TAP CHf KHOA HOC & CONG NGHE TRUGNG DPATHOC DUY TAN

Journal of Science and Technology 2(21) (2017) 39-43 DUYTAN UNIVERSITY

T6i Uu Héa Cong Tac X Ly Nudc Thai Tai Khu Cong Nghiép St
Dung Thuat Todn Di Truyén

Optimizing Waste Water Treating Activity for Industrial Zone Using Genetic Algorithm

Tran Van Ut¢, ThS. Nguyén Qudc Lam', Hoang Nhat Pic*!

“Khoa Sau Pai hoc, Pai hoc Duy Tdn, Viét Nam
The Graduate School, Duy Tan University, Viet Nam
bKhoa Xdy Dung, Dai Hoc Duy Tdn, Viét Nam
Institute of Research and Development, Duy Tan University, Viet Nam
“Vién Nghién Citu Va Phdt Trién Cong Nghé Cao, Pai Hoc Duy Tdn, Viét Nam
Institute of Research and Development, Duy Tan University, Viet Nam

(Ngay nhdn bai: 22/06/2016, ngay phdn bién xong:17/02/2017, ngay chon ddng: 01/03/2017)

Tom tat

Viéc xay dung hé thdng nudc thai trong khu cong nghiép déng vai trd quan trong trong viéc dam bao an toan moéi trudng
séng. Bai bio d& xuit mot md hinh t6i uu héa cong tac thiét ké hé thong xi ly nude thai cho mot khu cong nghiép véi
trong tam 12 tdi thiu héa chiéu dai duong dng din nudc thai tir cdc nha may dén cic tram xd 1y nude. Thuat toan di truyén
dudgc su dung dé tim kiém gidi phap t6i vu cho bai toan. Véi mot vi du tinh toan v6i 10 nha may va 3 tram xi ly nudc trong
mot khu cong nghiép da duge st dung dé minh hoa cho viéc md hinh héa bai todn va tng dung thudt toan di truyén Két
qua cho thdy thuat toan di truyen tim ra dugc mot giai phap tbi uu véi chiéu dai dUOng ong din nudc thai tir cac nha may
dén céac tram xt ly 12 nho nhét trong diéu kién rang budc vé nhu cau xit Iy nudc clia tiing nha may va cong suét cia tiing
tram xu ly.

Tir khoa: Xt ly nudc thai; Thuat toan di truyén; Toi uu héa; M6 hinh héa; Khu cong nghiép.

Abstract

The construction of waste water treatment system in industrial zones plays a crucial role in guaranteeing the safety of
living environment. This article proposes an optimization model for the design phase of a waste water treatment system in
an industrial zone with the focus on minimizing the total pipe length transporting waste water from factories to treatment
plants. A case study with 10 factories and 3 treatment plants is used to illustrate the mathematical modeling process and
the application of the optimization model with the genetic algorithm. Computational results point out that the genetic
algorithm can found an optimal solution which features the minimum pipe length and satisfies all constraints regarding
the demand of each factory and the treatment capacity of each plant.
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1. M6 dau

Trong nhiing nim gin day, su phat trién
nhanh chéng ctia nén kinh té kéo theo hang loat
van dé moi trudng ma loai ngudi phai ganh chiu.
Nim 1992, hdi nghi mdi trudng toan cau Rio De
Janeiro da dugc tS chiic nham giai quyét nhiing
van dé biic xiic vé moi trudng. Tuy nhién ti sau
hoi nghi nay, nhiing hau qua cua viéc tan pha
moi truong van khong dudc gidi quyét ma con
di theo chiéu huéng x4u hon. Mot trong nhiing
nguyén nhan giy ra hau qui nay 1a chét thai ctia
nganh cong nghiép chua dugc xt 1y triét d€, mic
du cong dong qudc té da cé nhiing nd luc ding
k€. VAn dé nay tai cac nuSc dang phat trién con &
mic do tram trong hon, trong d6 c6 Viét Nam.

Hién nay nén kinh té ctia Viét Nam da git hdi
dugc nhiéu thanh tyu dang khich 18, tuy nhién
chiing ta dang phéi d6i mit v6i nhiéu thach thic
vé mdi trudng. Cung véi nén kinh té phat trién,
cac khu cong nghiép cliing dugc hinh thanh va
phat trién. Cac nha mdy trong khu cdng nghiép
thai ra mot luong 16n cac loai chét thai dic biét
12 nu6c thai. Néu khong gidi quyét tot viée xit ly
nudéc thai cua cac xi nghiép, nha mdy nay sé€ gay
0 nhiém dbi v6i ngudn nude va mdi trudng xung
quanh, 1am t6n hai rat 16n dén stic khée ctia ngudi
dan. Do d6, nham han ché cdc mait tiéu cuc cia
qua trinh phat trién kinh t& dén méi trudng, viéc
thiét ké cac du 4n xd ly nudc thdi cho cdc khu
cong nghiép sao cho co tinh hiéu qua cao 1a méot
nhu cau thiét thuc.

Do d6, cac tdc gia dé xuét viéc ing dung ting
dung ctia thuat toan di truyén (TTDT) phuc vu
cho viéc tdi uu hda cdng tic xit ly nudc thai cho
cac khu cong nghiép. Thuat toan TTDT la mot
phuong phap hiéu qui dé€ giai quyét cac bai todn
tdi uu hoéa [1]. Muc tiéu cia bai todn la 1én ké
hoach xu ly nuéc thai tai khu cong nghiép sao
cho t6i thiéu héa chi phi lap dit dudng 6ng dan
nudc thai tif cac nha may dén cac tram x1 1y nuéc,
sao cho théa min nhu cau xi ly nuéc cia tling
nha mdy va phil hop véi cong suit xi 1y clia ting
tram.

Phan tiép theo clia bai bao dudc t§ chiic nhu
sau: Phan 2 néu khdi quat phuong phdp nghién
cliu cua bai bao; trong do6 trinh bay mo hinh cua
bai todn t6i wu hoéa tip trung vao viéc 1én ké

hoach xu ly nudc thai tai khu cong nghiép véi
yéu cau 12 tbi thi€u hoéa chi phi 1ap dit dudng 6ng
din nuéc thai tif cac nha mdy dén céc tram xi 1y
nudc; dong thdi, gidi phap dudc dua ra phai théa
min nhu cau xi ly nudc cda ting nha may va
phl hop véi cong suit xi 1y cla tiing tram. Phan
3 néu ung dung cua thuit toan v6i mot vi du cu
thé. Két luan va kién nghi dudc néu trong phan
cudi ctia bai bio.

2. Phuong Phap Nghién Cuu

2.1. Vén Dé Téi Uu Hoa Tong Qudt

Mot bai todn t6i vu hda tdng quét c6 thé dudc
mod hinh héa nhu sau [2, 3]:

Tim Min. cua ham f(x) vdi:

f(x1, x2,...,x7),d=1,2,....D (1)

Chiu céc rang budc:

&(x1,x2,...,x5) < 0,d=12,...D,q=
1,2,...M

he(xi,x2,...,x9) = 0,d=12,....D, r =
1,2,....N

xh < xq < xf

Trong do, f(x;, xz,...,x;) 1a ham muc tiéu,
thudng 1a chi phi cia phuong éan du’QZl_ua
chon. x, x,,...,xz 12 cac bién sb thiét ké.gq X1,
X250+ sXg) VA h(X1, Xp,...,X;) 12 cdc rang budc
ma mdt phuong an lua chon can phéi thdéa man
xk, xU. 1a cdc can trén va can dudi clia bién thiét
ké x;. D 12 s luong bién sb thiét ké. M va N 1a
s6 lugng rang budc bat dang thic va dang thic.

2.2. Thudt Todn Di Truyén (TTDT)

Thuét todn di truyén dugc tién hanh qua 5
budc chinh [1]: khdi tao quan thé, chon loc, lai
ghép, dot bién, kiém tra diéu kién diing. Yéu cau
ctia bai todn tdi uu héa 1a tim gid tri nhd nhit cla
ham muc tiéu f(X), v6i X la véc-td trong khong
gian c6 chiéu 12 D. So dd khdi cda thuit todn
dudc biéu dién trong Hinh 1.
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Hinh 1. Thuat Toan Di Truyén

(1) Khéi tao quan thé: Thuat toan di truyén
bat dau bang viéc khdi tao ngau nhién N véc-to
X, trong khong gian D chiéu. X;, déng vai tro
12 c4 thé thif i trong quan thé c6 N c4 thé, tai thé
hé thu g.

(2) Chon loc: Tai budc nay, gia tri ham muc
tiéu cla cdc ca th€ dugc danh gid, céac ca thé cé
gi4 tri cia hAm muc tiéu tot hon sé dugc uu tién
lya chon cho qua trinh lai ghép.

(3) Lai ghép: Muc dich cta qua trinh lai ghép
la 1am da dang héa quin thé hién tai bang cich
trao d6i cac thanh phan clia cic c4 thé cha va me
trong quan thé. Pau ra clia qu4 trinh 1a cic ca thé
con.

(4) Dot bién: Muc tiéu ctia qud trinh dot bién
1a tao ra gen méi trong céc cd thé con. Qua trinh
nay dudc thuc hién v6i mot xac suat dot bién nho
(0.001).

(5) Kiém tra diéu kién dimng: O day, sb thé hé
tién hoa tbi da (G,,) dudc chon lam diéu kién
ditng. Qua trinh t6i uu hoéa sé két thic khi s6 thé
hé hién thdi (g) vuot qua gia tri cia G,u.,. Néu
diéu kién diing chua théa man, qud trinh téi uu
héa sé tiép tuc dién ra.

2.3. Mé Hinh Héa Bai Todn Toi Uu Hoa Ké
Hoach Xw Ly Nudc Thdai Tai Khu Coéng
Nghiép

V6i muc tiéu cta bai toan 12 1én ké hoach xu
ly nudc thai tai khu cong nghiép sao cho tdi thiéu
héa chi phi 1ap dit dudng 6ng dan nudc thai tir
cac nha mdy dén céac tram xi ly nu6c va véi cac
rang vé nhu ciu x{ Iy nudc clia tiing nha mdy va
cong suit xi ly ctia tiing tram. VAn dé t6i uu héa

dugc thé hién trong Hinh 2. Bai toan dudc thiét
lap nhu sau:
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Hinh 2. Bai To4n T6i Uu Héa K& Hoach Xt Ly Nudc Thai
Tai Khu Cong Nghiép

2.3.1. Bién thiét ké

Céc bién thiét ké ctia bai todn dudc cho trong
ma trin phan bd luong nudc thai tir mdi nha may
trong khu cdng nghiép dén mbi tram xi ly (xem
Hinh 3). Trong Hinh 3, x;; la ky hiéu cua lugng
nude thai ti nha may j duge xu ly béi tram i.

Nha may
NM NM: . NMa
T1 x11 x12 ... Xln
T2 x21 X2 -, x
Tram =
Tm Xml Xm? . Xmn

Hinh 3. Ma Tran Bién Thiét K&

2.3.2. Cdc Rang Buodc

Bai to4n gom céc rang budc sau:

(1) Céc bién thiét k& phai 1a sd thuc khong
am:
Xij >0 (2)
(2) Nhu cau xit 1y nuéc thdi cia cidc nha may
phai dugc dam bao:

Z;'i]xij = NCj(3) .

V6i NC; la nhu cau xur Iy nudc thai ciia nha
mdy j trong 1 don vi thdi gian (ngay, tuan,...).

(3) Luong nudc xu ly tai mdi tram khong
dugc vudt qua cong suit clia ting tram:

Z?:] Xij = CSi4)

V6i CS; 1a cong suat xit Iy nudc thai ciia tram
i trong 1 don vi thoi gian (Ngay, tuan,. . .).

2.3.3. Ham Muc Tiéu
D€ thiét 1ap ham muc tiéu ctia bai todn, ta can
thong s6 vé khoang cach van chuyén nudc thai tir



42 Hoang Nhdt Diic va cong su/ Tap chi Khoa hoc va Cong nghé - Pai hoc Duy Tdn 2(21) (2017) 39-43

mdi nha may dén mdi tram xi ly, thong sb nay
dudc cho trong ma tran khoang cach (xem Hinh
4).

Nha may
NM) NM: NMy
Ti ke11 k1 kcin
Tram T2 kel ke ke
Tw Foml Joe w2 I wom

Hinh 4. Ma Tran Khoang Cach

Ham muc tiéu cta bai toan dudc cho nhu sau:
m n
f=2 '21 keij X ujj (5)
J:
Véi z'du()c tinh toan nhu sau:

ujj = lnéuxij > 0(6)
U = Onéux,-j = 0(7)

3. Ung Dung Thuét Toan Di Truyén Cho Viéc
Toi Uu Héa Cong Tac Xu Ly Nudce Thai Tai
Khu Cong Nghiép

3.1. Vi DuAp Dung

D€ ting dung m6 hinh t6i uu héa, mot vi du
ap dung vdi thong tin ducc cho nhu sau: (1) Khu
cong nghiép c6 3 tram xi 1y nudc thai. Cong suit
ctia mdi tram dudc cho nhu sau: Tram xt 1y 1 1a
900m>/ngay dém; Tram xi Iy 2 1a 1100m>/ngay
dém; Tram xd Iy 3 1a 1000m*/ngay dém. (2)
Trong khu cong nghiép c¢6 10 nha may. Nhu cau
can xu ly nudc thdi cia cac nha may dudc cho
trong Bang 1.

Bang 1. Nhu cau can xid 1y nudc thai ca cic nha may
(m3/ngay dém)

Nha may NM1 NM; NM: NM: NMs NMg NM; NMz NMs NMy
Nhu cdu 250 200 240 260 320 440 120 300 280 350

Ta c6 ma tran khoang cach (m) dugc cho
trong Hinh 5.

Nha may
NMI NM2 NM3 NM4 NMS NM6 NM7 NMS NM9 NMI0
T 800 | 600 | 900 | 500 | 1000 | 1000 | 800 | 1200 ] 2200 600
Tam T2 600 | 400 | 700 | 400 | 700 | 800 | 1800|1900 | 900 | 500
b} 400 | 500 | 600 | 300 | 700 | 600 | 1200 500 | 1200 400

Hinh 5. S6 Liéu Clia Ma Tran Khoang Céach

Ham muc tiéu 12 tdi thi€u hoéa tdng chidu dai
duong 6ng din nuéc thai tir cic nha mdy dén

tram xu ly nuGc thai, dugc cho nhu sau trong cac
Phuong Trinh 5, 6, va

Céc diéu kién rang budc cia bai toan dudc
cho nhu sau:

Tong lugng nudc théi tif nha may 1 = 250:

X11 + X120+ X13 = 250 (8)

Tong lugng nudc théi tit nha may 2 = 200:

X21 + Xpp + Xp3 = 200 (9)

Tong luong nudc thai tif nha mdy 3 = 240:

X31 + X33 + x33= 240 (10)

Tong lugng nudc théi tit nha may 4 = 260 :

X41 + X40 + Xyg3 = 260(11)

Tong lugng nudc théi tit nha may 5 = 320 :

X571 + Xs50 + X535 = 320(12)

Tong luong nudc thai tif nha may 6 = 440 :

Xe1 + X2 + Xe3= 440 (13)

Tong lugng nudc théi tit nha may 7 = 120 :

X771 + X720 + x3= 120 (14)

Téng lugng nudc thai tif nha may 8 = 300 :

Xg1 + Xxgo + xg3= 300 (15)

Tong lugng nudc théi tif nha may 9 = 280 :

X91 + Xgo + X93= 280 (16)

Tong lugng nudc théi tit nha may 10 = 350 :

X101 + X102 + X105= 350 (17)

Cong suat cia tram xt ly 1 < 900x;; + x5 +
X13+ X4+ X5+ X6+ X177+ X18 + X9+ X110 < 900
(18)

Cong suit clia tram x{r 1y 2 <= 1100

Xo1 + Xp2 + Xo3 + Xog + Xo5 + Xog + X7 + X8 +
X29 + X210 < 1100(19)

Cong suét clia tram x 1y 3 <= 1000 x3; +x3,+
X33 + X34 + X35 + X36 + X37 + X33 + X390 + X310 < 1000
(20)

Luong nudc thai 12 s6 thuc khong am:

x;; >0 v6imoiivaj(21)

3.2. Mé Phong Bai Todn Trén Cong Cu Excel

Bai todn tdi uu héa dugc mo phong trén cong
cu Excel 2013. Cong cu Excel Solver ting dung
cho céc bai todn quy hoach phi tuyén sit dung
thuat toan di truyén. Thuat todn di truyén c6 uu
di€m 1a cho phép tich hop cac rang budc phi
tuyén cho cic bién thiét ké. Phuong phdp nay
cling c6 toc do tinh todn nhanh va cho két qua toi
uu héa chinh xac. Cac ma tran khoang cach va
bién thiét ké ctia bai toan 1ap trong Excel dudc
cho trong Hinh 6.
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Nhi miy
NM1 NM2 NM3 NM4 NMS NMé NM7T NMS NM9S NM10
1 800 | 600 | 900 | 300 | 1000 | 1000 | 800 | 1200 | 2200 | 600
Tram 2 600 | 400 | 700 | 400 | 700 | oo | 1800 | 1900 | 00 | 500
T3 [ 400 | s00 | 600 | 300 | 700 | s00 | 1200 | 500 | 1200 | 400 |

Nuse thii (m3) Nhi mdy

Tram NMI  NM2 NM3 NM4 NMS5  NM6 NM7 NMS NM9 NMI0

Hinh 6. M6 Phong Bai Toan Trong Excel

Sef Objective 516 .
To: Max . Mig yalue Of
By Changing Variable Cells:
$I511:5R513 £
Subject to the Constraimts:
SISILSRS13 #= 0 add
$1514:5RS14 = $IS16:5R$16 =
$5811:65413 <= $US11:6US13

Change

Delete

Reset All
Load/Sove

| Make Unconstrained Variables Non-Negative

Sglect a Solving Method: Evalutionary ¥ Otions

Sakving Method

Salect the GRG Nenlinear engine for Soer Problems that are smooth noniinear. Selact the L Simplex engine
for near Sohvir Problems, and select the Evahutionsry engine for Sokver problems that are nen-smooth.

Help Solve Cgse

Hinh 7. Hop Thoai Solver Trong Excel

Hop thoai ctia cong cu Solver trong Fxcel dé
thuc hién TTDT dugc cho trong Hinfi 7. Trong

hop thoai cta Solver, cac 6 tuong tng v6i ham
muc tiéu, cac bién thiét ké, va cic rang budc dugc
thiét 1ap. Cudi cung, TTDT dugc lua chon d€ gidi
bai toan.

3.3. Két Qud Tinh Todn

Két qua tinh todn clia bai todn tdi vu héa dudc
cho trong Hinh 8, véi gia tri cia ham muc tiéu la
f = 11000 mét dudng dng dan nuéce thai. Theo két
qua tinh todn, d€ t6i thiu héa s6 mét dai dudng
ong can xay dung, két hoach phan S nuéc thai
tlf cdc nha may vé mdi tram can ¢ thuc hién
nhu giai phdp thé hién trong Hinh 8. V&i phuong
an nay, c6 thé thiy dudc ring tit ca cac rang budc
vé nhu ciu xi ly nudc clia tiing nha mdy va cong
suét clia tiing tram ciing dudc thda man. Theo
nhu két qua thu dudc, tram x@ 1y s6 1 chua st
dung hét cong suit (lugng nude thai can xit 1y 1a
660m> trong khi cong suét tdi da 12 900m:%). Nhu
vy st dung thuit todn di truyén khong c6 thé

gidp t6i wu hoa chiéu dai dudng 6ng van chuyén
nudc thai, ma cling c6 thé gitip ich cho viéc xac
dinh cong suit thiét k& ctia tram xit ly.

Nudc thii (m3) Nha miy

Tram NMI_ NM2  NM3  NM4 NMS  NM6  NM7 NMS NG NMIO

1 [Co00 T 000 | 000 [ 000 | 000 | 0.00 | [ 30.00 [ 28000 H 660 - 900

2 X 000 | 0 0.00 | 270.00 | 440.00 | 120.00 | 270.00 | 0.00 | 000 [ 1100 <= 1100

3 250, 200.00 | 240.00 | 260. 5000 | 0. | [ 000 [ 000 [ 000 [ 1000 <= 1000
251 60 320 44 0 3

00 24 300 280 330

250 200 240 260 30 440 120 300 280 350

Hinh 8. Két Qué Tinh Toan

4. Két Luan Kién Nghi

Bai bdo dé xuit viéc tdi uu héa cong tic xi
ly nudce thai cho khu cong nghiép. Muc tiéu cua
bai toan 1a t6i thiéu héa chiéu dai dudng dng van
chuyén nuéc thai, dong thsi thda man cic yéu
cau vé luong nudc can xit ly tai méi nha may va
cong suét xi ly tai mbi tram. Bai todn dudc mod
hinh héa bang cong thic todn hoc va trén Excel.
Thuait todn di truyén dudc ting dung dé tim ra gidi
phép tbi uu. Mot vi du tinh toan v6i 10 nha may
va 3 tram xu ly nuGe duge dung dé€ ki€ém chiing
mo hinh. Két qua cho thdy thuit toan di truyén
da tim ra dugdc giai phap tot nhit ma trong d6
chiéu dai dudng 6ng van chuyén nudc thai 12 nhod
nhat. Do d6, cong cu Excel ciing vé6i thuit todn
di truyén dugc dé xuét cho viéc gidi quyét bai
toan toi vu héa cong tac xi ly nude thai cho khu
cong nghiép. Hudng nghién cifu tiép sau ctia bai
bdo bao gdm khio sit cic thuit toan tdi uu héa
khic d€ gidi quyét vin dé dang dudc quan tam,
tim mot vi du trong khau thiét k& mot khu cong
nghiép cu thé d€ ing dung mo hinh, va ing dung
thuét toan di truyén dé giai quyét cac van dé khac
trong linh vuc xay dung.
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