Nghién cuu

UOC LUQONG THONG SO TAINGUYEN VA MOI TRUONG
THEO THOI GIAN POI VOI CAC PIA PIEM CO DU LIEU
TUONG QUAN BANG CACH UNG DUNG MANG NO RON PE
XU LY TIN HIEU SO

Tran Canh Dwong
Truong Pai hoc Tai nguyén va Moi truong Ha Noi
Tém tit
Trong qud trinh tim gzaz | phdp cho cdc vin dé ky thudt c6 lic ta sé can tim gid tri
cuc tiéu hay cuc dgi cho cdc ham muc tiéu nhiéu chiéu. Théng thuong viéc xdc dinh
gla tri toi wu s€ dan dén viéc tim nghlem cua hé phwong trinh phi tuyen. Tai nguyén
va méi treong ¢ nhiéu thong so, tuy vdy viéc quan tric, thong ké, luu triv div liéu cho
cdc co quan, dia phuong khong day i cho nhiéu noi trong khoang thoi gian dai. Mgt
s6 cong trinh can thong ké dir liéu dii vi tri va thoi gian mdi c¢é thé thiee hién do dé can
do dac mdt nhiéu thoi gian, cong sirc va kinh phi. Bai bao nay sir dung phwong phap
tim gla tri cuec tri da bién va dé xudt phiong phap u"ng dung mang no'ron dé xir Iy tin
hiéu so twr do woc lu’ang biéu dé cdc théng sé tai nguyen va moi truong theo thoi gzan
déi véi cdc dia diém c6 div lieu twong quan. Két qua ciia bai bdo cho thdy ta co thé sir
dung giai phap néu trén dé rit ngan thoi gian do dac cac tham $6 tai nguyén va moi
triweong dwa trén cdc sé lieu do dac quan trac tai mot diém ldn cdn véi vi tri da chon
hodc mot vi tri khdc 6 sé liéu twong quan. Nhu vdy, thoi gian va va kinh phi do dac
dir liéu dwoc giam, trong khi do sw van hanh cua cdc cong trinh van dwge dam bao véi
mét sai s6 cho phép.
Tir khéa: Mang no ron; Xt 1y tin hiéu s6; Thong sb tai nguyén va méi trudng;
Gia tri cuc tri da bién; Tham sb hoc thich nghi.
Abstract

Estimating resources and temporal environment parameters for locations with
correlated data using neural networks to process digital signals

In the process of finding solutions to technical problems, sometimes, it is needed
to find minimum or maximum values for multi-dimensional target functions. Usually
determining the optimal value will lead to finding solutions of the system of nonlinear
equations. There are many natural resources and the environment parameters,
however, the monitoring, and storage of these parameters for for different agencies
are not organized and effective spatially and temporally. A number of works need
sufficient statistical data for various location and time period. Therefore, more funds
and effort are needed for extra measurement to collect data. This research uses the
method of finding multivariate extreme values and proposes the method of applying
neural networks to process digital signals in order to estimate the graph of natural
resource and environmental parameters over time for the locations that have correlated
data. The results show that the above-mentioned solution can be used to shorten the
measurement time of natural resources and environment parameters based on the
measurement data of the point adjacent to the selected location or of another location
with correlated data. Thus, time and finance for data measurement are reduced while
the works can still be conducted with an acceptable errors.

Keywords: Neural networks; Digital signals processing; Natural resources and
environment parameters; Multivariate extreme values; Adaptive learning parameters.
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cuc tri da bien

quan tdm di€ém cyc tri cua ham muc tiéu
[3]-

cuc ti€u cia mot ham bang do thi hoac cac

Nghién ciru

1. Gi6i thiéu bai toan tim gia tri sin(X.*Y.*1);

>> figure

Khi giai bai toan tim gia tri tdi wu ta >> surf (X, Y, Z);

>>axis ([-2, 2, -2, 2, -5, 12])

Bai bdo nay dua ra vi du tim gia tri . ) ,
>> title (‘Ham muc tieu Z’)

chim 1énh. Dé biéu dién d6 thi cia ham >> xlabel (*x17)
Z=X5 4 V45— X° — 2¥2 + sin(X¥) >> ylabel (‘x2”)
Z=X5 £ V4 X —2¥? $sin(x¥) ta >> zlabel (“f(x1,x2")
thuc hién 1énh nhu sau: View (-40, 35)
>>x =-2:0.05:2; D6 thi ciia ham
y =-2:0.05:2; Z=X5 4 ¥¥—X® — 2V" + sin(XY)
[X,Y] = meshgrid (x, y); =X+ V4 X2 - 27 4 sin(XY)

fx1,%2

Z=XA"5+ YN - XA2 - 2%¥Y "2 +  dugce biéu thi ¢ Hinh 1.

Ham muc tieu Z

12 —

10

Hinh 1: Dé thi ciia ham Z = X° + ¥* —X* — 2¥? + sin(XY)
Z=X"+ ¥ —Xx? -2V + sin(XY)
Ta tao script d6i v6i ham nhu sau:
function F = function9(x)
F =2*x(1)"S + x(2)4 - x(1)"2 - 2*x(2)"2 + sin((1)*x(2));
end
Sau d6 ta thuc hién & ctra sd lénh:
>> options = optimset (‘fminunc’);
>> options = optimset (options, ‘Display’, ‘iter’, ‘LargeScale’, ‘off’);
>>x0=[1-1];
>> [x, fval] = fminunc (‘function9’, x0, options)
Ta c6 két qua sau:
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Nghién cuu

First-order

Iteration Func-count f(x) Step-size  Optimality
0 3 -0.841471 8
1 6 -1.85652 0.125 0.114
2 9 -1.85708 1 0.0333
3 12 -1.85714 1 0.000463
4 15 -1.85714 1 0.000482
5 42 -6.05271e+20 4.84276e+07  2.43e+17
x = 1.0e +04 *-1.2479 -0.5022 ; fval =-6.0527¢+20
Vi du khdc:

Dé tim gid tri cuc tidu clia ham Z = X¥2¥e ™ ¥ 7z = ¥2y¥e™% ~¥ ta thuc hién
chum Iénh sau:

>> x =-4:0.1:4; y =-4:0.1:4;

[X,Y] = meshgrid (x, y);

Z =X *X*Y *exp(-X. "2 - Y.N2);

>> figure

>> surf (X,Y,2);

>> axis ([-4,4,-4,4,-0.3,0.3])

>> title (‘Ham muc tieu Z)

>> xlabel (‘x1”)

>> ylabel (‘x2”)

>> zlabel (‘f(x1,x2))

D6 thi cta ham dugce thé hién ¢ Hinh 2.

Ham muc tieu Z

f(x1.x2)

Hinh 2: Dé thi ciia ham Z = X'¥e ¥ -V 7 = xlye % -1
Ta soan mat script co6 tén function10.m vé1 ndi dung nhu sau va luu vao mét thu
muc da duoc khai bao 6 MATLAB:

% function10.m
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function F = function10(x)

Nghién ciru

F =x(1).%x(1).*x(2).*exp(-x(1)."2 - x(2)."2);

Vi tri cuc tieu dau tién nam & 1an can x =

Piém [x1 x2] =[2 -2].

[2 -2].

Ta xac dinh vi tri cuc ti€u dau tién bang cac 1énh sau:

options = optimset(‘fminunc’);

>> options = optimset(options, ‘Display’,

>>x0=[2-2];

‘iter’,’LargeScale’, ‘off’);

>> [x, fval] = fminunc(‘function10’, x0, options)

Ta c6 két qua nhu sau:

First-order

Iteration Func-count f(x) Step-size  Optimality
0 3 -0.0026837 0.00939
1 24 -0.155624 132.585 0.0435
2 30 -0.156386 0.1 0.0425
3 39 -0.157776 0.0292501 0.000954
4 42 -0.157777 1 4.26e-05
5 45 -0.157777 1 3.78e-07

Local minimum found.

Optimization completed because the
size of the gradient is less than

the selected value of the optimality
tolerance.

<stopping criteria details>

x =1.0000 -0.7071

fval =-0.1578

2. Str dung mang no ron MLP dé
wéc lwgng cac thong sé tai nguyén, moi
truong

L6p déu
vao dau tién

Lép én Lép déu
ther hai ra

Lop &n

Hinh 3: So' d mang no ron MLP ¢6 hai I6p n

Hinh 3 mé ta so d0 mang no ron
MLP ¢6 hai 16p an.

Theo [1] ta co the xay dung mang
MLP véi sb lwong 16p 4n tuy ¥, tuy nhién
céc nghién ctru di chimg minh rang, chi
can st dung ti da hai 16p 4n 1a c6 thé mo
hinh héa mét ham phi tuyén véi d6 chinh
xdac tuy chon.

Ham truyén dat cua dau ra thi i cua
mang no ron MLP ¢6 mét 16p 4n, N dau
vao, M no ron trén 1ép an, K dau ra 1a mot
ham phi tuyén duoc thé hién theo cong
thirc sau [4]:

oslS(5 )

Trong d6 cac thong sé duge mo ta &
Bang 1.
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Bang 1. M6 ta cdc thong so cia mang no ron co mgt lop dn

ra thir i

Ky hi¢u e R
théng s6 Y nghia Ghi cha
g Tong céc kich thich dau vao cianorondau| j =1 =« gi =1 = K

4; = Ej;d:[!l EJ_;I'LI:'_;'E:' = Ej;:’;[!l U}-L‘:-}-

So dau ra cua mang MLP mot 16p an

So dau vao cua mang MLP mdt 16p an

K
M S0 no ron trén 16p an
N
u
J

Tong céc kich thich dau vao cua no ron thir N
jetalépin(j=1+Mj=1+M) |u;= 2 X Wi

iI=1+Ki=1+K

k=0
Vij Trong s6 ghép noi gita I6p dnvalépdavral; =4 = Ki=1 = K j=1+M
Jj=1+M
v, bau ra cta no ron thir j ctia 16p an v; = fi (I L}_)
jE=lsMj=1=+M Pau vio phan cyc cho cac no ron 16p ra
dugc xem cd dinh (v; = 1y, = 1)
X . . .
‘ Tin hiéu dau vao tht k véik = 0 = N |Dau vao phan cyc ¢o dinh x5 = 1x, =1
k=0+N
N Tin hi¢u dau ra thit i cia mang no ron voi v, = f>(g;)

jk
an

W. Trong so ghép ndi gifta 16p dau vao va 16p

j=1+Mj=1+M k=0+N
k=0-=+N

Trén thuc té nhiéu khi ta can biéu dd
theo thoi gian ciia mot vai thong sb tai
nguyén, mdi truong theo thoi gian, chang
han nhu vén tdc gié cia mot dia diém, luu
luong nude ciia mot dong song,... Pé cé
duogc thong sd theo yéu cau, ta phai tién
hanh do dac trong mét thoi gian dai, ¢6 khi
dén vai nam dé c6 thé dua ra mot mo hinh
thong ké gin ding. Thoi gian do dai s&
lam ting chi phi dong thoi lam cham tién
d6 trién khai du an. Dé giai quyét van dé
trén, bai bao nay dé xut giai phap rut ngan
thoi gian do dac dua trén cac s6 liéu do dac
quan tric tai mot diém 1an can véi vi tri da
chon hodic mét vi tri khac ¢6 s6 liéu theo
mot quy luat tuong quan nao do. Trén thuc
té ciia nganh tai nguyén moi truong, trong

mdi ving ta thudng c6 cac diém thu thap
dir liéu quan tric lién tuc trong mot thoi
gian dai, c6 thé téi hang chuc nam. Khi can
xéc dinh thong s6 Y, (1) tai diém D (viét tat
cua diém can thuc hi€n Du an), trudc ti€n
ta tim diém lan can gan d6 1a diém T (T 1a
viét tat clia diem tham chiéu) ma tai d6 dit
lidu Y (t) da dugc do dac nhiéu ndm. Néu
ta xay dung dugc ham quan h¢ phu thude
giita thong s6 cua hai diém thi d& dang udc
lugng dugc thong s6 tai diém D trong toan
bd khoang thoi gian co dir liéu do dac tai
diém T. Pé tim duoc mdi twong quan nay
ta s& tién hanh do dac thong sé tai diém D
trong mot khoang thoi gian ngan. Khoang
thoi gian cu thé nay tly thudc vao yéu cau
clia timg loai thong s6 ddi voi mét du an.
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Trong thoi gian nay, tai diém tham chiéu
T van tiép tuc co cac dit liéu cta thong s6.
Tur nhitng dir li€u nay ta s€ xdy dung mot
ham phu thudc gitta cac thong sb ctia diém
D va T. Ham phu thudc nay s€ dugoc mo
rong dbi véi toan bo thoi gian do dac tai
diém D. Nhu vay, ta s& c6 két qua gan ding
trong mot khoang thoi gian dai cho thong
s0 tai diém can tién hanh dy an. N6i chung
két qua thuc té cho thiy cic ham phu
thuoc ndy 14 cac ham phi tuyén bac cao.
Mit khéc, cac dit liéu do dac chira nhiéu
nhiéu nén ta thudong lwa chon mé hinh xap
xi bang cdc mang no ron dé dam bao hiéu
qua tinh toan véi sai sb cho phép. Bai bao
ndy d& xudt chon mé hinh x4p xi bing
mang MLP @ tinh toan cho cac bai toan
lién quan cac tham sb vé tai nguyén, moi
truong. Qua trinh téi wu hoa sai s6 duoc
thuc hién bang cach diéu chinh thich nghi
céc trong s6 ghép ndi.

Nghién ciru

Dit liéu vao thé hién mébi quan hé
ctia hai tham s tai nguyén, méi truong
tuong Gmg voi 2 dia diém D va T duoc
mé phong gom 36 gia tri. Trén thyc té ta
c¢6 thé mé rong véi sb lugng nhidu hang
hon. Ta chuyén di liéu thanh file c6 dang
file text file TXT (Tab Separated Value
File Format). Dir li¢u nay dugc nhédp vao
phan mém mang no ron PLM 3 16p [2].
Dit liéu ¢6 thé duge chia 1am hai phan,
mot phﬁn dé hoc va mot phr?ln dé kiém
tra. O ddy viéc chia dit liéu ngiu nhién
thanh hai phan 70% va 30%, diing 70% dé
hoc va 30% dé kiém tra. Tiép theo, ta can
chon s6 noron cho 16p an (hidden layer),
sd 1an lap, thoi gian hoc va MSE (Mean
of Square Error) yéu cau. Ngoai ra ta ¢6
thé lua chon phuong thirc hoc thich nghi.
Hinh 4 biéu thi ctra s6 chon cic tham sb
hoc thich nghi.

Luwchon i chuzng trinh. Hiy dac e khi il dung

Losd Dl b hos || ThemaShgn | Heovi kiimie | Khemdilum
Hoe

Harn ol [y
1 o W B Chia ol

|HrpesTanh

HyperTanh

B 9,001

iy ©.00000

Biu kiin diing

L iohd

Chia il b

FiratSpd DedDnnbets (0] dntst

Hinh 4: Cira s6 chon cdc tham sé hoc thich nghi
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Nghién cuu

3. Két qua mod phéng

Sau khi dao tao mang, ta co thé kiém
tra 15i trong qué trinh hoc. Hinh 5 thé hién
dd thi tham s 16i va ty 1¢ hoc.
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Hinh 5: Tham sé 16i trong qud trinh hoc va
ty lé¢ hoc
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Show Detailed Training Graph [7

Last trained information -
Activated Function for Hidden Layer HyperTanh
Activated Function for Output Layer: HyperTanh
Final Learning rate: 0,00472499966025353
Final MSE of Training Set 38,8385681758015 B
Final MSE of Testing Set 37,0035996561386
Number of trained data: 25

Number of tested data: 11 =
Taken terations: 1000

Hinh 6: Dé thi trong s6 1J, trong s6 JK,
ddu vao trung binh ciia mgt no ron an, dau
vao trung binh ciia mgt no ron ra theo so

budoc hoc
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Hinh 7: Tin hi¢u dau vao, tin hiéu dau ra
va tin hi¢u dao tao cua mang no ron
Hinh 6 mé ta do thi trong s6 17, trong
s6 JK, du vao trung binh ctia mot no ron

an, dau vao trung binh ciia mét no ron ra
theo s6 budc hoc. Hinh 7 biéu dién tin
hiéu dau vao, tin hiéu dau ra va tin hiéu
dao tao cia mang no ron.

Ta ¢6 thé dua dir liéu méi hodc dix
liéu cii cua vi tri tham chiéu T dé suy ra
dir 1i€u cho vi tri du an D. Nhu vay khi ta
nhap dir li¢u dau vao thi vé6i cac trong s6
von ¢ do mang da hoc s€ cho ta dir licu
dau ra mong mudn vdi sai s6 cho phép.
Chéng han ta s& c¢6 két qua ddi vdi 36
hang dir liéu dau vao. Vi duy, ta dua file
méi véi dit liéu dau vao thanh dau vao ciia
mang no ron ta s& cé két qua dau ra cia
mang duoc biéu thi & Hinh 8.
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Hinh 8: Tin hi¢u ra ciia mgng no ron
twong wng vdi tin hi¢u vao doi voi tap liéu

J&

mdi

Ta c6 thé mo rong bai toan cho nhiéu
dau vao, nhiéu dau ra. Vi du dit liéu vao
tuong Gng 3 dau vao, mot dau ra dugc thé
hién nhu Hinh 9.
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Hinh 9: Tin hi¢u ra ciia mang no ron
twong wng voi 3 tin hi¢u vao
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4. Két luan

Bai bdo da gidi thi€u bai todn tim
gia tri cyc tri da bién thong qua vi du mé
phong; dé xut str dung mang no ron MLP
dé udc luong cac thong sb; dé xuat chon
mod hinh x4p xi bang mang MLP d¢ tinh
todn cho cac bai todn lién quan cac tham
s6 vé tai nguyén, moi trudng. Qua trinh
t8i wu hoa sai s6 duoc thuc hién bﬁng cach
diéu chinh thich nghi cac trong s6 ghép
ndi. Ta c6 thé str dung mang tri tué nhan
tao dé udc lugng biéu dd cac thong s tai
nguyén, moi truong theo thoi gian déi véi
cac dia diém c6 dit lidu tuong quan. Nhu
vay, thoi gian va kinh phi do dac dir li¢u
duogc giam, ma van dam bao su van hanh
clia cac cong trinh véi mot sai s6 cho phép.
Phuong phép nay c6 thé dung dé xac dinh
toc d6 gi6 tai mot dia diém can ctr dir liéu
do dac déy du hon ctia mot diém 1an can

Nghién ciru

trong mot khoang thoi gian dai. Ngoai ra
phuong phép nay c6 thé dugc dung dé du
béo luu lugng nude cua long hd, con song
hodc du bao murc dinh va day cua cac hd,
con song trong cac dgt mua I1.
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