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Nghién citu va trao déi

UNG DUNG MANG NORON TINH TOAN VA DU POAN CHAT LUONG
NUGC PAU RA CUA HEE THONG XU LY NUGC THAI CUA NHA MAY

SUA CO GAI HA LAN

TS. Nguyén Ky Phiing, CN Pau Thi Dung
Khoa Mbi trudng - Trudng Pai hoc Khoa hoc Ty nhién
Pai hoc Quéc gia TP.HCM

todn trong nhiéu linh vitc khdc nhau. Trong linh vitc méi trudng, Iy thuyét mang

Mng noron mé hinh cdu triic dugc sit dungkhai thdc réng rdi dé nghién citu, tinh

mang noron duge ding dé tinh todn va dy dodn két qud ddu ra ciia hg théng xit Iy

nude théi hodc ddnh gid khd ndng tdi sit dung ngudn nidc sau khi xit Iy ... Trong bai bdo nay tdc

gid mudn gidi thigu vdi ban doc mé hinh mang noron dugc phdt trién dé tinh todn va dy dodn chét

litgng nudc déu ra ciia hé thong xit Iy nudc thdi Nha mdy sita Co gdi Ha Lan. Cdc thong s6 dugc

quan trdc hdng ngay bao gom: d¢ kiém pH, luu lugng O, nhu cdu oxy hda hoc COD va nong do

chdt rdn lo litng SS. Cdu triic ciia mé hinh mang noron dugc xdc dinh théng qua cdc budc luyén

va kiém tra mé hinh. Thuc t& cho thdy sai sé trung binh ciia hai chitong trinh khong chénh léch

nhiéu. Nhu vay két qud tinh todn cdc théng sé chdt lugng nudc ddu ra ciia mé hinh mang noron

nhén tao la chdp nhdn dugc.

1. Gidi thiéu

Nudc thadi chifa rat nhiéu
tap chit c6 badn chdt khic
nhau, muc dich cda viéc xi 1y
nudc thai 1a khit cdc tap chat
d6 sao cho nudc sau khi xt 1y
dat tiéu chudn chit lugng.
Céc tidu chudn d6 thudng phu
thudc vao muc dich va cich
thitc st dung: nudc s€ dudc
tdi st dung hay thai thing vao
cdc ngudn ti€p nhan nudc va
v4i nhitng cong nghé xu 1y
khéc nhau, chit lugng nudc
d4u ra sé dat tiéu chuén nio?
Liéu ta c6 thé biét dudc cdc
thong s6 chat lugng nudc sau
khi xi Iy ma khong cén tién
hanh thi nghiém? gidi phdp
tng dung ly thuy€t mang
ndron 12 m{t trong nhitng
phuong phdp ¢é thé gidi
quyét duge van dé trén.
Viéc tinh todn két quéd chat

lugng nudc diu ra cda hé
thong xit 1y nudc thai cé thé
g6ép phan giip cdc nha mdy
xt Iy nudc thai quan 1y chat
luwgng nudce sau khi xit Iy dong
thdi c6 thé ddp @ng va phin
phdi nudc cho cdc nhu cau sit
dung khdc nhau. Vi vdy, bai
bdo nay sé& sit dé cip dé€n vdn
dé @ng dung cdu tric mang tri
tué nhin tao (mang ndron)
tinh todn két qui diu ra cla
hé thong xit Iy nudc thai.
2. Noi dung

Trong nhiéu thip nién qua,
mang ndron nhan tao - mgt
mo hinh tinh todn mo phdng
bd ndo con ngudi - da dugc sit
dung c6 hiéu quéd trong cdc
linh vuc nhu: tri tu€ nhén tao,
nhin dang chi¥ viét, xt Iy
anh, kinh t&€, y hoc, héa hoc,
diéu khién, thdy vin.. va
nhitng thanh qud mang lai la
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rit to 16n. Tuy nhién, trong
linh vyc mdi trudng tai Viét
Nam hién nay vin con it
nghién cifu cu thé vé van dé
nay.

Chinh vi vAy bai bdo tdp
trung nghién cifu hai ndi dung
chinh:

- Tim hiéu mang ndron
nhan tao va nhitng Wng dung
cla né.

- X4y dung chudng trinh
tinh todn k&t qua diu ra cla
hé théng x¥ 1y nudc thai .

Mang noron nhén tao (Ar-
tificial Neural Network -
ANN) bao gém cédc “nit”
(don vi xit 1y, ndron) dugc n6i
v8i nhau bdi cdc lién két
ndron. Mdi lién k&t kém theo
mot trong s6 nao dé, c6 thé
xem cdc trong s6 1a phuong
tién dé luu thong tin dai han
trong mang ndron va nhi€ém
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Nghién cttu va trao déi

vu cda qud trinh luyén mang
(hay qud trinh hoc) 1a cdp
nhit lai cdc trong sd khi ¢6
thém cdc théng tin vé céc
maiu hoc. Hay néi mot ciach
khic, cic trong s6 dudgc diéu
chinh sao cho k&t qud ma
mang noron tinh dugc phu
hgp véi két qué quan tric.
Mot mang ndron c¢d bédn
thudng ¢6: mdt 16p nhdp, mot
16p &n va mot 16p xuit. Ldp
nhdp nhén gi4 tri ddu vao (&
ddy 1a cdc théng s6 clia nudc
théi trudc khi xi¥ 1y). Lép xuit
tinh todn k€t qua ddu ra (cic
thong s& ciia nudc thai sau khi
Xt 1y).
3.Cac budc xdy dung méd
hinh ANN
* Chia dit ligu

Dit liéu sfn c¢6 dugce chia
thanh hai tdp hop: tip miu
luyén va tdp miu ki€m tra.
Mang diing tip miu luyén dé
hoc hdi cdc m6i quan hé giita
bi€n ddu vao va cic bién dau
ra, tAp kiém tra d€ ki€m tra
md hinh. Thong thudng s
lugng miu luyén chi€m 70%
todn b tdp miu, néu s&

Tugng miu luyén it, mang sé&

khong c6 dd dit kién dé téng
quit héa cho toan bd tip
mau.

* Tien xit Iy dit lidu

Trong qud trinh tinh todn -

clia mang noron ta ¢6 st dung
mdt s& ham todn hoc nhu ham
truyén logistic:

1
1+e™

'y=

Ham ndy c6 cén trén 1a 1
can dudi 1a 0, do d6 céc gid

tri ddu vao phii dugc chudn
héa vé khodng gidi han ciia
ham truyén (0,1). Tuy nhién,
0 va 1 chi la nhitng gidi han
ma ham truyén ti€n gin dén
dugc chit khong bao gid thuc
su dat dugc. Do do, trong thuc
t€ ngudi ta thudng chudn héa
céc gi4 tri diu vao nim trong
doan [0.1,0.9].

Coéng thitc chudn héa
thudng duge st dung nhat 1a
chuén héa Min - Max.

ham truyén, ham 15i, hé s6
hoc...

- Khdi tao trong s6 ngau
nhién. ,

- Cho céc tin hiéu truyén di
trong mang.

- Tinh sai s& va lan truyén
ngudc sai so.

- Tim b trong sd t8i uu.
* Kiém tra - chudn héa mé
hinh

Cho mé hinh tinh todn véi
cdc mau ma n6 chua tirng hoc
trudc d6, néu két

T y—Minl
Max] — Minl

*(Max2 - Min2)+ Min2 (1)} qui cho sai s6 16n

Trong dé:

y: gid tri cil.
y’: gid tri méi.

Minl, Maxl1: gid tri cuc
tiéu va cyc dai clia mién gid
tri ci.

Min2, Max2: gid tri cuc
ti€u va cuc dai clia mién gid
tri mdi.

* Xdc dinh cdc bién

Day la m6t nhi€ém vu quan
trong bdi vi khi ta xdc dinh
dugc cdc bi€n nhidp hgp 1y,
mang ndron s& dé dang thanh
cong trong viéc cho k&t xuat
thuc gin v6i k€t qui mong
mudn nhit.

* Xdc dinh cdu triic mang
- St dung loai mang nao,

‘mang lan truyén ti€n hay

mang hoi quy?

- Xdc dinh cdu tric hinh
hoc clia mang. Mang c6 kich
thudc 16n hay nhd? Mang ¢6
bao nhiéu 16p 4n? S& niit trén
16p &n 12 bao nhigu?

Quéd trinh hoc (luyén
mang)

- Xdc dinh cdc luit hoc:
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— thi ti€n hanh xay
dung lai m6 hinh mang.
* Ung dung:

Sau day la vi du minh hoa
cho viéc d@ng dung mang
ndron dé tinh todn k&t qua
diu ra ctia hé thong xt ly
nudc thdi. Dt liéu gém 96
mau ldy tir hé théng xit 1y
nudc thdi cia nha mdy sita
Co6 gdi Ha Lan, Thi Bic,
Tp.HCM. Bén bi€n diu vio
dugc st dung bao gdm: pH,
Q, COD va SS; mot bién dau
ra la COD tuong ng v4i 1 niit
Xuét.

Buiée 1: Tién xt 1y dif liéu
* Cdc bién nhdp
pH-min(pH)
max(pH) - min(pH)

P2 0 -min(Q)
max(Q) - min(Q)

COD,, ~min(COD, )

Yoo

max(COD, ,)-min(COD, )

*0.8+0.1

*0.8+0.1

*¥0.8+0.1

SS —min(SS)

4 - *0.8+0.1
max(SS) — min(SS)
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Nghién citu va trao ddi

* Bién xudt: COD,, —min(COD,,,,COD,)
max(COD,,,, COD,,)—min(COD,,,,COD,,)
G4n sai sO trén toan bd tip miu luyén E = 0. B&i v6i mdi miu thit m (m=1,2,..,70) trong tdp
mau luyén lam tir budc 2 dé€n budc 5.
Lan truyén tién
* Bude 2:

MB®i niitnhip X; (i=1,2,3,4) nhdn mt tin hiéu dau vao P; va gdi cdc tin hiéu ndy dén tdt ca cdc

*0.8+0.1

nit 4n trong 16p 4n.
V6i méi nit 4n H; tdng trong s8 ciia né s& dugc tinh.

4 :
TongTrongSo _An(j)= Z w, *h (=12,3) (2)
i=1 §
* Budce 3:
Tinh du ra ctia mdi nit trén 16p 4n (k&t xudt ndt &n) thong qua ham truyén logistic:

; 3 : 1 :
H(j) = KetXuat _An(j) = f(TongTrongSo _ An(j))= T g~ CTongTrongSa_An) (G=1,2,3) (3)

* Bude 4: Sau khi tinh ddu ra clia tit cd cdc nidt 4n, k&t qua nay s& dugc gdi dén tat cd cdc niit
xudt trén 16p xudt. T3ng trong s& clia At cd cdc niit trén 16p xudt s& dugc tinh:

TongTrongSo _ Xuat(k) = Z W, *H()) (k=1; j=1,2,3) (4)

=
Tinh diu ra ctia mdi niit trén 16p xuat (k&t xudt nit xuat) thong qua ham truyén logistic:

1 i
O(k) = KetXuat _Xuat(k)= f(TongTrongSo _Xuat(k)) = T oo Py (k=1)

* Budc 5:
Tinh sai s6 giita ddu ra mong mudn va diu ra thyc t€ cla nit xudt th k, ciia mau thd m. O

diy k =1 nén: E, =(¥,(k)- O(k))z (6)

Y,,,(k): ddu ra mong mudn ciia niit xuat thit k d6i v6i mau luyén thi m. Néu da duyét xong
toan bd tdp miu luyén chuyén qua budc 6

* Biidc 6:
3
Tinh tdng sai s6 trung binh binh phuong trén todn bd tdp mau luyén E :%i E, (m=73) (7)
m=1 :

So sdnh sai s6 E v6i Emax: Néu E > E_ . thi qua budc 7. Néu E<E_ .. thi ngitng luyén.
Lan truyén ngude sai s6
* Buge 7 : CAp nhat lai trong s8 clia cdc niit trén 16p xut.
Tinh Delta xuat cda nit xudt thit k d6i v6i méi mau luyén thit m:
Bkm = OK)*(1- OK))*(Ym(k)- O(k))  (8) -
C4p nhit lai trong s6 lién két giita nit 4n thit j va nidt xudt thi k: AW, =78, H,a, 9)
Wi(méi)=Wiy (cfi)+ AW, Trong d6: 1=0,021a hé s hoc; "
o = 0,6 1a hé s6 moment
* Buidc 8:
Cap nht lai trong s8 cla cdc nit trén 16p 4n. Tinh delta 4n clia nit 4n thit j d6i véi miu
luyén thit m: 8= H,(0-H, )Y W6, 10

k=1
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Nghién citu va trao déi

H;p,: ddu ra cda mit 4n thit j d6i v6i mau thi m.
8n: delta xuat clia niit xuat thi k.
Wiy : trong s6 lién ket giffa cdc nit trén 16p 4n va trén 16p xuat.
i Oys: tOng cdc nit xuat. Trong vi du'néy chi sif dung 1 nit xuat nén delta clia niit 4n thit j s&

' dugc tinh nh sau: 8,7 = H,, )z W 4O 11
| ?3

! Cap nhit trong so lién k&t giita nit nhap thi i va nit &n thi j: Sym = AW, = ??Zé'jm}:}m

! 1J(mdl)—-W1J (CU)'I' Q. A el

P;,: gid tri ddu vao clia nut nhép thit i d6i le mau thi m.

* Bude 9:

Tro lai buoc 2:

DE xéc dinh s6 16p 4n ctia md hinh mang noron, mang ndron vdi 0, 1 va 2 18p 4n dudc sit dung.
Khi so sdnh sai s§ trung binh binh phucng d& thdy ring mang c6 1 1dp an cho sai s6 nhd nhat va
thdi gian luyén mang hgp ly.

[—=—RMSE ——Thi gian |

_ 0.12 : 16 ;
| 01+ - 14 . %
| g - A . ] v .. o ~
| 112 7 Hinh 1. D6 thi bi€u dién sai sd quén
! 0.08 — e
' " 10 = phucng va thdi gian luyén mang theo
2 006 | T8 By s6 16p 4n
Z 9] p
0.04 | I'® B
14 —
=
0.02 + 5
0 : 0

Tudng tf, d€ tim $8 niit &n t8i wu cic m6 hinh mang ndron véi s& nit 4n khéc nhau s& dugc
luyén. Mang nao cho % sai s& nhd nha't s& dugc chon.

| ——3 Niit fn—=— 10 Nt fn—=—20 Niit 4n|

< 40 S Hinh 2. B4 thi so sdnh % sai sO giita
| Ry . céc két qud tinh todn trong ba mang
= |2 t// \ /\ ndron ¢6 sO nit an khdc nhau.
& [% 20 // \
T
% 49 RS v A
0 i T T T T T T

RO rang 12 khi mang c6 6 nit &n 12 10 va 20 thi k&t qua cho sa1 s6 16n, con v6i 3 nit &n
chuong trinh cho két qua chap nhin du’dc Nhu vAy, mang ¢6 3 mit 4n dudc chon d€ s dung tinh
todn. Tl nhitng k&t qué trén ta ¢6 c&u tric cia mang ndron trong vi du nay nhu sau:
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Bién nhép P;
(i=1.2.3.4)

Ldp dn H;
(j=1.2.3)

Nghién citu va trao déi

Bién xuit Yy
(k=1)

pH

COD vao

SS

Wij

H,

H,

H,

CODra

K&t qua:

K&t qua tinh todn gi4 tri COD thuc t€ vA COD tinh todn dugc thé hién qua cdc db thi.

| ——COD_QuanSat

—COD_tinh {

70

60
50

© ISl

COD(mg/L

o L AL

i

10

1 6 11 16 21 26 31 36 41

46 51 56 61 66 71 76 81 86 91 96

S?m?u

Tir dd thi trén ta thay gilta
gid tri du dodn va gid tri quan
sdt ¢ chénh 1€ch, nhin chung
nhitng chénh 1&€ch nay khéng
cao lim. Tuy nhién, vin cé
mdt s6 miu cho gid tri du
dodn 16n trong khi gia tri quan
sat khd nhd. Vi vay, @€ kiém

S6 mau

chitng d6 chinh xdc cida
chuong trinh, k&t qui tinh
todn & trén sé dugc so sdnh
v6i két qud clia mo hinh Neu-
ralWorks Predict phién bdn
3.0 ( M¥). NeuralWorks Pre-
dict dugc st dung d€ dur dodn
va dy bdo trong nhiéu linh
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Hinh 3. D thi biéu dién
gid tri COD thuc t€ quan
sdt va COD tinh todn cta
chuong trinh

vuc khdc nhau vi chuong trinh
dé st dung va cho két qua
nhanh. P4 thi sau cho ta thiy
su so sanh gilta gid tri tinh
todn cia chuong trinh va ciia
mo hinh NeuralWork Predict.
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Nghién citu va treo d6i -
Thye t€]— cop_ —COD_Tinh — COD_MaHinh|
70 T
60 h
_ 50
*5,40_% | i A A ﬂ{ Al .\tf\ M
N N A YO WV DA/
8 o D/ WAVNYNAY WAV W) A TV e
! ey Uy
10
[ e S S R i
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96
S6 miu

Hinh 4. P4 thi biéu dién
gid tri COD thyc t&€, COD
tinh todn va COD ctia md
“hinh NeuralWorks Predict.

Nhin chung gid tri tinh
todn ciia chuong trinh sai biét
khong 16n so vdi gid tri tinh

ching ta so sinh % sai s0
gilta gid tri tinh todn va gid tri
quan sét.

_|cOD _ThucTe—COD _tinh

COD _tinh

*100

todn ctia md hinh Neural- SaiSo =
Works Predict. P& dé ki€m |
| —Sai s6 ciia chuong trinh— - .. .. Sai 56 clia| m6 hinh
100 i
80
80 |
5 . / I
250 H— oA T o]
3 | i/ A I
s OV, ﬂf A Y WA N A
20 1T d}I vl") / '\J”\\sn f““‘“n 1’ V u”:' y\lﬁ\ ‘\ \\H"‘\f“’”
) At . A 0040
1 5 9131721252933 37 4145 495357 616569 73 77 81 85 89 93
S6 mau

Hinh 5. P4 thi biéu dién
phin trim sai s6 cda
chuong trinh va cia mo
hinh NeuralWorks Pre-
dict '

Nhin chung, sai s6 giita

- chuong trinh va mo hinh Neu-
ralWorks Predict khong c6 su
khdc biét nhiéu, sai s6 trung-
binh cia mdé hinh Neural-
Works Predict 12 26,48% cia
chuong trinh 1a 27,14%. Nhu
vdy, sai s6 trung binh cia
chuong trinh tuong d6i nhd,
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k&t qua tinh todn clia chudng

trinh 12 chdp nhén dudc, c6
thé sit dung dé€ tinh todn két
qua ddu ra cia hé thdng xi Iy
nudc thai.
4. K&t lun

Tinh todn két qui dau ra
ciia hé thong x& 1§ nudc thdi
12 mdt van dé can thi€t cho
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cdc hé théng xit 1y nudc thai.
Tiy theo quy md clia van dé,
bai todn cé thé ding trong
pham vi mot hé thong xit Iy
nudc thdi hodc c6 th€é md
rong cho nhiéu hé thdng khéc
nhau. D ding & géc do nao
thi bai todn cling gép phan
gitip cho viéc tinh todn va dy



doén cdc k&t qua dau ra clia
hé th6éng sau khi xt 1y nuéc
thdi dugc ti€n hanh nhanh
choéng.

Ngoai ra, dé bi€t dugc céc
thong s6 chat lugng nudc sau
khi xit Iy ngudi ta phai ti€n
hanh 1am thi nghiém nhiéu
1an, rat ton thdi gian, tién bac
va cong sitc. Nhu vy, néu c6

mot cd sG dir liéu hgp 1y va
day dd thi chuong trinh tinh
todn k&t qud diu ra cia hé
thong xt 1y nude thdi duge
xem nhy mdt phong thi
nghiém 40, & d6 ta cé thé tinh
todn dugc cdc thong s& chat
lugng nudc, ki€m sodt duge
cdc qud trinh xd 1y clia nha

Nghién citu va trao déi

chinh hgp 1y ma khong can
ti€n hanh 14y méu va lam thi
nghiém, ti€t kiém thdi gian,
tién bac va cong sifc. Pong
thdi n&u trong qué trinh xi 1y
c6 nhitng théng s6 vudt qué

'gid tri gi6i han thi c6 thé kip

thdi diéu chinh @€ cic thdng

s6 nay dat tiéu chudn x{ 1y.
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mdy va cé phuong phdp diéu
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