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NGHIEN CU'U PIEU HANH HO CHUA CHONG LU
SU DUNG THUAT TOAN FUZZY LOGIC

Nguyén Viét

Téng cuc thiy Loi - B6 NN va PTNT
Nguyén Tién Giang; Nguyén Hiru Khai
Pai hoc Khoa hoc Tw nhién Ha Noi

Tém tat: Piéu hanh hé chira chong li uén la van dé dwoc quan tdm, nhiéu nghién ciru vé vin
hanh ho va hé thong ho chira chong lii cho ha du da dwoc trién khai. Nhin chung cdc phwong
phdp tiép cin thuwong theo huwéng sir dung mé hinh mé phong két hop véi mét s6 ky thudt 61 wu
dé lwa chon phirong én vin hanh hop Iy. Cho dén nay, ty da dat dwoc nhitng tién bg dang ké
trong nghién ciru van hanh hé thong ho chiva, nhung van chira ¢6 mét loi gidi chung cho moi hé
théng ma tiy ddc thir cia tirng hé thong dé dwa ra cdc 1oi gidi phit hop.

Thoi gian gan ddy, Iy thuyét tdp mo da dwoc ibng dung khd phé bién va t6 hitu hiéu trong viéc xir
ly cac gia tri khong chinh xac. Tuy nhién, viéc ung dung thudt toan Fuzzy logic trong van hanh
hé chira chéng lii, déic biét la & Viét Nam, van con & mikc han ché. Bai bdo nay trinh bay két qua
nghién civu st dung thudt todn fuzzy logic trong diéu hanh hé chiva Ka Nak, thudc hé thong lién
hé chira séng Ba, dé cat giam lii cho ha du.

Tir khod: song Ba, vin hanh ho chira, chong li, Fuzzy Logic, ham lién thudc, hé suy lugn mo, hé
diéu khién mo:

Summary: Operating the reservoir against floods is always a matter of concern. Many studies
on the operation of reservoir systems for flood control in downstream areas have been carried
out. The approaches are often used in the simulation model combined with some optimum
techniques to select the right operation option. So far, significant advances have been made in
the operation of the reservoir system, but there is no general solution for every system that
depends on the specificity of each system to provide the well suited solution. In recent times,
fuzzy set theory has been applied quite well and proved effective in dealing with inaccurate
values. However, the application of the Fuzzy logic algorithm in the operation of reservoirs
against floods, especially in Vietnam, is still limited. This paper presents the results of a study
using a fuzzy logic algorithm in the Ka Nak reservoir management, in the Ba river reservoir
system, to reduce floods for the downstream.

1. GIOI THIEU CHUNG trinh van hanh hd chira Hoa Binh phong lii va
phét dién. Hoang Minh Tuyén (2002) ¢ phan
tich danh gid vai trd cia mot sé hd chua
thuong ngudn song Hong cho phong chéng li
ha du. Vién khoa hoc Thuy lgi (2006) da thuc
hién du 4n xay dung quy trinh van hanh lién
hd chira trén song Pa va séng Lo khi ¢ cac
hd chira Thac Ba, Hoa Binh, Tuyén Quang

Thoi gian qua, nhidu cong trinh nghién ctru vé
véan hanh h6 va hé thong hd chira chong 1ii cho
ha du d3 duoc trién khai trén céc luu vuc sén g
Cong ty tu van Pién I (1991), Vién Quy hoach
va Quan ly nudc (1991) nghién ctiru lap quy

Ngay nhin bai: 01/02/2018 Tran Hong Thai (2005) va Ngd Lé Long
Ngdy thong qua phan bién: 19/4/2018 (2006) budc dau 4p dung thuat téi wu hod
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trong van hanh hé Hoa Binh phong chéng li
va phéat dién. Nguyén Hitu Khai va Lé Thi
Hu¢ (2007) nghién ciru ap dung mo hinh
HEC-RESSIM cho diéu tiét 1 hé théng hod
chua trén luvu vuc song Huong, cho phép xac
dinh trinh tu va thoi gian van hanh hop 1y cac
ho chira bao dam kiém soat Iii ha luu song
Huong. Nguyén Thé Hung va Lé Hung
(2009) d3 ap dung thuat toan di truyén tim
kiém quy dao véan hanh t6i uu hd chira nuée
c6 nha may thuy di¢n lam viéc doc lap voi
qué trinh dong dén 1a ngau nhién cho cong
trinh thuy dién EA Krong Rou.

Trén luu vuc song Ba cling c6 céc nghién cuu
vé van hanh hé thong hd chira chdnglii cho ha
du nhu: Nguyén Hiru Khai (2010) Dé tai
KC.08.30/06-10 “Nghién ctru xay dung cong
nghé diéu hanh hé thong lién hd chira dam bao
ngan 1, cham Iii, an toan van hanh ho chtra va
st dung hop Iy tai nguyén nudc vé mua kiét
luu vuc song Ba. Nguyén Hitu Khai, Lé Thi
Hué (2011) M6 phong van hanh lién hd chua
song Ba mua lii bang mo hinh HEC-RESSIM.
Cao Binh Huy va L& Hung (2015) N ghién cuu
hiéu qua cat giam Ii ha du cta hé théng hd
chta thuy Dién trén song ba. Luong Hiru
Diing (2016) Luén 4n tién si vé N ghién ctru co
s& khoa hoc phuc vu van hanh hé théng lién hd
chira kiém soat 1ii lwu vyc song Ba. Nguyén
Tién Giang va nnk (2016) Panh gia su bién
d6i ché do thuy van ha luu luu vuc song Ba
dudi tac dong cua hé théng hd chira.

Nhin chung cdc phuong phép tiép can di néu
thuong theo hudéng st dung md hinh mod
phong két hop v6i mot sé ky thudt toi wu dé
lwa chon phuong 4n van hanh hop 1y. Hau hét
cac nghién ciru déu dwa ra cac quy dao van
hanh t6i vu cho hd chtra vé mat I thuyét va
cac hd duoc van hanh theo quy trinh duoc xay
dung tir md hinh mé phong. Cho dén nay, tuy
da dat dwoc nhirng tién bd dang ké trong
nghién ctru van hanh hé thong hd chira, nhung
van chua c6 mot 1oi giai chung cho moi hé
thong ma tuy dic thu cia tirng hé thong dé dua

ra cac 101 giai phu hop.
Viéc ing dung Fuzzy logic

Gan day, cach tiép can theo hudng dp dung
Fuzzy logic di duoc nhiéu nha khoa hoc trén
thé gi¢i nghién ctru, trién khai 4p dung va thu
duoc nhirng két qua kha quan, nhit 1a trong
linh vuc cong nghi¢p. Viéc nghién cliu ap
dung Fuzzy logic phuc vu diéu hanh hd chta
tuy dd dwgc quan tdm nhung van con & mirc
dd han ché. Mot sb nghién ctru cé thé ké ra
nhu S.Mohan va M.Anjaneya Prasad (India)
v6i nghién ctru vé mo hinh logic mo cho diéu
hanh hé théng hd chira; D. Nagesh Kumar,
D.S.V. Prasad, K. Srinivasa Raju (India) ap
dung cach tiép can mo trong tdi wu hoa diéu
hanh hd chira. Dubrovin et al. (2002) di Gng
dung mo hinh dva trén nguyén tic mo trong
diéu hanh hd chtra da muc tiéu theo thoi gian
thuc. Panigrahi va Mujumdar (2000) da thu
nghiém mé hinh ho4 diéu hanh hd chta don
dua trén quy tic mo cho hd chira don muc tiéu,
trong do da ap dung phuong phdp 13p trinh
dong ngau nhién (SDP) dé xdy dung cic quy
tac co s0. Durbovin va nnk (2002) dua ra md
hinh diéu hanh ho chta thoi gian thuc dia trén
tuong ty mo hoan toan. Nguyen, T.G. va nnk
(2006) da trinh bay M 6t phwong phédp déanh gia
moi d6i voi mé hinh téng hop hé théng ngudn
nude sir dung thuat toan fuzzy logic. Nguyén
Mai Pang va Trinh Xuan Manh (2014) da
nghién ctru van hanh t6i wu ho chira Cira Pat
cho cép nudc mua ki¢t st dung thuat toan
fuzzy logic.

2. MUC TIEUNGHIEN CUU VA HUONG
TIEP CAN

Thyc té cho thiy viéc diéu hanh hd chta
chéng lii phy thudc chu yéu vao qua trinh dong
dong chay li dén ho, nhung day lai 1a yéu td
lu6n bién dong, kho c6 thé du bao chinh xac.
Thoi gian gan day, Iy thuyét tip mo da duoc
mg dung kha phd bién trong linh vuc cong
nghi¢p va to hiru hi€u trong viéc xir Iy cac gia
tri khong chinh x4c. Tuy nhién, viéc irng dung
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thuat toan Fuzzy logic trong van hanh hd chira
chong 1, dac biét 1a ¢ Viét Nam, van con &
murc han ché.

[ Nghién ciru tBng quan ] [ Phantich d4c diém ] [ Danh gia thure tién van hanh ]

van hanh hd ching I dja hinh, mura, It hié théing ho chira cit gidm I )
{ !
I }
Cdc myc tiéu Cdc rang buge
} )

K&y dyng md hinh digu hanh hg thong h chira
Moduyn vin hanh digu Moduyn dién todn dong Moduyn lién két, hd
1iét i qua hd chira chdy I trén cic doan song troftinh todn
\

! __
Phan tich, so sanh, lya chon két qua J

Vian hanh hé théng lign hd chira &g dung
Fuzzy logic

Hinh 1: So d6 huéng tiép cdn nghién ciru

Bai bdo nay sé& trinh bay két qua ing dung
thuat toan Fuzzy logic trong van hanh hd chira
Kanak thudc hé théng lién hd chira séng Ba
cit giam It cho ha du.

3. UNG DUNG FUZZY LOGIC XAY
DUNG MO HINH PIEU HANH HE
THONG LIEN HO CHUA CHONG LU
LUU VUC SONG BA

Logic mo va Hé diéu khién mo

L.A. Zadeh 13 ngudi mé dau cho su phat
trién va ungdung cia Iy thuyét nay. Y tudng
chinh cua khai niém tap mo cua Zadeh 1a tu
nhirng khai niém triru tuong vé ngit nghia
cia nhitng théng tin mo, khong chic chan
duoc biéu dién bang khai niém toan hoc,
dugc goi 1a tap mo.

Do6i tuong nghién ctru cua 1ogic mo 1a cac
ménh d& mo va viée xac dinh gi4 tri chan ly
ctia ching. M énh dé mo chira nhirng khai niém
khong chinh xac, khong chic chin va do d6
khong du thong tin dé dinh gia gia tri chan ly
1a “tuyét dbi dung” hay “tuyét ddi sai” theo
nghia kinh dién. Gia tri chan 1y ctia cac ménh
dé mo 6 thé nim trong doan [0;1].

[ KHOA HOC
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Hé digu khién mé&
(Fuzzy logic control)

HE ludt mér
{Fuzzy Ruke base
syslem)
\_;_J
Bu v Hé suy dién % R
Déu vao ré Mérhoa  |Buvao v Bliura Giai mer Ddurars
(Serptinguts) | || (Fuzaification) [eqpmay  (FUsZyinterence  TReseeell etuzzitcation) ||| (Seript ouputs)

system)

Hinh 2: Cau truc co ban cua hé diéu khién mo

Céu tric co ban cta hé thong dya trén nguyén
tic mo 1a hé didu khién mo (Fuzzy logic
control) nhu trong hinh 2, véi cac thanh phan
chinh: (a) MO hoa yéu té6 dau vao
(Fuzzification of inputs), (b) Hé cic quy tic
mo (Fuzzy rule base system), (c) Hé suy dién
mo (Fuzzy inference system), va (d) Gidi mo
(Defuzzification).

Hb KaNak 833 km?2

Khu gifia 517 km2

TD AnKhé 1350 km?2

TV An KHé

HO Ayun ha 1670 km2

Khu gitra
1871 km2

Khu giira
2049 km2
v@
TV KrongHnang TV AyunPa
235 km2
W | Khugiia
933 km2 Khu gitra
3007 km2

TD KirongHnang @

®

TD song Hinh B | TDSongBaha
774 km2
Khu giira 548
km2 @
Y TV Cing Son
TV Phi Lam
. 4

Hinh 3: So do6 hé thong hé chira, khu gita heu
viee song Ba
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Pham vi nghién ctru, so' 6 hé thong

Luu vuc soéng Ba ¢6 dién tich 13.900 km?,
voi dan sd khoang 1,4 triéu nguoi, 1a mot
trong chin lwu vuc song 16n nhat Viét Nam.
Nhiéu cong trinh di duoc xay dung trén lwu
vuc nhu hd Ayun Ha, cac hd thuy dién An
Khé-Ka Nak, Song Ba Ha, Krong H’Nang,
Song Hinh. Cac hd chira nay cing cac khu
giita va doan song ndi cac hd dugc so dd hoa
nhu hinh 3.

M0o6 hinh toan st dung Fuzzy logic

M 6 hinh mé phéng van hanh hé thong hd chira
diéu tiét cit giam 1i cho ha du gdm: Moduyn
van hanh diéu tiét i qua hd chtra, Moduyn
dién toan dong chdy lii trén cac doan song va
cac Moduyn thuc hién viéc doc dir liéu, biéu
dién dién va luu trir k& qua tinh toan duéi
dang d0 thi, truy xuat két qua tinh toan ra file
luu trtr dang Text hodc Excel... va chuong
trinh chinh két ndi cac Moduyn. Cac Moduyn
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duoc viét bang ngdn ngir 14p trinh MATLAB.

Nhap dir ligu
(Cée théing s dgc tinh Ky thudt cla céc hd chira;
Qué trinh déng chdy dén; Mat cdt ngang, chibu dai
doan =8ng; Quan hé Q-H tai céc vi tri khing ché)

t-0| Thiét lap cac gia tri ban dau
— (Mue nude b Luu luong tei
cAC doan song)

1 tet+l
Quyét dinh lwu lwgng tich, xa cla cdc hd theo Fuzzy
t=t+l
> An Khé- Ayun Kréng Séng Séng
Khing Kanak Ha Hning Ba Ha Hinh
" ¥abm Ira Gidu l

Tinh truyén 10 trén hé théng séng theo
Muskingum-Cunge (v& ha du, cac didm khdng ché)
Tinh cac théng s6 lién quan cla cac hi chira
(Mue: nurdre: hil, Dung tich hi)

S~ kién dimg? "\
Cd l

/" Dimg chuong trinh. ™,
\ Phan tich két qua. )
e Két lugn.

Hinh 4: So do khéi tinh todn diéu hanh hé
théng ho chira chéng li

Hé diéu khién mo didu hanh luu luong xa
cia cac hd chira bang cong nghé Fuzzy
duoc xdy dung riéng cho tirng hd chira, gom
¢6 3 bién ddu vao 1a Luong 1 dén (Qden),
Muc nudc hd (Hho), Myuc nuéc khdng ché
ha du (Hhadu) va 1 bién dau ra l1a Luong xa
qua hd (Qxa).
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Hinh 5: H¢ diéu khién mo diéu hanh luu lwong
Xxa cua cac ho chira

Dé thiét 1ap ham lién thuéc (MF), luu hrong
dinh 1ii (Qden) ho Ka Nak va tram TV An Khé
dugc chia khoang trén co s¢ tham khdo cac

Hinh 6: Cdac ham lién thudc cho bién dau vao

quy dinh vé phan cdp li tai Quy chuin k¥
thuat qudc gia vé Dy bao i, dwoc trinh bay
trong bang sau:
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Bang 1: Cac ham lién thudc bién diu vao li dén Kanak

Truong hop Ham lién Piéu kién vé Muc | Luu luongtuong | Luu lwong tuong
thudc nudc dinh 18 (m) ung tai Ka Nak ungtai TV An
(m3/s) Khé (m3/s)
L nho mfl (HmaxP90% <) (232) <Qmax< [ (375) <Qmax<
Hmaxi < HmaxP70% 310 500
Li trung binh mf2 HmaxP70% < Hmaxi 310 < Qmax< 500 < Qmax <
< HmaxP30%: 862 1390
Li lon mf3 HmaxP30% < Hmaxi 862 < Qmax < 1390 < Qmax <
< HmaxP10%: 1420 2280
Lii rat 16n mf4 Hmaxi > HmaxP10%: Qmax > 1420 Qmax > 2280
(1639)
Li déc biét 16n mf5 1780 (P5%) 2859
2648 (P1%) 4253
3037 (P0.5%) 4878

Trén co s& cac bién dau vao, dau ra, cac ham lién thudc da thiét lap, tién hanh xdy dunghé thon g
cac luat (FIS) diéu hanh ho chira.

i T o

SRt )

Luu luong xa sau hd chira vé ha du dugc dién
toan theo phuwong phép Muskingum. Biéu d6
quan h¢ luu luong (Q) va muc nudc (H) ciing
duoc xdy dung cho cac diém khong ché nhu An
Khé, Ayun Pa, Phti Lam gitip kiém tra va diéu
khién qua trinh van hanh xa ctia hd chira nham
dap tng cac diéu kién khong ché ¢ ha du.

4. KET QUA TiNH TOAN VA THAO LUAN
Két qua tinh toan diéu hanh h Ka Nak cho théy:

Hinh 7: Hé théng cdc ludt cho diéu hanh xa hé Kanak
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- D6i vé6i nhirng tran i dén c6 lwu hrong dinh
1t nho nhu trén 14 X1/1988 (c6 luu lugng dinh
i Q=311 m’s), ¢6 thé khong can ha muc
nudc hod trong giai doan chuan bi don li ma
van c6 thé tich phan 16n lrong Iii dén, dong
thoi muc nude 16n nhét tai An Khé cling chua
1én dén murc Bao dongl.

- B6i v6i nhimg tran 1& d&én co lvu lwong dinh 1
O murc trung binh nhu tran 1t X/1993 (luu lugng
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dinh 1i Q=462 m3/s) c6 thé khong can ha muc
nude hd hodc chi can ha dén cao trinh 511,58m
(so v6iyéu cauphai ha xudng cao trinh MNDL
506,0m theo Quy trinh 1077) trong giai doan
chuan bi don 1i ma van co thé tich phan 16n
lwong 1ii dén, dong thoi myuc nude 16n nhat tai
An Khé ciing chua 1én dén mirc Bao dong 1.

- P6i v6i nhitng tran 1ii dén ¢6 lwu lrong dinh
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Hinh 8: Myc nuwoc, lvu lwong hé Ka Nak

- Dbi voi nhirng tran 1i dén ¢ luu krong dinh
li rat 16n nhu tran 1o dang XI/1981 c6 luu
luong dinh 1§ Q=1.780 m’/s, 2.648 m’/s va
3.037m’/s (twong Ung véi P = 5%, 1% va
0,5%), dé dam bao myc nudc tai TV An Khé
khong vuot bao dong IT (405,5m) thi chi c6 thé
xa voi luu luong 16n nhét vao khoang 744 m’/s,
769m’/s va 769 m’/s trong ng vdi cac cap 1
trén, khi d6 co6 thé ha muc nuwde hd xuéng cao
trinh 509,23m, 509,47m va 509.8m (van cao
hon so véi MNDL 506,0m), ma van dam bao
khéng ché myc nudc tai TV An Khé & mirc
405,40m, 405,50 m va 405,50m tuong Ung
(d4am bao yéu cau khong vuot bao dong II
405,5m).

Khi van hanh hd Kanak giam i cho ha du ¢o
thé ha dugec muc nude dinh i tai An Khé tir
1,10 dén 2,40m; Vi tran 1i ¢6 tan suét p=1%
tai Cing Son (Q= 26.500 m3/s), dang 1 1988,

lii twong ddi 16n nhu tran 1 XI/1981 ¢ luu
lwong dinh 1 Q=1519 m3/s (tan suat xuat hién
p~8-10%, thudc trrong hop 1i 16n-rit 16n) c6
thé ha muc nude hod Xuéng cao trinh 509,16m
(véi Qxa max = 743m3/s, Hankhe max=
405,35m twong trng). Sau khi cit toan bo dinh
lii s& co thé nang myuc nudc trong hd 1én duoc
dén myc nude dang binh thuong (hinh 6, 7).

. I
FOMOa AN Y e A AW P A -
e

Hinh 9: Myc nwoc khong ché tai TV An Khé

1993: sau khi diéu tiét ho Ka Nak co thé giir
muc nudc tai An Khé & muc 40445 =+
404,81m (xap xi Béo dong I va dudi Bao dong
IT). Véi tran 1i co tan suat p=1% tai An Khé
(Q = 4253 m’/s ), dang 1ii 1981: ¢6 thé khdng
ché muc nudc tai An Khé & mirc 408,24m, cao
hon 1,74cm so véi Bao dong II1 (406,5m).

5. KET LUAN

C6 thé g dung Fuzzy logic trong diéu hanh
hd chua, gitp quyét dinh luu lwong xa can
thiét can cr vao luu lwon g dén hd, muc nude
hién tai coa hd va yéu cau khéng ché muc
nudc 1 & ha du.

Viéc ap dung Fuzzy logic giip nha quan ly
quyét dinh luong tich, xa dugc thuc hién
nhanh va diéu chinh kip thoi dwa trén diéu
kién trang ctia hd va dy bao vé dong vao, gitp
cho viéc ra quyét dinh diéu hanh tré nén dé
dang, linh hoat hon.
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Van hanh theo quy trinh d& xudt c6 Gng dung cang thé hién rd hon dbi véi nhitng tran i dén
Fuzzy logic c6 thé nang cao dugc muc nudc hd  ¢o luu lrong dinh 1i & mirc trung binh nhu tran
Ka Nak sau khi két thic tran 1, hiéu qua nay 1 X/1993 hodc 1t nho nhu trén It X1/1988.
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