh 4 st dung mang no ron nhan tao dé dy bao cong suét phat ciia
gian pin madt tro1 hoac tuabin gid

T bo sb lidu sir dung cho dao tao, ta tim dugc cong suét phat 16n nhét, nho
nhét, trung binh cua cac ngay tai cung mot thoi diém va cung mdt trang thai thoi tiét.
Tir cac cong suat phat 16n nhat, nhé nhét, trung binh tim dugc d6 ta tién hanh hiéu
chinh cong suit phat dy bao. Pi v6i cac gian pin mit troi va tua bin gio, khi sir dung
mang no ron dé du bao cong sudt phat trong twong lai, trong nhiéu trudng hop do 16i
s6 liéu dao tao hodc viéc dao tao mang chua phu hgp c6 thé dan t&i sai sé nhu cong
suét phat tang vot 1én hodc nhan gié tri &m. Do d6 b hi€u chinh s€ gitp loc va xu ly
céc sai s d6. Bo hiéu chinh s& kiém tra va diéu chinh khi cong suét phat 16n hon cong
sudt 16n nhét trong qué kh tai cac diéu kién twong (mg va cong suat phat khong nho
hon khong, khong nhé qua nhiéu so v6i cong suat phat nho nhat trong qué kh tai cac

diéu kién tuong ung. Ngoai ra, dau ra ciia mé hinh sé& 1a su pha tron theo ty 1€ gilia
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cong suit du bao va cong sut trung binh trong qua khir cua cung diéu kién tuong
tmg. Ty 1& phu hop khi chay thuc nghiém & myc 3.5.1 14 40% s& cho cong suét trung
binh trong qua khtr va 60% cong suit du bao cho két qua dau ra ciia mé hinh 4 13 t6t

nhat.

3.2.4. Dw bdo cong sudt tiéu thu ciia phu tai dién, gid dién

Cong suit tiéu thu va gia dién thuong lién quan dén cong suat sir dung, gia
dién ngay trude do, ngdy twong ing véi tuan trude d6 va nhiét do, thoi quen sir dung.
Tur d6 ta dé xuat mot s6 md hinh véi cac dang s6 liéu dau vao khac nhau nhu trong
hinh 3.10, 3.11, 3.12

+ M5 hinh 1: Sir dung 1 mang no ron c6 48 dau vao tuong ng voi cong suat
tiéu thu ctia phu tai/gia dién trude ngay du bao va 48 dau ra twong ing voi cong suat

tiéu thu cua phu tai/gid dién vao ngay du bao.

dayfo-1 day fo
PUPr(Oh) —» > PI/Pr(Oh)
PUPI(0R30) —¥ g NTAT [~ PUPI(OA30)
e e
o (MLP)|,
® [ ]
PU/Pr(23h30) —» > PI/Pr(23h30)

Hinh 3. 10: M0 hinh 1 stir dung mang no ron nhan tao dé du bao cong sut tiéu thu
cua phu tai dién hodc gia mua tur lu6i dién
+ Mb hinh 2: Sir dung 48 mang no ron ¢ 1 dau vao tuong ung voi cong suat
tiéu thu cta phu tai/gia dién trudc ngay du bao va 1 dau ra tuong Gmg voi cong sudt

tiéu thy/ gia dién twong tmg vao ngay du bao tai cing 1 thoi diém
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dayfo-1 day fo
PUPHOR) —H (1;\14]\5]\; ) —  PUPH(OR)
ANN

PUPr(0h30) ——»

(MLP) —>  PI/Pr(0h30)

ANN
(MLP)

PIl/Pr(23h30) —» —>» PIl/Pr(23h30)

Hinh 3. 11: M6 hinh 2 st dung mang no ron nhan tao dé du bao cong sut tiéu thu
cua phu tai dién hodc gia mua tur ludi dién
+ Mb hinh 3: Sir dung 48 mang no ron c6 2 dau vao twong tng voi cong sudt
tiéu thu ctia phu tai/gia dién trudc ngay du bao va cong suét tiéu thu cua phu tai/gia

dién trudc ngay du bao 7 ngay (ngdy tuong ing cua tudn trude) tai ciing 1 thoi diém.

dayfo-1
Pl/Pr(Oh) —P ANN dayfo

dayfo-7 —>  Pl/Pr(0h)
e puprioh)  —» (MLP) '

dayfo-1
Pl/Pr(0h30) —» ANN dayfo

davio-7 > PU/Pr(0h30)
o PUPr(0h30) —» (MLP) ’

dayfo-1
Pl/Pr(23h30) —» ANN dayfo

dayfo-7 —>»  PI/Pr(23h30)
“pipr2snso) —w(MLP) f

Hinh 3. 12: M6 hinh 3 st dung mang no ron nhan tao dé du bao cong suét tiéu thu

cua phu tai dién hodc gia mua tir lu6i dién
3.3. Diéu khién toi wu phu tdi dién
3.3.1. Xdy dwng mé hinh diéu khién toi wu phu tdi dién

Khoi diéu khién t61 vu phu tai di€n bao gom 2 khoéi chirc ndng nho.

+ Khoi chtrc nang diéu khién t61 vu: Tinh toan diéu khién to61 wu cho 1 ngay
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gom 48 thoi diém, cac phu tai s& duoc diéu khién dong/cit vao cac thoi diém thich
hop nham dam béao cho dién 4p nit, dong dién nhanh ndm trong gi tri cho phép va
t61 wru chi phi mua, ban dién. Khoi diéu khién tdi wu cho 1 ngay dya trén sé liéu dy
béo cho ngay d6 dugc cung cp bai khdi dy bao. Cac khdi, ddu vao dau ra ctia mo
hinh duoc trinh bay trong bang 3-2 va chi tiét trong hinh v& 3.27 sau khi di lwa chon
dugc cac phuong an t6t nhat cho bai toan du bao, diéu khién.

+ Khdi chirc nang diéu khién truc tiép: Dya trén dién 4p nut, dong dién nhanh
tai tat ca cac thoi diém trong ngay. Néu dién 4p nit ndo nam ngoai gia tri cho phép
thi hé thong s& tu diéu chinh phu tai két nbi voi nit d6 hodc gan nut d6 nhat dé dam
bao dién ap ludn ndm trong gia tri cho phép. Viéc ty dong diéu khién truc tiép trong
ngay co thé xay ra do sai s6 trong qua trinh du bao hoic thao tac bang tay ctia ngudi
st dung phu tai.

Dong thoi, dé tang hiéu qua cua diéu khién téi wu, c6 thé chay lai du béo va
diéu khién t6i wu trong khoang thoi gian con lai trong ngay néu du bao cua ngay dé

cho sai s6 qua 16n. Luu do diéu khién ctia khdi nhu hinh 3.13
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i)Tai thoi diém 23h30 hang ngay. Dy bao cong suit phat ciia
gian pin, tua bin gid, cong sudt tiéu thy cia phu tai, gia dién
cho ngay tiép theo (48 thoi diém, mdi thoi diém cach nhau 30
phit — 0h00, 0h30...23h30)

v
ii)Tinh thoi diém dong/cét phu tai toi wu dé dién ap cac nit, dong dién cac
nhanh nam trong gi tri cho phép va chi phi mua ban dién nho nhat. St
dung mang Internet dé diéu khién dong/cit cac phu tai tai thoi diém da
tinh trong ngay tiép theo

Trong qua trinh van hanh tai ngay tiép
theo di tinh thoi diém dong/cét. Tai cac
nut, kiém tra dién ap nut, dong dién
nhanh ¢é ndm trong pham vi cho phép?

Dung

iii)Diéu khién dong/cat phu tai tai nut hodc nit gan nhét
sao cho dién ap nit d6 nam trong gia tri cho phép

<&
<«

Hinh 3. 13: Luu d6 diéu khién tbi vu phu tai dién.

3.3.2. Xdy duwng bai todn diéu khién téi wu

Bai toan dat ra 1a diéu khién thoi diém dong/cat tai diéu khién dugc dé ham
muc tiéu ctia bai toan 1a tong chi ban dién 1én ludi tir gian pin mit troi va tua bin gio
trir di tong chi phi mua dién mua dién tir ludi trong 1 ngay phai 16n nhat.

f= max{ 2 Z?il(PRPV(t)-PiPV(t) + PRy (t). Pyyr (t) — PRgr(t). (Piyc(t) +
Pyc(6)) +C} (3.26)

Céc rang budc:

+ Pién 4p tai cac nut & tit ca cac thoi diém trong ngay:

Upin < U; < Upax (3.27)

+ Cuong do dong dién chay trén duong day 0-10 & tat ca cac thoi diém trong
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ngay:
q Ii—1—‘>i < Irflaxi—1—>i ‘ (3-?8)
+ Thoi diém dong phu tai diéu khién dugc phai nam trong gidi han thoi diem
d(’)ng/cét cua phu tai dién:
tistart = ti < tiena (3.29)

3.3.3. Sir dung thudt todn di truyén diéu khién t6i wu phu tdi dién

Luu d6 thuat toan di truyén cho bai toan diéu khién tdi wu phu tai dién nhu hinh
3.14
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i)Tinh d6 dai NST m; tmaxiga = (tiend — Listart — Ati)-z +1; tmaxiga <2Mim = Zglmi

|

ii)Tao quan thé gém Npopsize NST. Tt NST; => fon; => Tinh dién ap nut, dong
dién nhanh. Kiém tra NST (sao cho thoa méan 3.27,3.28). Chon pc, pPm

iii)Chon loc: Tinh ham muc tiéu f; (3.26) cua NST, tong thich nghi toan thé

P _ wpop-size
F_lel

fi, xac suat chon p; = %, vi tri xdc suat q; = X' p;

A4

iii)Tao ) ngau nhién re=rand(1). Chon NST; néu Qi-1<t5<qji

v

iv)Lai ghép:Tao re=rand(1). Néu p>Teiy => Chon NST; lai ghép

|

iv)pos=randi(1,m-1). (biby...bposbpos+1...bm) V& (C1C2...CposCpos+1---Cm)
=> (b1ba...bposCpos+1.--Cm) V& (C1C2...Cposbpos+1..-bm)

A 4

v)Dot bién:Tao s6 ngau nhién ry=rand(1). Néu ry<pm => Dot
bién bit d6 tir 0=>1 va nguoc lai

v

NST; => ton; =>Tinh dién ap nut, dong
dién nhanh. Kiém tra diéu kién (3.27.3.28)

Dit /=0

Chon quén thé m&i, kiém tra kha nang hoi ty hodc trd lai bude iii

Sai

Tinh fmax, NSTmax, LONimax

Két thic
\_/

Hinh 3. 14: Luu d6 thuat toan di truyén diéu khién dong/cat phu tai dién
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MG ta thuat toan:
i)

+ Ttr s6 liéu phu tai dién diéu khién dugc gom: thoi diém bat dau dugc phép
dong phu tai dién (tisar); thoi diém phai cat phuy tai dién (tiena); khoang thoi gian st
dung phu tai dién (At;) ta tinh duoc thoi diém dong (s6 nguyén tir 1-48) 16n nhat cta

tai do.
tmaxiga = (iena — tistare — At).2 + 1 (3.30)
+ TU fmaxga VA $O luong nut n; ta tinh dwgc chidu dai chudi nhi phan cta nhiém
sdc thé:
tmaxga < 2™
m=Y"t m (3.31)
ii)

+ Khoi tao ngau nhién cac chudi nhi phan dai m chinh 1a cac gi tri nhidém sac
thé (NST) ngau nhién theo ting bit. Tir chudi NST, ta tinh duoc cac gid tri fig, ciia
cac chudi. So sanh ti, va tmaxiga- Néu tiga> tmaxiga thi ta thay fig bing tmaxiga Va ghep
vao chudi NST.

+ T s6 lugng quan thé npoepsize ta tao dugc quan thé NST ban dau. Voi mdi NST
tao moi, ta tach chudi d6 va tinh duogc tiea tuong Ung. Sau do ta tinh duoc ¢ 1a thoi
diém dong phu tai thtr . Tai moi thoi diém ¢ tir 1-48, ta su dung cac cong thuc tu
(2.10) dén (2.20) dé tinh dién 4p cac nht va dong dién cic nhanh. Kiém tra dién ap va
dong dién c6 nam trong gia tri cho phép khong. Néu cé bat ky gia tri nao nam ngoai
khoang cho phép, ta bo NST do va tao NST moi.

+ Tir quan thé tao duoc, sir dung cong thirc (3.26) dé tinh gia tri ham muc tiéu
ctia mdi NST trong quan thé: £, f..., foop size. TIM gi4 tri frax trong céc gia tri f; tinh
duoc.

iii)
+ Phép toan chon loc (chon quén thé méi théa mén phan bd xac suit dya trén

pop-—size

cac do thich nghi): Tinh tong gia tri thich nghi toan thé F = =1 fi sau do tinh
xac sudt chon p; cho mdi NST p; = % va tinh vi tri xac suit ¢; cia mdi NST ¢q; =
Z; p;. Tién trinh chon loc tu nhién thuc hién bang cach quay banh xe Rulet pop_size
lan, mdi lan chon mot NST tir quan thé hién hanh vao quan thé méi theo cach thirc
sau:

- Phat sinh ngau nhién mét s6 ry trong khoang [0,1].

- Néu ry < q: thi chon NST dau tién f1, nguoc lai thi chon NST thu i
(2<i<pop_size) sao cho gi.1<rs<q.

iv)
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+ Phép toan két hop va lai ghép céc ca thé trong quan thé vira duoc chon tir
quan thé cii ¢ trén. O day ta s& chon xac sut lai 1a p,:

- Phét sinh ngu nhién mét s6 » trong khoang [0,1]
- Néu r < p, thi chon NST d6 d¢ lai tao

+ Bay gid ta ghép d6i cac NST da dugc chon mot cach ngdu nhién: dbi véi
mdi cip NST duoc ghép doi, ta phat sinh ngau nhién mot sb nguyén pos trong khoang
[1,m-1] (m 13 tong chiéu dai — s6 bit cia mot nhiém sac thé). S6 pos cho biét vi tri
diém lai. Hai NST (b1b:...bposhpos+i...bm) VA (CIC2...CposCpos+1...Cm) s& lai tao dugce ra
mot cdp con cla chiing 13 (b1b...bposCposti...Cm) VA (CIC2...Cposhpos+1...bm). Tai mdi
NST con méi lai tao dugc, ta tinh ngugc duoc cac gia tri x; ciia cac chudi. So sanh x;
VA Ximax. N&U Xi> Ximax thi ta thay x; bang Xima: va ghép vao chudi NST.

v)

+ Phép toan dot bién: Chon tham sd x4c suit dot bién pm ta s€ tinh duoc sb bit
dot bién mong doi 13 p» x m X pop_size. Mbi bit ctia nhiém sic thé ¢ co hoi dot bién
nhu nhau, nghia la ddi tir 0 thanh 1 hodc nguoc lai. Do d6 ta lam theo cach sau day:

- Phat sinh ngu nhién mét sb r trong khoang [0,1].
- Néu r < p,, thi dot bién bit do.

+ Tai m6i NST méi dot bién, ta tinh nguoc dugc cc gid tri tig, cuia cac chudi.
S0 sanh figa VA tuaxige. N&U tiga™> tmariga thi ta thay figs DANG fmariea VA ghép vao chudi
NST.

+ Sau céac phép toan chon loc, két hop va dét bién ta tao dugc mot quﬁn thé
NST méi. Véi mdi NST trong quén thé, ta tach nguogc dugce cac gid tri # 1a thoi diém
dong tai dicu khién duoc thi i. Kiém tra dién 4p nut, dong dién nhanh tai cac thoi
diém d6 xem c6 thoi diém nao khéng dam bao diéu kién (3.27), (3.28) khong. Néu
c6 truong hop khong dam bao thi ta coi ham muc tiéu cia NST d6 bang 0. Tir bd NST
moai va cii ta chon ra quﬁn thé méi dé diém tra kha nang hdi tu hodc quay tro lai budce
lap céc phép toan trén.

+ Céc budc lap sé ding khi bai toan hoi tu. Tir d6 dua ra két qua toi wu nhét cia

bai toan.

3.4. Tich hop sac xe dién va gian pin mdt troi noi lwoi dé cung cap dién cho

phu tdi
3.4.1. Pé xuit so do nguyén Iy va diéu kién cdp dién cho phu tii

B6 sac xe dién thong thudng bao gém mot bo chuyén doi tur nguén dién xoay

chiéu thanh ngudén mét chiéu dé sac pin cho xe nhu hinh 3.15
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D
AC  TAC ¢

GRID [ (M) | 2o — 44kWh

Hinh 3. 15: So d nguyén 1y hé thdng sac pin cho xe dién
Gian pin mit troi sir dung ning luong tir birc xa mit troi dé phat ngudn dién
mét chiu, sau dé ngué)n dién mét chiéu duoc qua bg Inverter va bién doi thanh nguén
dién xoay chiéu két ndi véi ludi dién. Cac bo Inverter déu co két ndi va truyén tai dix

liéu qua mang Internet. So dd hé théng pin mat troi nhu hinh 3.16

4G/INTERNET

INVERTER
DC
AC

DC

| (™) ] GRID

LOAD

220V-AC

Hinh 3. 16: So d6 nguyén 1y hé thng pin mat troi két ndi ludi
Tir so d6 nguyén 1y cta tram sac xe dién va gian pin mat troi két néi ludi, luan

an xay dung so dd nguyén 1y ctia tram sac tinh hgp nhu hinh 3.17.

GRID Q= @iINVERTER

220V-AC D 220V-AC
3 v @
LOAD EV CHARGER EV BATTERY
20V-AC 220V-AC 5 DC

Hinh 3. 17: So dd nguyén 1y hé thdng tich hop sac xe dién va pin mat troi két ndi
[uoi
Trong trang théai van hanh binh thuong (1), dién s€ dugc léy tur ludi dién va

gian pin mat trdi cung cép cho phu tai va sac xe dién. Khi mét dién ludi (2), dién s&
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duogc 14y tir gian pin mit troi, pin cia xe dién qua bo Inverter bién doi 1 chiéu/ xoay
chiéu cung cép dién cho phu tai dién. Véi hé thong tich hop nay, ta khong can dau tu
pin, bo bién do6i 1 chidu/xoay chiéu nhu cac bd tich trit dién thong thudng ma van co
thé luu trir va cp dién cho phu tai khi mat ngudn dién tir may bién ap ha ap.

Diéu kién str dung bo tich hop nay la: Khi mat dién tir may bién 4p ha ap cip
cho phu tai thi bo sac s& 1dy dién tir pin cta xe dién cap dién cho phuy tai. Ngay khi c6
dién tir may bién ap ha ap thi bo sac lai lay dién ludi dé sac cho pin xe dién dé dam
bao vao thoi diém léy xe khoi b sac da dat trude, pin cia xe dién luén dat 100%
cong suat.

Gia st thoi gian mat dién ludi 1a At tir thoi diém t; dén thoi diém ¢; + At.
Tong cong sudt phu tai dién va tong cong sudt phat ciia cac gian pin mit troi luc d6
18 Pp(ty)s Prg+ae)s Pevieys Ppv(e+ar)- Pién nang can thiét dé cung cép cho phu tai
dién la:

_ Pyt

Pyt
4, =80 A (kW) (3.32)

Dién nang cung cap tur gian pin mat troi la:

Apy = P”V“i)f”v‘”*“).At (kWh) (4.33)

Dién nang can thiét cung cép cho phu tai tir bo sac tich hop la:
o ’ AP‘,/L = A, — Apy (kWh) (3.34)

Cong suat can thiét cung cap cho phu tai tir bo sac tich hop la:
Ppy, = max(PL(ti) - PPV(ti);PL(ti+At) - PPV(ti+At)) (kW) (3.35)

Gia thiét tai thoi diém t;, tong dién ning ciia cac pin xe dién 13 Aj;, tong dién
ning 16n nhat ctia pin khi sac day 1a A4, tong dién nang nho nhét ctia pin 13 Ay,
Téng cong suit sac ctia xe dién 1 Pep,q,, tONg cOng sudt phat dién cho phu tai tir pin
xe dién 13 Pjscnmax- Hi6u sudt sac cua xe dién 1a 1., hiéu suat xa tir pin xe dién 1a
Naisch. Thoi diém du kién két thuc sac 13 t,,,4 va thoi diém cha xe du kién s& 14y xe
khoi tram sac 13 t,p4se;. Pién ning cung cap cho phu tai tir pin xe dién s& duoc tinh

nhu sau:

. Pdischmax-Ot
Afba =min ((Abi - Abmin); (W) ; (Pchmax- (tendset — tena — At)))
(kWh) (3.36)
Cong suit cung cip tir pin xe dién qua bd sac tich hop gian pin mit troi dau

ludi trong khoang thoi gian mat dién la:

Afba
Prroa = 0 (KW) (3.37)
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Gia thiét ton that cong sudt, ton that dién nang la 5%. H¢ théng dam bao diéu
kién cung cép dién cho phu tai khi:
{Aﬂ,a > 1,05. Apy;

3.38
Prpa = 1,05. Ppy; (3:38)

3.4.2. Danh gia hiéu qua cuia moé hinh tich hop tram sac xe dién va gian

pin mdt troi noi luoi

Theo thong tu s6 39/2015/TT-BCT ciia B Cong Thuong, d tin cdy cung cap
dién dugc danh gia theo cac chi s6 sau:

+ Thoi gian mat dién trung binh cta ludi dién phan phdi (System Average
Interruption Duration Index - SAIDI):

1{;1 TiK;

SAIDI, = (3.39)

y
Trong d6: T;: Thoi gian mat dién 1an thi i trong ndm (chi tinh nhitng lan mat
dién co thoi gian kéo dai trén 5 phut); K;: Tong s6 khach hang bi anh huéng trong lan
mét dién thir i; K,: Téng sb khach hang str dung dién
+ S6 lan mat dién trung binh cua ludi dién phan phdi (System Average

Interruption Frequency Index - SAIFI):

Y1 Ki
SAIFL, = ==~ (3.40)

y
+ 86 1an mét dién thoang qua trung binh cia ludi dién phan phbi (Momentary

Average Interruption Frequency Index - MAIFI)
it Ki
MAIFI, = K—1 (3.41)

y

Trong d6: K;: Tong s6 khach hang bi anh hudng trong 1an mat dién tht 7 (chi
tinh nhimg 1an mat dién c6 thoi gian kéo dai duéi 5 phit); K,: Tong s6 khach hang
su dung dién.

Trong céc chi sb trén, do su phd bién hién nay nén nghién ctru s& sir dung chi
s SAIDI dé danh gi4 tac dong ciia bo tich hop sac xe dién va gian pin mit troi dau
ludi 1én Iudi dién.

Vi gia thiét rang thoi gian mat dién trung binh hang nam cua ludi dién 14 t,
cong suét tiéu thu ctia phu tai dién va cong suat phat ciia gian pin mit troi duge thu
thap 30 phat 1 1an. Cong suét tiéu thu cua phu tai dién, cong suat phat cla gian pin
mit troi dugce 14y cho ngdy dién hinh nhu hinh 3.18, 3.19
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Hinh 3. 18: D6 thi cong suét tiéu thy ciia phu tai dién trong ngay dién hinh
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Hinh 3. 19: D6 thi cong suét phat ctia gian pin mit trdi trong ngay dién hinh
Vi s6 lidu thu thap duoc 1a 30 phat/1 lan, nhu vay ta s€ tinh cho khoang thoi
gian mat dién 13 30 phut. Thoi gian mét dién trung binh 1 ndm 1a t thi s6 1n mat dién

s& 14 —.t = 2.t va trong khoang méu 1a —. 24.365 = 17520.

Thuét toan Monte Carlo 1dy mau ngau nhién dé tinh toan nham dam bao cho
x4ac sudt xdy ra theo diing gia tri cho phép. Viéc 1ay mau cua thuét toan Monte Carlo
dugc chia thanh 1y mau phan bd déu va 1dy miu theo phan bd khong déu. Trong bai
toan nay, ta gia thiét thoi diém mat dién, dién nang cua pin tai thoi diém mat dién 1a
mAu tuén theo phan bd déu. Trong mot nim, ta 1dy mau 17520 l1an 1a thoi diém mat
dién va dung luong pin cua xe dién. Vi thoi diém mat dién, ta s& tao mot s ngiu
nhién nam trong khoang tir 1 dén 17520, néu s6 d6 nho hon hoic bang gia tri 2.t thi

s€ xay ra tinh huong mat ngudn dién tr may bién ap ha ap, néu s6 do 16n hon thi
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khong xay ra tinh hudng mét dién.

Ta s& tinh cho 365 ngdy trong ndm, tai mdi ngay ta sé tinh cho 48 thoi diém
tuong Gmg tir 0h00 dén 23h30. Cong suat tiéu thy cta phuy tai dién va gian pin mat
troi duge lay ¢ ngay dién hinh nhu trén d6 thi 3.18, 3.19. Tai mdi thoi diém tinh d6,
ta s€ st dung thuat toan Monte Carlo dé xac dinh xem thoi diém d6 c6 mat dién hay
khong. Dong thoi tong dién nang ciia céc pin xe dién Aj; ciing 1a gia tri ngéu nhién
nam trong khoang Apmin dén Apmay. St dung cac cong thire tir 3.32 dén 3.38 ta s&
xac dinh dugc thoi diém d6 phu tai c6 bi mét dién hay khong? Cong tong cac khoang
thoi gian mét dién trong ndm ta s€ tinh dugc thoi gian mét dién trung binh cua phu
tai khi tich hop bo sac xe dién va gian pin mat troi déu ludi cip dién cho phu tai khi
mat ngudn dién tir may bién ap ha ap. Dién ning cua pin xe dién tai thoi diém tinh
todn dugc tinh theo cong thuc sau:

Api = Apmin +1and(0; Apmax — Apmin) (kKWh) (3.42)

So d6 thuat toan nhu trong hinh 3.20.
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bat gia tri ban dau i, =1;is=1; Iy =13 Ymax =100; Tuiai =0

v

i} imonte=randi(1;17520); Tinh Ayitheo (3.42) <

l Pung

Pung
Kiém tra diéu kién (3.38)

l Sai

Tsaiai = Tsaiai+ 1

it=it+1

bung

idzid+1

T

iy =i, +1

bung

Hinh 3. 20: Luu db thuat toan tinh d6 tin cay luai dién khi tich hop sac xe dién va gian pin
mit troi dau ludi
3.4.3. Piéu khién phan bo nguén cdp cho sac xe di¢n

Khi ngudn dién tir may bién ap ha ap cap cho lugi bi mat, hé thong sac xe dién

tich hop gian pin mat tro1 dau ludi s€ s dung pin cua xe dién dang sac qua bd bién
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d6i 1 chidu/xoay chiéu dé cap ngudn cho phu tai dién. Viéc diéu khién phan bd cong
sudt phat cua pin cac xe dién dang sac dé cung cip cho phu tai c6 thé dya trén cac
muc ti€u sau:

+ S6 tram sac dé 1y ngudn tir pin xe dién cung cap cho phu tai dugc str dung
it nhat.

+ Tén that cong suat it nhat.

+ Luong bién thién dién ning lay tir cac pin xe dién it nht.

Xét trén diéu kién thuc té viéc léy nguén dién tur pin xe dién dang sac co thé it
dugc ung ho tr dong dao nguoi st dung, luan an s€ lua chon muyc ti€u dau tién cho
viéc diéu khién phan bd cong suit phat cta pin cac xe dién dang sac dé cung cip
ngudn cho phuy tai dién. So dd thuat toan ctia diéu khién l1dy ngudn tir pin xe dién nhu
trong hinh 3.21.
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Tai thoi diém mat ngudn dién tir may bién ap phan phbi. May
tinh diéu khién trung tm gia tri cong suat hi¢n tai va cong suat
du bdo cua phu tai dién va gian pin mat troi Pp¢,); Pree;+a6)

PPV(ti); PPV(ti+At)

Sai

Kiém tra diéu kién (3.38)

l Dung
Tinh tong Pgischmaxi tU nut 2 dén nit cudi. Chon cac truong hop
i=2-n1t cuodi sao cho tong: D E—
Pdischamaxi <P PVL<Pdischamaxi+Pdischamax1

Sai

Kiém tra dién 4p nat, dong dién nhénh nim
trong gia tri cho phép theo dicu kién 3.27,
3.28

l bung

Tinh phan bo lai cong suat voi cac niit dugce chon tur
i=2 dén cudi phat cong suat 16n nhat. Cong suat nut
s0 1 dieu chinh d¢€ can bang cong suat

Hé thépg khong du cap
ngudn cho phuy tai

Hinh 3. 21: Luu d6 thuat toan diéu khién phan bd cong suit phat tir tram sac xe dién
tich hop gian pin mit troi ddu ludi cap dién cho phu tai.

3.5. Tinh toan cho lwoi dién
3.5.1. Ap dung cho bai todn dw bdo

+ Du bao cong suat phat cta gian pin mat troi

Véi cac gian pin mat trdi cong suat nho c& 1-3 kW, viéc dau tu thiét bi giam
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sat thu thap s6 liéu thuong khong dugc quan tam 16n. Do do, luan &n sir dung s6 liéu
thu thap duoc tir gian pin mat troi cong sudt 500 kWp két ndi ludi dién 3 pha ha ap
dit tai thanh phd Soéc Trang, Viét Nam. Gian pin nay ciing thé hién duoc anh hudng
1én phu tai 1 pha khi phét dién 1én 1 trong 3 pha cta luéi dién d6. Pay 1a mot bo sb
liéu mau c6 thé sir dung dé thu nghiém cho cdc mé hinh dy bdo cong suét phat cua
gian pin mit troi két ndi ludi dién ha ap. SO lidu thu thap duoc tir ngay 01/07/2020
dén ngay 15/03/2022. S liéu gdbm 608 ngay trong d6 mdi ngay s& gdm cong suat phat
clia gian pin cach nhau khoang thoi gian 1a 30 phiit. Trong bo s6 liéu do, ta chia 458
ngdy sir dung dé dao tao mang, 150 ngay sir dung dé kiém tra dénh gia sai sd.

Trong tai liéu tham khao 25, s liéu cong suat phat clia gian pin mit troi thu
thap dé st dung cho ddo tao va kiém tra mang no ron 13 tir ngay 01 thdng 09 nim
2012 dén ngay 31 thang 03 nam 2013. Trong tai liéu tham khao sb 26, s6 liéu thu
thap dé str dung cho dao tao va kiém tra 13 tir ngdy 01 thang 01 nim 2012 dén ngay
31 thang 12 nam 2012 trong d6 sir dung sd liéu trong thang 06 nam 2012 dé kiém tra.
Tai liéu tham khao sb 95 thu thap s liéu tir ndm 2011-2014 cta gian pin IMW dé
phuc vu cho dao tao va kiém tra. Cac tai liéu st dung mang no ron nhan tao dé du
béo ciing thudng chi ra rang nén sir dung khoang 15% b s6 liéu sir dung cho tap s6
liéu kiém tra két qua. Nhu vay ta nhan thay rang so liéu thu thap cho gian pin & trén
1a phu hop voi bai toan dy bio ngin han cong sut phat ciia gian pin mat troi vi néu
sO liéu thu thap trong thoi gian dai qué thi c6 thé do suy hao chat lugng tim pin, do
bao dudng dan t&i cac yéu td gay nhidu trong qua trinh dao tao mang va tao kho khin
cho viéc luu trix, thu thap sb liéu.

Sau khi tién hanh ddo tao va dy bao, sai sd trung binh ciia cic mé hinh trong

tap so6 liéu kiém tra danh gia sai s6 nhu trong bang 3.3

Bdng 3- 3: Sai sb trung binh két qua du bao cong suat phat gian pin mat troi clia cac

moO hinh dé xuat

TT MBS hinh Sai s6 %
1 | Mo hinh 1 57.4
2 | Mo hinh 2 41,75
3 | Mb hinh 3 (v6i 4 s6 liéu thoi tiét) 19,97
4 | Mo hinh 4 (v6i 4 sb liéu thoi tiét) 19,63
5 | Mb hinh 3 (v6i 9 s6 liéu thoi tiét) 8,15
6 | M6 hinh 4 (véi 9 s6 liéu thoi tiét) 7,51

Trong d6: 4 trang thai thoi tiét bao gdbm: quang may, it may, nhiéu miy, may
am u. 9 trang thai thoi tiét bao gém: trdi nang néng va khong miy, quang may, it
mAy, may thay doi, nhiéu mdy, diy mdy, nhiéu may va mwa phun, nhiéu may va mua

rao, giong bao. Cac trang thai thoi tiét nay duogc danh sb tuong ung tur 1 dén 4 hodc
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tir 1 dén 9 vao lam dau vao cta mang no ron cing voi cong suat phat ciia gian pin
vao ngay trudc do. Ngoai ra, tir s6 litu trang thai thoi tiét 458 ngay cua tap dao tao,
twong (mg vai trang thai thoi tiét du bao cta ngay du béo ta tim dugc cong suat 16n
nhit, nho nhat va cong suit trung binh tuong tmg. Tir d6 ta sir dung s lidu dé hiéu
chinh cho m6 hinh 4. Trong bang 1 va bang 2 tai liéu tham khao 26, sai s6 cua du bao
1a tir 7,315% dén 15,701%. Trong bang 3 va bang 4 tai liéu tham khao s6 95, sai sd
du bo cua tap s6 liéu kiém tra 1a tir 7,2% dén 14%. Nhu vay, sai s6 du bao voi mo
hinh 4 13 chap nhan dugc tuong ung véi didu kién thu thap s6 liéu ¢ Viét Nam.

Hinh v& 3.22 1a 6 thi cong suét phét cua gian pin khi sir dung mé hinh 4 dé
du bao va cong sut phat thuc té ciia ngay 01/03/2022.
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Hinh 3. 22: Cong suét phat ctia gian pin mat troi trong ngay du bao (du bdo — nét
dut; thuc té- nét lién)

+ Du béo cong suat phat cia tuabin gid

Véi cac tua bin gié cong suat nho két ndi 1 pha ludi dién ha ap, viéc dau tu
thiét bi giam sat thu thap sb lidu thuong khong duge quan tim 16n. Do d6, luan an str
dung s6 liéu thu thap dugc tir tua bin gié cong suat 35 kW két ndi ludi dién ha ap dat
tai thanh phé Ninh Thuén, Viét Nam. Tua bin nay cling thé hién duoc anh huong 1én
phu tai 1 pha khi phét dién 1én 1 trong 3 pha cta luéi dién d6. Pay 13 mot bo sb lidu
mau c6 thé sir dung dé thir nghiém cho cic mé hinh du bao cong suét phat cila tua bin
gi6 két ndi ludi dién ha ap. S6 liéu duoc thu thap tir ngay 01/03/2020 dén ngay
10/03/2022. S lidu gdm 715 ngay trong d6 mdi ngay s& gdm cong sudt phat cia
tuabin gi6 cach nhau khoang thoi gian 13 30 phut. Trong b sb liéu do, ta chia 565
ngay sir dung dé dao tao mang, 150 ngdy sir dung dé kiém tra dénh gia sai sd.

Trong tai liéu tham khdo 38, sb liéu cong suat phat cua tua bin gi6 thu thap dé
sir dung cho dao tao va kiém tra mang no ron 13 tir nm 2007 dén nam 2009. Trong
tai liéu tham khao sb 96, s liéu thu thap dé sur dung cho dao tao va kiém tra 1a tir

ngay 01 thang 08 nim 2006 dén ngay 31 thang 08 nim 2006 trong d6 st dung 11
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ngay lam bo sé liéu dé kiém tra. Tai liéu tham khao sd 97 thu thap s liéu tir nim
2003-2005 dé phuc vu cho dao tao va kiém tra. Nhu vay ta nhan théy réng s6 liéu thu
thap cho tua bin gié & trén 1a phu hop voi bai toan du bédo ngan han cong sut phat
cua tua bin gio.

Sau khi tién hanh dao tao va du béo, sai sb trung binh cda cdc mo hinh trong
tap s liéu kiém tra danh gia sai s6 nhu trong bang 3.4.

Bdng 3- 4: Sai sb trung binh két qua du bao cong suat phat tua bin gié cia cac mod

hinh dé xuét

TT MO hinh Sai s6 %
1 | Mo hinh 1 34,08
2 | M6 hinh 2 31,32
3 | Mb hinh 3 (véi 4 trang thai thoi tiét) | 18,74
4 | Mb hinh 4 (v&i 4 trang thai thoi tiét) | 18,37

Trong d6: 4 trang thai thoi tiét bao gdm: gié manh, gi6 trung binh, gié nhe, it
gid. Céc trang thai thoi tiét nay duoc danh sé twong tmg tir 1 dén 4 1am dau vao cua
mang no ron cung v&i cong sudt phat ciia tua bin gié ngay trudc d6. Ngoai ra, tir sd
liéu trang thai thoi tiét cia 565 ngay cua tap dao tao, tvong mg véi trang thai thoi
tiét du béo cua ngay du bdo ta tim dugc cong suat 16n nhit, nhé nhat va cong suét
trung binh twrong tmg. Tir d6 ta sir dung s6 lidu dé hiéu chinh cho mé hinh 4. Khi chi
st dung s6 liéu 1a lich sir cong suét phat, trong bang 8 va bang 9 tai li¢u tham khao
s6 97, sai s du bao cta tap s6 lidu kiém tra 1a tir 39,29% dén 75,4%. Trong bang 2
tai liu tham khao sd 44, sai sb6 du bao cua tap s6 liéu kiém tra 1a tir 50,71% dén
51,68%. Nhu vay, sai sé du bao vdi mo hinh 4 1a chip nhan duoc tuong g voi diéu
kién thu thap sb liéu ¢ Viét Nam.

Hinh v& 3.23 1a d0 thi cong suat phat ctia tua bin gié khi stir dung mé hinh 4 dé
du bao va cong suét phat thyc té trong ngay 01/03/2022.
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Hinh 3. 23: Cong suét phat cta tuabin gié trong ngay du bao (du bao — nét dit; thyuc
té- nét lién)

Vi du bao cong sudt phat ciia gian pin mat troi va tua bin gié: Tir két qua &
bang 3-3, bang 3-4 ta thdy rang khi sir dung 48 mang no ron riéng 1¢ (M6 hinh 2) dé
du bao cong suat phat cia timg thoi diém sé cho sai s6 nho hon sir dung 1 mang no
ron gdm 48 dau vao va 48 dau ra (M6 hinh 1). Néu sir dung thém sb liéu trang thai
thoi tiét 1am dau vao (M6 hinh 3) thi két qua du bao s& chinh xac hon mé hinh 1 va
mo hinh 2. Va m6 hinh cho sai s6 tot nhat 13 mé hinh sir dung riéng timg mang no
ron cho mdi thoi diém va sb liéu dau vao 1a s liéu cong suat phat clia ngdy trude dé
va sb liéu trang thai thoi tiét két hop v6i bo hiéu chinh st dung cong suét phat trung
binh, 16n nhét, nho nhat ctia ciing mot thoi diém va c6 cung trang thai thoi tiét (Mo
hinh 4). Va s liéu trang thai thoi tiét thu thap duoc va du bao cang da dang thi dy
bao va hiéu chinh cang chinh xac.

+ Du bdo cong suét tiéu thu cua phu tai dién

Phuy tai dién thu thap dugc gdm 608 ngdy dugc chia thanh 458 ngay str dung
cho dao tao va 150 ngay sir dung cho du bdo. Trong d6 mdi ngay sb liéu s& duoc thu
thap 30 phut 1 1an tir 0h00 dén 23h30. Ap dung cho cic md hinh ta duoc bang két qua

sai s0 trung binh cua tap du bao nhu trong bang 3.5

Bdng 3- 5: Sai sb trung binh két qua du bao cong sudt phu tai tiéu thy cia cac mod

hinh dé xuét

TT M6 hinh Sai s6 %
1 | M6 hinh 1 24,53
2 | Mb hinh 2 17,8
3 | M6 hinh 3 10,42

Ta thdy rang khi sir dung 48 mang no ron riéng 1¢ dé du bao cho 1 thoi diém
(mo hinh 2) s& cho sai s6 tot hon khi sir dung 1 mang no ron dé du bao cho ca 48 thoi
diém trong ngay (mo hinh 1). Pdng thoi khi sir dung thém sd liéu cong suét tiéu thu
ctia 7 ngdy trudc d6 (mo hinh 3) thi két qua dy bao ciing cho sai sd tét hon 14 chi st
dung cong suét tiéu thy phu tai cia ngdy trude d6 (mé hinh 2). Do d6 ta st dung md
hinh 3 13 m6 hinh dé du bao cho cong suit tiéu thu cta phu tai dién. Hinh v& 3.24 1a
d6 thi cong suét tiéu thu ciia phy tai dién khi sir dung mo hinh 3 dé du bao va cong
suét tiéu thy thuc té ciia ngay 01/03/2022.
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Hinh 3. 24: Cong suét tiéu thu cta phu tai trong ngdy du bao (du bao — nét dut; thuc
té- nét lién)
+ Du bao gid ban dién tir luoi.
Trong thi truong mua ban dién canh tranh thi gid ban dién tur ludi ludn thay
d6i theo thoi diém. Khi phy tai 1én cao, nhu cau tiéu thu dién nhiéu thi gia dién s&
tang cao con khi phu tai xuéng thép thi gid dién s€ giam. S6 liéu gia dién dugc thu
thap trong 670 ngay, trong d6 520 ngay s& duoc sir dung dé dao tao mang va 150
ngay duogc st dung dé kiém tra du bao. Trong d6 mdi ngay sb liéu s& duoc thu thap
30 phit 1 1an tir 0h00 dén 23h30. Ap dung cho cdc md hinh ta duoc bang két qua sai
s6 trung binh cua tap dy bao nhu trong bang 3.6

Bdng 3- 6: Sai sb trung binh két qua du bao gia ban dién tir ludi ciia cac md hinh dé

xuét
TT M0 hinh Sai s6 %
1 | Mb hinh 1 8,95
2 | M6 hinh 2 7,96
3 | Mo hinh 3 5,62

Ta thay rang khi sir dung 48 mang no ron riéng 1¢ dé du bao cho 1 thoi diém
(mo hinh 2) s& cho sai s6 tot hon khi sir dung 1 mang no ron dé du bao cho ca 48 thoi
diém trong ngay (md hinh 1). Pong thoi khi st dung thém sb liéu gia dién cta 7 ngay
trude d6 (mo hinh 3) thi két qua du bao ciing cho sai sb tot hon 1a chi sir dung gia
dién cta ngdy trude d6 (mo hinh 2). Do d6 ta sir dung mé hinh 3 14 mé hinh dé dy
béo cho gia dién. Hinh v& 3.25 14 d6 thi gia dién khi str dung mé hinh 3 dé dy béo va
gia thyc té cua ngay 01/03/2022.
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Hinh 3. 25: Gia mua dién tir ludi trong ngay du bao (du béo — nét dut; thuc té- nét
lién)

3.5.2. Diéu khién toi wu phu tdi dién

3.5.2.1. Cdc théng s6 ciia ludi dién
So d6 1 pha ludi dién ha ap duogc thé hién trong hinh 2.3. Cong suit phat va
cong suat tiéu thy 16n nhat, hé s cong sudt tai cac phu tai. Cong suat phat cta cac

gian pin mat troi, tua bin gio lép dat tai cac ho gia dinh dugc thé hién trong bang 3.7.

Bdng 3- 7: Bang thong s6 cong suat tai cac nit

Taikhong | Taidiew | .. pin
. dicu khién khién s Tua bin gid
Phu tai mat troi
duoc duoc
Pmax COS® | Pmax | cOSQ® | Pmax | COSQ® | Pmax | cOs@
1 8 095| 5 1 12 1095] 0 0,95
2 12 095 | 7 0,9 9 1095] 0 0,95
3 6 095] 0 1 0 1]095| O 0,95
4 10 095] 5 0,9 0 1095] O 0,95
5 10 095] 0 1 27 1095] 0 0,95
6 6 095] 0 0,9 0 1095 10 0,95
7 8 095 | 7 1 18 10,95] 0 0,95
8 6 0951 10 | 0,9 | 12 |095] O 0,95
9 10 095 | 4 1 9 1095| 5 0,95
10 8 095] 6 0,9 9 1095] 0 0,95

Dién tro, dién khang va dong dién cho phép 16n nhét ctia cic nhanh trong
bang 3.8
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Bdng 3- 8: Bang thong s6 dién tro, dién khang, dong dién cho phép cic nhanh

g e 2A bién tré bién khan Dong dién
Nut di Nut dén R X & cho p%lép Iy
0 1 0,008 0,011 440
1 2 0,008 0,011 440
2 3 0,008 0,011 440
3 4 0,008 0,011 440
4 5 0,008 0,011 440
5 6 0,008 0,011 440
6 7 0,008 0,011 440
7 8 0,008 0,011 440
8 9 0,008 0,011 440
9 10 0,008 0,011 440

Thoi gian str dung cho phép ciia cac phu tai dién diéu khién dugc trong bang

3.9
Bdng 3- 9: Bang thong s thoi gian dong/cat cho phép clia phu tai
Phu tai | Thoi diém bit du tuar | Thoi didm két thitc teg | 104NE thO1 glan hoat
dong At

1 1 24 2

2 18 22 1

4 18 2

7 1 24 2

8 18 22 2

9 8 18 6

10 0 7 3

V6i cac thong sé cta ludi dién trén, néu khong tién hanh diéu khién dong cat
cac phu tai, ta thay tai mot s thoi diém, dién 4p tai cac nut s& 16n hon gié tri cho phép
(vugt qua 5% cia dién 4p dinh mutc — 231V) hodc néu dong phu tai vao gio cao diém
s€ lam dién ap nut nhoé hon gia tri cho phép (gidm qué 5% cua dién &p dinh mic —
209V) nhu trong bang 3.10

Bdng 3- 10: Bang dién ap tai cac nat vao mot sd thoi diém khi khong diéu khién tai
va c6 diéu khién tai.

Pién apnat | 13h30 | 17h30 | 13h30 | 17h30

1 222,03 | 217,97 | 221,35 | 217,35
223,78 | 216,17 | 222,42 | 214,93
225,55 | 214,72 | 223,49 | 212,87
227,53 | 213,45 | 224,77 | 210,99
229,87 | 212,48 | 226,41 | 209,42
231,33 | 211,78 | 227,15 | 208,12
232,61 | 211,01 | 227,68 | 206,74

N (NN B (W
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Dién dpnat | 13h30 | 17h30 | 13h30 | 17h30
8 233,34 | 210,44 | 227,92 | 205,59
9 233,74 | 210,05 | 228,33 | 205,19
10 233,88 | 209,82 | 228,47 | 204,95

Trong bang s6 liéu 8, cot 2 va cot 3 1a dién ap tai cac nat khi khong dong phu
tai diéu khién duoc vao cac thoi diém lac 13h30 va 17h30. Ta thay rang tai thoi diém
13h30 dién ap cac nat 7, 8, 9, 10 s& 16n hon gia tri cho phép. Khi d6 tinh ning tu diéu
khién truc tiép s€ tu dong d(’)ng/cét phu tai s€ dong tai ¢ nat 7 va 8, dién &p s€ giam
xudng va nam trong gia tri cho phép nhu & cot 4. Tai thoi diém 17h30 dién ap cac nat
nam trong gia tri cho phép nhu & cot 3, néu ta dong phu tai 8 thi s& lam dién 4p céac
nut6,7,8,9, 10 xuéng dudi gia tri cho phép nhu ¢ cot 5. Tinh néng diéu khién truc
tiép tu dong dong/cit s& cét phu tai 8 dua dién 4p tr lai ndm trong gid tri cho phép.

3.5.2.2. Sir dung thudt todn di truyén dé diéu khién dong/cat phu tdi
dién.

Léy két qua cac s6 liéu dyu bao 1am dau vao, st dung thuat toan di truyén dé
tinh toan diéu khién dong/cat phu tai sao cho dién 4p nut va dong dién nhanh nim
trong khoang cho phép va tong chi phi ban dién 1én ludi tir gian pin mat trdi, tua bin
gi6 trir di chi phi mua dién tir ludi cdp cho cac phu tai 1a nho nhat. Dya vao thong sb
cua ludi dién, ta dat gia tri C= 1000000 dé ham muc tiéu ludn duong. Ham muc tiéu
sau cac budc lap duoc biéu dién trong hinh v€ 3.26

120000 4
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80000

60000

40000

Ham muc tiéu (ddng)

20000

0

v

P P NWPSOUONPRPRPEPRPNNWOWOWWSES™SOGCOOOOOON
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Budc lap

Hinh 3. 26: Ham muc ti€u sau cac budc 1ap
Thoi diém dong tai toi vu dé ham muc tiéu dat gia tri 16n nhat nhu bang 3.11
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Bdng 3- 11: Bang thoi diém dong tai toi wu va gia tri ham muc tiéu t6i uu

Cong suat phu tai diéu khién dugc va thoi
diém dong tai

Phutai |1 /2|47 ]8]9]10

103938 P 5071517110046

t 1221414 ]21]13] 0

fmax

Tur bang s6 liéu trén ta thdy rang tai vong lap 636 tong chi phi ban dién tir gian
pin mat trdi, tua bin gio6 trir di tong chi phi mua dién tir ludi dién cung cap cho phu
tai 12 -896.062 dong/ngdy (fmax-C). Nhu vay voi ludi dién da cho sau khi diéu khién
dong/cat cac phu tai dé dién ap nit va dong dién nhanh nam trong gia tri cho phép thi
chi phi thap nhat ma cac phu tai phai tra cho ludi dién trong ngay d6 1a 896.062 dong.
Két qua cta nghién ctru da duoc cong b trong tai lidu s6 01, 04 danh muc cc cong
trinh khoa hoc di cong bo.

Tt cac két qué thtr nghi€ém trén, ludn an dé xuit mo hinh diéu khién phu tai gém
cac khdi dy béao, diéu khién véi cac dau vao, dau ra chi tiét nhu hinh vé 3.27. Trong
do:

+ K.1: Khéi du bao gom 4 khéi nho 1a K.1.1 (Khdi dy bao cong suit phat cho
gian pin mit troi), K.1.2 (Khdi du béo cong suat phét cho tua bin gié), K.1.3 (Khdi
du bao cong suat tidu thu cta phu tai dién), K.1.4 (Khdi du bao gia dién)

+ K.2: Khéi diéu khién dong/cat phu tai gom 2 khéi nho 1a K.2.1 (Khdi dau vao
gom dién 4p tai cac nit, cong suét phat cia cac gian pin, tua bin gi6 va cong suat tiéu
thu cta phu tai tai cac nut - Cac thong ) nay duoc st dung dé tinh toan va diéu khién
d(’)ng/cét truc tiép phu tai dién dé dam bao dién ap nat va dong di¢n nhanh nam trong
giéi han cho phép), K.2.2 (Tin hi¢u diéu khién déng/cat phu tai dién. Tin hiéu nay
dugc 1ay tir dau ra cia khéi K.1 va tinh toan diéu khién t6i vu sir dung thuét toan di
truyén dé dam bao cho dién ap nut, dong dién nhanh nam trong gia tri cho phép va
t6i wu vé kinh té cho ludi dién trong 1 ngay. Ngoai ra tin hiéu diéu khién ciling c6 thé
lay tir kh6i K.2.1 dé diéu khién tryc tiép dam bao cho dién ap nit, dong dién nhanh
tro lai gia tri cho phép khi gia tri 1 nat, 1 nhadnh nao d6 vuot ra khoi gidi han cho
phép).

+ Céc tin hiéu dau vao, ra cua khoi K1:

- V&i mdi gian pin mat trdi, tua bin gié gdm 02 dau viao cho mang no
ron 1 cong sudt phat ciia ngay trude d6 vao cung thoi diém dy bao, du bao trang thai
thoi tiét ciia ngdy dy bao vao cung thdi diém du bao, 03 dau vao cho bd hiéu chinh
mang no ron gdm cong sut phat 1on nhat, cong suat phat nho nhat va cong suat phat

trung binh vao cung thoi diém du bo va clng trang thai thoi tiét 1ay tir tap dir lidu
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phuc vu cho dao tao mang no ron. 01 dau ra 1a du bao cong suét phat tai cung thoi
diém trong ngay du bao.

- Véi moi phu tai dién hodc gia dién s€ gém 02 dau vao cho mang no
ron 13 cong suét tiéu thy/gia dién ciia ngay trudc d6 va cach ngay du bao 07 ngay tai
cung thoi diém dy bao. 01 tin hiéu dau ra cia khdi nay sé& 1a cong suit tiéu thu/gia
dién tai thoi diém du bao trong ngay du bao.

- Cac dau vao, dau ra s& dugc dit tén theo khdi, chirc nang thiét bi, thu
tur thiét bi, thoi diém, thir ty dau vao. Vi du ddu vao cong suat phat cho gian pin ky
hi¢u la 1P01011, trong do: 1- Khéi K.1; P- Gian pin mat tro1, W- Tua bin gio, L- Phu
tai dién, F — Gié dién; 01 — Thu ty gian pin mat troi s6 01 trong ludi; 01 — thoi diém
s6 01 trong ngay twong duong lic 00h00; 1- Cong suat phat ctia gian pin/tua bin gio,
cong suét tiéu thu cua phu tai dién trudc ngay du bao 1 ngay; 2- Trang thai thoi tiét
cua ngay du béo (déi v6i gian pin, tua bin gié — P,W); cong sut tiéu thu/ gia mua di¢n
tir ludi trude ngay du bao 7 ngay (ddi v6i phu tai dién, gia dién — L,F); 3- Cong suét
phat 16n nhat ciia gian pin, tua bin gi6 twong tng trong bo sé liéu dao tao; 4- Cong
suét phat nhé nhét cua gian pin, tua bin gi6é tuong Ung trong bo sb liéu dao tao; 5-
Cong suit phat trung binh cua gian pin, tua bin gié twong tng trong bd s6 liéu dao
tao; 0- Két qua du bao.

+ Céc tin hiéu dau vao, ra cua khoi K2:

- Tin hiéu dau vao phuc vu cho diéu khién t6i wu gdm: Dy béo cong
sudt phat cua tat ca cac gian pin, tua bin gio két ndi ludi, cong sut tiéu thy cua cic
phu tai, gia dién trong 48 thoi diém trong ngay.

- Tin hiéu dau vao phuc vu diéu khién truc tiép gom: Dién 4p cac nit,
cong sudt phat cia cic gian pin mit troi, tua bin gio két ndi ludi, cong suat tiéu thu
cua phu tai dién.

- Tin hiéu dau ra gém: Tin hiéu déng/cét phu tai diéu khién duoc tai cac
thoi diém trong ngay cuia cac phy tai.

- Cac dau vao ra s& duoc dat tén theo khdi, chirc nang cua tin hi€u, thi
tir cia thiét bi hodc nat. Vi du tin hiéu dau ra diéu khién dong/cit phu tai 01 duoc ky
hiéu 12 2C01, trong d6: 2- Khdi K.2; C- Tin hiéu dau ra diéu khién dong/cat phuy tai
dién; U: Tin hiéu dau vao la dién ap tai nt do; P: Tin hi¢u dau vao 1a cong suét phat
cua gian pin tai nut d6; W: Tin hi¢u dau vao 1a cong suét phat cua tua bin gi6 tai ntt
d6; L: Tin hiéu dau vao la cong suét tiéu thu cua phu tai tai nut do; 01: Phu tai diéu
khién dugc s6 01 (V6i tin hiéu diéu khién dau ra -C); Nut s6 01 (Vi tin hiéu dau vao
—P,W,L).
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Hinh 3. 27: So d chi tiét khdi dy bao, diéu khién phu tai dién
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3.5.3. Tich hop sac xe dién va gian pin mdt troi noi lwéi dé cung cép dién

cho phu tdai

Xét hé thong dién miu gém tong cong suat tiéu thu phu tai dién va cong suit
phat ctia gian pin mat troi nhu hinh v& 3.18, 3.19. Hiéu suit sac xe dién 1.,= 98%,
hiéu suat xa cta pin xe dién dé cdp dién cho phu tai ng;s = 97%. Thoi gian mét dién
At = 0,5 (h), thoi diém du kién 14y xe t,,450; = 8 (h-AM), thoi diém sac xong t,,g =
5 (h-AM). Dung lugng pin 1 xe dién l1a 42 kWh, cong suét sac 1 bd sac xe dién 1a 11
kW (theo thong sd ky thuét ciia xe Vfe34 cua hing Vinfast). Dung luong téi thiéu
cho phép 14 30% dung lwong 16n nhat. Giai thiét tong cong suét tai 1a 100 kW va cong
sut gian pin mat troi sé 1a cac phan trim tuong Ung cong suat tai. Gia thiét thoi gian
mat dién trung binh trong nam 13 336 (h). Nghién ctru tién hanh tinh toan cac truong
hop sau:

+ Hé théng gdm phu tai dién, gian pin mat troi, bo sac tich hop gian pin mit
troi, thay doi cong sudt xa ctia bo sac lan luot 1a 25%, 50%, 100%, 125%, 150%,
175%, 200% codng suit 16n nhat cua téng phu tai dién.

+ Hé théng gém phu tai di€n, gian pin mat troi, bg sac tich hop gian pin mat
troi, cling thay doi cong sut xa ciia bd sac trén, thay do6i sé luong xe két ndi voi hé
thdng 1an luot 1a nxe = 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 s& thay ddi tong dung
luong pin va tdng cong suat sac.

+ Heé thng goém phu tai dién, bo sac tich hop gian pin mat troi, thay doi cong
suat xa clia bd sac 1an lugt 1a 25%, 50%, 100%, 125%, 150%, 175%, 200% cong suét
16n nhét cua téng phu tai dién.

+ Hé théng gém phu tai dién, b sac tich hop gian pin mat troi, cling thay ddi
cong sut xa clia bo sac trén, thay doi s6 luong xe két ndi voi hé thong 1an luot 13 nye
=1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 s& thay d6i tong dung lugng pin va tong cong
suét sac.

Két qua thoi gian mat dién trung binh hang nim cua cac trudng hop nhu trong
bang 3.12, 3.13

Bdng 3- 12: Két qua thoi gian mat dién trung binh khi ¢6 gian pin mat trdi két ndi

ludi
Pdismax | g 50 75 100 125 | 150 | 175 | 200
(kW)
Nxe = 1; Abmax = 42 kWh; Ppvmax = 150 MW; Pchmax = 11 kW
SAIDL | 555 135 | 160,445 | 161,195 | 161,065 | 162.73 | 160.71 | 160.27 | 159.98
(h/year)

Nxe = 5; Abmax =210 kWh; Ppvmax = 150 MW; Pchmax = 55 kW

SAIDI 252,385 | 47,495 | 31,33 31,265 | 31,945 | 31,545 | 31,24 | 31,895
(h/year)
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Pdismax

(kW) 25 50 75 100 125 150 175 200
nxe = 10; Abmax = 420 kWh; Ppvmax = 150 MW; Pchmax = 110 kW
SAIDI 251,105 | 34,975 | 15,85 15,235 | 16,405 | 16,07 | 15,74 | 15,945
(h/year)
Nxe = 15; Abmax = 630 kWh; Ppvmax = 150 MW; Pchmax = 165 kW
SAIDL 1 h5067 13028 | 1046 | 1081 | 1029 | 10,835 | 10,095 | 10,525
(h/year)
nxe = 20; Abmax = 840 kWh; Ppvmax = 150 MW; Pchmax = 220 kW
SAIDI 252,19 | 27,64 7,585 7,585 8,03 7,88 7,555 | 17,555
(h/year)
nxe = 25; Abmax = 1050 kWh; Ppvmax = 150 MW; Pchmax = 275 kW
SAIDI 251,67 | 26,025 | 6,435 6,135 6,57 6,41 6,335 |6,52
(h/year)
nxe = 30; Abmax = 1260 kWh; Ppvmax = 150 MW; Pchmax = 330 kW
SAIDL ) os050 12492 517 |5085 5165 [543 |53 |539
(h/year)
nxe = 35; Abmax = 1470 kWh; Ppvmax = 150 MW; Pchmax = 385 kW
SAIDI 251,36 | 25,28 4,72 4,4 4,37 4475 4,515 |4,305
(h/year)
nxe = 40; Abmax = 1680 kWh; Ppvmax = 150 MW; Pchmax = 440 kW
SAIDI 252,8 24,25 3,815 3,845 3,75 3,93 3,92 3,83
(h/year)
nxe = 45; Abmax = 1890 kWh; Ppvmax = 150 MW; Pchmax =495 kW
SAIDI 250,905 | 23,855 | 3,54 3,45 3,54 3,475 |3,505 |3,5
(h/year)
nxe = 50; Abmax = 2100 kWh; Ppvmax = 150 MW; Pchmax = 550 kW
SAIDI 252,535 | 23,21 3,105 3,01 3,03 3,17 3,18 3,14
(h/year)

Bdng 3- 13: Két qua thoi gian mat dién trung binh khi khong c6 gian pin mat troi

két no1 ludi

Pdismax

(kW) 25 50 75 100 125 150 175 200
nxe = 1; Abmax = 42 kWh; Pchmax = 11 kW

SAIDI 338,14 | 259,08 | 259,87 |260,9 |262,46 |259,15 |258,775 | 258,755
(h/year)

Nxe = 5; Abmax = 210 kWh; Pchmax = 55 kW

SAIDI 336,98 | 169,165 | 157,215 | 85,26 | 68,445 | 68,45 | 67,845 | 67,915
(h/year)

nxe = 10; Abmax = 420 kWh; Pchmax = 110 kW

SAIDI 336,03 | 158,745 | 146,375 | 56,06 | 34,905 | 34,225 | 34,155 | 34,205
(h/year)

nxe = 15; Abmax = 630 kWh; Pchmax = 165 kW

SAIDI 335,67 | 154,555 | 140,645 | 47,55 | 22,125 | 23,555 | 22,06 22,37
(h/year)

nxe = 20; Abmax = 840 kWh; Pchmax = 220 kW

SAIDI 334,495 | 151,42 | 139,055 | 41,855 | 16,79 | 16,935 | 16,525 | 17,09
(h/year)
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Pdismax
(KW) 25 50 75 100 125 150 175 200

Nxe = 25; Abmax = 1050 kWh; Pchmax = 275 kW

SAIDI 334,91 |151,1 137,245 | 39,355 | 13,545 | 13,77 | 13,835 | 13,94
(h/year)

nxe = 30; Abmax = 1260 kWh; Pchmax = 330 kW

SAIDL * | 334 875 | 150,41 | 136,63 | 36,695 | 11,045 | 11,63 | 11,285 | 11,5
(h/year)

Nxe = 35; Abmax = 1470 kWh; Pchmax = 385 kW

SAIDI 335,075 | 150,94 | 136,105 | 36,475 | 9,56 10,04 |9,53 9,38
(h/year)

nxe = 40; Abmax = 1680 kWh; Pchmax = 440 kW

SAIDI 336,99 | 150,94 | 136,575 | 35,735 | 8,33 8,445 | 8,48 8,395
(h/year)

Nxe = 45; Abmax = 1890 kWh; Pchmax = 495 kW

SAIDL | 335 155 | 148,525 | 136,545 | 34,52 | 7,68 | 7375 | 7,575 | 7.42
(h/year)

nxe = 50; Abmax = 2100 kWh; Pchmax = 550 kW

SAIDI 336,22 | 150,04 | 135,7 33,54 16,745 |6,825 |6,705 6,795
(h/year)

Tir bang két qua 3.12, 3.13 ta thiy riang khi ting cong suat b xa dé bién doi
dién nang tir pin xe dién cip cho phu tai thi s6 gio mat dién trung binh hang nam
(SAIDI) s& giam. Vi hé thdng ¢ gian pin mat troi ¢6 cong sudt nhu trén thi cong
sudt t6i wu cta bo xa dé bién doi dién ning tir pin xe dién cip cho phu tai thuong
khoang tir 75% dén 100% cong suat tai. Vi hé théng khong co gian pin mat troi thi
cong sudt t6i vu ciia bo xa dé bién doi dién nang tir pin xe dién cép cho phu tai 1a
khoang 125% cong suat tai. Néu ta tiép tuc ting cong suat bd xa thi sd gio mat dién
trung binh hang nam (SAIDI) khong giam nhiéu ma lai ton thém chi phi dau tu. Ngoai
ra, s6 lugng xe dién két nbi hé thong cang tang s& lam tang tong dung luwong pin két
nbi va ciing 1am cho s gio mat dién trung binh hang nam (SAIDI) giam.

Tinh todn phan bd cong suit cho tram sac cung cip dién cho phu tai & bang

3.7 khi mat ngudn dién ludi ta dugc bang phan bd cong suat phat nhu trong bang 3.14

Bang 3- 14: Cong suét phat Ién ludi cua cac b sac xe dién

Cong suit phat 1én lwéi ciia cic bd sac
Nt 1 2 4 7 8 9 10
P (kW) 1,99 7 5 7 10 4 6

Két qua cta nghién ctru da dugc cong bo trong tai li¢u s6 01 danh muc céc cong

trinh khoa hoc da cong bé.
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3.5. Két lugn chwong 3

Tur nhitng nghién ciru va tinh toan trén ta dua ra mot s két luan sau:

+ Str dung mang no ron truyén thang 2 16p két hop véi thuat toan Levenberg-
Marquadt ta c6 thé tién hanh dio tao va du bao cong sut phat ciia gian pin mat troi,
tua bin gid, cong suét tiéu thu cua phu tai dién va gia ban dién. Dya vao dac diém cua
d6i twong du bao va diéu kién thu thap sd liéu thuc té, luan an da dé cap duoc cac mod
hinh khac nhau vé sb liéu dau vao, s6 luong mang no ron va két hop thém bo hiéu
chinh, tir 46 chon duoc md hinh ¢6 sai s6 du bao nho nhit.

+ Céc s6 lidu ctia khdi dy béo duge dua vao thanh dau vao cua khdi diéu khién.
Str dung thut toan di truyén ta c6 thé tim dugc thoi diém dong/cét phu tai tdi vu dé
dam bao dién ap nut, dong dién trong cac nhanh nam trong khoang cho phép va tong
chi phi ban dién tr gian pin mat tro1, tua bin gio trir di chi phi mua dién cua ludi 1a
16n nhét (hoidc chi phi mua dién cua ludi trir di chi phi ban dién 13 nhé nhat).

+ Viéc st dung tich hop bd sac pin xe dién va gian pin mat troi dau ludi dé cép
dién cho phu tai khi mét dién lu6i 1a mot giai phap tot dé cung cap dién cho phu tai,
dic biét gitp ting do tin cdy cung cp dién va giam chi phi dau tu. Str dung thuat todn
Monte Carlo dé danh gia hiéu qua cho thiy riang thoi gian mat dién ctia phy tai khi
tich hop bo sac pin xe dién va gian pin mat troi dau ludi s& giam di rat nhiéu so voi
ludi dién khong tich hop.

+ Str dung giai phap diéu khién phu tai & ludi dién ha ap sé giap cho giam anh
hudng cia nguén dién gid, dién mat troi dén phu tai két ndi 1 pha ludi dién ha ap va

sir dung t6i da nguodn dién gio, dién mat troi phat 1én ludi ciing nhu téi vu kinh té.
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KET LUAN VA KIEN NGHI

1. Ddnh gid két qua nghién ciru

Nghién ctru vé cac giai phap diéu khién, van hanh t6i wu hé thong dién c6 sy tham
gia cia céc nguén nang lugng gid, nang lugng mat troi 1 mot cong viéc kho khan voi
nhiéu giai phap tich hop lai nham giam t6i da anh huéng cua sy bién thién ngudn dién
gi6, dién mat troi dong thoi dam bao t6i wu kinh té ludi dién.

Trong luan 4n nay, dua trén phan tich nhitng két qua da nghién ctru vé diéu khién,
van hanh t6i vu hé théng dién c6 sy tham gia ctia nguén dién gid, di€én mat tro1 cua cac
tac gia trong va ngoai nudc. Tac gia da tién hanh va giai quyét duoc cac van dé sau:

a) Xay dung dugc phuong phap sir dung thuat toan di truyén dé tinh tong cong sut
phat 16n nhat ciia ngudn dién gio, dién mat troi phat 1én 1 pha ludi dién ha ap khi xét
dén diéu kién dién ap nit va dong dién nhanh nam trong gia tri cho phép. Két qua thuc
nghiém cho thay rang véi tram 320 kVA, theo thong tu 39/2015/TT-BCT thi cong suit
phat 16n nhét 1én lu6i dién ha ap cua nguén dién mat troi, dién gid 1a 96 kVA nhung véi
tinh toan theo phuong phéap luan an dé xuat thi cé thé 1én toi 267 kW.

b) Xay dung dugc phuwong phéap diéu khién phan bd tdi wu cong suit phat clia cac
ngudn dién truyén thong trong ludi dién 3 pha nhim dam bao téng chi phi phét dién nho
nhit va cac diéu kién rang budc: can bang cong suit tic dung, can bang cong suat phan
khang, dién ap nit, dong dién nhanh, cong suat phat ciia cic nha may nam trong giGi
han cho phép (tinh trao luu cong suit toi uu).

¢) Xay dung duoc phuong phap sir dung thuat toan di truyén, thuat toan bay dan
tinh téng cong suét 16n nhat ciia nguén dién gio, dién mat troi phat 1én ludi dién khi xét
dén diéu khién phan bd t6i wu cong suat phat cia cac ngudn dién truyén thong va hé sd
¢6 loi vi tri. Piéu nay gitp giai toa hét cong suét cua cac nguén dién gi6, di€n mat troi
phat 1én 1 pha ludi dién ha ap va tan dung ti da nguén nang lugng sach cho toan bo hé
thong dién.

d) Xay dung duoc giai phap téng hop du bao diéu khién van hanh tdi vu phu tai
nham t6i wu chi phi va dam bao dién 4p nut, dong dién nhanh nam trong gia tri cho phép.

e) DPé xuit md hinh b hiéu chinh tich hop mang no ron nhan tao nham tang do
chinh xéc khi dy bdo cong suét phat ciia gian pin mat trdi, tua bin gio. Khi thir nghiém
du bao cong suat phat clia gian pin mat troi mo hinh tich hop bd hiéu chinh gitip giam
sai s0 tir 8,15% xudng con 7,51% so v6i mo hinh sir dung mang no ron truyén théng va
khi thtr nghiém du bao cong suat phat cta tua bin gid, mé hin bo hiéu chinh gitip giam
sai s0 tir 18,74% xudng 18,37%.
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f) Dé xuit mo hinh két hop tram sac xe dién va gian pin mit troi cung cip dién cho
phu tai khi mét ngudn dién tir may bién ap ha ap. Panh gia hiéu qua cta phuong phap
va xay dung thuat toan diéu khién phan bd céng suat phat cho cac tram sac xe dién két
hop gian pin mit troi dé cung cap dién cho phu tai.

Céc giai phap dé xuat déu duoc tinh toan mo phong trén ludi dién thir nghiém

nham danh gia hiéu qua cua giai phap va dé xuit cac hudng tiép theo.
2. Huéng phdt trién ciia nghién ciru

Nhiing két qua di dat duoc ciia nghién ciru nay dugc xem 13 nhitng bude dau tién
hira hen ctia qua trinh diéu khién van hanh t6i uru hé thong dién c6 su tham gia ctia ngudn
dién gi6, dién mat troi. Vi sy phat trién nhu vil bao cua khoa hoc va cong nghé ngay
nay, tac gia dé xuét cac hudng phat trién cia luan 4n nhu sau:

- Ap dung cac thanh tyu tién tién cua khoa hoc va ky thuat dé xay dung co s¢ dir
liéu dang tin cdy vé cong suat tidu thu ctia phu tai, cong suat phat cua gian pin mat troi,
cong suat phat ctia tua bin gio, s6 liéu thoi tiét nham ting d6 chinh xac cua cac du bao.
Giam khoang thoi gian thu thap sb liéu dé c6 bo sd liéu chi tiét hon. Diéu nay doi hoi
phai c6 cac thiét bi do luong, danh gia va du bao dat tiéu chuan quéc té.

- X4y dung phuong phéap diéu khién téi vu tram sac xe dién két hop gian pin mit
tro1 trong ludi dién ha ap theo cadc muyc tiéu van hanh khéac nhau.

- Tich hop thém cac phuong phép, thiét bi diéu khién t6i uu ludi dién nhé nhu hé
thdng tu bu, hé thdng diéu ap tu dong dé ting kha ning diéu khién cua ludi dién ha ap.

- Ap dung cac chién lugc diéu khién da dé xuat vao thyc té theo huéng chuyén
giao cong nghé hidu qua va cac tu van dé cac cong ty dién lyc dé ra chinh sach t6t hd
tro diéu khién 6n dinh hé thong dién.

- Tiép tuc xay dung cac chién luge diéu khién, du bao théng minh va tién tién ap
dung logic mo, cac m6 hinh mang no ron maéi va cac thudt toan t6i wu dé thuc hién hiéu
qua va nang cao chit lugng cac qua trinh diéu khién, van hanh, 6n dinh va kinh té cia

cac ludi dién thuc té.
NHUNG PONG GOP MOI CUA LUAN AN

Pé tai co tinh ké thira, tham khao két qua ctia cac cong trinh nghién ctru cia
cac nha khoa hoc trong va ngoai nudc da cong bd va dat duge mot sd thanh tuu cu
thé sau:

- Bé xuat phuong phap tinh tong cong suat 16n nhat ctia ngudn dién gio, dién
mat troi phat 1€n 1 pha ludi dién ha ap nham dam bao dién ap nut, dong dién nhanh

nam trong gi6i han cho phép khi xét dén giai toa cong sudt phat 1én ludi dién cao ap,
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diéu khién t6i wu hé thdng va xét dén hé s co loi vi tri gitip ting cong suét phat cia
nguén dién gio, dién mat troi 1€n 1 pha ludi dién ha ap.

- B¢ xuat mo hinh bo hiéu chinh tich hgp vao mang no ron nhan tao dé ting
d6 chinh xac khi du bao cong suat phat ciia gian pin mit troi, tua bin gié. Tir d6 lam
dir liéu dau vao xay dung phuong phap diéu khién phu tai dé giam tac dong xau cia
gian pin mit trdi, tua bin gid 1én ludi dién, toi wu kinh t& va dé xuét giai phap diéu
khién tram sac xe dién tich hop gian pin mit troi cung cip dién cho phu tai trong

truong hop mat ngudn dién tir may bién ap ha ap.
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PHU LUC

A. Phu luc 1: S6 liéu lw6i dién IEEE-30 nut

Bang PLA- 1: Thong sé nut ludi dién IEEE-30 nut

. Cong suat C(j)ng suat Dién dp Gf’)c pha Dién dp Dién ap bién ap

.. | Loai | tdc dung | phan khang s, dién ap T nut lon nut nho
NGt |t | tai-Pe tai -Qq nut nat co S0 nhét nhét

(MW) (MWr) VoW | yigad) | MY | v ow) | Vs (u)
1 3 0 0 1 0 132 1,05 0,95
2 2 21,7 12,7 1 0 132 1,05 0,95
3 1 2,4 1,2 1 0 132 1,05 0,95
4 1 67,6 1,6 1 0 132 1,05 0,95
5 1 34,2 0 1 0 132 1,05 0,95
6 1 0 0 1 0 132 1,05 0,95
7 1 22,8 10,9 1 0 132 1,05 0,95
8 1 30 30 1 0 132 1,05 0,95
9 1 0 0 1 0 132 1,05 0,95
10 1 5,8 2 1 0 132 1,05 0,95
11 1 0 0 1 0 132 1,05 0,95
12 1 11,2 7,5 1 0 132 1,05 0,95
13 2 0 0 1 0 132 1,05 0,95
14 1 6,2 1,6 1 0 132 1,05 0,95
15 1 8,2 2,5 1 0 132 1,05 0,95
16 1 3,5 1,8 1 0 132 1,05 0,95
17 1 9 5,8 1 0 132 1,05 0,95
18 1 3,2 0,9 1 0 132 1,05 0,95
19 1 9,5 34 1 0 132 1,05 0,95
20 1 2,2 0,7 1 0 132 1,05 0,95
21 1 17,5 11,2 1 0 132 1,05 0,95
22 2 0 0 1 0 132 1,05 0,95
23 2 3,2 1,6 1 0 132 1,05 0,95
24 1 8,7 6,7 1 0 132 1,05 0,95
25 1 0 0 1 0 132 1,05 0,95
26 1 3,5 2,3 1 0 132 1,05 0,95
27 2 0 0 1 0 132 1,05 0,95
28 1 0 0 1 0 132 1,05 0,95
29 1 2,4 0,9 1 0 132 1,05 0,95
30 1 10,6 1,9 1 0 132 1,05 0,95

1: Nut tai (PQ), 2: Nut di¢n ap (PV), 3: Nut co s¢




il

Bang PLA- 2: Thong sé nhanh ludi dién IEEE-30 nut

Tunat | Téinat bién tré bi¢n khéang bién dan Dong dién cho
R (pu) X (pu) B (pu) phép (A)
1 2 0,0192 0,0575 0,03 130
1 3 0,0452 0,1852 0,02 130
2 4 0,057 0,1737 0,02 65
3 4 0,0132 0,0379 0,01 130
2 5 0,0472 0,1983 0,02 130
2 6 0,0581 0,1763 0,02 65
4 6 0,0119 0,0414 0,01 90
5 7 0,046 0,116 0,01 70
6 7 0,0267 0,082 0,01 130
6 8 0,012 0,042 0,01 65
6 9 0 0,208 0,01 65
6 10 0 0,556 0,01 65
9 11 0 0,208 0,01 65
9 10 0 0,11 0,01 65
4 12 0 0,256 0,01 65
12 13 0 0,14 0,01 65
12 14 0,1231 0,2559 0,01 65
12 15 0,0662 0,1304 0,01 65
12 16 0,0945 0,1987 0,01 65
14 15 0,221 0,1997 0,01 65
16 17 0,0824 0,1932 0,01 65
15 18 0,107 0,2185 0,01 65
18 19 0,0639 0,1292 0,01 65
19 20 0,034 0,068 0,01 65
10 20 0,0936 0,209 0,01 65
10 17 0,0324 0,0845 0,01 65
10 21 0,0348 0,0749 0,01 65
10 22 0,0727 0,1499 0,01 65
21 22 0,0116 0,0236 0,01 65
15 23 0,1 0,202 0,01 65
22 24 0,115 0,179 0,01 65
23 24 0,132 0,27 0,01 65
24 25 0,1885 0,3292 0,01 65
25 26 0,2544 0,38 0,01 65
25 27 0,1093 0,2087 0,01 65
28 27 0 0,396 0,01 65
27 29 0,2198 0,4153 0,01 65
27 30 0,3202 0,6027 0,01 65
29 30 0,2399 0,4533 0,01 65
8 28 0,0636 0,2 0,02 65
6 28 0,0169 0,0599 0,01 65




il

Bang PLA- 3: Di¢n ap tai cac nut ludi dién IEEE-30 nut

Nut Bién d¢ dién 4p Vm (pu) Goc pha dién &p Va (pu)

1 1,05 0

2 1,041 -0,028
3 1,029 -0,045
4 1,024 -0,053
5 1,016 -0,08
6 1,02 -0,05
7 1,01 -0,071
8 1,008 -0,055
9 1,025 -0,026
10 1,025 -0,014
11 1,026 -0,026
12 1,032 -0,005
13 1,05 0,047
14 1,025 -0,011
15 1,03 -0,004
16 1,023 -0,015
17 1,02 -0,018
18 1,019 -0,022
19 1,015 -0,028
20 1,017 -0,026
21 1,034 0

22 1,041 0,007
23 1,05 0,034
24 1,037 0,021
25 1,042 0,049
26 1,027 0,041
27 1,05 0,073
28 1,024 -0,038
29 1,036 0,051
30 1,025 0,036

Bang PLA- 4: Dong cong suét chay trong cac nhanh va ton that ludi dién IEEE-30 nut

Tunat | Téinat Cong suit tac Cong suat phan T6n that cong suat tac
dung P (MW) khang Q (MVAr) dung P (MW)

1 2 52,385 -2,06 0,478

1 3 27,615 4,552 0,326

2 4 17,279 3,489 0,168

3 4 24,89 4,179 0,08

2 5 29,549 5,877 0,401

2 6 15,696 6,264 0,161

4 6 -5,781 11,552 0,02

5 7 -5,052 6,502 0,033

6 7 28,092 3,057 0,206

6 8 19,965 23,352 0,112

6 9 -11,667 -2,607 0




v

Cong suat tac

Cong suét phan

Tén that cong suat tac

Tundt | Toindt | g 'p (MW) | khéng Q (MVAr) dung P (MW)
6 10 26,663 13 0

9 1 0 71,05 0

9 10 11,667 20.793 0

4 12 719,808 33.038 0

12 13 40 112,933 0

12 14 3.153 0,682 0,013
12 15 20,147 0,629 0,001
12 16 5,896 1,159 0,033
14 s 33,06 0.112 0,021
16 17 2,362 0.344 0,005
15 18 8.805 0,465 0,079
18 19 5,526 0,454 0,019
19 20 3,994 [1,951 0,006
10 20 6.236 0,669 0,036
10 17 6,661 3.427 0,019
10 21 20,718 2,955 0.144
10 0 216,309 3,522 0,19
21 2 238,362 213,406 0,178
15 23 220,233 20,125 0,386
2 24 55,039 5204 0,063
23 2% 6.181 1.592 0.051
24 25 7,672 2.194 0.116
25 26 3.537 1.284 0,037
25 27 211,326 1,787 0,134
28 27 330,285 5,459 0

27 29 6,182 20,109 0,077
27 30 7.072 0,164 0.147
29 30 3.706 20,067 0,031
8 23 210,147 6,01 0,08
6 28 719,993 22,076 0,065




\%
B. Phu luc 2: So' d6 khéi lap trinh phan mém

B.1. So' db khéi tinh téng cong suit phdt I6n nhit lén 1 pha luéi di¢gn ha dp bing thugt todn
di truyén (xdy dung trén Mablab)

Poc so ligu tur file excel trong thu muyc input vé: thong so

nut, nhanh, tai, h¢ so lai, hé so dot bién, gidi han dién ap

nut, dong dién nhanh, s6 nut, dién ap nit nguon, sO bude
lap

Xay dung quan thé ban dau: 1. Xac dinh chiéu dai NST dya
theo Ppvwtmax va s6 lugng PVWT trong NST; 2. Tao quan thé
ban dau (sir dung ham createpopsizetrue). Chi ldy nhitng NST
(gdm cong sudt PVWT tai cac nut ghép lai) dam bao diéu kién
dién ap nat va dong dién nhanh nim trong gia tri cho phép (sir
dung ham singlephasecalculator va checkNST)

\4

Bit ddu budc lap cac phép toan: Chon loc (str dung ham
selectionstep); lai ghép (st dung ham crossoverstep); dot
bién (str dung ham muation). Kiém tra NST c6 dam bao
diéu kién dién ap nut va dong dién nhanh nam trong gia
tri cho phép? (sur dung ham singlephasecalculator va
checkNST). Néu dién 4p nut va dong dién nhanh khong
nam trong gia tri cho phép thi cho ham muc tiéu cia NST
do bé'mg 0; lua chon quén thé cho thé hé sau. Kiém tra
tinh hoi tu cua thuat toan va ghi két qua file excel trong
thu muyc resultmaxpvwt1p




vi

B.2. So db khéi tinh phin bé céng sudt toi wu cho cdc nha mdy dién trong lwéi dién 3 pha —
OPF (xdy dung trén Mablab)

Doc s6 liéu tir file excel trong thu muc input vé: thong sb
nut, nhanh, tai, chi phi phat dién tai cac t0 may, sai so can
dat duoc

Kiém tra cac thong s6 dau vao va dat lai cac gia tri con thiéu
cua cac thong so (st dung ham opf args), dat cau truc tuong
ung cua cac bién (st dung ham opf setup)

+ Bit dau bude lap tinh gid tri tdi wu ciia bién (sir dung
ham opf_exc).

+ Sau khi chuin hoa cdu tric twong tmg giita bai toan tdi
uu ludi dién 3 pha va ham td1 uu chuén, thuat toan sé tinh
gia tri t6i wu ciia ham da chuén hoa (sir dung ham
pphcopf_solver). Trong ham tinh t6i wru s& dat gi tri dau
ctia cac bién va thyc hién cac ham: tinh ma trdn dién dan
(str dung ham makeYbus); tinh tong chi phi phat dién,
tinh dao ham bac 1 va bac 2 cua téng chi phi phat dién
theo cong suat tic dung va cong sudt phan khang cua cac
nha may (su dung ham opf  fcost); tinh gid tri va gia tri
dao ham cua cac ham ding thirc, bt déng thirc theo dién
ap, goc pha dién ap(stt dung ham opf fcons); tinh dao
ham bac 2 ciia ham muc ti€u, cac ham dfmg thire va bat
dang thirc theo cac bién (str dung ham opf _fhess); tinh
céc gid tri t6i wu ctia bién theo phuong phap ham chin (sir
dung ham pphc)

+ Khi tinh toan bai toan tbi wu chuin cho két qua hdi ty,
Kkét qua ham muyc tiéu, di€n ap nat, dong dién nhanh, cong
suét phat cua cac td may s& duoc ghi vao file excel trong
thu muc Resultopf




vii

B.3. So dé khoi tinh tong cong ¢ suat I6n nhit ciia nguon di¢n gio, dign mat troi phat lén lugi
khi xét dén diéu khién cong sudt toi wu cua cdc nguon di¢n truyen thong va hé so co lgi trong
luoi dién 3 bang thudt todan di truyen (xdy dung trén Mablab)

Doc s6 liéu tir file excel trong thu muc input vé: théng sb nut, nhanh, tai, ngudn,
chi phi phat dién, hé so6 lai, hé s6 dot bién, so lugng ca thé trong quan the, gidi
han dién ap nut, dong dién nhanh.

+ Tinh phan b cong suét t6i uru cho cac nha may dién truyén
thdng va cho két qua hoi tu. Néu két qua khong hoi tu thi dung
bai toan va két luan bai toan khong hoi tu
+ Xay dyung quan thé ban dau: 1. Xac dinh chiéu dai NST dya
theo Ppvwtmax va s6 lugng PVWT trong NST; 2. Tao quan thé
ban dau (sir dung ham createpopsizetrue). Chi ldy nhitng NST
(thanh phan 1a cong suat PVWT tai cac niit ghép lai) khi tinh
phan bd cong suat tdi uu cho cac nha may dién truyén thong xét
dén cac nguon PVWT két néi ludi phat 100% cong suat cho két
qua hdi tu (st dung ham opf).

Bit déu budc lap cac phép toan: Chon loc (st dung ham

selectionstep); lai ghép (str dung ham crossoverstep); dot

bién (str dung ham muation). Kiém tra NST c6 dam bao

didu kién phan b cong suét tbi vu cho cac nha may dién

truyén thong xét dén cac ngudn PVWT két ndi ludi phat
100% cong suat cho két qua hoi tu hay khong(str dung

ham opf). Néu két qua khong hoi tu thi cho ham muc tiéu
cua NST do béng 0; lra chon qu?m thé cho thé hé sau.
Kiém tra tinh hoi tu cta thuat toan va ghi két qua file

excel trong thu myc resultmaxpvwt3p
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B.4. So dé khoi tinh tong cong ¢ suat I6n nhit ciia nguon di¢n gio, dign mat troi phat lén lugi
khi xét dén diéu khién cong sudt toi wu ciia cdc nguon dién truyen thong va hé so co lgi trong
luoi dién 3 bang thudt todn bay dan (xdy dung trén Mablab)

Doc s6 liéu tir file excel trong thu muc input vé: théng s6 nit, nhanh, tai, ngudn, chi phi
phat di€n, cac hé so do tin cay va hi€u suat ho tro tim kiém C;, Cmax, SO lugng ca thé trong
quan the, gioi han dién ap nut, dong dién nhanh.

+ Tinh phéan b cong suét t6i wru cho cac nha may dién truyén
thong va cho két qua hoi tu. Néu két qua khong hoi tu thi ding
bai toan va két luan bai toan khong hoi tu
+ Xay dung quén thé ban dau: 2. Tao quén thé ban dau gdm vi
tri va téc do ban dau. Chi 1y nhimg céac thé (thanh phan 1a cong
suat PVWT tai cc nut ghép lai) khi tinh phén b cong suat tbi
wu cho cac nha may dién truyén théng xét dén cac ngudn
PVWT két ndi lu6i phat 100% cong suat cho két qua hdi tu (sir
dung ham opf).

+ Bit dau budc ldp cac phép toan: Chon ra cuc tri dia
phu’orng, cuc tri toan cuc. Tinh vi tri méi va van tbc méi
clia ca thé. Kiém tra vi tri mdi cua ca thé co dam bao diéu
kién phan b6 cong suit ti wru cho cic nha may dién
truyén théng xét dén cac ngudn PVWT két ndi ludi phat
100% cong suat cho két qua hoi tu hay khéng(sfx dung
ham opf). Néu két qua khong hoi tu thi tim lai vi tri méi
clia cac thé. Kiém tra tinh hoi tu ctia thuat toan va ghi két
qua file excel trong thu muc resultmaxpvwt3p
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B.5. So do khoi swr dung mang no ron nhan tao dw bdo cong sudt phdt cua gian pin mdt troi,
tua bin gio, cong sudt tiéu thu cua phu tdi dién, gia dién (xdy dung trén Mablab)

Doc s6 lidu tir file excel trong thur muc input vé cong suat phat cua gian pin mat
troi/tua bin gid/cong suat ti€u thu cta phy tai dién/gia dién, trang thai thoi tiét va
du bao thoi tict. Dat gia tri phan tram cia bg so liéu st dung cho kiém tra

+ Tuy vao cac mo hinh khac nhau, chia tap $6 liéu thanh tap s6 liéu str dung cho dao tao, stir
dung cho kiém tra. Trong mdi tap s6 liéu lai chia 1am s6 liéu dau vao va sb liéu dau ra tuong
ung.

+ Str dung tép s0 liéu dao tao dé dao tao mang (sir dung ham ffanetwork). Sau khi dao tao xong,
cac thong so cua mang da dao tao s€ dugc luu va str dung dé du bao. Dy bao cong suat phat ctua
gian pin mat troi, tua bin gio, cong sudt tiéu thy cua phu tai dién, gia dién trong bo s lidu dé
kiém tra(sir dung ham ffnnetpredict). So sanh sai s6 trong bo s6 liéu sir dung dé kiém tra giira
cédc md hinh khac nhau dé chon mé hinh cho sai s6 nho nhat. Két qua thir nghiém cho thdy mé

hinh 4 véi du bao cong suat phat cho gian pin mit troi, tua bin gid; mé hinh 3 voi du bao cong
suét tiéu thu cua phu tai dién, gia dién cho sai s6 nho nhét nén duge lua chon va st dung

+Voi mdi gian pin, tua bin gi6, phu tai dién, gia dién s€ thu thap bo
s6 liéu riéng tuong u’ng, dao tao va luu thong s6 cia mang no ron da
dao tao cua ting gian pin, tua bin gi6 (sir dung mo hinh 4) va cong
suét tiéu thu cua phu tai dién, gid dién (su dung md hinh 3).
+ Cong sudt phat cuia moi gian pln tua bin gio, cong suat tleu thu cta
phu tai dién, gia dién cua ngay tiép theo (48 thoi diém mdi thoi diém
céch nhau 30 phut tir 0h00 dén 23h30) s& dugc du bao khi dwa s6 liéu
dau vao tuong ung va dugc luu trong thu muc Resultpv, Resultwt,
Resultec, Resultpr dé st dung cho bai toan tim thdi diém dong/cit
phu tai t6i vu nhit
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B.6. So' d6 khoi tinh thoi diém déng/cit phu tdi t6i wu bang thudt todn di truyén (xdy dung
trén Mablab)

Doc s lidu tir file excel trong thu myc input vé: thong s6 nat, nhanh, tai, dién ap
cho phép 16n nhat, nhé nhat, s6 nut, dién ap ntit nguon, so lugng va dir liéu dau
vao du béo clia gian pin, tua bin gio, phu tai, s6 budc lap, hé so lai, hé s6 dot bien

Duy bao cong suit phat ciia mdi gian pin, tua bin gi6, cong suét
tiéu thu cua phu tai, gia dién vao 48 thoi diém (tir 0h00 dén
23h30) cua ngay tiép theo dua vao sb lidu dau vao va mang no
ron tuong Ung da dugc dao tao

Xay dung quan thé ban dau: 1. Xac dinh chiéu dai NST dua theo thoi gian dugc
phép dong phu tai s6 lugng phu tai didu khién dugc; 2. Tao quén thé ban dau (st
dung ham createpopsizetrue). Chi 1y nhitng NST (gém thoi dlem dong phu tai
ghép lai) dam bao diéu kién dién ap niit va dong dién nhanh nam trong gia tri
cho phép khi xét dén cac gian pin mit troi, tua bin gid, phu tai dién, gia dién 1a
cac gia tri du bao ¢ budc trén (sit dung ham singlephasecalculator va checkNST)

Bit ddu budce lip cac phép toan: Chon loc (st dung ham
selectionstep); lai ghép (sir dung ham crossoverstep); dot
bién (str dung ham muation). Kiém tra NST c6 dam bao
diéu kién dién ap niit va dong dién nhanh nim trong gia
tri cho phép? (sur dung ham singlephasecalculator va
checkNST). Néu dién 4p nut va dong dién nhanh khong
nam trong gia tri cho phép thi cho ham muc tiéu cia NST
do béng 0; Iva chon qu?m thé cho thé hé sau. Kiém tra
tinh hoi tu cia thuat toan va ghi két qua file excel trong
thu muc resultop
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B.7. So' d6 khéi tinh thoi diém déng/cit phu tdi t6i wu bang thudt todn di truyén (xdy dung
trén Mablab)

boc s lidu tir file excel trong thu muc input vé: cong suat gian pin, cong suat va
s6 lugng phu tai, dung luong pin xe dién, cong suit bd sac, x4, s6 lugng xe dién.

Phat sinh s6 nglu nhién trong cac s tir 1 dén 17520 (sb thoi
diém cach nhau 30 phut trong ca nim). Phat sinh sb ngau nhién
1a dung luong pin hién tai ciia xe dién (nim trong khoang nho
nhit va 16n nhét)

Kiém tra thoi diém mat dién co xac xuit nho hon thoi gian mét dién trung binh
trong nam khong. Kiém tra diéu kién pin c6 du cung cap nang luong cho phu tai
o thoi dlem d6 khong? Ting tong thoi gian mét dién (SAIDI) khi thoi diém mét
dién ngau nhién nho hon thoi gian mét dién trung binh trong nim va pin khong
du cung cip nang luong cho phu tai. Tinh trung binh cho cic nam va ghi két qua
tinh toan vao file excel
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C. Phu luc 3: M lap trinh phin mém

C1. M lp trinh cho bai todn tinh cong sudt Ién nhit ciia nguén di¢n gié, dién mt troi két
noi vao 1 pha luoi dién ha dap

C.1.1. Ham maxpvonephase — Két noi véi niit GA MAX PVWT SPLV trong giao dién guide

inputfilename = 'Input/inputlvg2 .xlIsx';

outputfilename='Resultmaxpvwt1p/resultgabb01.x1sx";

Sheet="info';

Location='B2:B9';

INfo = xIsread(inputfilename,Sheet,Location);

nodenum=INfo(1);

UO0=INfo(2);

Udm=INfo(3);

popsize=INfo(4);

pc=INfo(5);

pm=INfo(6);

Umax=INfo(7);

Umin=INfo(8);

Sheet="node";

locastr1="A2:I';

totallengstr=int2str(nodenum-+1);

locastr=strcat(locastrl,totallengstr);

Location=locastr;

Node = xIsread(inputfilename,Sheet,Location);

Sheet="branch';

locastr1="A2:E";

totallengstr=int2str(nodenum-+1);

locastr=strcat(locastrl,totallengstr);

Location=locastr;

Branch = xIsread(inputfilename,Sheet,Location);

Ploadt=0;

for i=1:nodenum
maxlinePV=Udm*Branch(i,5)/1000;
maxnodePV=Node(i,9);
newmaxPV=min(maxlinePV,maxnodePV);
Node(i,9)=newmaxPV;
Ploadt=Ploadt+Node(i,2);

end

PVmaxtong=Branch(1,5)*Udm/1000+Ploadt;

maxP=PVmaxtong;

addrand=20;

Nload=10;

m=70;

npopsize=20;

PopsizeNST=f202105createpopsizetrue(npopsize,m,Nload,maxP,addrand,Node,Branch,noden

um,U0,Udm,Umax,Umin);

[fmax,

Pifmax]=f202105calfmax(PopsizeNST,m,Nload,Node,Branch,nodenum,U0,Udm,Umax,Umi

n);
GAresult=[];
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GAres(1,1)=1;
GAres(1,2)=fmax;
GAresult=[ GAres,Pifmax'];
for iloop=1:5000
loophere=iloop
beforepopsize=PopsizeNST;

beforef=f202105calfpopsize(PopsizeNST,m,Nload,Node,Branch,nodenum,U0,Udm,Umax,U
min);

beforepopf=[beforepopsize,beforef];
PopszNSTselection=f202105selectionstep(PopsizeNST,m,Nload,Node,Branch,nodenum,U0,
Udm,Umax,Umin);

PopsizeNST=PopszNSTselection;

PopszNSTcross= 202 105crossoverstep(PopsizeNST,pc);

PopsizeNST=PopszNSTcross;

PopsizeNSTnewmu=f202105muation(PopsizeNST,pm);

PopsizeNST=PopsizeNSTnewmu,

afterpopsize=PopsizeNST;

afterf=f202105calfpopsize(PopsizeNST,m,Nload,Node,Branch,nodenum,U0,Udm,Umax,Umi
n);
afterpopf=[afterpopsize,afterf];
popf=[beforepopf;afterpopf];
[rf,cf]=size(popf);
popfsort=sortrows(popf,cf,'descend');
for ir=1:npopsize
for ic=1:cf-1
PopsizeNST(ir,ic)=popfsort(ir,ic);
end
fpopsize(ir,iloop)=popfsort(ir,cf);
end
[fmax,
Pifmax]=f202105calfmax(PopsizeNST,m,Nload,Node,Branch,nodenum,U0,Udm,Umax,Umi
n);
Pifmax
fmax
GAres(1,1)=iloop;
GAres(1,2)=fmax;
GAresu=[GAres,Pifmax'];
GAresult=[ GAresult;GAresu];
end
xIswrite(outputfilename,GAresult,'gares');
xIswrite(outputfilename, fpopsize',' fpopsize');
C.1.2. Ham createpopsizetrue
function
PopsizeNST=f202105createpopsizetrue(npopsize,m,Nload,maxP,addrand,Node,Branch,noden
um,U0,Udm,Umax,Umin)
PopsizeNST=[];
npop=0;
while npop<npopsize
NSTin=f202105createNST01(m,Nload,maxP,addrand);
mi=m/Nload;
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Pimatr=f202105cutNSTtoPi(mi,NSTin);
Node = 202105ghepPivaoNode(Pimatr,Node);
[Qmatr,PQline,UI]=f202105singlephasecalculator(Node,Branch,nodenum,U0,Udm);
checkNST=f202105checkNST(UI,Branch,Umax,Umin);
if checkNST==1
npop=npop+1;
PopsizeNST=[PopsizeNST;NSTin];
end
end
C.1.3. Ham selectionstep
function
PopszNSTselection=f202105selectionstep(PopsizeNST,m,Nload,Node,Branch,nodenum,U0,
Udm,Umax,Umin)
[npopsize,~]=size(PopsizeNST);
mi=m/Nload;
for ipopsize=1:npopsize
NSTin=PopsizeNST(ipopsize,:);
fnst = £202105functionvalue(NSTin,mi);
Pimatr=202105cutNSTtoPi(mi,NSTin);
Node = 202105ghepPivaoNode(Pimatr,Node);
[~,~,UI]=f202105singlephasecalculator(Node,Branch,nodenum,U0,Udm);
checkNST=f202105checkNST(UI,Branch,Umax,Umin);
if checkNST==0
fnst=0
end
Fpopsize(ipopsize, 1)=fnst;
end
ftotal=0;
for ipopsz=1:npopsize
ftotal=ftotal+Fpopsize(ipopsz,1);
end
for ipopsz=1:npopsize
Ppopsz(ipopsz,1)=Fpopsize(ipopsz, 1 )/ftotal;
end
for ipopsz=1:npopsize
qi=0;
for jpopsz=1:ipopsz
qi=qi+Ppopsz(jpopsz,1);
end
Qpopsz(ipopsz,1)=qi;
end
for ipopsz=1:npopsize
Rulet(ipopsz,1)=rand(1);
end
for ipopsz=1:npopsize
ripopsz=Rulet(ipopsz,1);
for jg=2:npopsize
if ripopsz<Qpopsz(jq,1)
if ripopsz>Qpopsz(jq-1,1)
PopsizeNST(ipopsz,:)=PopsizeNST(jq,:);
end
end
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end
end
PopszNSTselection=PopsizeNST;
f202105crossoverstep
C.1.4. Ham crossoverstep
function PopszNSTcross= f202105crossoverstep (PopsizeNST,pc)
[npopsize,~]=size(PopsizeNST);
PopszCross=[];
idcr=1;
for ipopsz=1:npopsize
rcross=rand(1);
if rcross<pc
PopszCross=[PopszCross;PopsizeNST(ipopsz,:)];
idPopszCross(idcr, 1 )=ipopsz;
idcr=ider+1;
end
end
idParentCr=f202105createparentcross(idPopszCross);
[rp,~]=size(idParentCr);
if rp>0
PopszNSTcross=f2021005crossover(PopsizeNST,idParentCr);
end
C.1.5. Ham muation
function PopsizeNSTnewmu=f202105muation(PopsizeNST,pm)
PopsizeNSTnewmu=PopsizeNST;
[rm,cm]=size(PopsizeNST);
for im=1:rm
for jm=1:cm
murand=rand(1);
if murand<pm
PopsizeNSTnewmu(im,jm)=1-PopsizeNST(im,jm);
end
end
end

C.1.6. Ham singlephasecalculator — Tinh dién dp nut, dong di¢n nhdanh trong 1 pha luoi
dién ha ap

function [Qmatr,PQline,UI]=f202105singlephasecalculator(Node,Branch,nodenum,U0,Udm)
Plinebefore=0;
Qlinebefore=0;
for i=1:nodenum
for j=1:3
P=Node(nodenum-i+1,2+(j-1)*2);
cosphi=Node(nodenum-i+1,3+(j-1)*2);
if P==0
Qmatr(nodenum-i+1,j)=0;
else
Qmatr(nodenum-i+1,j)=round(sqrt((P/cosphi)"2-P"2),3);
end
end
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Ploaduc=Node(nodenum-i+1,2);
Ploadc=Node(nodenum-i+1,4);
Ppv=Node(nodenum-i+1,6);
Qloaduc=Qmatr(nodenum-i+1,1);
Qloadc=Qmatr(nodenum-i+1,2);
Qpv=Qmatr(nodenum-i+1,3);
Plineafter= Plinebefore+Ploaduc+Ploadc-Ppv;
Qlineafter= Qlinebefore+Qloaduc+Qloadc-Qpv;
Riminusandi=Branch(nodenum-i+1,3);
Ximinusandi=Branch(nodenum-i+1,4);
deltaPline=10"3*Riminusandi*(Plineafter"2+Qlineafter"2)/Udm"2;
deltaQline=10"3*Ximinusandi*(Plineafter"2+Qlineafter"2)/Udm"2;
Plinebefore=Plineafter+deltaPline;
Qlinebefore=Qlineafter+deltaQline;
PQline(nodenum-i+1,1)=Plineafter;
PQline(nodenum-i+1,2)=Qlineafter;
PQline(nodenum-i+1,3)=deltaPline;
PQIline(nodenum-i+1,4)=deltaQline;
PQline(nodenum-i+1,5)=Plinebefore;
PQline(nodenum-i+1,6)=Qlinebefore;
end
Uim1=U0;
for i=1:nodenum
Plinebefore=PQline(i,5);
Qlinebefore=PQline(i,6);
R=Branch(i,3);
X=Branch(i,3);
deltaU=round(10"3*(Plinebefore*R-+Qlinebefore*X)/Uim1,3);
Ui=Uim1-deltaU;
li=round(10"3*sqrt(Plinebefore”"2+Qlinebefore”2)/Uim1,3);
UI@,1)=Ui;
UI(i,2)=deltaU;
UI@,3)=11;
Uim1=Ui;
end

C.1.7. Ham calfmax

function [fmax,
Pifmax]=f202105calfmax(PopsizeNST,m,Nload,Node,Branch,nodenum,U0,Udm,Umax,Umi
n)
[npopsize,~]=size(PopsizeNST);
mi=m/Nload;
for ipopsize=1:npopsize
NSTin=PopsizeNST(ipopsize,:);
fnst = £202105functionvalue(NSTin,mi);
Pimatr=f202105cutNSTtoPi(mi,NSTin);
Node = 202105ghepPivaoNode(Pimatr,Node);
[~,~,UI]=f202105singlephasecalculator(Node,Branch,nodenum,U0,Udm);
checkNST=f202105checkNST(UI,Branch,Umax,Umin);
if checkNST==0
fnst=0;
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end

Fpopsize(ipopsize, 1 )=fnst;
end
[fmax,imax]=max(Fpopsize);
NSTmax=PopsizeNST(imax,:);
Pifmax=f202105cutNSTtoPi(mi,NSTmax);

C.1.8. Ham calfpopsize

function
Fpopsizenst=f202105calfpopsize(PopsizeNST,m,Nload,Node,Branch,nodenum,U0,Udm,Uma
x,Umin)
[npopsize,~]=size(PopsizeNST);
mi=m/Nload;
for ipopsize=1:npopsize
NSTin=PopsizeNST(ipopsize,:);
fnst = £202105functionvalue(NSTin,mi);
Pimatr=f202105cutNSTtoPi(mi,NSTin);
Node = 202105ghepPivaoNode(Pimatr,Node);
[~,~,UI]=f202105singlephasecalculator(Node,Branch,nodenum,U0,Udm);
checkNST=f202105checkNST(UI,Branch,Umax,Umin);
if checkNST==0
fnst=0;
end
Fpopsize(ipopsize, 1)=fnst;
end
Fpopsizenst=Fpopsize;

C.1.9. Ham checkNST

function checkNST=f202105checkNST(UI branch,Umax,Umin)
[renst,~]=size(Ul);
checkNST=1;
for icnst=1:rcnst
Unode=Ul(icnst,1);
if Unode>Umax
checkNST=0;
else
if Unode<Umin
checkNST=0;
end
end
Ibr=Ul(icnst,3);
Ibrmax=branch(icnst,5);
if Ibr>Ibrmax
checkNST=0;
end
end

C.1.10. Ham createNSTO01

function NSTin=f202105createNST01(m,Nload,maxP,addrand)
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for i=1:m
NSTin(1,1)=0;
end
cA=0;
numsingleNST=m/Nload,
oldmaxP=0;
for i=1:numsingleNST
maxPi=maxP-oldmaxP;
nmax=fix(maxPi/2”(numsingleNST-i));
A=[];
maxR=Nload+addrand;
if nmax>0
for j=1:nmax
A(1,j)=randi([1,maxR]);
end
end
[~,cA]=size(A);
if cA>0
for k=1:cA
if A(1,k)<=Nload
NSTi=A(1,k);
NSTin(1,i+(NSTi-1)*numsingleNST)=1;
oldmaxP=oldmaxP+2"(numsingleNST-i);
else
cA=0;
end
end
end
end

C2. M lap trinh cho bai todn téi wu trao luwu cong sudt
C.2.1. Ham calopf - Két néi véi nist OPF CALCULATION trong giao di¢n guide

global gbusnumber

gbusnumber=23;

inputfilename = 'ieee23bus.xls';

Sheet="bus";

Location="A3:M25';

Rbus = xIsread(inputfilename,Sheet,Location);
Sheet='gen’";

Location="A3:U12";

Rgen = xIsread(inputfilename,Sheet,Location);
Sheet="branch';

Location="A3:M30";

Rbranch = xIsread(inputfilename,Sheet,Location);
Sheet="areas";

Location="A2:B2',

Rareas = xIsread(inputfilename,Sheet,Location);
Sheet='gencost';

Location="'A3:G12";

Rgencost = xIsread(inputfilename,Sheet,Location);
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global GbaseMVA
GbaseMVA=100;

global Gbus

Gbus = Rbus;

global Ggen

Ggen = Rgen;

global Gbranch

Gbranch = Rbranch;

global Gareas

Gareas = Rareas;

global Ggencost

Ggencost = Rgencost;

[latstt, latsttopt] = opf ag(baseMV A, bus, gen, branch, areas, gencost, Au, Ibu, ubu, latsttopt,
N, fparm, H, Cw, z0, zl, zu);

nb = size(latstt.bus, 1);

nl = size(latstt.branch, 1);

ng = size(latstt.gen, 1);

latstt = ext2int(latstt);

om = opf_setup(latstt, latsttopt);
[results, success, raw] = opf exc(om, latsttopt);
results = int2ext(results);

global gbusnumber
Fnvalue=gbusnumber;
Fnl1='resultieee’;
Fn12=int2str(Fnvalue);
Fn13="bus.xlIs";
Fn=strcat(Fn11,Fn12,Fn13);
global rbranch
rbranch=results.branch;

global rgen

rgen=results.gen;
A=results.branch;

[rm cm]=size(A);

Rs21='A2:U";
Rs22=int2str(rm+1);
Rs2=strcat(Rs21,Rs22);
xIswrite(Fn,A,'branch’,Rs2);
B=results.gen;

[rm cm]=size(B);

Rs21='A2:Y";
Rs22=int2str(rm+1);
Rs2=strcat(Rs21,Rs22);
xlswrite(Fn,B,'gen',Rs2);
C=results.f;
xlswrite(Fn,C,'f','A2:A2");
D=results.et;
xlswrite(Fn,D,'et',)A2:A2");
E=results.success;
xlswrite(Fn,E,'success','/A2:A2");
xIswrite('Resultopf/result.xls',A,'branch');
xlswrite('Resultopf/result.xls',B,'gen');
xlswrite('Resultopf/result.xls',C,'target");
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xIswrite('Resultopf/result.xls',D,'time");
xIswrite('Resultopf/result.xls',E,'focus");

I=results.var.val.Va;
xIswrite('Resultopf/result.xls',I,'va');
Rx=results.x;
xlswrite(Fn,Rx,'x");
Rva=results.var.val.Va;
Rvm=results.var.val.Vm;
Rmbus=latstt.bus;
for ri=1:nb

for rj=1:13

Busr(ri,rj)=Rmbus(ri,rj);

end

Busr(ri, 14)=Rvm(ri);

Busr(ri, 15)=Rva(ri);
end
Rs21='A2:0";
Rs22=int2str(nb+1);
Rs2=strcat(Rs21,Rs22);
xIswrite('Resultopf/result.xls',Busr,'bus’,Rs2);

C.2.2. Ham opf ag

function [baseMVA, bus, gen, branch, gencost, Au, 1bu, ubu,latsttopt, N, fparm, H, Cw, z0, zl,
zu, userfen, areas] = opf ag(baseMVA, bus, gen, branch, areas, gencost, Au, 1bu, ubu,
latsttopt, N, fparm, H, Cw, z0, zl, zu)
userfcn = [];
if ischar(baseMVA) || isstruct(baseMV A)

casefile = baseMVA;

zu =[];
zl ={];
20 =[J;
Cw =[],
H = sparse(0,0);
fparm = [];

N = sparse(0,0);
latsttopt = bus;
ubu =[];
lbu =J;
Au = sparse(0,0);
[baseMVA, bus, gen, branch, gencost] = deal(latstt.baseM VA, latstt.bus, latstt.gen,
latstt.branch, latstt.gencost);
if isfield(latstt, 'areas")
areas = latstt.areas;
else
areas = [];
end
if isempty(z0) && isfield(latstt, 'z0")
z0 = latstt.z0;
end
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if isempty(zl) && isfield(latstt, 'zl")
zIl = latstt.zl;
end
if isempty(zu) && isfield(latstt, 'zu')
zu = latstt.zu;
end
if isempty(userfcn) && isfield(latstt, 'userfen')
userfen = latstt.userfen;
end
end
if ~isempty(Au)
[latstt.A, latstt.1, latstt.u] = deal(Au, Ibu, ubu);
end
if ~isempty(N)
[latstt.N, latstt.Cw | = deal(N, Cw);
if ~isempty(fparm)
latstt.fparm = fparm;
end
if ~isempty(H)
latstt. H = H;
end
end
if ~isempty(z0)
latstt.z0 = z0;
end
if ~isempty(zl)
latstt.zl = zl;
end
if ~isempty(zu)
latstt.zu = zu;
end
if ~isempty(userfcn)
latstt.userfcn = userfen;
end
baseMVA = latstt;
bus = latsttopt;

C.2.3. Ham opf setup
function om = opf_setup(latstt, latsttopt)

[PQ, PV, REF, NONE, BUS [, BUS TYPE, PD, QD, GS, BS, BUS AREA, VM, VA,
BASE KV, ZONE, VMAX, VMIN, LAM P, LAM Q, MU VMAX, MU VMIN] =
idx_bus;

[GEN_ BUS, PG, QG, QMAX, QMIN, VG, MBASE, GEN STATUS, PMAX,

PMIN.MU PMAX, MU PMIN, MU QMAX, MU QMIN, PC1, PC2, QCIMIN,
QCIMAX,QC2MIN, QC2MAX, RAMP_AGC, RAMP 10, RAMP 30, RAMP_Q, APF] =
idx_gen;

[F BUS, T BUS, BR R,BR X, BR B,RATE A, RATE B, RATE C,TAP, SHIFT,

BR _STATUS, PF, QF, PT, QT, MU_SF, MU ST, ANGMIN, ANGMAX, MU ANGMIN,
MU ANGMAX] =idx_brch; [PW_LINEAR, POLYNOMIAL, MODEL, STARTUP,
SHUTDOWN, NCOST, COST] =idx_cost;
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nb = size(latstt.bus, 1);

nl = size(latstt.branch, 1);

ng = size(latstt.gen, 1);

[baseM VA, bus, gen, branch, gencost, Au, lbu, ubu, latsttopt, N, fparm, H, Cw, z0, zl, zu,
userfen] = opf ag(latstt, latsttopt);

Va =bus(:, VA) * (pi/180);

Vm =bus(;, VM);

Vm(gen(:, GEN_BUS)) = gen(:, VG);

Pg =gen(:;, PG)/baseMVA;

Qg =gen(:, QG) / baseMVA;

Pmin = gen(:, PMIN) / baseMVA;

Pmax = gen(:, PMAX) / baseMVA;

Qmin = gen(:, QMIN) / baseMVA;

Qmax = gen(:, QMAX) / baseMVA;

[Av], Ivl, uvl] = makeAvl(baseMVA, gen);

[Apgh, ubpgh, Apql, ubpql, Apqdata] = makeApq(baseMVA, gen);
Vau = Inf * ones(nb, 1);

Val = -Vau;

Vau(refs) = Va(refs);

Val(refs) = Va(refs);

[Aang, lang, uang, iang] = makeAang(baseMVA, branch, nb, latsttopt);
om = opf model(latstt);

om = userdata(om, 'Apqdata’, Apqdata);

om = userdata(om, 'iang', iang);

om = add _vars(om, 'Va', nb, Va, Val, Vau);

om = add_vars(om, 'Vm', nb, Vm, bus(:, VMIN), bus(:, VMAX));
om = add vars(om, 'Pg', ng, Pg, Pmin, Pmax);

om = add vars(om, 'Qg', ng, Qg, Qmin, Qmax);

om = add_constraints(om, 'Pmis', nb, 'nonlinear’);

om = add_constraints(om, 'Qmis', nb, 'nonlinear');

om = add_constraints(om, 'Sf', nl, 'nonlinear');

om = add_constraints(om, 'St', nl, 'nonlinear');

om = add_constraints(om, 'PQh', Apqgh, [], ubpgh, {'Pg','Qg'});
om =add _constraints(om, 'PQI', Apql, [], ubpql, {'Pg','Qg'});

om =add constraints(om, 'vl', Avl, Ivl, uvl, {'Pg','Qg'});

om = add constraints(om, 'ang', Aang, lang, uang, {'Va'});

C.2.4. Ham opf exc
function [results, success, raw] = opf_exc(om, latsttopt)

[PQ, PV, REF, NONE, BUS [, BUS TYPE, PD, QD, GS, BS, BUS AREA, VM, VA,
BASE KV, ZONE, VMAX, VMIN, LAM P, LAM Q, MU VMAX, MU VMIN] =
idx_bus;

[GEN_ BUS, PG, QG, QMAX, QMIN, VG, MBASE, GEN STATUS, PMAX,

PMIN.MU PMAX, MU PMIN, MU QMAX, MU QMIN, PC1, PC2, QCIMIN,
QCIMAX,QC2MIN, QC2MAX, RAMP_AGC, RAMP 10, RAMP 30, RAMP_Q, APF] =
idx_gen;

[F BUS, T BUS, BR R,BR X, BR B,RATE A, RATE B, RATE C,TAP, SHIFT,

BR _STATUS, PF, QF, PT, QT, MU_SF, MU ST, ANGMIN, ANGMAX, MU ANGMIN,
MU ANGMAX] =idx_brch;

[vv, 1], nn] = get_idx(om);
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[results, success, raw] = pphcopf solver(om, latsttopt);
if success
results.gen(:, VG) = results.bus(results.gen(:, GEN_BUS), VM);
end
om_var_order = get(om, 'var', 'order');
for k = l:length(om_var_order)
name = om_var_order{k};
if getN(om, 'var', name)
idx = vv.il.(name):vv.iN.(name);
results.var.val.(name) = results.x(idx);
results.var.mu.l.(name) = results.mu.var.l(idx);
results.var.mu.u.(name) = results.mu.var.u(idx);
end
end
om_lin_order = get(om, 'lin', 'order");
for k = 1:length(om_lin_order)
name = om_lin_order{k};
if getN(om, 'lin', name)
idx = 1l.i1.(name):1LiN.(name);
results.lin.mu.l.(name) = results.mu.lin.1(idx);
results.lin.mu.u.(name) = results.mu.lin.u(idx);
end
end
om_nln_order = get(om, 'nln', 'order’);
for k = l:length(om_nIn_order)
name = om_nln_order{k};
if getN(om, 'nln', name)
idx = nn.il.(name):nn.iN.(name);
results.nln.mu.l.(name) = results.mu.nln.l(idx);
results.nln.mu.u.(name) = results.mu.nln.u(idx);
end
end

C.2.5. Ham pphcopf solver

function [results, success, raw]| = pphcopf solver(om, latsttopt)

[PQ, PV, REF, NONE, BUS I, BUS TYPE, PD, QD, GS, BS, BUS AREA, VM, VA,
BASE KV, ZONE, VMAX, VMIN, LAM P, LAM_Q, MU VMAX, MU VMIN] =

1dx bus;

[GEN_ BUS, PG, QG, QMAX, QMIN, VG, MBASE, GEN STATUS, PMAX,

PMIN,MU PMAX, MU PMIN, MU QMAX, MU QMIN, PC1, PC2, QCIMIN,
QCIMAX,QC2MIN, QC2MAX, RAMP_AGC, RAMP_10, RAMP 30, RAMP_Q, APF] =
idx_gen;

[F BUS, T BUS,BR R,BR X, BR B,RATE A, RATE B, RATE C,TAP, SHIFT,

BR _STATUS, PF, QF, PT, QT, MU_SF, MU _ST,ANGMIN, ANGMAX, MU ANGMIN,
MU ANGMAX] =idx_brch; [PW_LINEAR, POLYNOMIAL, MODEL, STARTUP,
SHUTDOWN, NCOST, COST] =idx_cost;

verbose = 1;

feastol = 5e-6;

gradtol = 1e-6;

comptol = le-6;

costtol = 1e-6;
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max_it = 150;

max_red = 20;

step_control = 0;

opt = struct( 'feastol', feastol, 'gradtol’, gradtol, 'comptol', comptol, 'costtol', costtol, 'max _it',
max_it, 'max_red', max_red, 'step_control', step control, 'cost mult', 1e-4, 'verbose',
verbose );

latstt = get_latstt(om);

[baseM VA, bus, gen, branch, gencost] = deal(latstt.baseMV A, latstt.bus, latstt.gen,
latstt.branch, latstt.gencost);

[vv, 1], nn] = get_idx(om);

nb = size(bus, 1);

nl = size(branch, 1);

ny=0;

[x0, xmin, xmax] = getv(om);

nx = size(x0, 1);

1=k
A = sparse(0,nx);
u=[l;

[Ybus, Yf, Yt] = makeYbus(baseMVA, bus, branch);

1l = xmin; uu = xmax;

ll(xmin == -Inf) = -1¢10;

uu(xmax == Inf) = lel0;

x0= (1l +uu)/2;

Varefs = bus(bus(:, BUS_TYPE) == REF, VA) * (pi/180);

x0(vv.il.Va:vv.iN.Va) = Varefs(1);

il = find(branch(:, RATE A) ~=0 & branch(:, RATE A) < 1el0);

nl2 = length(il);

f fen =opf fcost(x, om);

gh fen = opf fecons(x, om, Ybus, Yf{(il,:), Yt(il,:), latsttopt, il);

hess_fen = opf thess(x, lambda, cost mult, om, Ybus, Y1(il,:), Yt(il,:), latsttopt, il);

[x, f, info, Output, Lambda] = pphe(f_fcn, x0, A, 1, u, xmin, xmax, gh_fcn, hess_fen, opt);

Va=x(vv.il.Va:vv.iN.Va);

Vm = x(vv.il.Vm:vv.iN.Vm);

Pg =x(vv.il.Pg:vv.iN.Pg);

Qg = x(vv.11.Qg:vv.iN.Qg);

V =Vm .* exp(1j*Va);

bus(:, VA) = Va * 180/pi;

bus(:, VM) = Vm;

gen(:, PG) = Pg * baseMVA;

gen(:, QG) = Qg * baseMVA;

gen(:, VG) = Vm(gen(:, GEN_BUS));

St = V(branch(:, F BUS)) .* conj(Yf * V);

St = V(branch(:, T_BUS)) .* conj(Yt * V);

branch(:, PF) = real(Sf) * baseMVA;

branch(:, QF) = imag(Sf) * baseMVA;

branch(:, PT) = real(St) * baseMVA;

branch(:, QT) = imag(St) * baseMVA;

muSf = zeros(nl, 1);

muSt = zeros(nl, 1);

if ~isempty(il)
muSf(il) = 2 * Lambda.ineqnonlin(1:nl2) ¥ branch(il, RATE _A)/baseMVA;
muSt(il) = 2 * Lambda.ineqnonlin((1:nl2)+nl2) .* branch(il, RATE _A)/baseMVA;
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end

bus(:, MU VMAX) = Lambda.upper(vv.il.Vm:vv.iN.Vm);

bus(:, MU _VMIN) = Lambda.lower(vv.il.Vm:vv.iN.Vm);

gen(:, MU PMAX) = Lambda.upper(vv.il.Pg:vv.iN.Pg) / baseMVA;
gen(:, MU PMIN) = Lambda.lower(vv.il.Pg:vv.iN.Pg) / baseMVA;
gen(:, MU QMAX) = Lambda.upper(vv.i1.Qg:vv.iN.Qg) / baseMVA;
gen(:, MU QMIN) = Lambda.lower(vv.i1.Qg:vv.iN.Qg) / baseMVA,;
bus(:, LAM_P) = Lambda.eqnonlin(nn.il.Pmis:nn.iN.Pmis) / baseMVA;
bus(:, LAM_Q) = Lambda.eqnonlin(nn.il.Qmis:nn.iN.Qmis) / baseMVA;
branch(:;, MU _SF) = muSf/ baseMVA;

branch(:;, MU _ST) = muSt / baseMVA;

nlnN = getN(om, 'nln');

kl = find(Lambda.eqnonlin < 0);

ku = find(Lambda.eqnonlin > 0);

nl_mu_I = zeros(nlnN, 1);

nl_mu_u = [zeros(2*nb, 1); muSf; muSt];

nl mu_I(kl) = -Lambda.eqnonlin(kl);

nl mu u(ku) = Lambda.eqnonlin(ku);

C.2.6. Ham pphc

function [x, f, eflag, output, lambda] = pphc(f fen, x0, A, 1, u, xmin, xmax, gh_fcn, hess_fen,
opt)

nx = size(x0, 1);

=[5

A = sparse(0,nx);

u=[J;

nA=0
nonlinear=1;
if isempty(xmin)

xmin = -Inf * ones(nx, 1);
end
if isempty(xmax)

xmax = Inf * ones(nx, 1);
end

opt.feastol = Se-6;

opt.gradtol = le-6;

opt.comptol = le-6;

opt.costtol = le-6;

opt.max_it = 150;

opt.max_red = 20;

opt.step_control = 0;

opt.cost mult = 1e-4;

opt.verbose = 1;

hist(opt.max_it+1) = struct('feascond’, 0, 'gradcond', 0, 'colatsttond', 0, 'costcond', 0, 'gamma’,
0, 'stepsize', 0, 'obj', 0, alphap', 0, 'alphad’, 0);
xi=10.99995;

sigma = 0.1;

z0=1;

alpha_min = le-§;

rho_min = 0.95;

rho_max = 1.05;
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mu_threshold = le-5;
1=0;
converged = 0;
eflag = 0;
AA = [speye(nx); A];
11 = [xmin; 1];
uu = [xmax; u];
ieq = find( abs(uu-11) <= eps );
igt =find( uu>= lel0 & 11 >-1¢e10);
ilt = find( Il <=-1e10 & uu < 1el0);
ibx = find( (abs(uu-11) > eps) & (uu < 1e10) & (11 > -1e10) );
Ae = AA(eq, :);
be =uu(ieq);
Ai =[ AA(ilt, :); -AA(igt, :); AA(ibx, :); -AA(ibx, 1) |;
bi =[uu(ilt); -ll(igt); wuvu(ibx); -l(ibx)];
x = x0;
[f, df] = f fen(x);
f=f* opt.cost mult;
df = df * opt.cost_mult;
if nonlinear
[hn, gn, dhn, dgn] = gh_fen(x);
h =[hn; Ai * x - bi];
g =[gn; Ae * x - be];
dh = [dhn Ai'];
dg = [dgn Ae'];
else
h=Ai*x - bi;
g=Ae *x - be;
dh = A1
dg = Ac';
end
neq = size(g, 1);
niq = size(h, 1);
neqnln = size(gn, 1);
nignln = size(hn, 1);
nlt = length(ilt);
ngt = length(igt);
nbx = length(ibx);
gamma = 1;
lam = zeros(neq, 1);
z =20 * ones(niq, 1);
mu =z;
k = find(h < -z0);
z(k) = -h(k);
k = find(gamma / z > z0);
if ~isempty(k)
mu(k) = gamma / z(k);
end
e = ones(niq, 1);
f0o=f;
if opt.step_control
L=f+lam'* g+ mu' * (h+z) - gamma * sum(log(z));
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end
Lx =df + dg * lam + dh * mu;
if isempty(h)
maxh = zeros(1,0);
else
maxh = max(h);
end

feascond = max([norm(g, Inf), maxh]) / (1 + max([ norm(x, Inf), norm(z, Inf) ]));
gradcond = norm(Lx, Inf) / (1 + max([ norm(lam, Inf), norm(mu, Inf) ]));
colatsttond = (z' * mu) / (1 + norm(x, Inf));
costcond = abs(f - f0) / (1 + abs(f0));
hist(i+1) = struct('feascond', feascond, 'gradcond’, gradcond, 'colatsttond', colatsttond,
'costcond', costcond, 'gamma’, gamma, 'stepsize', 0, 'obj', f/opt.cost_mult, 'alphap', 0, 'alphad’,
0);
if feascond < opt.feastol && gradcond < opt.gradtol && colatsttond < opt.comptol &&
costcond < opt.costtol
converged = 1;
end
while (~converged && i < opt.max_it)
i=i+1;
lambda = struct('eqnonlin’, lam(1:neqnln), 'ineqnonlin’, mu(1:nignin));
if nonlinear
Lxx = hess_fcn(x, lambda, opt.cost mult);
else
[f ,df ,d2f]=f fen(x);
Lxx = d2f * opt.cost_mult;
end
zinvdiag = sparse(1:niq, 1:niq, 1 ./ z, niq, niq);
mudiag = sparse(1:niq, 1:niq, mu, niq, niq);
dh_zinv = dh * zinvdiag;
M = Lxx + dh_zinv * mudiag * dh';
N=Lx + dh_zinv * (mudiag * h + gamma * e);
dxdlam = [M dg; dg' sparse(neq, neq)] \ [-N; -g];

if any(isnan(dxdlam))
eflag=-1;
break;

end

dx = dxdlam(1:nx);
dlam = dxdlam(nx-+(1:neq));
dz=-h-z-dh'* dx;
dmu = -mu + zinvdiag *(gamma*e - mudiag * dz);
sc=0;
if opt.step_control
x1 =x +dx;
[fl, df1] =1 fen(x1);
fl = f1 * opt.cost_mult;
dfl = dfl * opt.cost mult;
if nonlinear
[hnl, gnl, dhnl, dgnl] = gh_fen(x1);
hl = [hnl; Ai * x1 - bi];
gl =[gnl; Ae * x1 - be];
dhl =[dhnl Ai'];
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dgl =[dgnl Ae'];

else
hl = Ai * x1 - bi;
gl = Ae * x1 - be;
dhl = dh;
dgl =dg;
end
Lx1 =dfl + dgl * lam + dhl * mu;
if isempty(h1)
maxhl = zeros(1,0);
else
maxh1 = max(hl);
end

feascondl = max([norm(gl, Inf), maxh1]) /(1 + max([ norm(x1, Inf), norm(z, Inf) ]));
gradcondl = norm(Lx1, Inf) / (1 + max([ norm(lam, Inf), norm(mu, Inf) ]));
if feascond1 > feascond && gradcond1 > gradcond
sc=1;
end
end
if sc
alpha =1;
for j = 1:opt.max_red
dx1 = alpha * dx;
x1 =x +dxl;
fl =f fen(x1);
fl =f1 * opt.cost_mult;
if nonlinear
[hnl, gnl] =gh fen(x1);
h1l =[hnl; Ai * x1 - bi];
gl =[gnl; Ae * x1 - be];

else
hl =Ai * x1 - bi;
gl = Ae * x1 - be;
end

L1=1f1+lam'* gl + mu' * (h1+z) - gamma * sum(log(z));
tho=(L1-L)/(Lx'* dx1 + 0.5 * dxI' * Lxx * dx1);
if tho > rho_min && rho <rho max
break;
else
alpha = alpha / 2;
end
end
dx = alpha * dx;
dz = alpha * dz;
dlam = alpha * dlam;
dmu = alpha * dmu;
end
k = find(dz < 0);
if isempty(k)
alphap = 1;
else
alphap = min( [xi * min(z(k) ./ -dz(k)) 1] );
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end
k = find(dmu < 0);
if isempty(k)
alphad = 1;
else
alphad = min( [xi * min(mu(k) ./ -dmu(k)) 1] );
end

X =X + alphap * dx;
z =z + alphap * dz;
lam = lam + alphad * dlam;
mu =mu + alphad * dmu;
if nig > 0
gamma = sigma * (z' * mu) / niq;
end
[f, df] =1 fen(x);
f=f* opt.cost mult;
df = df * opt.cost_mult;
if nonlinear
[hn, gn, dhn, dgn] = gh_fen(x);
h =[hn; Ai * x - bi];
g =[gn; Ae * x - be];
dh = [dhn A1'];
dg = [dgn Ae'];
else
h=Ai*x -Dbi;
g=Ae*x-be
end
Lx =df + dg * lam + dh * mu;
if isempty(h)
maxh = zeros(1,0);
else
maxh = max(h);
end
feascond = max([norm(g, Inf), maxh]) / (1 + max([ norm(x, Inf), norm(z, Inf) ]));
gradcond = norm(Lx, Inf) / (1 + max([ norm(lam, Inf), norm(mu, Inf) ]));
colatsttond = (z' * mu) / (1 + norm(x, Inf));
costcond = abs(f - f0) / (1 + abs(f0));
hist(i+1) = struct('feascond', feascond, 'gradcond', gradcond, ...
'colatsttond', colatsttond, 'costcond', costcond, 'gamma’, gamma, ...
'stepsize', norm(dx), 'obj', f/opt.cost mult, ...
'alphap', alphap, 'alphad', alphad);
if feascond < opt.feastol && gradcond < opt.gradtol && ...
colatsttond < opt.comptol && costcond < opt.costtol
converged = 1;
else
if any(isnan(x)) || alphap < alpha min || alphad < alpha min || ...
gamma < eps || gamma > 1/eps
eflag=-1;
break;
end
f0="f;
if opt.step_control
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L=f+Ilam'* g+ mu' * (h+z) - gamma * sum(log(z));

end
end
end
hist = hist(1:i+1);
if eflag ~= -1
eflag = converged;
end

mu(h < -opt.feastol & mu < mu_threshold) = 0;
f =f /opt.cost mult;
lam = lam / opt.cost_mult;
mu =mu / opt.cost mult;
lam_lin = lam((neqnln+1):neq);
mu_lin = mu((nignln+1):niq);
kl = find(lam_lin < 0);
ku = find(lam_lin > 0);
mu_l = zeros(nx+nA, 1);
mu_l(ieq(kl)) = -lam_lin(kl);
mu_l(igt) = mu_lin(nlt+(1:ngt));
mu_I(ibx) = mu_lin(nlt+ngt+nbx+(1:nbx));
mu_u = zeros(nx+nA, 1);
mu_u(ieq(ku)) = lam_lin(ku);
mu_u(ilt) = mu_lin(1:nlt);
mu_u(ibx) = mu_lin(nlt+ngt+(1:nbx));
fields = {'mu_I', mu_I((nx+1):end), 'mu_u', mu_u((nx+1):end), 'lower', mu_I(1:nx), 'upper’,
mu_u(l:mnx) };
if nignln > 0
fields = { 'ineqnonlin', mu(1:niqnln), fields{:} };
end
if neqnin > 0
fields = {'eqnonlin’, lam(1:neqnln),fields{:}};
end
lambda = struct(fields{:});

C.2.7. Ham opf fcost

function [f, df, d2f] = opf fcost(x, om)

[GEN_BUS, PG, QG, QMAX, QMIN, VG, MBASE, GEN_STATUS, PMAX,

PMIN,MU PMAX, MU PMIN, MU QMAX, MU _QMIN, PC1, PC2, QCIMIN,
QCIMAX,QC2MIN, QC2MAX, RAMP_AGC, RAMP 10, RAMP_30, RAMP_Q, APF] =
idx_gen;

[F BUS, T BUS,BR R, BR X, BR B, RATE A, RATE B, RATE C,TAP, SHIFT,

BR STATUS, PF, QF, PT, QT, MU_SF, MU ST,ANGMIN, ANGMAX, MU ANGMIN,
MU_ANGMAX] =idx_brch; [PW_LINEAR, POLYNOMIAL, MODEL, STARTUP,
SHUTDOWN, NCOST, COST] =idx_cost;

latstt = get_latstt(om);

[baseM VA, gen, gencost] = deal(latstt.baseM VA, latstt.gen, latstt.gencost);

vv = get_idx(om);

ng = size(gen, 1);

nxyz = length(x);

Pg =x(vv.il.Pg:vv.iN.Pg);

Qg = x(vv.i1.Qg:vv.iN.Qg);
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ipol = find(gencost(:, MODEL) == POLYNOMIAL);
xx =[ Pg; Qg ] * baseMVA;
if ~isempty(ipol)
f = sum( totcost(gencost(ipol, :), xx(ipol)) );
else
f=0;
end
iPg =vv.il.Pg:vv.iN.Pg;
1Qg = vv.i1.Qg:vv.iN.Qg;
df dPgQg = zeros(2*ng, 1);
df dPgQg(ipol) = baseMVA * polycost(gencost(ipol, :), xx(ipol), 1);
df = zeros(nxyz, 1);
df(iPg) = df dPgQg(1:ng);
df(iQg) = df dPgQg((1:ng) + ng);
pcost = gencost(1:ng, :);
if size(gencost, 1) > ng
gcost = gencost(ng+1:2*ng, :);
else
qeost = [;
end
d2f dPg2 = sparse(ng, 1);
d2f dQg2 = sparse(ng, 1);
ipolp = find(pcost(:, MODEL) == POLYNOMIAL);
d2f dPg2(ipolp) = baseMVA”2 * polycost(pcost(ipolp, :), Pg(ipolp)*baseM VA, 2);
if ~isempty(qcost)
ipolq = find(qcost(:, MODEL) == POLYNOMIAL);
d2f dQg2(ipolq) = baseM VA2 * polycost(qcost(ipolq, :), Qg(ipolq)*baseMVA, 2);
end
i1=[iPgiQg]’
d2f = sparse(i, 1, [d2f dPg2; d2f dQg2], nxyz, nxyz);

C.2.8. Ham opf fcons

function [h, g, dh, dg] = opf fcons(x, om, Ybus, Yf, Yt, latsttopt, il, varargin)
[GEN_BUS, PG, QG, QMAX, QMIN, VG, MBASE, GEN_STATUS, PMAX,

PMIN,MU PMAX, MU PMIN, MU QMAX, MU _QMIN, PC1, PC2, QCIMIN,
QCIMAX,QC2MIN, QC2MAX, RAMP_AGC, RAMP 10, RAMP_30, RAMP_Q, APF] =
idx_gen;

[F_ BUS, T BUS, BR R,BR X, BR B, RATE A, RATE B, RATE C,TAP, SHIFT,
BR_STATUS, PF, QF, PT, QT, MU_SF, MU _ST,ANGMIN, ANGMAX, MU ANGMIN,
MU _ANGMAX] =idx_brch;

latstt = get_latstt(om);

[baseM VA, bus, gen, branch] = deal(latstt.baseMV A, latstt.bus, latstt.gen, latstt.branch);
vv = get_idx(om);

nb = size(bus, 1);

nl = size(branch, 1);

ng = size(gen, 1);

nxyz = length(x);

il = (L:nl);

nl2 = length(il);

Pg =x(vv.il.Pg:vv.iN.Pg);

Qg = x(vv.i1.Qg:vv.iN.Qg);
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gen(:, PG) = Pg * baseMVA;
gen(:, QG) = Qg * baseMVA;
Sbus = makeSbus(baseM VA, bus, gen);
Va=x(vv.il.Va:vv.iN.Va);
Vm = x(vv.il.Vm:vv.iN.Vm);
V =Vm .*exp(lj * Va);
mis =V .* conj(Ybus * V) - Sbus;
g = [ real(mis);imag(mis) ];
ifnl2 >0
flow _max = (branch(il, RATE A)/baseMVA)."2;
flow_max(flow_max == 0) = Inf;
Stf= V(branch(il, F_BUS)) .* conj(Yf * V);
St = V(branch(il, T BUS)) .* conj(Yt * V);
h =[ Sf.* conj(Sf) - flow_max;St .* conj(St) - flow max |;
else
h = zeros(0,1);
end
iVa=vv.il.Va:vv.iN.Va;
1iVm = vv.il.Vm:vv.iIN.Vm;
iPg =vv.il.Pg:vv.iN.Pg;
1Qg = vv.i1.Qg:vv.iN.Qg;
[dSbus dVm, dSbus_dVa] = dSbus_dV(Ybus, V);
neg Cg = sparse(gen(:, GEN_BUS), 1:ng, -1, nb, ng);
dg = sparse(2*nb, nxyz);
dg(:, [iVaiVm iPg iQg]) = [real([dSbus_dVa dSbus_dVm]) neg_Cg sparse(nb, ng);
imag([dSbus_dVa dSbus_dVm)]) sparse(nb, ng) neg_Cg;];
dg =dg";
ifnl2 >0
[dFf dVa, dFf dVm, dFt dVa, dFt dVm, Ff, Ft] = dSbr_dV(branch(il,:), Yf, Yt, V);
[df dVa, df dVm, dt dVa, dt dVm]=dAbr dV(dFf dVa, dFf dVm, dFt _dVa, dFt dVm,
Ff, Ft);
dh = sparse(2*nl2, nxyz);
dh(:, [iVaiVm]) = [df dVa, df dVm;dt dVa, dt dVm;];
dh =dh";
else
dh = sparse(nxyz, 0);
end

C.2.9. Ham opf fhess

function Lxx = opf fhess(x, lambda, cost mult, om, Ybus, Yf, Yt, latsttopt, il)
[GEN_BUS, PG, QG, QMAX, QMIN, VG, MBASE, GEN_STATUS, PMAX,
PMIN,MU PMAX, MU PMIN, MU QMAX, MU _QMIN, PC1, PC2, QCIMIN,
QCIMAX,QC2MIN, QC2MAX, RAMP_AGC, RAMP 10, RAMP_30, RAMP_Q, APF] =
idx_gen;
[F_ BUS, T BUS, BR R,BR X, BR B, RATE A, RATE B, RATE C,TAP, SHIFT,
BR_STATUS, PF, QF, PT, QT, MU_SF, MU_ST,ANGMIN, ANGMAX, MU ANGMIN,
MU ANGMAX] =idx_brch; [PW_LINEAR, POLYNOMIAL, MODEL, STARTUP,
SHUTDOWN, NCOST, COST] =idx_cost;
if isempty(cost_mult)

cost mult = 1;
end
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latstt = get_latstt(om);
[baseM VA, bus, gen, branch, gencost] = deal(latstt.baseMV A, latstt.bus, latstt.gen,
latstt.branch, latstt.gencost);
vv = get_idx(om);
nb = size(bus, 1);
nl = size(branch, 1);
ng = size(gen, 1);
nxyz = length(x);
il = (L:nl);
nl2 = length(il);
Pg =x(vv.il.Pg:vv.iN.Pg);
Qg =x(vv.i1.Qg:vv.iN.Qg);
gen(:, PG) = Pg * baseMVA;
gen(:, QG) = Qg * baseMVA;
Va = zeros(nb, 1);
Va=x(vv.il.Va:vv.iN.Va);
Vm = x(vv.il.Vm:vv.iN.Vm);
V=Vm .*exp(lj * Va);
nxtra = nxyz - 2*nb;
pcost = gencost(1:ng, :);
if size(gencost, 1) > ng
gcost = gencost(ng+1:2*ng, :);
else
qeost = [1;
end
d2f dPg2 = sparse(ng, 1);
d2f dQg2 = sparse(ng, 1);
ipolp = find(pcost(:, MODEL) == POLYNOMIAL);
d2f dPg2(ipolp) = baseMVA”2 * polycost(pcost(ipolp, :), Pg(ipolp)*baseMVA, 2);
if ~isempty(qcost)
ipolq = find(qcost(:, MODEL) == POLYNOMIAL);
d2f dQg2(ipolq) = baseMVA”2 * polycost(qcost(ipolq, :), Qg(ipolq)*baseMVA, 2);
end
i=[vv.il.Pg:vv.iN.Pg vv.i1.Qg:vv.IN.Qg]';
d2f'= sparse(i, i, [d2f dPg2; d2f dQg2], nxyz, nxyz);
d2f=d2f * cost_mult;
nlam = length(lambda.eqnonlin) / 2;
lamP = lambda.eqnonlin(1:nlam);
lamQ = lambda.eqnonlin((1:nlam)+nlam);
[Gpaa, Gpav, Gpva, Gpvv] = d2Sbus_dV2(Ybus, V, lamP);
[Gqgaa, Gqav, Gqva, Gqvv] = d2Sbus_dV2(Ybus, V, lamQ);
d2G = [real([Gpaa Gpav; Gpva Gpvv]) + imag([Gqaa Gqav; Gqva Gqvv]) sparse(2*nb,
nxtra); sparse(nxtra, 2*nb + nxtra)];
nmu = length(lambda.ineqnonlin) / 2;
muF = lambda.ineqnonlin(1:nmu);
muT = lambda.ineqnonlin((1:nmu)+nmu);
f=branch(il, F_BUS);
t =branch(il, T BUS);
Cf = sparse(1:nl2, f, ones(nl2, 1), nl2, nb);
Ct = sparse(1:nl2, t, ones(nl2, 1), nl2, nb);
[dSf dVa, dSf dVm, dSt_dVa, dSt_ dVm, Sf, St] = dSbr_dV(branch(il,:), Yf, Yt, V);
[Hfaa, Hfav, Hfva, Hfvv] = d2ASbr dV2(dSf dVa, dSf dVm, Sf, Cf, Yf, V, muF);
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[Htaa, Htav, Htva, Htvv] = d2ASbr dV2(dSt dVa, dSt dVm, St, Ct, Yt, V, muT);
d2H = [[Hfaa Hfav; Hfva Hfvv] + [Htaa Htav; Htva Htvv] sparse(2*nb, nxtra);sparse(nxtra,
2*nb + nxtra)];
nx = length(x);
step = le-5;
num_d2f = sparse(nx, nx);
num_d2G = sparse(nx, nx);
num_d2H = sparse(nx, nx);
fori=1l:nx
Xp =X;
Xm = X;
xp(i) = x(i) + step/2;
xm(i) = x(i) - step/2;
% evaluate cost & gradients
[fp, dfp] = opf fcost(xp, om);
[fm, dfm] = opf fcost(xm, om);
% evaluate constraints & gradients
[Hp, Gp, dHp, dGp] = opf fcons(xp, om, Ybus, YT, Yt, latsttopt, il);
[Hm, Gm, dHm, dGm] = opf fcons(xm, om, Ybus, YT, Yt, latsttopt, il);
num_d21(:, i) = cost mult * (dfp - dfm) / step;
num_d2G(:, i) = (dGp - dGm) * lambda.eqnonlin / step;
num_d2H(:, i) = (dHp - dHm) * lambda.ineqnonlin / step;
d2f err = full(max(max(abs(d2f - num_d2f))));

d2G_err = full(max(max(abs(d2G - num_d2G))));

d2H_err = full(max(max(abs(d2H - num_d2H))));

end
Lxx = d2f+ d2G + d2H;

C.2.10. Ham makeYbus

function [Ybus, Yf, Yt] = makeYbus(baseMVA, bus, branch)

latstt =baseMVA;

baseMVA = latstt.baseMVA;

bus = latstt.bus;

branch = latstt.branch;

nb = size(bus, 1);

nl = size(branch, 1);

[PQ, PV, REF, NONE, BUS I, BUS TYPE, PD, QD, GS, BS, BUS_AREA, VM,VA,
BASE KV, ZONE, VMAX, VMIN, LAM_P, LAM_Q, MU VMAX, MU _VMIN] =
1dx bus;

[F BUS, T BUS,BR R, BR X, BR B, RATE A, RATE B, RATE C,TAP, SHIFT,
BR _STATUS, PF, QF, PT, QT, MU_SF, MU ST, ANGMIN, ANGMAX, MU ANGMIN,
MU _ANGMAX] =idx_brch;

stat = branch(:, BR_STATUS);

Ys = stat ./ (branch(:, BR_R) + 1j * branch(:, BR_X));

Bc = stat .* branch(:, BR_B);

tap = ones(nl, 1);

i = find(branch(:, TAP));

tap(i) = branch(i, TAP);

tap = tap .* exp(1j*pi/180 * branch(:, SHIFT));

Ytt=Ys + 1j*Bc/2;

Yff=Ytt./ (tap .* conj(tap));
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Yft=-Ys ./ conj(tap);

Ytf=-Ys ./ tap;

Ysh = (bus(:, GS) + 1j * bus(:, BS)) / baseMVA;
f=branch(:, F BUS);

t=branch(:, T BUS);

Cf = sparse(1:nl, f, ones(nl, 1), nl, nb);

Ct = sparse(1:nl, t, ones(nl, 1), nl, nb);

i=[1ml; 1:nl]};

Yf = sparse(i, [f; t], [Y{f; Yft], nl, nb);

Yt = sparse(i, [f; t], [Ytf; Ytt], nl, nb);

Ybus = Cf' * YT+ Ct' * Yt + sparse(1:nb, 1:nb, Ysh, nb, nb);

C.2.11. Ham makeSbus

function Sbus = makeSbus(baseMVA, bus, gen)

[PQ, PV, REF, NONE, BUS I, BUS TYPE, PD, QD, GS, BS, BUS _AREA, VM, VA,
BASE KV, ZONE, VMAX, VMIN, LAM_P, LAM_Q, MU VMAX, MU _VMIN] =
1dx bus;

[GEN_BUS, PG, QG, QMAX, QMIN, VG, MBASE, GEN_STATUS, PMAX,
PMIN.MU PMAX, MU PMIN, MU QMAX, MU QMIN, PC1, PC2, QCIMIN,
QCIMAX,QC2MIN, QC2MAX, RAMP_AGC, RAMP 10, RAMP 30, RAMP_Q, APF] =
idx_gen;

on = find(gen(:, GEN_STATUS) > 0);

gbus = gen(on, GEN_BUS);

nb = size(bus, 1);

ngon = size(on, 1);

Cg = sparse(gbus, (1:ngon)', ones(ngon, 1), nb, ngon);

Sbus = ( Cg * (gen(on, PG) + 1j * gen(on, QG)) - (bus(:, PD) + 1j * bus(:, QD)) )/
baseMVA;

C.2.12. Ham dSbus_dV

function [dSbus_dVm, dSbus_dVa] = dSbus_dV(Ybus, V)
n = length(V);
Ibus = Ybus * V;
if issparse(Ybus)
diagV = sparse(1:n, 1:n, V, n, n);
diaglbus = sparse(1:n, 1:n, Ibus, n, n);
diagVnorm =sparse(l:n, 1:n, V./abs(V), n, n);
else
diagV. = diag(V);
diaglbus = diag(Ibus);
diagVnorm = diag(V./abs(V));
end
dSbus_dVm = diagV * conj(Ybus * diagVnorm) + conj(diaglbus) * diagVnorm,;
dSbus_dVa = 1j * diagV * conj(diaglbus - Ybus * diagV);

C.2.13. Ham dSbr_dV.m

function [dSf dVa, dSf dVm, dSt_dVa, dSt dVm, Sf, St] = dSbr_dV(branch, Yf, Yt, V)
[F BUS, T BUS,BR R,BR X, BR B,RATE A, RATE B, RATE C,TAP, SHIFT,

BR STATUS, PF, QF, PT, QT, MU_SF, MU_ST,ANGMI_N, ANGMAX, MU _ANGMIN,
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MU _ANGMAX] =idx_brch;
f=branch(:, F BUS);
t=branch(:, T BUS);
nl = length(f);
nb = length(V);
If=Yf*V;
It=Yt*V,
Vnorm =V ./ abs(V);
if issparse(Yf)
diagVf = sparse(1:ml, 1:nl, V(f), nl, nl);
diaglf = sparse(1:nl, 1:nl, If, nl, nl);
diagVt = sparse(1:nl, 1:nl, V(t), nl, nl);
diaglt = sparse(1:nl, 1:nl, It, nl, nl);
diagV = sparse(1:nb, 1:nb, V, nb, nb);
diagVnorm = sparse(1:nb, 1:nb, Vnorm, nb, nb);
dSf dVa=1j * (conj(diaglf) * sparse(l:nl, f, V(f), nl, nb) - diagVf * conj(Yf * diagV));
dSf dVm = diagVf * conj(Yf * diagVnorm) + conj(diaglf) * sparse(1:nl, f, Vnorm(f), nl,
nb);
dSt_dVa = 1j * (conj(diaglt) * sparse(1:nl, t, V(t), nl, nb) - diagVt * conj(Yt * diagV));
dSt dVm = diagVt * conj(Yt * diagVnorm) + conj(diaglt) * sparse(1:nl, t, Vnorm(t), nl,
nb);
else
diagVf  =diag(V());
diaglf = diag(If);
diagVt = diag(V(t));
diaglt = diag(lt);
diagV. = diag(V);
diagVnorm = diag(Vnorm);
temp1 = zeros(nl, nb); templ(sub2ind([nl,nb], (1:nl)', f)) = V(f);
temp2 = zeros(nl, nb); temp2(sub2ind([nl,nb], (1:nl)', f)) = Vnorm(f);
temp3 = zeros(nl, nb); temp3(sub2ind([nl,nb], (1:nl)', t)) = V(t);
temp4 = zeros(nl, nb); temp4(sub2ind([nl,nb], (1:nl)', t)) = Vnorm(t);
dSf dVa=1j * (conj(diaglf) * temp1 - diagVf * conj(Yf * diagV));
dSf dVm = diagVf * conj(Yf * diagVnorm) + conj(diaglf) * temp2;
dSt_dVa = 1j * (conj(diaglt) * temp3 - diagVt * conj(Yt * diagV));
dSt dVm = diagVt * conj(Yt * diagVnorm) + conj(diaglt) * temp4;
end
St= V() .* conj(If);
St =V(t) .* conj(It);

C.2.14. Ham dAbr_dV.m

function [dAf dVa, dAf dVm, dAt dVa, dAt dVm] = dAbr dV(dSf dVa, dSf dVm,
dSt_dVa, dSt_dVm, Sf, St)

nl = length(Sf);

dAf dPf=sparse(1:nl, 1:nl, 2 * real(Sf), nl, nl);

dAf dQf = sparse(1:nl, 1:nl, 2 * imag(Sf), nl, nl);

dAt_dPt = sparse(1:nl, 1:nl, 2 * real(St), nl, nl);

dAt dQt = sparse(1:nl, 1:nl, 2 * imag(St), nl, nl);

dAf dVm = dAf dPf* real(dSf dVm) + dAf dQf * imag(dSf dVm);

dAf dVa=dAf dPf* real(dSf dVa) + dAf dQf * imag(dSf dVa);

dAt dVm = dAt_dPt * real(dSt dVm) + dAt _dQt * imag(dSt_dVm);
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dAt dVa=dAt dPt * real(dSt_dVa) + dAt dQt * imag(dSt dVa);
C.2.15. Ham d2Sbus_dV2.m

function [Gaa, Gav, Gva, Gvv] = d2Sbus_dV2(Ybus, V, lam)
n = length(V);

Ibus =Ybus *V;

diaglam = sparse(1:n, 1:n, lam, n, n);

diagV = sparse(l:n, 1:n, V, n, n);

A =sparse(1:n, 1:n, lam .* V, n, n);

B = Ybus * diagV;

C= A * conj(B);

D = Ybus' * diagV;

E = conj(diagV) * (D * diaglam - sparse(1:n, 1:n, D*lam, n, n));
F=C - A * sparse(1:n, 1:n, conj(Ibus), n, n);

G = sparse(1:n, 1:n, ones(n, 1)./abs(V), n, n);

Gaa=E +F;

Gva=1;*G*(E-F);

Gav =Gva.";

Gw=G*(C+C.)*G;

C.2.16. Ham d2ASbr_dV2.m

function [Haa, Hav, Hva, Hvv] = d2ASbr dV2(dSbr_dVa, dSbr_dVm, Sbr, Cbr, Ybr, V, lam)
nl = length(lam);

diaglam = sparse(1:nl, 1:nl, lam, nl, nl);

diagSbr_conj = sparse(1:nl, 1:nl, conj(Sbr), nl, nl);

[Saa, Sav, Sva, Svv] = d2Sbr dV2(Cbr, Ybr, V, diagSbr _conj * lam);

Haa =2 * real( Saa + dSbr_dVa." * diaglam * conj(dSbr_dVa) );

Hva =2 * real( Sva + dSbr_ dVm.' * diaglam * conj(dSbr_dVa) );

Hav =2 * real( Sav + dSbr_dVa.' * diaglam * conj(dSbr_dVm) );

Hvv =2 * real( Svv + dSbr_ dVm."' * diaglam * conj(dSbr_dVm) );

C.2.17. Ham d2Sbr_dV2.m

function [Haa, Hav, Hva, Hvv] = d2Sbr_dV2(Cbr, Ybr, V, lam)
nl = length(lam);

nb = length(V);

diaglam = sparse(1:nl, 1:nl, lam, nl, nl);

diagV = sparse(1:nb, 1:nb, V, nb, nb);

A =Ybr' * diaglam * Cbr;

B = conj(diagV) * A * diagV;

D = sparse(1:nb, 1:nb, (A*V) .* conj(V), nb, nb);
E = sparse(1:nb, 1:nb, (A."conj(V)) .* V, nb, nb);
F=B+B.;

G = sparse(1:nb, 1:nb, ones(nb, 1)./abs(V), nb, nb);
Haa=F-D-E;

Hva=1j*G*(B-B.'-D+E);

Hav = Hva.';

Hvw=G *F * G;

C.3.1. Ham gaformaxpowerwithbenefit — sir dung thudt todn di truyén tinh céng sudt phdt



XXXViil

Ién nhit ciia gian pin mdt tréi, tua bin gié vao lwéi dién 3 pha- Két noi véi nit GA MAX
PVWT 3PBELO trong giao dién guide

function btngaformaxpowerwithbenefit Callback(hObject, eventdata, handles)
inputfilename = 'input/ieee30buspp04.xls';
Sheet="bus';
Location="A3:M32";
Rbus = xIsread(inputfilename,Sheet,[.ocation);
Sheet='gen’";
Location="A3:U8";
Rgen = xlIsread(inputfilename,Sheet,Location);
Sheet="branch';
Location="'A3:M43";
Rbranch = xlsread(inputfilename,Sheet,[Location);
Sheet="arcas';
Location="A2:B2";
Rareas = xIsread(inputfilename,Sheet,Location);
Sheet='gencost';
Location="A3:G8'";
Rgencost = xIsread(inputfilename,Sheet,Location);
Sheet='pvwtbus';
Location='B2:C31";
pvwtbus = xIsread(inputfilename,Sheet,[Location);
Pminmax=xlsread('xIstest/maxwt.xIsx','maxp','A1:C30");
maxtotalP=65;
[r,~]=size(pvwtbus);
ipvwt=1;
for i=l:r
if pvwtbus(i,1)==
pvwtbusid(ipvwt, 1)=i;
pvwtbusid(ipvwt,2)=pvwtbus(i,2);
newmaxminPwt(ipvwt, 1 )=Pminmax(i,2);
newmaxminPwt(ipvwt,2)=Pminmax(i,3);
ipvwt=ipvwt+1;
end
end
[nwt,~]=size(pvwtbusid);
accur=0.1;
mnst=0;
for iwt=1:nwt
pmaxminac=(newmaxminPwt(iwt,1)-newmaxminPwt(iwt,2))/accur;
pmaxminac=round(pmaxminac,0);
pmaxminacbi=de2bi(pmaxminac);
[~,cpmaxmin]=size(pmaxminacbi);
Mi(iwt,1)=cpmaxmin;
Mi(iwt,2)=pmaxminac;
mnst=mnst+cpmaxmin;
Ordwt(iwt,1)=iwt;
end
tanwt=0.48;
npopsize=20;
iloopmax=4000;
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global GbaseMVA
GbaseMVA=100;
busnumber=30;
maxPwtacc=Mi(:,2);
numpop=0;
ipop=0;
PopsizeNST=[];
Fnst=[];
while numpop<npopsize
ipop=ipop+1;
[NSTpi,newMi]=1202203cd03ga02randNSTlimit(maxtotalP,accur,Ordwt,nwt,Mi);
NST=NSTpi;
[PwtMbi,PwtMacc,NSTnew]=f202108cd03ga03 cutlimitNST(maxPwtacc,NST);
NST=NSTnew;
PwtM=f202203cd03pwtmacc(PwtMacc,accur,nwt);
tnst=f202203pp04ga05targetfunc(PwtM,pvwtbusid);
Rbusnew=1202108cd03ga04addPwt(Rbus,PwtM,pvwtbusid,nwt,tanwt);
[Fvalue, Ttime,focusornot,Branchesresult,Genresult,Busresult]=f202108opf(Rbusnew,Rgen,R
branch,Rareas,Rgencost,busnumber);
numpop=numpop-+focusornot;
if focusornot==0
focus=PwtM
end
if focusornot==
PopsizeNST=[PopsizeNST;NST];
Fnst=[Fnst;fnst];
end
if ipop>iloopmax
numpop=25;
end
end
[fnstmax,ifm]=max(Fnst);
NSTfm=PopsizeNST(ifm,:);
[PwtMbi,PwtMacc,NSTnew]|=f202108cd03ga03 cutlimitNST(maxPwtacc,NSTfm);
NSTfm=NSTnew;
PwtM=£202203cd03pwtmacc(PwtMacc,accur,nwt);
pc=0.25;
pm=0.02;
GAresult=[];
GAres(1,1)=1;
GAres(1,2)=fnstmax;
GAres(1,3)=0;
GAresult=[ GAres,PwtM'[;
stopga=1;
GAtotal=GAresult;
herega='start ga'
stopiftm=0;
stopiftmmax=1000;
GArestotal=[];
fmaxresult=0;
for igaloop=1:10000
oldPopsizeNST=PopsizeNST;
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fmaxold=fnstmax;
PopszNSTselection=f202203cd03ga07selectionst(PopsizeNST,maxPwtacc,Rbus,Rgen,Rbran
ch,Rareas,Rgencost,busnumber,pvwtbusid,nwt,tanwt,accur);
PopsizeNST=PopszNSTselection;
PopszNSTcross=1202108cd03ga08crossoverst(PopsizeNST,pc);
PopsizeNST=PopszNSTcross;
PopsizeNSTnewmu=£f202108cd03ga09muationst(PopsizeNST,pm);
PopsizeNST=PopsizeNSTnewmu,
[newPopsizeNST,~,Fnst,checkpsnst]=f202203c¢d03gal0checkpsNST(oldPopsizeNST,Popsize
NST,maxPwtacc,Rbus,pvwtbusid,nwt,tanwt,Rgen,Rbranch,Rareas,Rgencost,busnumber,accur
);
PopsizeNST=newPopsizeNST;
[fmax,ifm]=max(Fnst);
NST{fm=PopsizeNST(ifm,:);
[~,PwtMfmacc,~]=f202108cd03ga03 cutlimitNST(maxPwtacc,NSTfm);
PwtMfm=£202203cd03pwtmacc(PwtMfmacc,accur,nwt);
if fmax>fmaxresult
fmaxresult=fmax;
GArestotalrow=[igaloop,fmaxresult,PwtMfm'];
GArestotal=[ GArestotal;GArestotalrow];
end
GAresult=[];
GAres(1,1)=stopga+1;
GAres(1,2)=fmax;
GAres(1,3)=checkpsnst;
GAresult=[ GAres,PwtMfm'];
stopga=stopga+l1;
GAtotal=[GAtotal; GAresult];
fmaxnew=fmax;
countreducef=0;
if fmaxnew<fmaxold
countreducef=countreducef+1;
if countreducef>2
stopga=1001;
end
end
stopiftm=stopiftm+1;
if stopiftm>stopiftmmax
stopga=1001;
end
end
xlswrite(' resultmaxpvwt3p/ga30busresult.xlsx',GAtotal, resultga');
xlswrite(' resultmaxpvwt3p/ga30busresult.xlsx',GArestotal,'garestotal’);

C.3.2. Ham psoformaxwtbenefit- siv dung thugt todn bay dan tinh cong sudt phdt lon nhat
cua gian pin mgt troi, tua bin gié vao lwoi dién 3 pha - Két noi véi nut PSO MAX PVWT
3PBELO trong giao dién guide

function psoformaxwtbenefit Callback(hObject, eventdata, handles)
inputfilename = 'input/ieee30buspp04nobenefit.xls';

Sheet="bus";

Location="'A3:M32';
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Rbus = xIsread(inputfilename,Sheet,[.ocation);
Sheet='gen’";
Location="A3:U8";
Rgen = xlIsread(inputfilename,Sheet,Location);
Sheet="branch';
Location="A3:M43";
Rbranch = xlsread(inputfilename,Sheet,[Location);
Sheet="arcas';
Location="A2:B2',
Rareas = xlIsread(inputfilename,Sheet,Location);
Sheet='gencost';
Location="A3:G8'";
Rgencost = xIsread(inputfilename,Sheet,Location);
Sheet='pvwtbus';
Location='B2:C31";
pvwtbus = xIsread(inputfilename,Sheet,LL.ocation);
maxwtfilename="input/maxwt.xIsx";
Pminmax=xlsread(maxwtfilename,'maxp','A1:C30');
[r,~]=size(pvwtbus);
ipvwt=1;
for i=l:r
if pvwtbus(i,1)==1
pvwtbusid(ipvwt,1)=i;
pvwtbusid(ipvwt,2)=pvwtbus(i,2);
newmaxminPwt(ipvwt, 1 )=Pminmax(i,2);
newmaxminPwt(ipvwt,2)=Pminmax(i,3);
ipvwt=ipvwt+1;
end
end
[nwt,~]=size(pvwtbusid);
global GbaseMVA
GbaseMVA=100;
busnumber=30;
tanwt=0.48;
mulrate=2;
mu2rate=1;
for ix=1:nwt
Xminmax(1,ix)=0;
Xminmax(2,ix)=newmaxminPwt(ix,1);
Ordwt(ix,1)=ix;
end
Cl=l;
C2=2;
[~,nx]=size(Xminmax);
nps=5;
ips=1;
istop=1;
istopmax=1000;
TH=(];
cstart = clock;
maxtotalP=65;
selecmaxp=0;
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newOrdwt=0rdwt;
while ips<=nps
istop=istop+1;
newOrdwt=0Ordwt;
for ix=1:mx
[rnodwt,~]=size(newOrdwt)
randselect=randi([1 rnodwt]);
selectidwt=newOrdwt(randselect, 1);
maxpwt=maxtotalP-selecmaxp;
maxpwti=min(Xminmax(2,selectidwt),maxpwt);
Xmax=maxpwti;
xmin=Xminmax(1,selectidwt);
x=xmin+rand(1)*(xmax-xmin);
newOrdwt(randselect,:)=[];
selecmaxp=selecmaxp+x;
PwtM(selectidwt, 1 )=x;
vmax=xmax-X;
vo=rand(1)*vmax;
Vold(selectidwt,ix)=vo;
end
Rbusnew=1202108cd03ga04addPwt(Rbus,PwtM,pvwtbusid,nwt,tanwt);
[Fvalue, Ttime,focusornot,Branchesresult,Genresult,Busresult][=f2021080opf(Rbusnew,Rgen,R
branch,Rareas,Rgencost,busnumber);
if focusornot==
PSo(ips,:)=PwtM'";
tf=0;
for inx=1:nx
tf=tf+PwtM(inx,1)*pvwtbusid(inx,2);
end
Fpio(ips,1)=tf;
miniTH=[ips,tf,PSo(ips,:)];
TH=[TH;miniTH];
Mu(ips,1)=1;
Mu(ips,2)=1;
ips=ips+1;
end
if istop>istopmax
ips=nps+1;
end
end
TESTTG=PSo;
[npsf,~]=size(Fpio);
PSOre=[];
if npsf=nps
[fpgo,ipgo]=max(Fpio);
Pgo=PSo(ipgo,:);
PSOre=[0,fpgo,Pgo];
stopmax=20000;
Fi=Fpio;
Pio=PSo;
for ist=1:stopmax
for ips=1:nps
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for ix=1:nx
PSn(ips,ix)=PSo(ips,ix)+Vold(ips,ix);
x=PSn(ips,ix);
xmax=Xminmax(2,ix);
xmin=Xminmax(1,ix);
if x>xmax
PSn(ips,ix)=xmax-(xmax-xmin)*rand(1)/100;
end
if x<xmin
PSn(ips,ix)=xmin+(xmax-xmin)*rand(1)/100;
end
end
PwtM=PSn(ips,:)';
Rbusnew=1202108cd03ga04addPwt(Rbus,PwtM,pvwtbusid,nwt,tanwt);
[Fvalue, Ttime,focusornot,Branchesresult,Genresult,Busresult][=f202108opf(Rbusnew,Rgen,R
branch,Rareas,Rgencost,busnumber);
if focusornot==
tf=0;
for inx=1:nx
tf=tf+PwtM(inx, 1)*pvwtbusid(inx,2);
end
Fi(ips, 1 )=tf;
miniTH=[ips,tf,PSn(ips,:)];
TH=[TH;miniTH];
if Fi(ips,1)>Fpio(ips,1)
Fpio(ips,1)=Fi(ips,1);
Pio(ips,:)=PSn(ips,:);
end
Mu(ips,1)=1;
Mu(ips,2)=1;
else
PSn(ips,:)=PSo(ips,:);
Mu(ips,1)=Mu(ips,1)/mulrate;
Mu(ips,2)=Mu(ips,1)/mu2rate;
end
end
[fpg.ipg]=max(F1);
if fpg>fpgo
fpgo=tpg;
Pgo=PSn(ipg,:);
PSOre=[PSOre;ist,fpgo,Pgo];

end
for ips=1:nps
for ix=1:nx

Vnew(ips,ix)=Mu(ips,1)*Vold(ips,ix)+Mu(ips,2)*(C1*rand(1)*(Pio(ips,ix)-
PSn(ips,ix))+C2*rand(1)*(Pgo(1,ix)-PSn(ips,ix)));
end
end
Vold=Vnew;
end

end
[rpsor,~]=size(PSOre);
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cend = clock;

time=cend-cstart;

outputfilename=' resultmaxpvwt3p/pso30busresult nobenefit.xlsx';

if rpsor>0
xlswrite(outputfilename,PSOre,'resultpso');
xIswrite(outputfilename, TH,'resultpsoTH");

end

xIswrite(outputfilename,time,'timerun');

C.3.3. Ham targetfunc

function fnst=f202203pp04ga05targetfunc(PwtM,pvwtbusid)
[rfnst,~]=size(PWtM);
fnst=0;
for ifnst=1:rfnst
fnst=fnst+PwtM(ifnst, 1 )*pvwtbusid(ifnst,2);
end

C.3.4. Ham addPwt

function Rbusnew=£202108cd03ga04addPwt(Rbus,PwtM,pvwtbusid,nwt,tanwt)
Rbusnew=Rbus;
for iwt=1:nwt
ibus=pvwtbusid(iwt,1);
Rbusnew(ibus,3)=Rbus(ibus,3)-PwtM(iwt,1);
Rbusnew(ibus,4)=Rbus(ibus,4)-PwtM(iwt,1)*tanwt;
end

C.3.5. Ham checkpsNST

function
[newPopsizeNST,checkPwtfen,Fnst,checkpsnst]=f202203cd03gal0checkpsNST(oldPopsizeN
ST,PopsizeNST,maxPwtacc,Rbus,pvwtbusid,nwt,tanwt,Rgen,Rbranch,Rareas,Rgencost,busn
umber,accur)
checkpsnst=0;
[rcpsnst,~]=size(PopsizeNST);
Fnst=[];
checkPwtfen=[];
for icpsnst=1:rcpsnst
NST=PopsizeNST(icpsnst,:);
[~,PwtMacc,~]=f202108cd03ga03cutlimitNST(maxPwtacc,NST);
PwtM=1202203cd03pwtmacc(PwtMacc,accur,nwt);
fnst=1202203pp04ga05targetfunc(PwtM,pvwtbusid);
Rbusnew=1202108cd03ga04addPwt(Rbus,PwtM,pvwtbusid,nwt,tanwt);
[~,~,focusornot,~,~,~]=f202108opf(Rbusnew,Rgen,Rbranch,Rareas,Rgencost,busnum
ber);
if focusornot==0
PopsizeNST(icpsnst,:)=oldPopsizeNST(icpsnst,:);
checkpsnst=checkpsnst+1;
end
rowcheckpwtfen=[icpsnst,focusornot,fnst,PwtM'];
checkPwtfcn=[checkPwtfcn;rowcheckpwtfen];
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end

for icpsnst=1:rcpsnst
NST=PopsizeNST(icpsnst,:);
[~,PwtMacc,~]=f202108cd03ga03cutlimitNST(maxPwtacc,NST);
PwtM=f202203cd03pwtmacc(PwtMacc,accur,nwt);
tnst=f202203pp04ga0Stargetfunc(PwtM,pvwtbusid);
Fnst=[Fnst;fnst];
rowcheckpwtfen=[icpsnst,focusornot, fnst,PwtM'];
checkPwtfen=[checkPwtfcn;rowcheckpwtfen];

end

newFnst=[Fnst;Fnst];

[fmax,ifm]=max(Fnst);

for icpsnst=1:rcpsnst*2
Fnstmax(icpsnst, 1 )=fmax;
Fnstmax(icpsnst,2)=ifm;

end

newPopsizeNST=PopsizeNST;

C4.1.Ham dy bdo céng .‘md't phdt cia PV{ wT tfteo model 01 (48 ,input, 48 output, 1 ANN) -
Két noi véi nut MO HINH 1 — DU BAO CONG SUAT PHAT CHO GIAN PIN MAT
TROI/TUABIN GIO trong giao dién guide

function btncaselip30_Callback(hObject, eventdata, handles)
inputfile="solarinput.xIsx'";

inputtrainsheet="inputtrainint';
targettrainsheet="targettrainint';

inputtestsheet="inputtestint';

targettestsheet="targettestint';
InputTrn=xlsread(inputfile,inputtrainsheet,' A1: W458");
TargetTrn=xlIsread(inputfile,targettrainsheet,' A1: W458");
InputTst=xIsread(inputfile,inputtestsheet,’ A1:W150");
TargetTst=xIsread(inputfile,targettestsheet,’ A1:W150");

X= InputTrm’;

Y= TargetTrm';

Xtest= InputTst';

[x_normalized,min_x,max_x] = normalizez(X);
[y_normalized,min_y,max_y] = normalizez(Y);

[xtest normalized,min_xtest,max_xtest] = normalizez(Xtest);
input =x_ normalized;

output =y normalized;

inputtest=xtest normalized;

neuron = 50;

minMSE = 1;

minGRAD = le-3;

[Win, Wout, bin, bout, nin, pred] = ffnnetwork(input, output, neuron, minMSE, minGRAD);
outputtrfo = ffnnetpredict(input, Win, Wout, bin, bout);
outputtefo = ffnnetpredict(inputtest, Win, Wout, bin, bout);
save net;
outputtrforev=denormalizez(outputtrfo,min_y,max_y);
outputteforev=denormalizez(outputtefo,min_y,max_y);
outputfilename='Resultpv/outputmodelO1.xlsx";
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xIswrite(outputfilename, outputtrforev','outputtr01');
xIswrite(outputfilename, outputteforev’,' outputte01');

C.4.2.Ham dy bdo cong sudt phdt ciia PV/WT theo model 02 (1 input, 1 output, 48 ANN) -
Két néi véi niit MO HINH 2 - DU BAO CONG SUAT PHAT CHO GIAN PIN MAT
TROI/TUABIN GIO trong giao dién guide

function btncase2daylspecific_Callback(hObject, eventdata, handles)
inputfile="solarinput.xIsx';
inputtrainsheet="inputtrainint';
targettrainsheet="targettrainint';
inputtestsheet="inputtestint';
targettestsheet="targettestint';
InputTrn=xlsread(inputfile,inputtrainsheet,' A1: W458'");
TargetTrn=xIsread(inputfile,targettrainsheet,' A1: W458");
InputTst=xIsread(inputfile,inputtestsheet,’A1:W150');
TargetTst=xIsread(inputfile,targettestsheet,’ A1:W150");
[~,ctst]=size(TargetTst);
OutputTr=[];
OutputTs=];
for itime=1:ctst
InputTrnit=InputTrn(:,itime);
TargetTrnit=TargetTrn(:,itime);
InputTstit=InputTst(:,itime);
TargetTstit=TargetTst(:,itime);
X= InputTrnit';
Y= TargetTrnit',
Xtest= InputTstit';
[x_normalized,min_x,max_x] = normalizez(X);
[y_normalized,min_y,max_y] = normalizez(Y);
[xtest normalized,min_xtest,max_xtest] = normalizez(Xtest);
input = x_normalized;
output =y normalized;
inputtest=xtest normalized;
neuron = 10;
minMSE = 1;
minGRAD = le-3;
[Win, Wout, bin, bout, nin, pred] = ffnnetwork(input, output, neuron, minMSE,
minGRAD);
outputtrfo = ffnnetpredict(input, Win, Wout, bin, bout);
outputtefo = ffnnetpredict(inputtest, Win, Wout, bin, bout);
save net;
outputtrforev=denormalizez(outputtrfo,min_y,max_y);
outputteforev=denormalizez(outputtefo,min_y,max_y);
OutputTr=[OutputTr, outputtrforev'];
OutputTs=[OutputTs, outputteforev'];
end
outputfilename='Resultpv/outputmodel02.xlsx";
xIswrite(outputfilename,OutputTr,'outputtrn');
xIswrite(outputfilename, TargetTrn,'targettrn');
xlswrite(outputfilename,OutputTs,'outputtst’);
xlswrite(outputfilename, TargetTst,'targettst');
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C.4.3.Ham dy bdo cong sudt phdt ciia PV/WT theo model 03 (2 input, 1 output, 48 ANN) -
Két noi voi nit MO HINH 3 - DU BAO CONG SUAT PHAT CHO GIAN PIN MAT
TROI/TUABIN GIO trong giao dién guide

function btncase2specificwithgroup Callback(hObject, eventdata, handles)
inputfile="solarinput.xIsx';
inputtrainsheet="inputtrainint';
targettrainsheet="targettrainint';
inputtestsheet="inputtestint';
targettestsheet="targettestint';
InputTrn=xlsread(inputfile,inputtrainsheet,' A1: W458'");
TargetTrn=xIsread(inputfile,targettrainsheet,' A1: W458");
InputTst=xIsread(inputfile,inputtestsheet,’A1:W150');
TargetTst=xIsread(inputfile,targettestsheet,’A1:W150');
inputweathersfile='"Result/inputweathersolar_int.xlsx';
WeathersTrm=xIsread(inputweathersfile,'weatherstrn',’A1: W458');
WeathersTst=xIsread(inputweathersfile,'weathersfoctst','A1: W150");
WeathersAve=xlsread(inputweathersfile,'weathersaverage',! A1:W150");
[~,ctst]=size(TargetTst);
OutputTr=[];
ErrorTr={];
OutputTs=[];
ErrorTs=[];
for itime=1:ctst
InputTrnit=InputTrn(:,itime);
TargetTrnit=TargetTrn(:,itime);
InputTstit=InputTst(:,itime);
TargetTstit=TargetTst(:,itime);
WeathersTrnit=WeathersTrn(:,itime);
WeathersTstit=WeathersTst(:,itime);
newInputTrnit=[InputTrnit, WeathersTrnit];
newInputTstit=[InputTstit, WeathersTstit]
X=newlnputTrnit';
Y= TargetTrnit',
Xtest=newlInputTstit';
[x_normalized,min_x,max_x] = normalizez(X);
[y_normalized,min_y,max_y] = normalizez(Y);
[xtest normalized,min_xtest,max_xtest] = normalizez(Xtest);
input =X _normalized;
output =y normalized;
inputtest=xtest normalized;
neuron = 10;
minMSE = 1;
minGRAD = le-3;
[Win, Wout, bin, bout, nin, pred] = ffnnetwork(input, output, neuron, minMSE,
minGRAD);
outputtrfo = ffnnetpredict(input, Win, Wout, bin, bout);
outputtefo = ffnnetpredict(inputtest, Win, Wout, bin, bout);
save net;
outputtrforev=denormalizez(outputtrfo,min_y,max_y);
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outputteforev=denormalizez(outputtefo,min_y,max y);

OutputTr=[OutputTr, outputtrforev'];

OutputTs=[OutputTs, outputteforev'];
end
outputfilename='Resultpv/outputmodel03.xlsx";
xIswrite(outputfilename,OutputTr,'outputtrn');
xIswrite(outputfilename, TargetTrn,'targettrn');
xIswrite(outputfilename,OutputTs,'outputtst');
xIswrite(outputfilename, TargetTst, 'targettst');
C.4.4.Ham dw bdo cong sudt phdt ciia PV/WT theo model 04 (2 input, 1 output, 48 ANN) -
Két néi véi nist MO HINH 4 — DU BAO CONG SUAT PHAT CHO GIAN PIN MAT
TROI/TUABIN GIO trong giao di¢n guide

function btncase2specificwithgroup Callback(hObject, eventdata, handles)
inputfile="solarinput.xlIsx';

targettrainsheet="targettrainint';

outputtestsheet="outputtst';

TargetTrn=xlIsread(inputfile, targettrainsheet,'A1:W458');
OutputTst=xIsread(inputfile, outputtestsheet,’A1:W150');
inputweathersfile='Result/inputweathersolar_int.xIsx";
WeathersTrn=xlsread(inputweathersfile,'weatherstrn',' A1: W458");
WeathersTst=xIsread(inputweathersfile,'weathersfoctst','A1: W150");
WeathersAve=xlsread(inputweathersfile,'weathersaverage',! A1:W150");
peradj=50%;

ws=9;
for iws=1:ws
for th=1:48

MaxP(iws,ih)=findmaxvaluesameweather(TargetTrn, WeathersTrn);
MinP(iws,ih)=findmaxvaluesameweather(TargetTrn, WeathersTrn);
AverP(iws,ih)=findmaxvaluesameweather(TargetTrn, WeathersTrn);

end
end
for ic=1:48
for ir = 1:30
aAdjv(ic,ir)=adjustoutputmodel4(OutputTst, MaxP, MinP, AverP);
end
end

outputfilename='Resultpv/outputmodel04.xlsx';
xlswrite(outputfilename, aAdjv,'outputtstmd4');

C.4.5. Ham dao tao mang no ron ffnnetwork

function [Win, Wout, bin, bout, nin, pred] = ffnnetwork(input, output, neuron, minMSE,

minGRAD)
X = input;
Y = output;

LowerLimit=min(Y);
UpperLimit=max(Y);
[feature, ~] = size(X);
[nout,~] = size(Y);
nin = neuron;

Win = rand(nin, feature);
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bin =rand(nin, 1);
Wout = rand(nout, nin);
bout = rand(nout, 1);
[~, error,netout,netin] = yprediction(X, Win,bin, Wout,bout,Y);
iter = 0;
ukK =1.01;
uscale = 10;
umin = le-10;
umax = le+10;
costx = 0.5*sum(error."2);
loopl =1;
itermax=1000;
while loop1
iter = iter +1;
param = vectorizationGradient(Win, Wout,bin,bout,nin, feature,nout);
J = findJacobian(netout, netin, Wout, X, nin, feature, nout);
loop2 =1;
while loop2
if iter>itermax
loop2=0;
end
pk = -inv(J'™*]J + uK*eye(size(J,2),size(J,2)))*J *error’;
zk = param + pk;
[Win,Wout,bin,bout] = devecotrization(zk,nin,nout,feature);
[pred, error,netout,netin] = yprediction(X,Win,bin,Wout,bout,Y);
costz = 0.5*sum(error.”2);
if costz<costx
% [~,sk,~,~,~,~] = goldenSection(LowerLimit,UpperLimit,1e-
10,Y ,nin,param,pk,feature,X);
sk = newtonRhapson(param,pk,X,Y ,nin,feature);
param = param + 0.001*pk;
[Win,Wout,bin,bout] = devecotrization(zk,nin,nout,feature);
[~, error,netout,netin] = yprediction(X, Win,bin, Wout,bout,Y);
costx = sum(error.”2);
uK =uK/uscale;
loop2 = 0;
clc;
disp('Cost');
disp(costx);
else
uK = uK*uscale;
end
if(uK<umin)||(umax<uK)
loopl = 0;
loop2 = 0;
end
end
if costx<minMSE && norm(2*J'*error')<minGRAD
loopl = 0;
end
end
end



function y = h(x)
y = tansig(x);

end

function y = hprime(x)
y = (1-tansig(x)."2);

end

function y = hOut(x)
y=X

end

function y = hprimeOut(x)
y = ones(size(x));
end

C.4.6. Ham yprediction

function [ypred,error,netout,netin] = yprediction(X,Win,bin, Wout,bout,Y)
netin = Win*X + bin;

netout = Wout*h(netin) + bout;

ypred = hOut(netout);

error = Y-ypred;

end

C.4.7. Ham findJacobian

function J = findJacobian(netout, netin, Wout, X, nin, feature, nout)
J = zeros(size(X,2), feature*nin + nin + nout*nin + nout);
dWout = zeros(nout, nin);
dWin = zeros(nin, feature);
dbout = zeros(nout, 1);
dbin = zeros(nin, 1);
fori=1:size(X,2)
dWout = findGradWout(netout(:,i),netin(:,i));
dbout = sum(findGradbout(netout(:,i)),2);
dWin = findGradWin(netout(:,i), Wout,netin(:,1),X(:,1));
dbin = sum(findGradbin(netout(:,i),netin(:,i), Wout),2);
grad = vectorizationGradient(dWin,dWout,dbin,dbout,nin,feature,nout);
J(i,:) = grad;
end
end
function y = findGradWout(netout,netin)
y = -(hprimeOut(netout))*h(netin)';
end
function y = findGradbout(netout)
y = -hprimeOut(netout);
end
function y = findGradWin(netout, Wout,netin, X)
y = -((Wout'*(hprimeOut(netout)). *hprime(netin)))*X';
end
function y = findGradbin(netout,netin, Wout)
y = -((Wout'*(hprimeOut(netout)). *hprime(netin)));
end
function y = h(x)
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y = tansig(x);
end
function y = hprime(x)
y = (1-tansig(x)."2);
end
function y = hprimeOut(x)
y = ones(size(x));
end

C.4.8. Ham devecotrization

function [Win,Wout,bin,bout] = devecotrization(vector,N,numout, feature)
Win = reshape(vector(1:feature*N), [N, feature]);
vector = vector(feature*N+1:end);
bin = reshape(vector(1:N), [N, 1]);
vector = vector(N+1:end);
Wout = reshape(vector(1:numout*N), [numout, NJ);
vector = vector((numout*N)+1:end);
bout = reshape(vector(1:end), [numout, 1]);
end

C.4.9. Ham newtonRhapson

function sk = newtonRhapson(x0,pk,t,y,s,R)
xk = x0;
sk =0.01;
loopl = 1;
tolerance = le-3;
tolerance change = le-3;
stepSize = le-6;
while loopl
[Win,Wout,bin,bout] = devecotrization(xk+sk*pk,s,size(y,1),R);
[prediction] = ffnnetpredict(t, Win, Wout, bin, bout);
f=0.5*%(((y-prediction).”2));
df = diff(f)./stepSize;
ddf = diff(df)./stepSize;
df = sum(df); ddf = sum(ddf);
deltaXk = - df/ddf;
sk = sk + deltaXk;
df old =df;

[Win,Wout,bin,bout] = devecotrization(xk+sk*pk,s,size(y,1),R);
[prediction] = ffnnetpredict(t, Win, Wout, bin, bout);
f=0.5*%(((y-prediction).”2));
df = diff(f)./stepSize;

df = sum(df);

if df < tolerance || df - df old < tolerance change || deltaXk<tolerance
loopl =0;

end

end

end

C.4.10. Ham goldenSection
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function [t1,t2,ft1,{ft2,N,tolerance] =
goldenSection(tLowerLimit,tUpperLimit,tFinalPoint,y,s,tk,pk,R t)
tol = 0.38197,;
tolerance = tFinalPoint/(tUpperLimit - tLowerLimit);
N = floor(-2.078*log(tolerance));
tl = tLowerLimit + tol*(tUpperLimit - tLowerLimit);
[Win,Wout,bin,bout] = devecotrization(tk+t1*pk,s,size(y,1),R);
[prediction] = ffnnetpredict(t, Win, Wout, bin, bout);
ft1 = 0.5*(((y-prediction)."2));
t2 = tUpperLimit - tol*(tUpperLimit - tLowerLimit);
[Win,Wout,bin,bout] = devecotrization(tk-+t2*pk,s,size(y,1),R);
[prediction] = ffnnetpredict(t, Win, Wout, bin, bout);
ft2 = 0.5*(((y-prediction)."2));
ft1 = sum(ftl);
ft2 = sum(ft2);
k=0;
for i=1:N
if k<N
if ft1>112
tLowerLimit = t1;
tl =1t2;
ft1 = ft2;
t2 = tUpperLimit - tol*(tUpperLimit - tLowerLimit);
[Win,Wout,bin,bout] = devecotrization(tk+t2*pk,s,size(y,1),R);
[prediction] = ffnnetpredict(t, Win, Wout, bin, bout);
ft2 = 0.5*(((y-prediction)."2));
ft2 = sum(ft2);
k=k+1;
elseif ft1<ft2
tUpperLimit = t2;
t2=tl;
ft2 = ftl;
tl = tLowerLimit + tol*(tUpperLimit - tLowerLimit);
[Win,Wout,bin,bout] = devecotrization(tk+t1*pk,s,size(y,1),R);
[prediction] = ffnnetpredict(t, Win, Wout, bin, bout);
ft1 = 0.5*(((y-prediction)."2));
ft1 = sum(ftl);
k=k+1;
end
else
break;
end
end
end

C.4.11. Ham ffnnetpredict

function [prediction] = ffnnetpredict(X, Win, Wout, bin, bout)
netin = Win*X + bin;

netout = Wout*h(netin) + bout;

prediction = hOut(netout);
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function y = h(x)
y = tansig(x);

end

function y = hOut(x)
y=X;

end

function y = hprime(x)
y = (1-tansig(x)."2);

end

end

C.4.12. Ham vectorizationGradient

function [y] = vectorizationGradient(gradWin,gradWout,gradbin,gradbout,N,feature,numout)
y =1

= [y; reshape(gradWin, [N*feature,1])];

y [y; reshape(gradbin, [N, 1])];

y = [y; reshape(gradWout,[N*numout, 1])];

y = [y; reshape(gradbout,[numout, 1])];

end

C.4.13. Ham normalizez

function [y,m_in,m_ax] = normalizez(X)
fori=1:size(X,1)

m_ax(i) = max(X(i,:));

m_in(i) = min(X(i,:));

y(i,:) = (X(i,:)-m_in(i))/(m_ax(i)-m_in(i));
end
end

C.4.14. Ham rsquared

function [r2,adjr2]=rsquared(ydata,yestimation)
SSres=sum( (ydata-yestimation)."2 );
SStot=sum( (ydata-mean(ydata)).”2 );
r2=1-SSres/SStot;

= length(yestimation);
k=8;
adjr2 =1 - ( (1-12)*(n-D/(n-k-1)) );

end

C.4.15.Ham dy bao cong sudt tiéu thu cfia phu tai/ gia di¢n theo model 01 (fl8 input, 46:
output, 1 ANN) - Két néi vdi niit MO HINH 1 - DU BAO CONG SUAT TIEU THU CUA
PHU TAI DIEN/GIA DIEN trong giao dién guide

function btnmlpcaselall Callback(hObject, eventdata, handles)
inputfile='"econsumeinput.xIsx';

inputtrainsheet="inputcasel trainint';
targettrainsheet="targetcaseltrainint';

inputtestsheet="inputcasel testint';

targettestsheet="targetcase I testint';
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InputTrn=xlsread(inputfile,inputtrainsheet,' A1:AV458');
TargetTrn=xIsread(inputfile,targettrainsheet,' A1:AV458');
InputTst=xIsread(inputfile,inputtestsheet,’ A1:AV150'");
TargetTst=xIsread(inputfile,targettestsheet,' A1:AV150');
X=InputTrn’;

Y= TargetTrm';

Xtest= InputTst';

[x_normalized,min_x,max_x] = normalizez(X);
[y_normalized,min_y,max_y] = normalizez(Y);

[xtest normalized,min_xtest,max_xtest] = normalizez(Xtest);
input =x_ normalized;

output =y normalized;

inputtest=xtest normalized;

neuron = 50;

minMSE = 1;

minGRAD = le-3;

[Win, Wout, bin, bout, nin, pred] = ffnnetwork(input, output, neuron, minMSE, minGRAD);
outputtrfo = ffnnetpredict(input, Win, Wout, bin, bout);
outputtefo = ffnnetpredict(inputtest, Win, Wout, bin, bout);
save net;
outputtrforev=denormalizez(outputtrfo,min_y,max_y);
outputteforev=denormalizez(outputtefo,min_y,max y);
outputfilename='Resultec/outputmodel01.xlsx";
xlswrite(outputfilename, outputtrforev',' outputtrn');
xIswrite(outputfilename, outputteforev','outputtst');
xlswrite(outputfilename, TargetTst,'targettst');

C.4.16.Ham dy bdo cong sudt tiéu ttht cii‘a phu tdi/ gia dt,'én thﬁeo model 02 (01 input, 01
output, 48 ANN) - Két noi véi niit MO HINH 2 — DU BAO CONG SUAT TIEU THU CUA
PHU TAI DIEN/GIA DIEN trong giao dién guide

function btnmlpcaselspecific_Callback(hObject, eventdata, handles)
inputfile='econsumeinput.xIsx';
inputtrainsheet="inputcasel trainint';
targettrainsheet="targetcaseltrainint';
inputtestsheet="inputcaseltestint';
targettestsheet="targetcase I testint';
InputTrn=xlsread(inputfile,inputtrainsheet,' A1:AV458');
TargetTrn=xlIsread(inputfile,targettrainsheet,' A1:AV458');
InputTst=xIsread(inputfile,inputtestsheet,’ A1:AV150'");
TargetTst=xIsread(inputfile,targettestsheet,' A1:AV150');
[~,ctst]=size(TargetTst);
OutputTr=[];
ErrorTr=[];
OutputTs=[];
ErrorTs=[];
for itime=1:ctst
InputTrnit=InputTrn(:,itime);
TargetTrnit=TargetTrn(:,itime);
InputTstit=InputTst(:,itime);
TargetTstit=TargetTst(:,itime);
X= InputTrnit';
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Y= TargetTrnit',

Xtest= InputTstit';

[x_normalized,min_x,max_x] = normalizez(X);

[y_normalized,min_y,max_y] = normalizez(Y);

[xtest normalized,min_xtest,max_xtest] = normalizez(Xtest);

input =x_normalized;

output =y normalized;

inputtest=xtest normalized;

neuron = 10;

minMSE = 1;

minGRAD = le-3;

[Win, Wout, bin, bout, nin, pred] = ffnnetwork(input, output, neuron, minMSE,
minGRAD);

outputtrfo = ffnnetpredict(input, Win, Wout, bin, bout);

outputtefo = ffnnetpredict(inputtest, Win, Wout, bin, bout);

save net;

outputtrforev=denormalizez(outputtrfo,min_y,max_y);

outputteforev=denormalizez(outputtefo,min_y,max_y);

OutputTr=[OutputTr, outputtrforev'];

OutputTs=[OutputTs, outputteforev'];
end
outputfilename='Resultec/outputmodel02.x1sx";
xIswrite(outputfilename,OutputTr,'outputtrn');
xlswrite(outputfilename, TargetTrn,'targettrn');
xlswrite(outputfilename,OutputTs,'outputtst’);
xlswrite(outputfilename, TargetTst,'targettst');

C.4.17.Ham dy bdo cong sudt tiéu ttht cii‘a phu tdi/ gia dt,'én thﬁeo model 03 (0; input, 01
output, 48 ANN) - Két noi véi niit MO HINH 3 — DU BAO CONG SUAT TIEU THU CUA
PHU TAI DIEN/GIA DIEN trong giao dién guide

function mlpcase2specific_Callback(hObject, eventdata, handles)
inputfile='econsumeinput.xIsx';
inputtrainsheet]="inputlcase2trainint';
inputtrainsheet2="input2case2trainint';
targettrainsheet="targetcase2trainint';
inputtestsheet1="inputl case2testint’;
inputtestsheet2="input2case2testint’;
targettestsheet="targetcase2testint’;
Inputl Trn=xlIsread(inputfile,inputtrainsheetl,'A1:AV458");
Input2 Trn=xIsread(inputfile,inputtrainsheet2,'A1:AV458");
TargetTrn=xIsread(inputfile,targettrainsheet,' A1:AV458');
Inputl Tst=xIsread(inputfile,inputtestsheet1,'A1:AV150');
Input2 Tst=xlIsread(inputfile,inputtestsheet2,'A1:AV150');
TargetTst=xIsread(inputfile,targettestsheet,' A1:AV150');
[~,ctst]=size(TargetTst);
OutputTr=[];
ErrorTr={];
OutputTs=];
ErrorTs=[];
for itime=1:ctst

Input] Trnit=Input1 Trn(:,itime);
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Input2 Trnit=Input2 Trn(:,itime);

TargetTrnit=TargetTrn(:,itime);

Inputl Tstit=Input1 Tst(:,itime);

Input2 Tstit=Input2 Tst(:,itime);

TargetTstit=TargetTst(:,itime);

InputTrnit=[Inputl Trnit,Input2 Trnit];

InputTstit=[Input1 Tstit,Input2 Tstit];

X= InputTrnit';

Y= TargetTrnit',

Xtest= InputTstit';

[x_normalized,min_x,max_x] = normalizez(X);

[y_normalized,min_y,max_y] = normalizez(Y);

[xtest normalized,min_xtest,max_xtest] = normalizez(Xtest);

input =X _normalized;

output =y normalized;

inputtest=xtest normalized;

neuron = 10;

minMSE = 1;

minGRAD = le-3;

[Win, Wout, bin, bout, nin, pred] = ffnnetwork(input, output, neuron, minMSE,
minGRAD);

outputtrfo = ffnnetpredict(input, Win, Wout, bin, bout);

outputtefo = ffnnetpredict(inputtest, Win, Wout, bin, bout);

save net;

outputtrforev=denormalizez(outputtrfo,min_y,max_y);

outputteforev=denormalizez(outputtefo,min_y,max_y);

OutputTr=[OutputTr, outputtrforev'];

OutputTs=[OutputTs, outputteforev'];
end
outputfilename='Resultec/outputmodel03.x1sx";
xlswrite(outputfilename,OutputTr,'outputtrn');
xlswrite(outputfilename, TargetTrn,'targettrn');
xIswrite(outputfilename,OutputTs,'outputtst’);
xIswrite(outputfilename, TargetTst, 'targettst');

C.5.1. Ham sii dung thugt todn di truyén tinh thoi diém déng tdi t6i wu ciia ludi dign ha dp-
Két noi voi niut GA ON/OFF LOAD trong giao dién guide

function btngaonofflctooptimallv_Callback(hObject, eventdata, handles)
inputfilename = 'Input/inputbc48times.xIsx';
Sheet="info';

Location='B2:B12';

INfo = xIsread(inputfilename,Sheet,Location);
nodenum=INfo(1);

UO0=INfo(2);

Udm=INfo(3);

popsize=INfo(4);

pc=INfo(5);

pm=INfo(6);

Umax=INfo(7);

Umin=INfo(8);

maxPVprice=INfo(9);
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maxWTprice=INfo(10);

maxGRprice=INfo(11);

Sheet="node";

locastr1="A2:I';
totallengstr=int2str(nodenum-+1);
locastr=strcat(locastrl,totallengstr);
Location=locastr;

Node = xIsread(inputfilename,Sheet,Location);
Sheet="branch';

locastr1="A2:E";
totallengstr=int2str(nodenum-+1);
locastr=strcat(locastrl,totallengstr);
Location=locastr;

Branch = xIsread(inputfilename,Sheet,Location);
Sheet='Ictime";

locastr1='"A2:E';
totallengstr=int2str(nodenum-+1);
locastr=strcat(locastrl,totallengstr);
Location=locastr;

LCtimetab = xIsread(inputfilename,Sheet,Location);
Sheet="forecastprice';

locastr1="B1:AW";

pricenum=3;

totallengstr=int2str(pricenum+1);
locastr=strcat(locastrl,totallengstr);
Location=locastr;

dataForeprice = xIsread(inputfilename,Sheet,Location);
Foreprice=dataForeprice';

Sheet="forecastLuc';

locastr1="B2:AW';
totallengstr=int2str(nodenum-+1);
locastr=strcat(locastrl,totallengstr);
Location=locastr;

Pucfper = xIsread(inputfilename,Sheet,Location);
Sheet='forecastPV";

locastr1="B2:AW";
totallengstr=int2str(nodenum-+1);
locastr=strcat(locastrl,totallengstr);
Location=locastr;

Ppviper = xlIsread(inputfilename,Sheet,Location);
Sheet="forecastWT';

locastr1="B2:AW";
totallengstr=int2str(nodenum-+1);
locastr=strcat(locastrl,totallengstr);
Location=locastr;

Pwtfper = xIsread(inputfilename,Sheet,Location);
tmax=48;

addf=1000000;

npopsize=20;

PopsizeNST=[];

npop=0;

istop=0;
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TideRes=[];
while npop<npopsize
[Tide,NST,maxT]=f202106cd02createNST(nodenum,LCtimetab);
[checknst,fnst, Tide]=f202106cd02calfandchecknst(tmax,Node,Foreprice,maxGRprice,maxPV
price,maxWTprice,Pucfper,Ppviper,Pwtfper, NST,maxT,LCtimetab,Branch,nodenum,U0,Udm
,Umax,Umin,addf);
if checknst==

npop=npop+1;

PopsizeNST=[PopsizeNST;NST];

TideRes=[TideRes;[Tide',fnst]];

end

istop=istop+1;

if istop>40000

npop=25;

end
end
[rpz,cpz]=size(PopsizeNST);
numpopvstepl=rpz
[fmax,Tidemax]=f202106cd02calfmaxtidemax(tmax,Node,Foreprice,maxGRprice,maxPVpri
ce,maxWTprice,Pucfper,Ppviper,Pwtfper,PopsizeNST,maxT,LCtimetab,Branch,nodenum, U0,
Udm,Umax,Umin,addf,npopsize);

GAresult=[];

GAres(1,1)=1;
GAres(1,2)=fmax;
GAresult=[ GAres,Tidemax];
stopga=1;
GAtotal=GAresult;
stopgamax=1000;

iloop=1;

while stopga<stopgamax

fmaxold=fmax;
[Fnstv,Tidenst]=f202212calfntide(tmax,Node,Foreprice,maxGRprice,maxPVprice,maxWTpri
ce,Puctper,Ppviper,Pwtfper,PopsizeNST,maxT,LCtimetab,Branch,nodenum,U0,Udm,Umax,
Umin,addf,npopsize);

Beforepopsize=PopsizeNST;

Beforepopsize=[Beforepopsize, Tidenst,Fnstv];
PopszNSTselection=f202106cd02selectionstep(PopsizeNST,tmax,Node,Foreprice,maxGRpri
ce,maxPVprice,maxWTprice,Pucfper,Ppviper,Pwtfper,maxT,LCtimetab,Branch,nodenum,UO0,
Udm,Umax,Umin,addf);

PopsizeNST=PopszNSTselection;

PopszNSTcross= f202106cd02crossover(PopsizeNST,pc);

PopsizeNST=PopszNSTcross;

PopsizeNSTnewmu=f202106cd02muation(PopsizeNST,pm);

PopsizeNST=PopsizeNSTnewmu,
[Fnstv,Tidenst]=f202212calfntide(tmax,Node,Foreprice,maxGRprice,maxPVprice,maxWTpri
ce,Puctper,Ppviper,Pwtfper,PopsizeNST,maxT,LCtimetab,Branch,nodenum,U0,Udm,Umax,
Umin,addf,npopsize);

Afterpopsize=PopsizeNST;

Afterpopsize=[ Afterpopsize, Tidenst,Fnstv];

Popf=[Beforepopsize; Afterpopsize];

[~,cf]=size(Popf);

[~,cpz]=size(PopsizeNST);
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ncpz=cpz*person
Popfsort=sortrows(Popf,cf,'descend');
for ir=1:npopsize
cpz=cpz*person
for ic=1:ncpz
PopsizeNST(ir,ic)=Popfsort(ir,ic);
end
Fpopsize(ir,iloop)=Popfsort(ir,cf);
end
iloop=iloop+1;
[fmax,Tidemax]=f202106cd02calfmaxtidemax(tmax,Node,Foreprice,maxGRprice,maxPVpri
ce,maxWTprice,Pucfper,Ppviper,Pwtfper,PopsizeNST,maxT,LCtimetab,Branch,nodenum,UO0,
Udm,Umax,Umin,addf,npopsize);
GAresult=[];
GAres(1,1)=stopga+1;
GAres(1,2)=fmax;
GAresult=[ GAres,Tidemax];
fmaxnew=fmax;
countreducef=0;
if fmaxnew<fmaxold
countreducef=countreducef+1;
if countreducef>2
stopga=1001;
end
end
stopga=stopga+1;
GAtotal=[GAtotal;GAresult];
end
outputfile='"Resultop/gaoptimallv_cpso.xlsx';
xlswrite(outputfile, GAtotal,'Gatotal');
xlswrite(outputfile, TideRes,'tideres');
xlswrite(outputfile,Fpopsize','fpopsize');

C.5.2. Ham calfandchecknst

function
[checknst, fnst, Tide]=f202106cd02calfandchecknst(tmax,Node,Foreprice,maxGRprice,maxPV
price,maxWTprice,Pucfper,Ppviper,Pwtfper, NST,maxT,LCtimetab,Branch,nodenum,U0,Udm
,Umax,Umin,addf)
Tbi=f202105cutlimitNST(maxT,NST);
[rti,~]=size(Tbi);
for itbi=1:rti
Tibi=Tbi(itbi,:);
Tide(itbi,1)=bi2de(Tibi);
end
newNode=Node;

=0;
checknst=1;
for it=1:tmax
ft=0;
for il=1:nodenum
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prigrp=Foreprice(it,2);
prigrt=maxGRprice*prigrp/100;
pripvp=Foreprice(it,3);
pripvt=maxPVprice*pripvp/100;
priwtp=Foreprice(it,4);
priwtt=max W Tprice*priwtp/100;
plucmax=Node(il,2);
plucfp=Pucfper(il,it);
pluct=plucmax*pluctp/100;
ppvmax=Node(il,6);
ppvip=Ppviper(iL,it);
ppvt=ppvmax*ppvfp/100;
pwtmax=Node(il,8);
pwtfp=Pwtfper(il,it);
pwtt=pwtmax*pwtfp/100;
plecmax=Node(il,4);
tih=Tide(il,1);
tistarth=LCtimetab(il,2);
tideltah=LCtimetab(il,4);
tireh=tih+tistarth-1;
revday=tmax/24;
tire=revday*(tireh-1)+1;
if (tire<=it)&&(it<=tire+revday*tideltah)

plct=plcmax;
else

plct=0;
end
newNode(il,2)=pluct;
newNode(il,4)=plct;
newNode(il,6)=ppvt;
newNode(il,8)=pwtt;
fnode=(pripvt*ppvttpriwtt*pwtt-prigrt* (pluct+plct))/2;
ft=ft+fnode;

end

[PQIline,UT]=f202105singlephasepvwtcalculator(newNode,Branch,nodenum,U0,Udm);
checkNSTt=f202105checkNST(UI,Branch,Umax,Umin);
checknst=checknst*checkNSTt;
f=f+ft;

end

fnst=f+addf;

C.5.3. Ham calfmaxtidemax

function
[fmax,Tidemax]=f202106cd02calfmaxtidemax(tmax,Node,Foreprice,maxGRprice,maxPVpri
ce,maxWTprice,Pucfper,Ppviper,Pwtfper,PopsizeNST,maxT,LCtimetab,Branch,nodenum,UO0,
Udm,Umax,Umin,addf,npopsize)
[rps,~]=size(PopsizeNST);
if rps==npopsize

for ipop=1:npopsize

NST=PopsizeNST(ipop,:);



Ixi

[checknst, fnst, Tide]=f202106cd02calfandchecknst(tmax,Node,Foreprice,maxGRprice,maxPV
price,maxWTprice,Pucfper,Ppviper,Pwtfper, NST,maxT,LCtimetab,Branch,nodenum,U0,Udm
,Umax,Umin,addf);
if checknst==1
Fpopsize(ipop,1)=fnst;
else
Fpopsize(ipop,1)=0;
end
Tde(ipop,:)=Tide';
end
end
[fmax,imax]=max(Fpopsize);
NSTmax=PopsizeNST(imax,:);
Tidemax=Tde(imax,:);

C.5.4. Ham calfntide

function
[Fnstv,Tidenst]=202212calfntide(tmax,Node,Foreprice,max GRprice,maxPVprice,max WTpri
ce,Pucfper,Ppviper,Pwtfper,PopsizeNST,maxT,LCtimetab,Branch,nodenum,U0,Udm,Umax,
Umin,addf,npopsize)
[rps,~]=size(PopsizeNST);
if rps==npopsize
for ipop=1:npopsize

NST=PopsizeNST(ipop,:);
[checknst, fnst, Tide]=f202106cd02calfandchecknst(tmax,Node,Foreprice,maxGRprice,maxPV
price,maxWTprice,Pucfper,Ppviper,Pwtfper, NST,maxT,LCtimetab,Branch,nodenum,U0,Udm
,Umax,Umin,addf);

if checknst==1

Fpopsize(ipop, 1 )=fnst;
else
Fpopsize(ipop,1)=0;
end
Tde(ipop,:)=Tide';
end

end
Fnstv=Fpopsize;
Tidenst=Tde;

C.6.1. Ham sir dung thudt todn montecarlo dé tinh thoi gian mat dién trong niam- Két noi
voi nut MONTE CARLO SAIDI trong giao dién guide

function montecarlo_Callback(hObject, eventdata, handles)
inputfile="Input/inputdata.xlsx’;
Infov=xlsread(inputfile,'info','C2:C15");
InputV=xlsread(inputfile,'inputpvld','B6:AX7');
NumEV=xlsread(inputfile,'numev','A2:A12");
Plmax=Infov(1,1);

Ppvmax=Infov(2,1);

deltat=Infov(5,1);

tendset=Infov(6,1);
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tend=Infov(7,1);
lossetime=Infov(10,1);
yearstep=Infov(9,1);
effidisch=Infov(13,1);
effich=Infov(14,1);
Aev=42;
Pchev=11;
perAmin=0.3;
[rev,~]=size(NumEV);
for iev=1:rev
nev=NumEV(iev,1);
maxA=Aev*nev;
minA=maxA*perAmin;
Pchmax=Pchev*nev;
here=iev
for i=1:8
Pdischmax=0.25*Plmax*i;
tmonte=0;
ttotal=0;
maxyear=100;
for iyear=1:maxyear
for iday=1:365
for it=1:48
imonte=randi(yearstep);
isaidi=it+48*(iday-1);
Plit=Plmax*InputV(2,it)/100;
Ppvit=Ppvmax*InputV(1,it)/100;
Plitplus1=Plmax*InputV(2,it+1)/100;
Ppvitplus1=Ppvmax*InputV(l,it+1)/100;
Al=(Plit+Plitplus1)/2*deltat;
Apv=(Ppvit+Ppvitplus1)/2*deltat;
Aneed=Al-Apv;
Pneed=max((Plit-Ppvit),(Plitplus1-Ppvitplus1));
Ai=minA+randi(round((maxA-minA),0)-1);
Aprovl=Ai-minA;
Aprov2=Pdischmax*deltat/effidisch;
Aprov3=Pchmax*effich*(tendset-tend-deltat);
Approv=min([Aprov1,Aprov2,Aprov3]);
Pdischfrbatmax=Approv*effidisch/deltat;
ac=1.05;
if imonte<lossetime
ttotal=ttotal+1;
end

if (Aneed*ac>Approv)||(Pneed*ac>Pdischfrbatmax)

if imonte<lossetime
tmonte=tmonte+1;
end
end
end

end
end
totallostinyear=tmonte/(2*maxyear);



testtime=ttotal/(2*maxyear);
ires=i+(iev-1)*§;
Result(ires,1)=i;
Result(ires,2)=totallostinyear;
Result(ires,3)=Pdischmax;
Result(ires,4)=Pchmax;
Result(ires,5)=maxA;
Result(ires,6)=Ppvmax;
Result(ires,7)=testtime;
Result(ires,8)=nev;

end

end

outputfile='Resultm/monteresultnopv.xlsx';

xIswrite(outputfile,Result,'monteres');
C.7. Giao dién phin mém

"4 Giaodien

SU¥ DUNG MANG NO' RON DU BAO CONG
SUAT PHAT CUA GIAN PIN MAT TRO1
THEO CAC MO HINH DE XUAT

TiNH LUO1 DIEN HA AP 1 PHA

st DUNG THUAT TOAN DI TRUYEN TiNH
CONG SUAT PHAT LON NHAT CUA MO HiNH 1
NGUON DIEN GIO, BIEN MAT TROT LEN
LUO1 DIEN HA AP 1 PHA

GA MAX PVWT SPLV MO HiNH 2

TiNH TRAO LUU CONG SUAT T6I WU CHO Mo
LUO1DIEN 3 PHA

MO HiNH 4
OPF CALCULATION

SU* DUNG THUAT TOAN DI TRUYEN TiNH
TONG CONG SUAT LON NHAT CUA
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NGUON DIEN GIO, DIEN MAT TRO1 KET
NOI LUG1 BIEN 3 PHA KHI XET DEN HE
s6 ¢ LO1VITRI

GA MAX PVWT 3P BELO

Ixiii

LUAN AN TIEN SY

S(¥ DUNG MANG NO' RON DU BAO CONG
SUAT PHAT CUA TUA BIN GIO THEO CAC
MO HINH BE XUAT

MO HiNH 1
MO HiNH 2
MO HiNH 3

MO HiNH 4

SI¥ DUNG THUAT TOAN BAY DAN TiNH
TONG CONG SUAT LON NHAT CUA
NGUON BIEN GIO, BIEN MAT TROT KET
NGI LUOT DIEN 3 PHA KHI XET DEN HE
s6 COLOTVITRI

PSO MAX PVWT 3P BELO

st DUNG MANG NO'RON DU BAD CONG
SUAT TIEU THU CUA PHU TA!I DIEN THEO
CAC MO HiNH BE XUAT

MO HiNH 1

MO HiNH 2

MO HiNH 3

si DUNG THUAT TOAN DI TRUYEN TiNH
THO! BIEM BONG TAI TOI UU TRONG
LUGT1 DIEN HA AP 1 PHA

GA ON/OFF LOAD

SU* DUNG MANG NO' RON DU’ BAO GIA
MUA BIEN TU LUGI THEO CAC MO HINH
E XUAT

MO HiNH 1

MO HiNH 2

MO HINH 3

S DUNG THUAT TOAN MONTE CARLO
TiNH TONG THOT GIAN CAT DIEN TRONG

MONTE CARLO SAIDI



