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ABSTRACT

The study presents the application of several artificial interlligence based methods for solving
short-term hydrothermal scheduling problems. The objective of these problems is to minimize
total electricity generation fuel cost and the emission released of thermal plants so that all
equality and inequality constraints of the system including power balance constraint
considering transmission line, upper and lower limits on power generated by thermal and hydro
plants, and hydraulic constraints at hydropower plants are satisified. In addition, constraints in
transmission lines such as transmission capacity of lines, voltage at buses, tap setting, etc are
also taken into consideration. The complicated level of the considered constraints is increased
and ranged from the first problem to the fifth problem. The summary of contribution of the

dissertation is as follows:

1) Four methods including Augmented Lagrange Hopfield Network and three other methods
such as conventional Cuckoo search algorithm (CCSA), Modified Cuckoo search algorithm
(MCSA) and Adaptive Selective Cuckoo search algorithm (ASCSA) are successfully applied
for the five problems in the study.

2) ASCSA is first successfully developed in the dissertation by analyzing disadvantages of
CCSA and proposing two new techniques where the first technique focuses on the second new
solution generation and the second technique focuses on keeping a set of high quality solutions.
The result comparisons indicate that ASCSA is superior to CCSA in terms of solution quality
and convergence speed.

3) Successfully construct the hydrothermal scheduling problem considering all constraints
belonging to IEEE-30 bus system and IEEE-118 bus system. The three Cuckoo search
algorithms have been successfully applied for the problem and finding the optimal solutions
satisfying all constraints. The results comparison have in dicated that ASCSA is the best method
with the best solution quality and the fastest execution time.
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TOM TAT

Luan 4n trinh bay tng dung cac phuong phap théng minh nhan tao diéu d6 téi vu hé thng thuy
nhiét dién. Muc tiéu cia cac bai toan 1a cuc tiéu chi phi phat dién va khi thai tai cac nha may
nhiét dién sao cho cic rang budc can bang va bit can bang cua hé théng nhu rang budc can
bang cong suit c6 xét dén ton hao truyén tai duong day, cac gidi han cong suit phat ciia nha
may thity dién va nhiét dién va cc rang budc tir hd thiy dién phai dugc thoéa méin. Ngoai ra,
rang budc trén ludi truyén tai nhu kha nang truyén tai duong day, dién ap tai cac nut, cai dat
dau phan ap, chon cong suét tu bu cling dugc xét dén. Muc do phure tap cua cac rang budc dugc
tang dan tir bai toan thtr nhat dén bai toan thir nim. Cac déng gop chinh cua luan an dugc tom
tat nhu sau:

1) Ap dung thanh cong bén phuong phap gom cuckoo search cb dién (CCSA), cuckoo search
cai bién (MCSA), cuckoo search chon loc thi nghi (ASCSA), va phuong phap mang Hopfield
Lagrange tiang cuong (ALHN) dé giai ndm bai toan phdi hop tdi wu hé thong thity nhiét dién.
Céac phuong phéap ap dung véi da phan cho két qua tot hon hau hét cac phuong phap da duogc
ap dung dén thoi diém hién tai.

2) Lan dau tién phat trién thuat toan ASCSA dua trén phan tich nhuoc diém ciia CCSA va dua
ra cac cai bién cho k¥ thuat tao ra nghiém méi 1an thi hai va k§ thuat chon loc cac nghiém chét
lugng. Céc két qua cho thady ASCSA hiéu qua hon rat nhiéu so vdi CCSA vé chat luong 10 giai
va toc do dat duoc 101 giai.

3) Xay dung bai toan phdi hop hé thong thiry nhiét dién c6 xét dén ludi truyén tai IEEE-30 nut
va IEEE-118 nut véi tat ca rang budc. Ba phuong phap Cuckoo search dugc ap dung va tim ra
101 giai t6i wu cho bai toan phtic tap ndy véi tit ca cac thong sd déu thoa rang budc nha may
thuy dién, nhiét dién va luéi truyén tai. So sanh chi phi phat dién cho thdy ASCSA la phuong
phap hiéu qua nhat v&i chat lugng 101 giai t6t va ti 16 thanh cong cao.
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THUAT NGU
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Np Dén s6 (Tap hop nghiém)

N Naéc phén ap thir k ‘
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Ojm Téng luu lwong xa & khoang thir m cia thuy dién j

qjmd Luu luong xa thuy dién thr j tai khoang m cua nghiém thtr d

Ojmin s Qjmax Luu lugng xa nho nhit va 16n nhat cua thay dién tht ;

Qj.min 5 Gj,max Luu lugng x4 nho nhat va 16n nhit qua turbine & mdi gio.

qjm.d, qjmd Luu lU:O’ng x4 mdi gio & khoang thir m va thir M ctia thiy dién j

rand S6 ngau nhién thudc khoang [0, 1]

RN Gié tri ngdu nhién c6 gié tri tir 0 dén 1

Sim Luu lugng thim qué dap ho thily dién j & khoang thi m

tm y Thot gian cho m@i khoang thir m va M ‘

Vi itiat , Vjend Thé tich ban dau va ¢ cudi thoi gian hoach dinh cua ho thuy dién j

Vim Thé tich ho chira j & khoang m

Vimin 5 Vjmax Thé tich nho nhét va 16n nhat cua ho thity dién j

Xbestq, Xa, X Nghiém cuc~tri dia php:o*ng, nghi¢m cii tht d va nghiém mai thtr d

X1, X2 Xao ‘gr(f)n ngau nhién lan 1 Vé., 2 cég nghiém hién tai

o,p H¢ s6 cap nhat, phép phan bo chuan

Tij

Thoi gian nudc chay tir ho i phia trén xudng hd j phia dudi

X



CHUONG 1: GIOI THIEU

1.1. PAT VAN PE

Heé thong dién co ban gdm cic nha may nhiét dién va thury dién két nbi v6i nhau qua hé théng
ludi truyén tai dé phat dién dén cac phu tai 16n nhu khu cong nghiép, nha may, khu dan cu, .v....v.
Nha may nhiét dién phai mét tir vai chuc phut dén vai gid dé co thé chuyén tir qua trinh khoi dong
dén phat hét cong suat nhung thuy dién chi mat khoang vai phit da co thé dat duoc cong suit toi
da. Bén canh d0, trong qua trinh lam viéc vo1 phu tai bién dong theo thoi gian, thuy dién co thé
thay doi gan nhu tirc thoi con qué trinh thay ddi cua nhiét dién mat nhiéu thoi gian va hiéu qua
nhién liéu thap. Tuy nhién, thuy dién phai d6i mat vi mua kho kéo dai dén nita thoi gian trong
nim con nhiét dién gan nhu khong bi gidi han. V& chi phi nhién liéu, nha may nhiét dién cao hon
rat nhidu so vé6i thiy dién va néu cang str dung lang phi nhién liéu nay sé& gy ra thiéu ning luong
tram trong trong tuong lai trong khi d6 nguon nudc néu khong sir dung hiéu qua phai bi xa bo. RS
rang nhién lidu nhiét dién co thé du trir trong khi ngudn nudc phai xa bo vao mua mua va dic biét
khi ¢6 lii Iyt. Ding ngudn nuéc xa bo dé phat dién thay cho chi phi nhién liéu hoa thach dat do 1a
diéu hét strc kinh té cua hé thong thay nhiét dién. Tir phén tich trén cho thdy rang két hop cdc nha
may thity dién va nhiét dién thanh mét thé thong nhat va ldp ké hoach phéi hop phdt dién t6i wu
cho hé tho”'ng thuy nhiét dién 1a bai toan vo cung quan trong.

1.2. CAC BAI TOAN NGHIEN CUU
Nim bai toan phdi hop téi vu hé théng thity nhiét dién duoc trinh bay & chuong 4, 5, 6 va 7.

1.3. MUC TIEU NGHIEN CUU

e Ap dung cac thuat toan Cuckoo search c¢o dién (CCSA), Cuckoo search cai bién (MCSA) va
mang Hopfield Lagrange ting cuong (ALHN) giai cac bai toan phdi hop t6i wu hé thong thiuy
nhiét dién.

e Phat trién thuat toan Cuckoo search chon loc thich nghi (ASCSA) ap dung thanh cong cho 5
bai toan.

1.4. CAC PONG GOP CUA LUAN AN

e Ap dung thanh cong cac CCSA, MCSA, ASCSA va ALHN

e Xay dyng thuat toan méi ASCSA hi¢u qua hon CCSA va MCSA.

e Ap dung thanh cong cac thuat toan CCSA, MCSA va ASCSA cho bai toan phan b cong suat
t6i wru hé thong thiry nhiét dién c6 xét dén rang budc ludi truyén tai va nha may thuy dién.

1.5. GIOI HAN PE TAI

Ham muc tiéu duogc biéu dién dudi dang céc ham bac hai va ham khong kha vi.

Rang budc hé thong co xét dén can bang cong suat voi ton that truyén tai trén duong day
Ludi dién IEEE 30 nat va 118 nut dugce st dung véi cac rang bude trén ludi.

Céc rang budc lién quan dén hd thuy dién nhu luu luong x4, thé tich ho chira, thé tich nudc
str dung, thoi gian chay cua nude duge dic trung theo timg bai toan cy thé.

1.6. BO CUC CUA LUAN AN
Luén 4n duge b cuc boi 8 chuong.



CHUONG 2: TONG QUAN

2.1. GIOI THIEU
Téng quan vé 5 bai toan nghién ctru trong luan an nhu sau:

2.2. PHOI HQP HE THONG THUY NHIET PIEN NGAN HAN VOI CHIEU CAO CQT
NUGC CO PINH BO QUA CAC RANG BUQC VE HO CHUA [1 -14]

Cac phuong phap da dugc ap dung cho bai toan nay duoc phan ra lam hai loai: cac phuong
phap xac dinh c6 dién [1-5] va cac phuong phap thong minh nhén tao [6-14]. Cac phuong phap
nay vé co ban khac nhau ¢ kha nang giai quyét cac bai toan V01 do kho cua ham muc tiu va cac
rang budc khac nhau. Thét vay, cac phuong phap xac dinh cb dién va phuong phap trong nghién
ctru [13-14] khong thé giai quyét cac bai toan c6 rang budc va ham muyc tiéu phac tap ma khong
thé 1y dao ham trong khi cac phuong phap con lai c6 thé giai quyét mot cach d& dang.

2.3. PHOI HQP HE THONG THUY NHIET PIEN NGAN HAN VOI CHIEU CAO CQT
NUOC CO PINH XET CAC RANG BUQC VE HO CHUA [2, 3, 15-29]

Cac phuong phap déa dugc ap dung cho bai toan nay chu yéu chia thanh hai nhém: nhém tién
dinh va nhom heuristic. Nhém thtr nhat gom cac phuong phap cd dlen nhu GS [2], Newton-
Raphson [3] va A-y [18] trong khi d6 nhom thtr hai gdm nhiéu thuat toan gan ddy nhu GA [19], EP
[16-18], [20-21], PSO [22, 24, 26, 27, 29], IBFA [23] va CS [28]. Trong cac phuong phap nay,
GS [2] 14 phuong phéap hiéu qua kém vé6i chat luong 151 giai khong cao va thoi gian tinh toan lau.

2.4. PHOI HQP HE THONG THUY NHIET PIEN NGAN HAN VOI CHIEU CAO COQT
NUOC BIEN POI XET CAC HO THUY PIEN BAC THANG [28, 30-57]

So véi cac bai toan trén, ddy 13 bai toan phirc tap hon vi xét dén cac hd thuy dién bac thang
v6i Iuu lugng xa ctia ho trén sé trg thanh luu lugng vé ctia hd dudi. Hon nita, cong suét thity dién
12 mot ham toan phuc thudc vao luu luong nude va thé tich nude véi gia thuyét chiéu cao cot nude
thay d6i theo thoi gian. Trong cac phuong phap giai, GA [30] va TPNN [39] la cac Gmg dung dau
tién v4i nghiém t6i wu chua hoan toan théa man cac rang budc.

2.5. PHOI HQP HE THONG THUY NHIET PIEN NGAN HAN VOI CHIEU CAO CQT
NUGC CO PINH XET MUC TIEU CHI PHI VA PHAT THAI [58-63]

Bai toan nay giong vdi bai toan thir nhat trong muc 2.2 ¢ trén vé rang budc va khac nhau vé
ham muc tiéu. Trong bai toan nay, ca chi phi va phat thai déu dugc xét dén.

2.6. PHAN BO CONG SUAT TOI UU HE THONG THUY NHIET PIEN [64-70]

Phan bd cong suat tdi uu hé théng thuy nhiét dién (HTOPF) la mot bai toan 16n va phirc tap
hon rat nhiéu so voi bai toan phan b cong suat (OPF) va bai toan phdi hop cac nha may thity nhiét
dién (HTS). Bai toan OPF xet dén kha ning truyén tai coa duong day, dién ap tai cac thanh cai,
cai dat dau phan ap, xdc dinh dung lugng tu bu va cong sudt phan khang cua cac may phat. RS
rang bai toan HTOPF rat phirc tap va han ché cac nghién ctru trén thé gi6i tinh dén thoi diém nay.
Cac nghién ctru [64-68] vo1 da phan tur nhung nam 1980 va 1990 va nghién ctru [69-70] trong thép
nién gan day v6i muc tiéu 13 c¢6 thé ap dung cac phuong phap cb dién dé tim ra 10i giai kha thi
khong vi pham rang budc hon 1a so sanh chi phi phat dién tai cdc nha may nhiét dién.
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CHUONG 3: CAC PHUONG PHAP CUCKOO SEARCH VA MANG
HOPFIELD LAGRANGE TANG CUONG

3.1. GIOI THIEU
O chwong nay, CCSA, MCSA, ASCSA va ALHN sé& dugc trinh bay.
3.2. THUAT TOAN CUCKOO SEARCH CO DPIEN (CCSA)
CCSA [71] dya trén 2 k¥ thuat tao ra nghiém mai va ky thuat chon loc gilr lai nhom nghiém tbt.

Lan tao ra nghiém mai thir nhat dugc goi phép Lévy flights con 1an thir hai duoc goi 1a phat hién
tring la dugc bicu dieén bdi cong thirc (3.1) va (3.2) bén dudi.

X=X+ a@AX @ Lévy(B) G-
X 2 X, +rand(X,~X,,)if RN<P, (3.2)
X, otherwise

Vi 1ap ludn cho rang nghiém mai duoc tao ra chua hoan toan cé chat lugng tot hon nghiém
cii. Do d6 mdi nghiém méi va nghiém cii tai ciing mot to chim s& dugc so sanh va giir lai nhu sau:
X' if Fitness (X""") < Fitness(X
Xd:{ j if Fitness (X") < Fitness( d),dzl,....,N (3.3)

X, otherwise ?

Qua trinh tim kiém nghiém t&i wu cia CCSA duoc trinh bay chi tiét trong hinh trong luu db giai
thuat Hinh 3.1.

Bit dau
. L .
Bude 1 ‘ Khoi tao dan so ‘
) L7
Bude 2 | Danh gia ham fitness |
Budce 3 Xac dinh Gy
Budce 5 ‘ Tao nghiém méi sir dung Lévy flights nhu (3.1) }4—
Budce 6 ‘ Panh gia ham fitness ‘
Y
Budc 7 ‘So sanh giir lai nghi¢ém st dung ct. (3.3)‘
v
Buoe s | Tao nghiém moi si dung phat hién tring la nhu (3.2) |
Budc 9 | Danh gii ham fitness |
A 4
Buéc 10 ‘ So sanh gitt lai nghiém str dung ct. (3.3) ‘

Bude 11 Xac dinh Gpey
/ sai
Budc 12 G=Gnax G=G+1

dung
/D\ \\
( ng |
Nt

Hinh 3.1. Luu dé gidi thudt dp dung CCSA cho bai todn t6i wu

3.3. CUCKOO SEARCH CAI BIEN (MCSA)

Walton va céc cong su ctia dng [72] di chi ra nhitng nhuoc diém ctia CCSA va dé nghi cai
bién thuat toan CCSA thanh MCSA. Cai bién ctia nhom tac gia ndy nham cai thién chét lugng
nghiém & 1an thir nhat thong qua phép Lévy flights. Trude khi tao ra nghiém méi, cac nghiém cii
duoc phan loai va tach ra thanh 2 nhom trimg t6t va trimg xau. Chién luoc tao ra nghiém méi cho
2 nhém nay ciing khac nhau. MCSA dugc md ta chi tiét trong luu do giai thuat & Hinh 3.2 [72].



Bute ]

Budc 2 ‘

Dénh gia ham fitness |

Buée 3 Xéc dinh Gpes:
Buéc 4 Gl
Bugce 5 ‘ Phén loai nghiém _}St va nghiém x4u %—
Buéc 6 - po o
| Tao nghiém méi cho nhém t6t |

. Y
Budc 7 | Tao nghiém m&i cho nhém xiu |
Bué 4

ude 8 ‘Tinh ham fitness cho 2 nh()m‘

, \ 4
Bué6c 9 | Hop2nhémthanh I |
Budc 10

\ 4
‘ So sanh giit lai nghiém st dung ct. (3.3) ‘
A 4

Buéce 11 ‘ Tao nghi€ém moéi st dung phat hién trung la ‘

Y
Bude 12 | Panh gia ham fitness |
Y

Budce 13 ‘ So sanh giir lai nghiém str dung ct. (3.3) ‘

Xac dinh Gpes;

Budc 14

Budce 15

i{(é’t qué/ﬁ

Hinh 3.2. Luu do gidi thudt dp dung MCSA cho cdc bai todn t6i wu

3.4. CUCKOO SEARCH CHON LQOC THiCH NGHI (ASCSA)

Trong ludn an nay, chung t61 xay dung phuong phap ASCSA tir phuong phdp CCSA duya trén
2 k¥ thuat mai.

3.4.1. Ky thudt chon loc maoi

- Tét ca N, nghiém cii va N, nghiém méi duge gop lai thanh mot nhom.
- Sap xép nhom nghiém nay theo thi ti ting dan ham thich nghi
- Giit lai N, nghiém dau tién trong s 2x N, nghiém dang co.

3.4.2. Ky thudt phat hién tring la thich nghi

Trong phan cai tién nay, chung t6i dé xudt 2 cong thic (3.4) va (3.5) dugc sir dung song song
dé tao ra nghi¢m maoi 1an tht hai cho k¥ thuat phat hién trung la.

Xd,newl = Xd + rand'(Xrandperl - XrandperZ) (3 .4)
Xd,nﬁwZ = Xd + rand'(szmdperl - Xrum[perZ + andper3 -X randper4) (3 .5)
Diéu kién ap dung 2 cong thirc nay phu thudc vao sy so sanh giita FDR va gia tri ngudng &.
FDRd — FTd _FT;msr (3.6)
FT,

Khi FDR; nhd hon gié tri ¢, cong thue (3.5) s€ dugc ap dung. Nguoc lai, (3.4) sé 1a lya chon
t6t hon. Luu d6 giai thuat & Hinh 3.3 trinh bay chi tiét thuat toan ASCSA.



Bit dau

¥
Bude 1 | Khoitaodansd |
Budc 2 ‘ DPanh gia ham fitness ‘
v
Budc 3 | XacdinhGpese |

Budce 4

‘ Tao nghiém moi sir dung Lévy flights (3.1) ‘1—

Budce 5

Bude 6 ‘ Panh gia ham fitness ‘
7

Buée 7 | Sosanh giit lai nghigm st dung ct. (3.3) |
v

Budce 8 ‘ Tao nghiém méi sir dung phat hién trirng la thich nghi ‘
v

‘ Tinh ham fitness ‘

Budc 9 v
Bude 10 ‘ Giir 1ai nghiém ot sir dung ky thuit chon loc méi ‘
v
Bude 11 Xac dinh Gpeg;
sai )
Buédce 12 G=Gmax > =G+1

ding

(Két qua)

Hinh 3.3. Luu do gidi thudt dp dung ASCSA cho cdc bdi todn toi wu

3.5. MANG HOPFIELD LAGRANGE TANG CUONG (ALHN)

Ham Lagrange tang cuong va ham nang luong dugc xay dung nhu sau [13-14]:
L= f)=438,5) =3 A 2L, )F (3.9)

1

E=f0,0-2 V.80,

AL W, P+ [ e 01av (3.10)
Luu d6 giai thuat 4p dung ALHN giai cac bai toan tdi uu duoc trinh bay ¢ Hinh 3.4.
/Bat

¥

Tao ra cac ngd vao va ngd ra Neuron

G=1

Tinh toan cac neuron
dong

C3ap nhat ngd vao va ngod ra

neuron

v

Tinh Errpyax

/j\\
_— ——~.__ Dbuing )
< Elfimex > € and G < Gpgy > G=G+1

i
(K&t thuc)

Hinh 3.4. Luu do gidi thudt dp dung ALHN cho cdc bdi todn toi .



CHUONG 4: AP DUNG CAC PHUONG PHAP THONG MINH NHAN TAO
PIEU PQ TOI UU HE THONG THUY NHIET PIEN NGAN HAN XET
CHIEU CAO CQT NUOC CO PINH VA BO QUA RANG BUQC THE
TiCHHO CHUA

4.1. GIOI THIEU

Chuong ndy s& 4p dung bon thuit toan CCSA, MCSA, ASCSA va ALHN dé tim giai hai bai
toan sau:
1) Diéu dé hé théng thuy nhiét dién ngcfn han xét chiéu cao ¢dt nude cé dinh va don muc tiéu
2) Diéu do hé tho”'ng thuy nhiét dién ngcfn han xét chiéu cao cét nude cé dinh va da muc tiéu

4.2. MO TA BAI TOAN

4.2.1. Ham muc tiéu chi phi va phat thai.

Ham muc ti€u 1a cyc tiéu chi phi phat dién va phat thai v4i ham chi phi c6 dién khi khong xét
hiéu Gng xa van va xét dén hiéu tng xa van nhu sau:

F;'m = [asi + bsil)si,m + C.vi]).w?,m ] (4' 1)
F:'m = |:asi + bsiPs[,m + cs'[Psim + dsi X Sil'l (esi X(PS;“i“ - Ps[,rn )) ‘ :| (42)
Ham khi thai nay tr¢ nén phtrc tap khi sit dung ham mii va ham béc hai nhu sau [62]:

M N
F‘Z = iztm [asi + ﬁsif.)vi,m + }/sif.)vim + 77xi exp(gsiPxi,m)} (4'3)

m=1 i=1

4.2.2. Ham da muc tiéu . )
Khi ca chi phi phat dién va khi thai déu duoc xét dén, ham muc tiéu nhu sau [73].

F =y F+y,F (4.4)
v+, =1 (4.5)
0<y,,y, <1 (4.6)

V61 ham da muc ti€u, khi xét ca chi phi va khi thai, nghiém thoa hié¢p cho diéu d6 da muc tiéu (la
nghiém co gié tri chi phi va khi thai pht hop nhat) s& dugc xac dinh nho phuong phap Fuzzy [73-
74].

4.2.3. Cac rang buéc
- Rang budc can bang hé thong:

N, N,
zPsi,m + ZPh/,m _PLmz _PD,m = O’m = 1 """ M (4.7)
i=l j=1
Trong d6 Py 12 ton tht cong suat duoc tinh nhu sau [2]:
N;+N, Nj+N, N +N,
PL,m = z ZPi,mBi/Pj,m + ZBOiR,m + BOO (4'8)
i=l =l i=1
- Rang budc thé tich nwée cho phép:
M .
Ztmqj,m :thj;‘] - ], T NZ (4.9)
m=1
qj.m = Apj +bthhj,m +CjPh§’,m (410)
- Rang bugc cong sudt nhiét dién va thuy dién:
p<p <p si=1 ., Nym=1 ., M (4.11)
p <p <p sj=1..,Nyxm=1 ... M (4.12)

hj,min hjm hj,max
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4.3.TINH TOAN CAC TO MAY CAN BANG THUY DPIEN VA NHIET PIEN

Moi nghiém (trimg) s& dugc khéi tao v6i cic bién diéu khién nhu sau:

Gima = min +rcma”‘(qjmax —qj_min);j =1..,Nym=1,.., M-1 (4‘ 1 3)
Ri.m,d = Bvx.min +rand*(Ps[.max _Psx.min); l = 27""NI; m =1 7777 M (4. 14)
Nhu vay, gju va Pyjm dugce xéc dinh nho rang budc (4.9) va (4.10) nhu sau:
M-1
qim :(W/ _Ztmqj,m)/t,w (415)
m=1
, Dy By =4 @ ~0n) =1, M= 1,2, ..., N2 (4.16)
s 2¢,,

Dua vao (4.7), cong suét con lai ctia nha may nhiét di¢n thir nhét tai moi khoang duogc tinh:

P =Pyt P -3 P S p, M= M =12, N (4.17)

slm

4.4.TINH TOAN HAM THICH NGHI

Ham thich nghi dugc dung dé danh gia chat luong nghiém nhu sau:

by N lim \ 2 N lim \ 2 4.18
FYZ} = ZZF(IJS[,m.d) + K:Z(l)sl,m,d - ])sllm) + qu(qj,M_d _qjlm) ( * )
m=l i=l m=1 j=l
Trong do:
P\'max !fpxm >l)¥ max q'max !qu >q'max
P R | e (4.19)
I)sl = Rl,min ?f[)sl,m <I)xl,min andqj = qj,min ?qu,M,d <q‘j,miu
P otherwise 9jma otherwise

4.5. AP DUNG CAC PHUONG PHAP PIEU PQ TOI UU HE THONG

Ap dung phuong phap CCSA dugc trinh bay chi tiét nhu luu db giai thuat & Hinh 4.1. Ap dung
phuong phap MCSA va ASCSA ciing twong tu, va ap dung ALHN dugc trinh bay trong luu dd
giai thudt nhu Hinh 3.4.

4.6. KET QUA

Dbi v6i mdi truong hop cho timg bo thong sb diéu khién, bon phuong phap dé xuat duoc lap trinh
bdi ngdn ngir Matlab va chay 50 1an cho mdi gia trj P, trén laptop 2.0 Ghz, Ram 4 GB.

4.6.1. T6i wu don myc tiéu-chi phi phat dién

Truong hop 1: 5 hé thong khong xét dén hiéu iing xa van [4], [6], [12]
Truong hop 2: Hai hé thong xét den hiéu ung xa van cua cac nha may nhiét dién [§]

Bang 4.1 va Bang 4.2 cho thdy ASCSA cho két qua tt hon CCSA va MCSA khi hau hét cho
chi phi thip hon va thoi gian nhanh hon. ALHN cho chi phi thip hon va thoi gian nhanh hon 3
phuong phap CSA cho hau hét cac hé thong khong xét hidu ting xa van. Cac phuong phap cho chi
phi thip hon va dugc luu ¥ boi ky hidu * d duoc kiém tra lai va cho két qua vi pham cac rang
budc thé tich nude xir dung, cAn bang cong sudt hodc luu lugng xa qua turbine. So sanh véi cac
phuong phép kha thi con lai, cic phuong phap CSA va ALHN cho chi phi xap xi hodc nho hon.
Pac tinh héi tu & Hinh 4.2 va Hinh 4.3 cho théy ASCSA hoi tu nhanh hon so voi CCSA va MCSA.



Start)

Bude 1 Lua chon cac thong sb didu khién Ny, G P
2
- Khai tao tap nghiém nhu ct. (4.13) va (4.14)
Budc 2 - Tinh c6ng suét thiry dién va nhiét dién nhw cong thirc (4.16) va (4.17)
- Bét d4u véi vong lap diu tién G = 1.
v
i - Tinh toan ham thich nghi (4.18)
Bude 3 - Tim nghiém tét nhat c6 ham thich nghi nhé nhét, Gbest
L2
- Tao nghiém méi lan th nhét st dung phép Lévy flights va hidu chinh nghiém vi pham
Buéc 4 - Tinh cong suét thiy dién va nhiét dién nhu cong thirc (4.16) va (4.17) [
- Tinh to4n ham thich nghi (4.18) cho tit ca cac nghiém
Buéc 5 - So sanh nghiém m&i va nghiém cii tai mdi td chim dé gilr lai nghiém t6t hon
v
Bude 6 - Tao nghiém mai lan th hai st dung phép phat hién trimg la va hi¢u chinh nghiém vi pham
woe - Tinh cong suét thiiy dién va nhiét dién nhu cong thirc (4.16) va (4.17)
- Tinh toan ham thich nghi (4.18) cho tit ca cac nghiém
Bude 7 - So sanh nghiém m&i va nghiém cii tai mdi td chim dé gilr lai nghiém ot hon
- Tim nghiém tt nhit dén thoi diém hién tai, Gbest.
N
(s0p)
Hinh 4.1. Luu do gidi thudt dp dung CCSA cho cdc bai todn dang xét
Bdng 4.1. So sanh két qua cho 5 hé thong dau tién
HT | Phuong phap CPNN CPU |HT Phuong phap CPNN CPU (s)
%) (s) %
PPO [12] 64,626 12.4 GA [10] 848.027 210
CCSA 64,606.038 0.3 OGB-GA [10] 848.326 90
1 |MCSA 64,606.027 0.36 LCEL [4] 848.346 NA
ASCSA 64,606.0037 ]0.23 Ay [2] 848.359 NA
ALHN 64,606.0037 [0.6 MBFA [9] *848.2512 11.96
Newton [6] 377,374.67 NA GA [11] 848.867 39.4
HNN [6] 37755494 |NA |4 [FGA[I1] *843.58 3.02
CCSA 376,045.03 1.89 PPO [12] 848.34602 15.24
) MCSA 376,036.20 2.35 CCSA 848.3464 11.1
ASCSA 375,965.950 [0.92 MCSA 848.3463 11.6
ALHN 375,933.6473 [0.19 ASCSA 848.3468 11.5
GA [10] 96,028.651 220 ALHN 848.3490 0.6
OGB-GA [10]96,024.344 52 EGA [10] 53,055.712 312
LCEL [4] 96,024.37 NA OGB-GA [10] 53,053.708 92
Ay [2] 96,024.413  |[NA LCEL [4] 53,051.470  |NA
GA[11] *95.847.86  6.09 |2 [A-y[2] 53,051.791 NA
3 FGA [11] *95,809.366 0.3 GA [11] *53,020 2.48
PPO [12] 96,024.392 12.44 FGA[11] *53,015.553 0.142
CCSA 96,024.4039 [4.3 CSA 53,051.4765 25.3
MCSA 96,024.3778 4.9 MCSA 53,051.4764 26.3
ASCSA 96,024.3736 4.7 ASCSA 53,051.4766 24.5
ALHN 96,024.3730 |1.0 ALHN 53,051.609 0.9

* Nghiém vi pham rang budc; NA: nghiém toi wu khong dugc bao cao
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Fitness Function ($)

6.64

6.63

6.62

6.61
0

Bdng 4.2. Két qua cho hé thong 6 va 7

HT 6 HT 7
PP N | Gmax | CPNN($) | TGTT (s)| NP | Gmax |CPNN ()| TGTT (s)
AIS [8] 50 | 100 |66,117 53.43 50 200 193,950 [59.14
EP [8] 100 | 100 |66,198 75.48 100 {200 194250 |67.82
PSO [8] 100 | 100 |66,166 71.62 100 [200 194,126 |80.37
DE [8] 100 | 100 |66,121 60.76 100 [200 194,094 |83.54
PPO[12] NA | NA |*64,786 15.33 NA |NA  [%93.699 |5.20
CCSA 50 | 200 |66,116.05 |0.67 50 400 |93.423.04 |1.54
MCSA 50 | 200 |66,115.66 |0.75 50 |400 193274.13 1.98
ASCSA 50 | 100 |66,115.490 |0.37 50 |200  ]92,729.95(0.96
* Nghiém vi pham rang bugc
x 10 x 10°
r r 1.8 i
' o ol
I I ——— ASCSA
=== MCSA 1 _——
1S
& 15 1
T = 1
B S 1
I! §1.4 'l:
\.\ %1.3 lg'
'L! P i
1
b e\ LI
L\,
\‘ *‘-—"r-::'_‘..—_'auuun 0.9 '-q_.__;;.““-‘
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Hinh 4.2. Dac tinh hoi tu cho hé thdizg 6

4.6.2. T6i wu da muc tiéu

50 100

150 200

250 300 350

Number of iterations = 400

Hinh 4.3. Bdc tinh héi tu cho hé thong 7

Trieong hop 1: Céc hé thong khéng xét dén hiéu irng xd van

400

H¢ thong 1 véi hai ham myc tiéu : Bang 4.3 cho thdy ALHN va 3 phuong phap CSA hi¢u qua hon
cac phuong phéap khac ngoai trir ALHN khi c6 sy ddnh do6i ¢ truong hop da muc tiéu.

Bang 4.3. So sanh két qud cho hé théng 1 véi cdc truong hop diéu dé khdc nhau

, PDKT PDPT PDKT-PT
Phuong phip " 6 TTGTT(s) | PT(b) | TGTT(s)| CP (5) | PT (Ib) | TGTT(s)
RCGA [60] 66,031 2163 |586.14]2027 |- - -
NSGAI[60] |- - - - 66331 |618.08 |27.85
MODE [60] - - - - 66,354 |619.42 3071
SPEA2[60] |- - - - 66332 | 61845 |34.87
PSOPM [62] | 65,741 | 1825  |585.67|18.00 65,821 |620.78 |18.98
PSO [62] 652411832 |579.56|1831 | 65,731 |618.78 | 1931
PPOPM [62]  |64,873 | 1614 |572.71|1593 65426 |612.34 |1653
PPO [62] 64718 1599 1569731518 |65.104 |601.16 |16.34
PPO-PS-PM[62] | 64,689 | 15.98 | 568.78|15.92  |65.089 |600.24 |16.15
PPOPS[62] 64,614 1589 |564.92|1545 | 65058 |594.18 |16.74
CCSA 64.606 | 030 | 564.88|1.2234 | 65,055 |59393 1033
MCSA 64,606 | 0.36 564.820.7355 |065,056.61593.86 10.35
ASCSA 64606023 [56472[039 | (50522 50816 |02
ALHN 64,606 0.6 564.875.0 6482336141 |23




Hé thong 3, 4 va 5 véi bon ham muc tiéu: Két qua Bang 4.4 cho thdy cac phuong phap CSA c6 chi
phi bé hon cac phuong phap & tai lidu [59] cho hé thdng 3 va 5 nhung lai c6 chi phi 16n hon ¢ hé
thong 4. O diéu do phat thai, cac phuong phap CSA déu cho gia tri nho hon cac phwong phap &
[59]. O diéu d6 da muc tiéu Bang 4.5, ca CCSA va MCSA déu dat duoc chi phi va phat thai tot
hon cac phuong phap LGM, EPSO va y-PSO 6 tai liéu [59] nhung c6 mot su danh ddi giita chi
phi va phat thai cia ALHN va ASCSA véi cac phuong phap nay. Phan tich cc két qua cho ba qua
trinh diéu d6 cho thay cac phuong phap ap dung trong luan an hiéu qua hon so véi cac phuong
phap o tai li¢u [59].
Bdng 4.4. So sanh két qua diéu do kinh té va phdt thai cho hé thong 3, 4 va 5

op Diéu do kinh t (8) Diéu do phat thai (kg)
HT 3 HT 4 HT 5 HT 3 HT 4 HT 5

LGM[59] | 96024.418 | 848241 | 53053.790 | 300,984.760 | 8,488.557 | 468,993.657
EPSO[59] | 96024.607 | 848204 | 53053.790 | 300,986.330 | 8,489.059 | 468,993.655
y-PSO[59] | 96024399 | 847.908 | 53053.790 | 300,984.762 | 8.488.559 | 468,992.139
ALHN 96024.373 | 848349 | 53051.609 | 299,843.875 | 8488.456 | 444,783.697
CCSA 96024.404 | 848346 | 53051477 | 299.866.962 | 8,488.885 | 463,505.200
MCSA 96024.378 | 848346 | 53051476 | 299.866.916 | 8,488.502 | 461,975.600
ASCSA 96024.374 | 848347 | 53051477 | 299.866.916 | 8,488.653 | 458424.055

Bang 4.5. So sanh két qua dieu d¢ da muc tiéu cho hé thong 3, 4 va 5

Phuong phap | LGM[59] | EPSO[59] | y-PSO [59] ALHN CCSA MCSA ASCSA
HT | CP($) | 96421.725 | 96421.725 | 9642146 | 96465713 | 96,420.771 | 96,420.1955 | 96,460.9851
3 [PT(kg) | 301,016,541 | 301,016.54 | 301,015.145 | 300,286.600 | 300,436.191 | 300,437.8326 | 300,302.1429
HT | CP($) | 851.079 851.079 852.388 850.065 850.088 850.0896 850.0940
4 [PT(kg) | 8487872 | 8487872 | 8489438 | 8490.776 | 8.490.871 | 8,490.7346 8,490.7031
HT | CP(S) | 54337.027 | 54337.027 | 54,336.888 | 55,158.619 | 54333564 | 54305.4741 | 54,380.1314
5 [ PT(kg) | 469,025.331 | 469,025331 | 469,023262 | 4451274 | 465,612.94 | 463,428.6304 | 462,337.377

Trieong hop 2: Mot hé thong xét dén hiéu iing xd van

Bang 4.6 cho thdy ASCSA cho két qua tot nhat. MCSA cho chi phi thap hon CCSA ¢ diéu do
kinh té nhung thu dugc khi thai 16n hon & diéu do khi thai. O trudong hop da muc tidu, CCSA c6 chi
phi 16n hon nhung khi thai lai nho hon. Ca 3 phuong phap CSA déu tét hon cac phuong phap khéc.

Badng 4.6. Két qua so sanh cho hé thong 8

DPDKT DbDPT DDKT-PT
Phuong phap

CP($) |TGTT(s)| PT(Ib) CP($) | TGTT(s)| PT(Ib) CP (%)

SA-BGA [58] 70,718 - 23,200 - 73,612 26,080 1492

RCGA [60] 66,516 40.36 23,222 41.98 - - -
NSGA-II [60] - - - - 68,333 25,278 45.42
MODE [60] - - - - 68,388 25,792 46.76
SPEA-2 [60] - - - 68,392 26,005 57.02
GA-MU [61] 67,751 90.15 23,223 7827 | 68,521 26,080 96.10
IGA-MU [61] 66,539 51.63 23,223 42.87 | 68,492 26,080 53.54
PSO-PM [62] 66,349 33.14 23,167 33.63 | 67,994 25,902 34.11
PSO [62] 66,223 32.15 23,112 3234 | 67,892 25,773 34.52
PPO-PM [62] 65,912 21.03 23,078 21.18 | 67,211 25,606 22.04
PPO [62] 65,885 21.45 22,966 21.56 | 67,170 25,601 22.11
PPO-PS-PM [62] | 65,723 21.12 22,912 24.74 67,092 25,600 24.90
PPO-PS [62] 65,567 22.00 22,828 2198 | 66,951 25,596 22.76
IRM-MEDA[63] | 68,000 - 23,031.57 - - - -

CCSA 65,243 1.54 22,821.3 1.6 66,733 24,667 1.6

MCSA 64,389 23 22,8222 22 66,698 24,727 23
ASCSA 64,728 0.96 22,818.3 0.97 66,536 24,644 0.99
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4.7.TOM TAT

ALHN, CCSA, MCSA va ASCSA d3 duogc 4p dung dé giai 8 hé thong don muc tiéu va da
muc tiéu c6 xét dén ham muc tiéu kha vi va khong kha vi. Két qua cho thdy ALHN hiéu qua cho
cac hé thdng khong xét dén hiéu ng xa van tirc 13 ham muc tiéu kha vi véi chat luong nghiém tdt
va thoi gian nhanh. Tuy nhién c6 mot sb trudng hop thoi gian tinh toan cia ALHN lau hon rat
nhiéu so v6i CSA do viéc hiéu chinh cac hé sé cia ALHN khéng don gian. Khac voi ALHN,
ASCSA rét hiéu qua cho tit ca cac truong hop va ludn ludn cho thay vu diém so véi CCSA va
MCSA vé chit lugng 16i giai va thoi gian.
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CHUONG 5: AP DUNG CAC PHUONG PHAP CUCKOO SEARCH PIEU DQ HE
THONG THUY NHIET PIEN NGAN HAN XET CHIEU CAO CQT NUOC KHONG
POI VA RANG BUQC THE TiCH HO CHUA

5.1.GIOI THIEU

O chuong nay, rang budc hd thuy dién cé xét dén thé tich hd chia & dau va cudi khoang thoi
gian hoach dinh, gi¢i han thé tich nho nhét va 16n nhat & mdi thoi diém trong toan thoi gian hoach
dinh. Vi bai toan phtrc tap vdi nhidu rang budc nén viéc ap dung ALHN gip rat nhiéu khé khan
trong viéc chon lyra thong sb diéu khién. Do d6, ALHN khong duoc ap dung cho bai toan & chuong
nay va cc chuong tiép theo.

5.2.MO HINH BAI TOAN
Ham muyc tiéu ctia bai toan 14 cuc tiéu chi phi phat dién c6 dang nhu cong thirc (4.1) va (4.2).
Céc rang budc hé thong va thiry dién

- Rang budc cdn bang céng sudt: cb xét dén ton that truyén tai nhu cong thirc (4.7) va (4.8).
- Rang buoc luu luong xa trong khoang thoi gian m dang xét:

Ojm =l jm (5.1
4jm =y + by By + 1y By (5.2)
- Rang bugc tinh lién tuc ho thuy dién:
Vymes =g+ sn = yom =S jm = O (5-3)
- Rang budc thé tich hé chira thoi gian dau va cudi:
Vio =V,imitiars Vi =V Ena (5'4)
- Rang budc gidi han hé chira, leu heong xd va céng sudt phat:
Viin <Vim SV i) =L 2 Nym =12, M (5.5)
Djmin <4jm <4jmas J =12 Nym=12,...M (5.6)
Pymin < Py < Pymaxs i =12,.., N;ym=1,2,...M (5.7)
By min < Bym < By J =120 Nysm =1,2,.., M (5.8)
5.3.AP DUNG CAC PHUONG PHAP CHO BAI TOAN XEM XET
5.3.1. Khéi tao va gidi quyét cdc rang budc bai todn
Mdi nghiém (trimg) s& duge khai tao nhur sau:
Py = Pain +7and* Py o =Py o Y; i =2, Nys m=1,.., M (5.9)
Vima =Vmin +1and*(V; o =V, 00)s j=L.u Nysm=1,..., M—1 (5.10)
Tong luu lugng xa trong khodng thoi gian ty tinh duge nhu sau:
Oim =Vima=Vim+Ljm—Sjm> m=1...M (5.11)

gjm s€ tinh duogc tur ct. (5.1) va sau d6 Pym dugc xac dinh theo (5.2). Cong suét nhiét dién Ps; m
cling dugc xac dinh nhu dugc xac dinh nhu (4.17).

5.3.2. Tinh toan ham thich nghi

Khi tt ca cac bién s dd dugc xac dinh, ham thich nghi s& dugc tinh toan nham danh gia chét
luong nghiém:
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(5.12)

m=1 i=1 m=1 J=1 m=1

M_ Nl M . N2 M .
F]:i = [ZZE(Psi.m,d)+Ksz(Psl,m,d _Pslllm)2 +quz(qj,m,d _Q}lm)zJ

Gidihan P{™ va ¢i™ duoc tim ra twvong ty nhu ¢ chuong 4.
5.4. KET QUA SO
5.4.1. H¢ théng 1 bé qua hiéu iing xd van

Hé théng mot c6 1 nha may thiry dién va 1 nha may nhiét dién khong xét dén hiéu tmg xa van
tai cac nha may nhiét dién [17]. Két qua so sanh giita ba phuong phap dugc bao céo trong Bang
5.1 va so sanh véi cac phuong phéap khac trong Bang 5.2 cho thady ASCSA hiéu qua hon rat nhiéu
so vdi CCSA, MCSA va cac phuong phap khac. So voi cac phuong phap cé nghiém kha thi, CCSA
va MCSA nay cho gia trj chi phi xap xi hodc nho hon rat nhiéu va dic biét 1a thoi gian tinh toan
ctia ba phuong phap rat nho so voi 1 gidy trong khi cic phuong phap khac c6 thé 1én dén hang
chuc phut vi du 101.4 giay tir FEP [20], 264 gidy tir EP [17] va 901 giay tu SA [15].

Bang 5.1. Két qua so sanh giita ba phirong phap CSA cho hé thong 1

Phuong phap CCSA MCSA ASCSA
N, 20 20 20
Grnax 80 80 40
CPNN (3$) 709,862.052 | 709,862.051 | 709,862.049
DLC ($) 95.577 0.88 0.263
TGTT (s) 0.034 0.069 0.03

Bdng 5.2. So sanh két qua giita cdc phwong phdp cho hé thong 1

PP CP ($) TgT PP CP ($) TC;?T(
EP[17] | 709,863.29 | 264 IBFA [23] *709,837.926 NA
EP[16] | 709,862.06 | 8.0 | SOH-PSO[24] | %709 528.45(709,592.4) | NA
FEP [20] | 709,862.05 | 101.4 IPSO [26] *606,423.16 NA

IFEP [20] | 709,862.05 | 59.7 IPSO [27] *606,423.16 NA
RIFEP [25] | 709,862.05 | NA FIPSO [29] #623,550 NA
GS [2] 709,877.38 | NA CCSA 709,862.052 0.034
SA[15] | 709.874.36 | 901 MCSA 709,862.051 0.069
CS[28] | 709,862.05 | 4.54 ASCSA 7098,62.0490 0.03
HEP[21] | *703,180 | NA

* Nghiém vi pham rang budc; NA: Khong bao cao
5.4.2. Wé théng 2 cé xét dén hiéu irng xd van

Heé thdng hai c6 4 nha may thuy dién va 4 nha may nhiét dién c6 xét dén hiéu tng xa van. Di
liéu hé théng 2 duoc cai bién tu hé théng 1. Bang 5.3 so sanh két qua cua CCSA, MCSA va ASCSA
tuong Gmg voi nhidu gia tri cia Gmax cho CCSA va MCSA. Két qua cho thay dugc rang khi Gumax
=500, ca CCSA va MCSA khong thé hoi tu va kha ning hoi tu da tang 1én dén 84.75% cho CCSA
va 75.6% cho MCSA khi Gmax = 1,000 trong khi d6 ASCSA Iudn dat 100% & Gmax = 500. Nhu
vay ASCSA c6 thé giam duogc chi phi rat 16n so véi CCSA va MCSA lan luot 1a $12,166.91 va
$12,846.06 khi so sanh vdi ASCSA. Hinh 5.1 va Hinh 5.2 cho thady ASCSA luén luén c6 nghiém
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tot hon CCSA va MCSA.

Bdng 5.3. So sanh két qua dat dwoe cho hé thong 2

PP CCSA MCSA ASCSA CCSA MCSA CCSA MCSA
Nu 50 50 50 50 50 50 50
Gmax 500 500 500 800 800 1,000 1,000
CPNN ($) - - 377594.09 | 3922368 | 3941447 | 389761.0 390440.15
CPTB ($) - - 38539337 | 4036383 | 4020519 | 398739.6 403291 35
CPLN ($) - - 394586.53 414370 413609 407834.5 41093633
PLC ($) - - 3509.8396 4675.9 4465.073 | 3552.826 359485
TLTC 0% 0% 100% 87.70% 64.10% 84.75% 75.6%
TGTT (s) 3.18 3.65 3.23 5.4 6.1 6.9 7.8
= 10° w1n”
TaOT; 1
-‘ — 0T 4 — 05 C5A
7106} § ———Csa i - CCEA
1 ——— S 15 = MCSA
raost L e 1 x 10
1 7000 1 - .__l
— TA04F ¥ X L
2 1 o0z % % B 15 Ii
Sraml Y bamny = £ -
5 | ool S 2 .l 1
PRAL-IS [ P € !
B | 7.0087 \__...: = S 2 i i
7 l‘ It P £ flmm————— ——
L ~q T 3 ' 45 ) I-_ :._:__
TN 'l'- y ? 4z0 440 460 420 500
7.039 "L@.; & 1 /
.09sf e \
— - Yo ':'-i- —
?'09810 ZID 3ID 4ID slu BID ?ID alu . L . } - i ! ——
Lo 100 200 300 400 500 GO0 OO 00 400 1000
Hum ber of iterstions = &0 Mumiber of iterations = 1000
Hinh 5.1. Pac tinh hoi tu cho hé théng 1 Hinh 5.2. Bdc tinh hoi tu cho hé thé'ng 2
5.5. TOM TAT

O chuong nay, cac phuong phap CCSA, MCSA va ASCSA dugc 4p dung dé diéu phdi hé
thong thuy nhiét dién ngan han xét chiéu cao ¢t nuwdc khong ddi va thé tich ho thuy dién trong
toan thoi gian. Cac phuong phap dugc ap dung cho hai hé théng va so sanh véi cac phuong phap
khac. So sanh tinh hiéu qua giita cic phuong phap CSA véi cac phuong phap trudce cho thdy ring
CSA hiéu qua hon trong tim nghiém ti wru va thoi gian tinh toan nhanh cho nghiém kha thi. So
sanh gitra cac phuong phap CSA vdéi nhau chi ra tinh hiéu qua cia ASCSA vuot trdéi CCSA va
MCSA khi ¢6 chi phi thap hon rat nhiéu, thoi gian tinh toan nhanh va ti 1¢ thanh céng cao. Vi
hai phuong phéap con lai, CCSA t6 ra hiéu qua hon MCSA.
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CHUONG 6: APDUNG CAC PHUONG PHAP CUCKOO SEARCH DIEU
PO TOI UU HE THONG THUY NHIET PIEN XET CHIEU CAO COT
NUOC BIEN POI
6.1. GIOI THIEU

O chuong nay, cong suat thiry dién 12 ham s theo bién luu lwong xa trong khoang thoi gian
va thé tich hd chtra & cudi khoang d6. Hon nita, mot hé théng cac ho thuy dién bac thang va thoi
gian nudc di chuyén tir ho phia trén vé hd phia dudi dugc xét dén ciing lam ting tinh phirc tap cho
bai toan. Chi tiét bai toan dugc phan tich trong muc 6.2.

6.2. MO HINH BAI TOAN

Ham muc tiéu va ham rang budc can bang cong suat tuong tu voi bai toan ¢ chuong 5. Cac rang
budc va dai luong khéac nhu sau:

- Tinh todn céng sudt thity dién.

By =CyV; )+ Czhj(Qj,m)z +C3 Qi Vi + CanVy m + s Oy + Coy (6 1)
- Rang bu¢c tinh lién tuc ho thuy dién:
Nu M 6 2
I/j,m—l - ij,m + [j,m _Qj,m _Sj,m + Z Z (Qi,m—ri’/ + Si,m—ri,/ ) =0 ( : )

i=1 m=1

O bai toan nay, mot hé thong gdm N, cac hd thuy dién bac thang dugc xét dén nhu Hinh 6.1

!

T
Reservoir 2 .E_‘:i (===-] Reservoirl
Q Q
T

Q
I
Reservoir 4
¢Q4
Hinh 6.1. Mot hé thong cac hoé thuy dién bdc thang

- Cdc rang bugc thé tich hé chira thoi gian ddu va cudi, gidi han ho chira, gi6i han leu lirong
xd va gioi han may phat dién: tuong tu nhu & chuong 5.

6.3. KET QUA SO

Bang 6.1 cho thy ASCSA ludn sur dung s6 vong 1ap nho hon CCSA trong khi d6 MCSA sir dung
s0 vong lap 16n nhat trong ba phuong phap.

6.3.1. Hai hé thong khong xét higu ikng xd van

Két qua so sanh cho hé thong 1 va 2 duoc trinh bay trong Bang 6.2 va Bang 6.3. Gidng
nhu cac bang sd & cac chuong trén, cac két qua khong hop 1y cta cac phuong phap so sanh duoc
danh ddu boi cac ddu * va cac gid tri nay khong dugc dung dé so sanh. So sanh véi cac phuong
nhanh hon nhiéu. CCSA ciing cho két qua tot hon hau hét cac phuong phép ngoai trir MDE [32]
va IPSO[36] cho hé théng 1. Nguoc véi CCSA va ASCSA, MCSA cho két qua kém hon khi ¢6
chi phi 16n hon nhiéu phuong phap. Vi hé théng 2, ASCSA van 1a mét trong nhiing phwong phép
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c6 nghiém tot nhét khi c6 chi phi thép hon hogc xap xi véi cac phuong phap khac. CCSA c¢6 chi
phi 16n hon khong dang ké so véi ASCSA va nhé hon MCSA.
Bdng 6.1. Lia chon théng sé diéu khién

HT 1 HT 2 HT 3 HT 4
PP N, d szLx N, d szLx N, d Gmax N, d Gmax
CCSA 200 | 3,000 | 200 | 9,000 | 200 5,000 | 200 9,000
MCSA | 200 | 6,000 | 200 | 9,000 | 200 6,000 | 200 12,000
ASCSA | 200 | 2,000 | 200 | 3,000 | 200 3,000 | 200 6,000
Bdng 6.2. So sanh két qua cho hé thong 1
PP CP ($) TGTT (s) PP CP ($) TGTT (s)
CEP [20] 930,166.25 2,292.1 PSO [35] 928,878.00 NA
FEP [20] 930,267.92 1,911.2 EPSO [35] 922,904.00 NA
IFEP [20] 930,129.82 1,033.2 IPSO[36] 922,553.49 NA
GA* [30] 926,707 1,920 HDE-SQP [44] *912,267.89 NA
BCGA [41] 926,922.71 64.51 HBMO [45] 923,300 153.8
RCGA [41] 925,940.03 57.52 RCGA [52] 923,864.125 9.236
MDE [32] 922,555.44 NA ACRCGA [52] *922,451.500 | 7.866
MHDE [33] *921,893.94 | 8 IDE [53] *917,237.7 366.0781
GCPSO [34] 927,288.4 182.4 MDNLPSO[57] %922 336.3 35
GWPSO [34] | 930,622.5 129.1 CCSA 922,896.1233 | 258
LCPSO [34] 925,618.5 103.5 MCSA 923,034.4051 | 654
LWPSO [34] *925,383.8 82.9 ASCSA 922,366.8492 | 24.6
EGA [35] 934,727.00 NA
* Nghiém vi pham rang budc; NA: khong dugc bao cédo
Bdng 6.3. So sanh két qua cho hé thong 2
PP CP ($) TGTT (s) PP CP ($) TGTT (s)
TPNN [39] 154,808.5 NA QOTLBO [51] *154,593.7 20.3
ALM[39] 154,739 NA QMBBO [54] *154,580.55 19.2
PSO [49] 154,705 NA MDNL-PSO[57] 154,593.58 28
ISAPSO[49] 154,594 .9 NA CCSA 154,594.8 54.6
BBO [46] 154,670.77 63 MCSA 154,597.6 89.6
*154,594.1
TLB 1 ’ 154,594. 4
O3] (154,693.135) 23.8 ASCSA 54,594.3 35

6.3.2. Hai hé thong 3 va 4 xét hiéu ieng xd van

Bang 6.4 va Bang 6.5 cho thdy ASCSA van la phuong phép hiéu qua nhét trong 3 phuong phap
CSA xem xét va MCSA 1a phuong phap kém hiéu qua nhat. So sanh véi cac phuong phap khéc
trong cc nghién ctru trude day, CCSA va ASCSA hiéu qua hon tat ca trong khi d6 MCSA kém
hiéu qua hon rat nhiéu phuong phap.

Bdng 6.4. So sanh két qua cho hé thong 3

PP CP ($) TGTT (s) PP CP (3) TGTT (s)
BCGA [41] 952,618.00 | 66.3 CCSA | 947,316.2564 | 326
RCGA [41] 951,559.24 | 57.32 MCSA | 947,797.3685 | 68.5
DE [44] 947,497.85 | NA ASCSA | 946,744.0663 | 30.8
HDE-SQP [44] | *945,293.81 | NA

* Nghiém vi pham rang budc; NA: khong dugc bao céo

16



Bdng 6.5. So sanh két qua cho hé thong 4

PP

CP ($) TGTT (s) PP CP (3) TGTT (s)
EP-IFS [76] 45,063 NA ACABC [37] *41074.42 16
SA [31] 47,306.00 NA TLBO [51] 423,85 NA
EP [31] 45,466.00 NA TLBO [51] 42,386.13 257
PSO [31] 44,740.00 NA QOTLBO [51] 42,187.49 216
DE [33] 44,526.10 200 IDE [53] ¥40,627.92 | 627.06
MDE [33] | 42,611.14 125 RCCRO [55] *41,497.852 15.51
HDE [33] 42,337.30 43 RCGA-AFSA [38] | *40,913.82 21
MHDE [33] | 41,856.50 31 MCDE [56] *40,945.75 50.8
CS 28] 42440.574 109 CCSA 41,701.207 75.8
AABC [37] | 42217.01 15 MCSA 44.336.038 165.7
CABC[37] | 43362.68 21 ASCSA 41,661.8193 753

* Nghiém vi pham rang budc; NA: khong dugc bao cao

Hinh 6.2 va Hinh 6.3 biéu dién ddc tinh hoi ty ctia h¢ thong 1 va 3 cho thiy ASCSA ludn ¢6 nghiém
tot hon tai moi vong lap.

x 10
9.5

Number of iterations = 6000

Hinh 6.2. Pdc tinh héi tu cho hé thong 1

x 10°

9.75 :
— ASCSA m— ASCSA
== CCSA \ == CCSA
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1 %
1 !I'
1 |
s 94 \ & 965 A
= S Y
S 1 S H
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2 ) ? 1 3
j 1 £ LAY
o S T 955~ % N
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925 R Ssma 95 S e
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— m——
9.2 9.45
0 1000 2000 3000 4000 5000 6000 ) 1000 2000 3000 4000 5000 6000

Number of iterations = 6000

Hinh 6.3. Pdc tinh héi tu cho hé thong 3

6.4. TOM TAT

Bon hé thdng thuy nhiét dién c6 xét dén hd thuy dién bac thang dugc xem xét trong chuong nay
v6i su ap dung ba phuong phap CSA nham tim gid tri van hanh t6i wu. Két qua cho thdy ba phuong
phap CSA c6 thé giai dugc bai toan niy mot cach hiéu qua voi chi phi va thoi gian chap nhan
duoc. ASCSA 1a phuong phép tét nhat va MCSA 1a phuong phap kém hiéu qua nhét trong ba
phuong phap. So v6i cadc phuong phép khac da dugc ap dung trudc day, ASCSA hiéu qua hon
nhiéu trong khi d6 CCSA van con kém hiéu qua hon so v&i mét vai phwong phap.
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CHUONG 7: AP DUNG CAC PHUONG PHAP CUCKOO SEARCH PHAN
BO CONG SUAT TOI UU CHO HE THONG THUY NHIET DIEN

7.1. GIOI THIEU

Chuong nay sé& ap dung ba phuong phap CSA cho hé thong IEEE 30-nit va 118-nut.

7.2. MO TA BAI TOAN

- Chi phi nhién liéu tai cac nha may nhiét dién duwoc giam thiéu:
Min %F,-(Pgl)
- Rang budc cdn bang nguon nuée N
ilmqj,m =W, ; 7=1, .., N2
e

Trong do g;m 1a luu lugng x4 qua turbine dugc xac dinh & chuong 4 nhu sau:

_ 2
9 jm = Anj + Oy B o + € 1B

- Rang budc gidi han c¢éng sudt tic dung, phdn khdng va dién dp t6 may:

Pgi,mm - P RQ! max > l =Ly Ng
Qgi,mm Qg[ Qgtmax’ .: ""’Ng
Veimin <V SV mas 1= L, N,

gi,min gi,max seees iV g

- Rang budc can bcing céng sudt tac dung va phan khdng tai moi nit:

P - VZV[G cos(5,~5,)+ B, sin(5,~5) |: i=1,...N,

gi
Jj=1
N,
Oy +0, =04 =V, D V,[ Gy sin(6, - 5,)= B, cos(8,~8)) | i=1,.., N,
j=1

- Rang bugc cong sudt phat ciia tu bi [77]
Qci.mm Qu Qu max’ = ’ b N
Q:i = Qci,min + Nci 'AQL‘i

(7.1)

(7.2)

(7.3)

(7.4)

(7.5)
(7.6)

(7.7)

(7.8)

(7.9)
(7.10)

- Rang bugc gidi han dau phdn dp: Dau phan ap lam viéc phai théa méan gidi han sau [77]:

T

k,min

T, =T,

k k,min

<T, <T,

s K=1., N,

+N, AT,

- Rang budc dién dp tai mit tdi va gi6i han cong sudt dwong day:
Viwin <V Vi i=1u N,

li,min
S, <S8, .;1=1..N,

lmdx’

7.3. KET QUA SO

7.3.1. Két qud tir hé thong IEEE-30 nit

(7.11)
(7.12)

(7.13)
(7.14)

Heé thdng IEEE 30 nit c¢6 4 to may phat nhiét dién ¢ nat 1, 2, 5 va 8, va 2 nlt may phat con lai
11 va 13 dugc chay boi 2 nha may thity dién. Thoi gian 1am viée ciia hé thdng 1a 24 gio dwoc chia
thanh hai khoang thoi gian bang nhau. Cong suat tai & khoang thir nhat dugc giit nguyén nhu cong
suét tai & ludi 30 nat va cong suat & khoang thir hai bang 85% cong suat & khoang thir nhat. D
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liéu lu6i IEEE 30 nat va hé sb ham chi phi duoc 1y tir tai liéu [78] va hé s6 ham xa nuéc thay
dién duoc lay tir tai lidu sb [8].

Béng 7.1 cho thdy ASCSA c6 thé giam dugc $66.67 so véi CCSA va $62.692 so véi MCSA.
Hon nifa, ti 1¢ thanh cong cia ASCSA cao hon CCSA va MCSA. Mic du két qua d6 1éch chuan
ctia ASCSA cao hon MCSA va CCSA nhung vin c¢6 di minh ching dé cho thay ring ASCSA
hiéu qua hon CCSA va MCSA do nghiém tbi vu chit luong tot hon va kha nang xt Iy rang budc
hiéu qua hon.

Bang 7.1. So sanh két qud cho ludi IEEE 30 it

Phuong phép CCSA MCSA ASCSA
P. 0.9 0.8 0.9
CPNN ($) 13,722.208 | 13,718.230 | 13,655.538
DLC (8) 16.895 53.707 171.314
TGTT (s) 67.036 65.695 65.871
TLTC 76% 91% 98%

7.3.2. Két qua tiv hé thong IEEE-118 niit

O muc ndy, cac phuong phap CSA duogc kiém nghiém trén hé thong IEEE 118 nut [79] voi
ngudn phat tir 50 nha may nhiét dién va 4 nha may thuy dién. Thoi gian phan bd cong suét tbi wu
cho hé théng 1a mot ngdy dém véi hai khoang thoi gian, khoang thir nhat 20 gid va khoang thir hai
4 gio. Cong suat & khoang thoi gian thir nhat duoc 1y bang véi cong sut tir lugi IEEE 118 nut
trong khi d6 khoang thtr hai c6 tai bang 70% gia tri khoang thtr nhat. Két qua bao cdo trong Bang
7.2 cho théy so sanh gia tri vé chi phi nho nhét va do 1éch chudn thi ASCSA giam dugc $270,457.30
va $29,673.80 so voi CCSA va giam duogc $176,590.40 va $5,947.40 so voi MCSA. Hinh 7.1 va
Hinh 7.2 cho thiy dugc hiéu qua ciia ASCSA va MCSA noi tréi hon CCSA. Dua vao chi phi, 46
1éch chuan va ti 1é thanh cong c6 thé danh gia duoc rang ASCSA 1a phuong phéap hiéu qua nhét va
CCSA 1a phuong phap kém hiéu qua nhat cho lu¢i IEEE 118 nut.

Bdng 7.2. So sanh két qua cho luwéi IEEE 118 niit.

Phuong phép CCSA MCSA ASCSA
Pa 0.9 0.9 0.8
CPNN ($) 3,088,459.0 2,994,592.1 2,818,001.7
CPTB ($) 3,358,689.2 3,2163,12.3 2,961,433.3
CPLN ($) 3,665,459.0 3,491,042.1 3,336,941.4
DLC ($) 153,667.7 129,941.3 123,993.9
TGTT (s) 278 286 282
TLTC 21% 46% 66%
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Fitness Function (F)

Fitres= Function (§)

1 i —
] 50 100 150 o T — N
Humber of terations = 150 o 10 o 10
Mumber ofiterations = 300

Hinh 7.1. Bac tinh hoi tu cho lwoi IEEE 30  Hinh 7.2. Pdc tinh hoi tu cho lwoi IEEE 118
nut niit

7.4. TOM TAT

Chuong nay trinh bay tmg dung cta cac thuat toan Cuckoo search dé phan bd cong sut tdi vu
hé thong thiiy nhiét dién. Hai hé théng truyén tai gom 30 nit va 118 nat dugc xét dén trong chuong
nay v4i ngudn phat tir hé thong nha may thiry dién va nhiét dién dé thir nghiém tinh hiéu qua cua
céc phuong phap cuckoo search. Két qua cho thiy cac phuong phap déu khong thé dat duoc ti 16
thanh c6ng 100% nhu & cac chuong khac va dic biét CCSA c6 ti 1¢ rat thap véi ludi 118 nat.
MCSA va ASCSA cai thién két qua déng ké so véi CCSA. Céc két qua nhu chi phi, d6 l1éch chuan
va ti 18 thanh cong cho thdy ASCSA hiéu qua hon nhiéu so v6i CCSA va MCSA.

CHUONG 8: TOM TAT

8.1 TOM TAT VA PHAT TRIEN

Luan an ap dung bon thuat toan CCSA, MCSA, ASCSA va ALHN dé diéu d6 t6i uu hé thdng
thuy nhiét dién. Trong 4 phuong phap trén CCSA, MCSA va ALHN la cac phuong phap dugc ap
dung trong khi d6 ASCSA 1a phuong phap duoc xay dung va ap dung lan dau trong luén an nay.
Ve két qua: )

- ASCSA hiéu qua cho tat ca cac bai todn trén voi cac rang budc don gian va phirc tap.

- ALHN chi ¢6 thé giai dugc bai toan thir nhat va thir hai vé1 ham chi phi kha vi

- MCSA hi¢u qua hon CCSA cho bai toan 1, 2 va 5 va kém hi€u qua hon ¢ bai toan 3 va 4.

8.2 HUONG PHAT TRIEN

Do thoi gian nghién ciru con han ché nén con nhiéu van dé sé tiép tuc nghién ciru sau khi hoan
thanh luan 4n. Cac nghién ciru tiép theo nhu sau:
- Cai tién thuat toan Cuckoo search cd dién dé dat hi¢u qua tdt hon thuat toan ASCSA
- Xét dén cac nang lugng moi nhu mit trdi, pin nhién liéu va gio cung voi hé thng thuy nhiét
dién.
- Ap dung cac thuat toan méi hiéu qua hon cho céac bai toan nghién ctru ¢ luan an.
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