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Abstract — The paper presents the results of estimation of
least squares and genetic algorithm for simple and effective
methods. One of the most important issues in solving the economic
problem of coal or gas- thermal power plants is to have an accurate
estimate of the input-output curve coefficients of the thermal unit .
The accuracy of the estimated coefficients adversely affects the
accuracy of the sending process. Therefore, it is important to use
an accurate and reliable estimation technique to estimate the input-
output curve coefficients. The most effective method to solve these
problems is the least squares method.

Keywords —Least squares; Genetic algorithm; Estimation;
Input — output curve coefficients; Thermal power plants.

1.Mé hinh biéu dién chirc ning chi phi

nhién liéu khong tron:

Muc tiéu chinh trong hoat dong cua
bat ky hé thong dién nao 1a dé dap ung nhu
cau vé nang luong véi chi phi thip nhat c6
thé, trong khi duy tri an toan va do tin cay.
Mot trong nhimng linh vuc lién quan dén chu
dé van hanh t6i uu hé thong dién la bai toan
tai trong kinh té.

Mot trong nhitng van dé quan trong
nhét trong viéc giai quyét bai toan kinh té la
c6 mot udc tinh chinh xac cho cac hé s
duong cong dau vao-dau ra caa don vi nhiét.
Su chinh xac cua cac hé sb wgc tinh anh
huong bat loi dén két qua do chinh xac cua
qué trinh gui di. Do d6, nd rat quan trong dé

st dung udc tinh chinh xac va dang tin cay

Tém tit— Bai béo trinh bay so sanh két qua ciia tinh sai s udc tinh
theo phuong phép binh phuong bé nhét va theo giai thuat di truyén
dé lya chon phuong phap don gian va hiéu qua. Mét trong nhing
van dé quan trong nhét trong viéc giai quyét bai toan kinh t& cia
nha may nhiét dién sir dung nhién liéu than va khi 1a c6 mét ude
tinh chinh xéc cho cac hé s6 dudng cong du vao-diu ra cia don vi
nhiét. Sy chinh x4c cua cac hé sb u6ce tinh anh huéng bét loi dén
két qué do chinh xac cta qua trinh giri di. Do d6, n6 rat quan trong
dé st dung wdc tinh chinh xac va dang tin cdy ky thuat udc tinh
céc hé s6 duong cong ddu vao - dau ra. Phuong phap hiru hiéu dé
gidi cac bai toan trén 1 phuong phap binh phuong bé nhét.

Tir khéa —Phuong phap binh phuong bé nhét; Giai thuat di
truyén; Udc tinh; Hé sb dudng cong ddu vao — ddu ra; Nha may
nhiét dién
ky thuat wéc tinh cac hé s6 duong cong dau
vao - dau ra. C6 hai md hinh biéu dién chuc
ning nhién litu. M6 hinh dau tién 1a md
hinh tron tru, trong khi khic 1a md hinh
khong tron tru. Mot s6 phuong phap da
duoc dé xuat dé giai quyét nhiéu cac van dé
wéc luong trong hé thdng dién. Mot trong sd
do k¥ thuat dua trén k¥ thuat udc lugng tinh
chang han nhu gi4 tri sai s6 nho nhat va it
nhat 1a gia tri tuyét d6i, trong khi nhitng
nguoi khac dua trén cac ky thuat wdc tinh
dong nhu bd loc Kalman. Loc Kalman nham
udc lugng gia tri dich thuc cia mot céi gi
d6, bang cach du doan gia tri cua nd va tinh
do tin cay (hay do bt dinh) cua du doan do,
ddng thoi do dac gia tri (nhung bi sai 6 Vi
c6 c4c nhidu), sau d6 ldy mét trung binh c6

trong gitra gia tri du doan va gia tri do dac
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duoc, 1am gia tri wéc lwong. Cé thé coi né 1a
mot truong hop cua “suy dién co diéu kién
kiéu bayes” Cac thudc tinh co ban cua bod
loc Kalman duoc bit ngudn tir cac yéu cau
cua udce lugng trang thai.

Cac don vi phat dién voi tuabin hoi
da van thé hién su thay ddi Ié6n hon trong
cac chirc nang nhién liéu. Thong thuong, cac
hiéu ung diém van tao ra nhiét dang gon
song duong cong ty 1€. Ldc nay, chic nang
nhién liéu dugc mé hinh héa bang céch
thém mot thuat ngtr hinh sin. Ham chi phi

ma&i tré thanh:

F(R) =[6,SINCE, (R — P30 + D a,R +1,
=

,i=1,...,N Q)
trong d6 ei va fi 1a hé sé chi phi nhién liéu
ctia don vi véi cac hiéu tng diém van.

Viéc su dung chuc nang khong tron
s& lam tang tinh chinh x4c cua két qua bai
toan kinh té, nhung dong thoi ting thém
ganh nang cho qua trinh tinh toan.

Ba mo6 hinh [6] khac nhau dugc xem
xét dé kiém tra hiéu suat cia phuong phép:

Mb hinh 1: véi j=1

I:i(l:)'ti):aoi+alil:)ti+r (2)
M6 hinh 2: vai j=2
Fi(IDti):aOi+a1iF)ti+a2iF)ti2+r (3)

M6 hinh 3: vai j=3
Fi(Pti):a‘Oi +a1ipti +a2iPti2+a3iPti3+r (4)

77777777 Linear (1st order)
“ — — —  Quadratic (2nd order)

Cubic (3rd order)

Hinh 1 Ba logi dirong cong ham chi phi
nhién liéu

Pua ra quan hé dau ra dau vao (F —
P) cho mdi may phat dién nhiét (i), sau d6
cho bat ky mét trong ba md hinh, mét hé
théng phuong trinh roi rac ¢ dang khdng
gian trang thai c6 thé dwoc viét nhu sau

Z(k) =H (k)X (k) +r(k) ()
Trong do
Z (K) 1a mot vector chi phi nhién liéu;
X (k) 1a tham sb vector duoc wéc tinh;
r (k) 1a vector sai s lién quan voi F;
H (k) 1a mot vecto hang lién quan F dén X.
Dbi v6i ba md hinh dugc sir dung duogc viét
lai nhu sau:
M6 hinh 1:
H=[1 Pu(K)] (6)
X =[aoi ai]"
M6 hinh 2:
H=[1 Pi(k) Pi*(K)] ()
X=[aoi ai az]"
Mo hinh 3:
H=[1 Pi(k) Pi*(K) P& (K)] (8)
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X=[a ai ai asi]"

O day k dai dién cho sé luong phép
do. Piéu nay c6 nghia 1a néu ching ta co sb
do k, diéu d6 lién quan dén F dén P, khi d6
tat ca céc tham s6 vector s& la k*1 ngoai trir
vector H no6 sé la 1*k. Cac phuong trinh k
dai dién cho céc gia tri thuc té cho (Thuc té)
tao thanh phép do ma tran. Chuong trinh GA
duoc sir dung dé tim wéc tinh cho an s (X)
cia phuong trinh (5). Nhirng udc tinh nay
dugc sir dung dé tinh lai ham nhién liéu
(Ué6c tinh) cua phuong trinh (5) tai moi
buéc thoi gian. Sau do, sai sé & mdi budc
(K) c6 thé duoc tinh nhu sau [6]:

r (k) = F (k) (thuc té) - F (k) (wéc tinh)
i=1,2,3,..,K (9)

Bay gio, van dé dugc xay dung va co
thé duoc néu rd rang 1a "tim wdce tinh cho
vecto tham sé X (k), cho bat ky md hinh
nao, dé giam thiéu vector sai s6 r (k) .

2. Phwong phap binh phwong bé nhit

Trong todn hoc cling nhu trong thuc
té ta thuong giap cac bai toan lién quan dén
khao sat va tinh gié tri cia ham y = f(x) nao
d6. Tuy nhién trong thyuc té khong phai ldc
nao ta ciing xac dinh duoc sin ham sé ma
chi nhan duoc céc dir kién roi rac Xi tuong
g V&i gid tri yi. Van dé dit ra 1a xac dinh
gid tri cua ham tai cac diém con lai. Mot
trong cac cach lam do 1a ta di xac dinh biéu

thizc ham f(x). C6 rat nhiéu 16p cac bai toan

thuc té ma qua khao sat nguoi ta xac dinh
duoc n6 c6 dang tuyén tinh nhu y = ax-+b,
y = ax? + bx + ¢, mot trong cac phuong phap
hitu hiéu dé giai cc bai toan trén 1a phuong
phap binh phuong bé nhét.

Gia sur ¢6 2 dai lugng (vat ly, hoa
hoc, ...) x vay ¢6 lién hé phu thudc nhau
theo mot trong cac dang da biét sau [8]:
y=ax+b

y =a+bx+cx’ tuyentinh

y =a-+bcosx+csinx

I o

Nhung chua xac dinh dugc gia tri
cua céac tham s a, b, c. Pé xac dinh duogc
cac tham s6 nay, ta tim cach tinh mot s6 cap
gi tri twong @ng (i, Yi), i=1, 2, ...,n bang
thyc nghiém, sau d6 ap dung phuong phap
binh phuong bé nhét.
* Trwong hop:y=ax+b
Vi céc cap s6 (Xu,y1), (X2, Y2), ... , (Xn, Yn)
nhan duoc tir thi nghiém chi la nhirng gia tri
gan dung cua x, y nén chung khong hoan
toan la nghiém dang cua phuong trinh
y=ax+h
Goi &i sai s tai cac diém x;
& =Y,—a-bx

Minh hoa i 1én d6 thi:
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2 2
The qoal of OLS is to minimize the sum nfe'I ez and ezj

x
x
x

Hinh 2 D6 thi &i

Khi d6 tong binh phuong céc sai so:

S= Zn:e:i
i=1

Muc dich cua phuong phap nay la xac dinh
a, b sao cho S 1a bé nhat. Nhu vay a, b 1a
nghiém h¢ phuong trinh:

3 _

=0
oa
%S _,
ob

Taco

S =) (y’+a’+b’x} —2ay, — 2bxy, + 2abx;)

%B 3y (2a-2y, +2bx,)
oa oI

S

— =Y (2bx? = 2x.y. + 2ax.
b Z:‘( T )

na+bzn: X = Zn: Y,
=1 =1

=N i S0

azn:xi +bzn:xi2 =X,
i=1 i=1 i=1

Giai h¢ phuong trinh ta dugc: a, b
* Truwong hop y = a + bx + cx?
Goi &i sai s tai cac diém x;

g =Y, —a—-bx

Khi d6 téng binh phuong cac sai so:

S= Zn:giz
i=1

Cac hé sb a, b, ¢ xac dinh sao cho S 1a bé

nhat. Nhu vay a, b, ¢ 12 nghiém cua hé

phuong trinh:
as N "2\
Lo [nath) x+cd x=>y,
oa i=L i=L i=L
S e azn:xi +bzn:xf oS X =zn:xiyi (11)
ab i=1 i=1 i=1 i=1
as n n n n
EZO ay X' +bY X' +cy X' =Y X'y,

Giai h¢ phuong trinh ta dugc a, b, ¢

Lap bang dang sau:

1 X-2 X.3 X4

X; Yi | %Yi | XY

Tong

3. Bai toan kiém tra:

Trong truong hop nay, ham chi phi nhién
liéu tuyén tinh dwoc md ta trong phuong

trinh: y=a, + X+ a,x’
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Duogc su dung dé wdc tinh cac tham sb cho
cac nha may nhi¢t di€n khac nhau véi cac
nhién liéu nhu than va khi dét. Mdi nha may
dién bao gdm 5 may phat dién cac don vi

véi 10, 20, 30, 40 va 50 MW. Tinh gia trung

binh F [6]:
Bang 1 Chi phi tmg véi ting to may:
P(MW) F (GJ/h)

10 176.62

20 256.4

Than 30 361.5
40 467.6

50 579.5

P(MW) F (GJ/h)

10 187.2

20 272.8

Khi 30 384.3
40 497.2

50 616.5

Céac hé s6 udc tinh ctia ham chi phi (ao, a1,
a2) voi phuong phap binh phuong bé nhit
duogc tinh toan qua bang 2.

Ta c6 hé phwong trinh d6i véi nhién liéu
than:

5a, +150a, +5500a, =1841.62

150a, +5500a, + 2250004, = 65418.2  (12)

55003, + 2250004, +9790000a, = 2642482
Giai h¢ (12) ta duoc

a, =95.856,a, = 7.3736,a, = 0.0466

Ham chi phi nhién liéu d6i v6i nha may
nhiét dién than:
feion (X)7 = 95.856 + 7.3736x + 0.0466X>
Ta c6 hé phuwong trinh ddi véi nhién liéu
khi:
5a, +150a, +5500a, =1958
150a, +5500a, + 2250004, = 69570 (13)

55004, +225000a, +9790000a, = 2810480
Giai h¢ (13) ta duoc

a,=101.1,a =7.8814,a, =0.0491
Ham chi phi nhién liéu dbi v6i nha may
nhiét dién khi:

f o (X =101.1,+7.8814x +0.0491x°
Tim ra dugc 2 ham chi phi theo 2 loai nhién
liéu va cac hé sd ao, a1, a2 tim duoc ta tinh
toan chi phi udc tinh ¢ bang 3.

Theo [6] ta c6 chi phi udc tinh theo giai
thuat GA & bang 4.
4. Két luan :

Viéc giai quyét bai toan kinh té ma sir dung
ky thuat ude tinh tinh, ude tinh gia tri tuyét
d6i nho nhat cac hé s6 duong cong dau vao -
dau ra giup giai quyét duoc van dé lwa chon

dugc nhién liéu cho nha may nhié¢t di¢n

Binh phuong
D& bé nhat GA
Than 14208 | 15.6553
Khi 14216 | 20.328

Phuong phap binh phuong bé nhat la ky

thuat phan tich phuc tap c6 d6 chinh xéc
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cao. Phuong phap nay nham xac dinh
phuong trinh bién thién cua chi phi duwa trén
viéc tinh toan hé phuong trinh 2 bién trong
phan tich thdng ké, sir dung sé liéu chi phi
thuc té phat sinh tuong tng vai 2 loai nhién
liéu.

Giai thuat di truyén mic du méi duoc phéat
trién trong thoi gian gan day nhung da thu
dugc nhitng thanh coéng 16n ¢ nhiéu nganh
khac nhau, ca trén ly thuyét va thyc tién.Dic
biét nguoi ta ¢6 thé két hop giai thuat di
truyén véi nhitng giai thuat khac dé tao
thanh mot co ché diéu khién tu dong nhiéu
tang, cho phép giai nhiing bai toan ti wu
phac tap mot cach nhanh chong véi do
chinh x4c cao. Nhuoc diém 1a tinh toan phuc

tap.

Qua tinh toan bang ca 2 phuong phap cho
thiy viéc st dung nhién liéu than chi phi
thip hon 1a st dung nhién liéu khi nhung dé
vi¢c tinh toan chi phi dugc don gian hon thi
ta st dung phuong phap binh phuong bé

nhat.

Bang 2. Cac hé s6 wdc tinh cta ham chi phi (ao, a1, a2) duoc tinh bang phuwong phap binh phuong

bé nhat

[ X; X2 X, x.* Y, XY, XY,

1 |12 100 1000 10000 176.62 |1766.2 | 17662

2 |20 400 8000 160000 | 256.4 5128 102560

3 |30 900 27000 | 810000 |361.5 10845 | 325350
Than 4 140 1600 | 64000 | 2560000 | 467.6 18704 | 748160
Q) 5 |50 2500 | 125000 | 6250000 | 579.5 28975 1448750
Tong 150 5500 | 225000 | 9790000 | 1841.62 | 65418.2 | 2642482

1 |10 100 1000 10000 187.2 1872 18720

2 |20 400 8000 160000 | 272.8 5456 109120
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Khi 3 |30 900 27000 | 810000 |384.3 11529 | 345870

(2) 4 |40 1600 | 64000 | 2560000 | 497.2 19888 | 795520
5 |50 2500 | 125000 | 6250000 | 616.5 30825 | 1541250

Tong 150 5500 | 225000 | 9790000 | 1958 69570 | 2810480

Bang 3. Dir li€u tinh toan chi phi nhién li¢u thuc té cho mdi don vi-dir liéu chi phi nhién li€u udc

tinh thu dugc sau khi tinh toan theo phwong phép binh phwong bé nhat

Nhién F(thuc F(wéc

liéu P té) tinh)
MW) | (GIh) | a a1 2 | (GIh) | &=|Ficcin — Foucel
10 | 17662 | 95.856 | 7.3736 | 0.0466 | 174.252 2.368
20 | 2564 | 95.856 | 7.3736 | 0.0466 | 261.968 5.568

Than | 30 | 3615 | 95.856 | 7.3736 | 0.0466 | 359.004 2496
40 | 4676 | 95.856 | 7.3736 | 0.0466 | 46536 2.4
50 | 5795 | 95.856 | 7.3736 | 0.0466 | 581.036 1536

2. 14.208
10 | 1872 | 1011 | 7.8814 | 0.0491 | 184.824 2376
20 | 2728 | 10L1 | 7.8814 | 0.0491 | 278.368 5.568

Khi [ 30 | 3843 | 1011 | 7.8814 | 0.0491 | 38L.732 2568
40 | 4972 | 10L1 | 7.8814 | 0.0491 | 494.916 2284
50 | 6165 | 1011 | 7.8814 | 0.0491 | 617.92 142

e 14.216
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Bang 4. Dt li¢u chi phi nhién liéu thuc té cho mdi don vi-dir liéu chi phi nhién li¢u udc tinh thu

duoc sau khi tinh toan theo giai thuat GA

Nhién F(thuc F(wéc
liéu P té) tinh)
(MW) | GJIh) | a a1 a2 | (Gam) | €=IFicinn — Fincel
10 176.62 | 100.3937 | 6.9761 | 0.0533 | 175.4847 1.1353
20 256.4 | 100.3937 | 6.9761 | 0.0533 | 261.2357 4.8357
Than 30 361.5 | 100.3937 | 6.9761 | 0.0533 | 357.6467 3.8533
40 467.6 | 100.3937 | 6.9761 | 0.0533 | 464.7177 2.8823
50 579.5 | 100.3937 | 6.9761 | 0.0533 | 582.4487 2.9487
2‘9 15.6553
10 187.2 103.2 8 0.0667 | 188.648 1.448
20 272.8 | 116.3854 | 6.7342 | 0.0667 | 277.7494 4.9494
Khi 30 384.3 | 116.3854 | 6.7342 | 0.0667 | 378.4414 5.8586
40 497.2 | 116.3854 | 6.7342 | 0.0667 | 492.4734 4.7266
50 616.5 | 116.3854 | 6.7342 | 0.0667 | 619.8454 3.3454
2‘9 20.328
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