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Toém tat - Dy doan lwgng muwa la can thiét déi véi doi sbng ching
ta va quan trong v&i ndng nghiép. Nhom tac gid mé rong sy kién
dw doan lwgng mwa bang cach ap dung céc luat suy luén va logic
md. C6 ndm bién dau vao cho mé hinh md: d6 am, nhiét do, téc
dd gio, khi ap va loai may. Hau hét bién dau vao c6 ba ham lién
thudc, nhwng dau vao loai may cé mudi ham lién thudc theo phan
loai qudc té ctia may. M6 hinh chung t6i st dung loai thira sb may,
la yéu tb tac dong dén cac sw kién quan trong gay ra muwa, dy doan
dua trén s quan sat loai may va sy thay ddi didu kién thoi tiét.
Bé&i vi mot s6 loai may lién quan dén thoi tiét kho rao hay mwa nhd,
trong khi d6 mét sb khéac thi lién quan dén mwa Ién. M6 hinh ap
dung cho vi tri dia ly c6 vi d6 t&r 10057°20” dén 11047°20” va kinh
dé tir 105047°50” dén 106029'50”.

Tir khoa - Tri tué nhan tao; logic m&; dy bao muwa; di doan luong
muwa; di¥ kién thoi tiét.

1. Pit van dé

Du béo thoi tiét 1a mot ph?ln quan trong ctia cudc séng
chung ta va cing 1a thach thtic 16n cho cac nha khoa hoc.
Dbic biét 1a dy bao mua va lugng mua, ludén cé y nghia rat
quan trong ddi véi dat nude c6 nén nong nghiép. Do do,
cling ¢6 nhiéu nghién ciru vé dy bio mua, lwong mua sir
dung cac phuong phap khac nhau nhu xac suat thong ké,
Fuzzy logic system, Artificial neural networks (ANN),
ANFIS va ky thuat khai pha dir liéu. M6 hinh xéc suét
théng ké st dung cac tham sb ma nhimg tham sé nay
thuong phu thudc vao cac nha phat trién hé théng hay kinh
nghiém cta cac chuyén gia dy bao, hodc trong mot $6
truong hop khac cac nha phat trién st dung gia thuyét ngdm
dinh trong hé théng. Nhung khi quyén 14 hé théng hdn loan
khong thé gidi han boi bat ky cong thirc toan hay vat 1y
dong lyc hoc trong khi quyén [12], [7]. M6 hinh ANN c6
kha ning xtr 1y dit liéu hdn loan va khong xac dinh, dién
hinh 14 dit liéu thoi tiét. Dé phat trién mo hinh ANN cho dy
bao lugng mua diéu quan trong nhét 1a viéc lua chon dir
liéu dau vao va céc thong s6 can thiét, cac dir lidu s& duoc
lam sach va chuin hoa béi vi tit ca cac tham s 1a cia cac
don vi khac nhau s& gitip cac tham sé dau vao va diu ra
twrong quan v&i nhau gitip cai thién do chinh xac cua két
qua du doan [14]. Dy b4o lwong mua 1a hé phi tuyén nén
mo6 hinh ANFIS duoc két hop bdi ANN va FIS nhim du
bao lugng mua dya trén dit li€u nam trude. Mo hinh duoc
thiét ké, dao tao va thir nghiém voi cac chiic nang thanh
vién khac nhau va s6 lugng thanh vién khac nhau [10]. D6i
v6i mo hinh sur dung céc k¥ thuat khai pha dir li¢u 1a qua
trinh tim mAu tién an tir cac tap di liéu 16n trong qua khir
nhung théch thirc 16n nhat ctia khai thac tri thirc trong dir
ligu khi tugng la tién xur ly di liéu vi két qua s€ bi anh
huéng rit 16n béi chit lwong dir liéu kém [6]. Trong tu
nhién, cac dir liéu thuc c6 tinh chat khong rd rang va khong
chéc chén [13]. Do d6, trong du béo thoi tiét can c6 cac ky
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thuat va giai phap giai quyét céc van dé dua trén cac thong
tin mang tinh mo hd, dinh tinh, khong day di hodc khong
chinh xac. Do d6, da c6 nhiéu nghién ctru da ap dung dicu
khién mo trong du bao thoi tiét va du bao mua. Vi diéu
khién mo thich hop xur 1y dit liéu khong 16 rang va mo hd
(uncertain, vague). Hon nira, logic m¢d c6 kha nang xu 1y
bién ngén ngir 1a phuong phap dwoc st dung trong phan
tich cc bién khi quyén, va thich hop véi dit liéu chu quan,
dinh tinh va sb lwong thuc nghiém nho [16].

Hansen 1a ngudi dau tién da ap dung FIS trong md hinh
du bao [11], vai két qua kha cao tac gia da ching minh kha
nang Gng dung cia FIS trong cac mo hinh dy bao. Sau do,
Hasan str dung bd suy luan mo trong moé hinh dy bao lugng
mua trén bo dit liéu USDA [4]. Trong mé hinh nay tac gia
str dung hai bién dau vao sy giam nhiét (TP) va su gia tang
toe do (WS) két hop gilra bang qui luat mo va do 4 4m tuong
dbi duoc két qua daura la lugng mua dy doan cé ti 1¢ sai
s6 12,35 so véi luwong mua thuc té.

Dé chimg minh nhitng kha ning tng dung cao cua logic
mo trong dy bao mua va lugng mua cac nha khoa hoc da
cong bd mot s6 mé hinh dy bao nhu: trong bai bao cia cac
nha khoa hoc Ai Cép. Ho sir dung bo dir liéu 20 ndm cia
san bay Cairo [1972 — 1992] va 5 nam cua tram Mersa
Matruh dé xdy dung mo hinh du bao lugng mua cua hai
tram trén va qua két qua d6 tac gia so sanh va d4nh gia kha
nang dy doan cua ung dung FIS c6 d6 chinh xac cao hon
s0 v6i md hinh thong ké [2]. Va tiép do ciing c6 nhiéu g
dung cho thiy kha ning tng dung FIS trong du bao thoi
tiét va mua dem lai két qua kha cao [2], [5], [8], [9], [15].

Hién nay, Viét Nam da s str dung cac mo6 hinh dy bao
mua CIWRF, RAMS, dy bao mua qua anh vé€ tinh, anh
radar ... hodc dya trén kinh nghiém cta nguoi du bao vién.
Dic biét 1a ¢ Tay Ninh 1a tinh c6 nén kinh té chu yéu 1a
nong nghiép nhung chi c6 mot tram khi tuong, 4 tram thuy


mailto:nguyentatbaothien@gmail.com

148

Nguyén T4t Bao Thién, Mai Ngoc Hién

van nho va 15 tram do mua co s& ha tﬁng con thd so va
chwa ddy du. Két qua du béo chu yéu dua trén cac trang
web du bao hodc két hop véi kinh nghiém cua cac du bao
vién. Do dé, van dé hién nay lam sao ching ta c6 md hinh
du bao lugng mua 1a rat can thiét. Vi thé, trong bai bao nay
nhém tac gia dé xuat mé hinh dy bao lugng mua xay dung
trén b suy luén logic mo (FIS) ap dung trén khu vuc tinh
Tay Ninh. Tuy logic m¢ da dwoc phat trién ¢ Viét Nam rat
lau nhung chi img dung nhiéu trong cac linh vuc didu khién
thong minh va cac dy béo trong linh vuc tai chinh kinh té
va y té, nhung trong linh vuc thoi tiét hay du bao lugng
mua thi hiu nhu chura ¢6 mé hinh nao tmg dung FIS.

Trong mo hinh dé xuét ¢ 5 gia tri d4u vao: nhiét do, do
am, khi ap, toc do gi6 va may, gia tri du ra ciia mo hinh 1a
lwong mua dy doan trong khoang 0 — 150 mm. Tir rat lau
6ng ba ta d biét dy bao muwa khi quan sat cac ddm may. Vi
dic diém cua may (hinh dang, cu tric, kiéu, sy trong sudt)
biéu dién sy chuyen dong cua khong khi nén nhiing loai
mdy khac nhau gan lién véi cac dleu kién thoi tiét khac
nhau. Mot s6 may gan lién voi thoi tiét kho rao hodc mua
nho, trong khi mot s6 khac gin vdi nhitng tran mwa ning
hat. Nhitng thong tin nay da dugc su dung trong viéc du
béo thoi tiét hon 2.000 nam. Sy hinh thanh nhirng dam may
khong tu n6 gay ra giang thuy vi can phai c6 mot co ché
cung cAp nguon hoi am di vao. Chi khi ndo nhitng giot nudce
hay nhitng tinh thé bang 16n 1én dén mot ¢& nao do, ching
mdi c6 thé roi xudng xuyén qua nhirng dong khi di 1én duéi
dang giang thuy [1]. Nhu vay chi c6 may khong thi khong
thé tao ra mwa ma con két hop véi cac diéu kién thoi tiét
khac thi may mai c6 thé cho mua.

CAM PU CHNIA

Hinh 1. Tinh Tdy Ninh
2. Dir liéu
Dt liéu dugc st dung xay dung mo hinh la b dit ligu

hai ndm [2014 — 2015] cua Trung tdm Dy bao Khi twong
Thay vian Mién Nam gom s liéu vé nhiét do, tbc do gio,

d6 4m... cAC ngay cua ting thang dugc lay tir tram khi
twong Tay Ninh. Nhom tac gia chon lya bo dit liéu dé huén
luyén cho md hinh va chon bg dir liéu ngau nhién dé kiém
tra mé hinh.

3. Dw doan lwgng mwa dung mé hinh mo
3.1. H¢ théng logic mo

Logic mo duoc gidi thiéu dau tién boi giao su Lotfi
Zadeh vao nam 1965. Logic mo duge phat trién tir logic
truyén thong, nhung duoc xay dung cho phép dién ta chinh
xac ¥ nghia cua cac ménh dé khong chinh xac, khong ro
rang mang tinh xap xi va da nghia.

Tép hop mo (fuzzy set) dién ta quan hé thanh vién gilra
mot phan tir va tp hop, quan h¢ nay duoc mo ta bang mot
ham lién thudc/ ham thanh vién (membership function) the
hién mirc d6 phu thudc ciia phan tir x vao tdp mo A c6 gid
tri xac dinh trong [0, 1].

Tép hop mo 14 tap hop ma moi thanh phan 1a mt bo s6
(%, u(x)). F 1a tap mo duoc bicu dién nhu sau:

F={(x, ua(x))/ x e X} )
Trong do:

A: tap md trén khong gian nén X néu A duoc xac dinh
boi ham: pala ham lién thudc, pa (x) 12 @6 lién thude cua x
vao tdp mo A.

VD: Cho tap nén vé tudi [0,80], ta xét 3 tap mo:

Au(tré), Ax(trung nién), A3(gia) véi ham thude cho boi:

1:x < 20
o A =1 2)
0:x=>35
(0:x < 20; hodac = 60
X;:"-zo <x<35
o A =1 ok (3)
45 < x < 60
L 1. 35 < x < 45
0:x <45
o Ay(x) ={=":145<x <60 (4)
1:x > 60

Mot sb dang ham lién thudc thuong gip trong diéu
khién mo: dang tam giac, dang hinh thang, dang chudng
(bell), dang phan bb Gauss...

Logic md thich hop véi cac hé thong phirc tap va khong
chinh xac, dinh tinh va ly thuyét tap mo 1a mdt cong cy manh
mé da dugc tmg dung trong nhiu linh vyc nhu diéu khién
thong minh, dy doan trong y té, kinh té, thoi tiét, mua...
Logic m& ¢6 thé md phong nhing phat biéu khong 16 rang
ctia con ngudi bang cach sir dung bién ngdn ngi, day 1a diém
khac bi¢t cua logic mo, nhimg mé phong nay thuong la
nhiing kién thirc chuyén mén. La su tich liiy kién thuc, y
tuong nhu 13 két qua ciia kinh nghiém ciia chuyén gia trong
mot hé théng cu thé. Do do, qua trinh ra quyét dinh co thé
xem la biéu thirc “nhan thirc” md ciia cc chuyén gia.

V& co ban bién ngdn ngit ma gia tri ciia n6 1a cac tir
(word). Vi dy “nhiét d6” c6 gi tri bién ngdn ngir 13 cac tir
nhu sau: lanh (cold), néng (hot) va 4m (warm).
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Hinh 2. Ham thanh vién cua bién nhiét do

Dé thyc hién logic mo theo Iy thuyét mo cua LA,
Zadeh (1965) dugc tién hanh qua 3 budc nhu sau:

Fuzzification (Mo hoa): bude dau tién la xac dinh
pham vi dinh nghia cua bicn dau vao va dau ra trong dicu
kién thuc té.

Fuzzy rules determination and fuzzy inference (xac
dinh céc luat mo va suy lun mo): bien doi cac gia tri mo
cua bién ngdn ngir dau vao thanh cac gid tri mo cua bien
ngon nglr dau ra dya trén cac luat hop thanh da xay dung.

Dang tong quat cta cac luat diéu khien mo 1a bo cac
quy tac mo dang néu ... thi ... (IF ... THEN ...), trong do6
cac dieu kién dau vao va ca cac bicn ra sir dung cac bien
ngbn ngir. Viét ¢ dang tong quat, co s& cac luat mo cho
dudi dang sau:

Néu x1 1a A va Xz 12 Aie va ... va xq 12 Ak

thiy 1a Bk (5)

Trong d6 k 1a chi s6 cua luat (luat thi k trong tap luat),
Xi la cac bien dau vao, Ay la cac tap mo trén U; (i=1..n),
y la bién dau ra va By 1a tap mo trén V (k=1..m)

‘Suy dién md Ia suy dién tir ménh dé diéu kién. Pay 1a
phén quan trong nhat cua b dieu khien mo trong qua trinh
m6 hinh hoa cac bai toan dieu khien va chon quyet dinh cua
con ngudi trong khu6n~kh6 van dung logic mo va lap luan
sap xi. Cac luét suy dién thuong gip: ludt Modus Ponens,
luat modus ‘Eollens. Cac luat nay sir dung toan tir hgp thanh
trong suy dién nén con dugc goi 1a cac luat hgp thanh.

Defuzzification (giai mo): cac két qua suy luan mo
cuoi cung duoc bién doi trd lai thanh nhiing gia tri tuong
minh. C6 phuong phap giai m& thuong duge str dung la:
phuong phap diém cyc dai, phuong phap diém trong tam.

Qui tic diéu khién m& Mamdani con goi 1a diéu khién
udc lugng céd dang tong quat:

Ri: néu (x1 la Aj)va.va(xila A;)thi

(yi1a BLi )y (Ym 12 Bm’i ) (6)
Trong do: n la sb tin hiéu vao, m 1a s tin hiéu ra,
i= 1.k, voi k 1a s qui tic didu khién.
Két lugn cua phuong phap diéu khién Mamdani 1a
ménh dé mo.
Phuong phap trong tam:
Cong thire tinh gia tri y’ nhu sau:
[ s (y)dy

y' = @)
[ 115 (y)dly

Véi s 1a mién xac dinh cia tap mo B’

() Hz (¥)

a) b)
Hinh 3. Phuong phap trong tam

3.2. Ap dung logic mé cho dw bdo lwong muwa
3.2.1. Tap mo

Xay dung mo hinh, nhom tac gia chon nam gia tri dau
vao gom: nhiét d9, toc do gid, d6 am, khi ap va cac loai
may la cac bién ngdn nglt dugc xac dinh va xay dung cac
ham thanh vién twong ing cho tung gia tri trén bd cong cu
Matlab. Cac ham thanh vién dugc chon la cac dang hinh
tam gidc va hinh thang véi cac gidi han dugc rit trich tir b

dir lidu da dugc huan luyén.

Hinh 4. Hé thong diéu khién mo

|
Dua trén cac diéu kién hinh thanh mua may va bo dir

B9 suy dién mo
liéu huén luyén, xdy dung ham thanh vién cho céc gi tri
dau vao lan luot nhu sau: ham thanh vién nhiét 36 1a low,
meduim va high trong pham vi tir 5°C dén 45°C duoc thé
hién trong Hinh 5.

Lew rnedium high
1

s

10 15 20 25 30 35 40
input variable "Temp”
Hinh 5. Ham thanh vién ciia bién vao Nhigt dp
Ham thanh vién tdc d6 gié xac dinh tir 0 — 15 km\h duoc
thé hién qua Hinh 3 twong ty ham thanh vién do am thé
hién gia tri tir 0 — 100 trong Hinh 6, 7.

low medium high
1

o o 20 a0 10 50 &0 0 =T .- 100
input variable *Humidity™

Hinh 6. Ham thanh vién ciia bién vao Téc dg gié

low medium high
1

- c 10
input variable "5, , ind”
Hinh 7. Ham thanh vién cua bién vao B am
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Ham thanh vién khi ap thé hién sy ting hodc giam lién
tuc cua khi dp duogc xac dinh do d§ giam/tang so véi 14n do
trude do voi pham vi tang giam [-250, 250]. Mo hoa gia tri
dau vao khi ap 13 thé hién sy ting hay giam ctia khi 4p duoc
do va xéac dinh d¢ giam/ tang so véi 1an do trude d6, sau d6
cong don 24 lan cac gia tri do giam/ting khoang 2h (xac
dinh qua thuc nghiém). 10 loai may qudc t& duoc thé hién
ham thanh vién may lan lugt qua Hinh 8, 9.

Psdes Psinc
1

250 200 - 100 - = - 100 50 200 250
input variable *Pressune®

Hinh 8. Ham thanh vién ciia bién vao Khi dp

Ci Cs Ce Ac As Sc Ms Cb Cu 5t

input variable "Cloud”
Hinh 9. Ham thanh vién ciia bién vao Mdy
3.2.2. Tap lugt

Céc tap luat dugc xay dung dua trén cac nhan xét cia cac
chuyén gia trong linh vuc dy bao thoi tiét mua trén co so
quan sat may va cac diéu kién thoi tiét va tai liéu khi trong
thily van vé cac diéu kién thoi tiét vé hinh thanh may va cac
diéu kién xay ra mua cua timg loai may va két hop v6i qua
trinh quan sat thuc nghiém, thong ké tir cac tap dit liéu huén
luyén khu vuc dy bao, sau d6 rit ra 540 tap luat.

Tap luat duoc thé hién qua phat biéu ménh dé diéu kién
“Néu - thi” trong d6 ménh dé didu kién va ménh dé két
luan 12 ménh dé mo.

If (Temp is Low) and (S_Wind is medium) and
(Pressure is Psinc) and (Humidity is high) and (Cloud
is Ns) then (Rainfall is PS)

If (Temp is Low) and (S_Wind is low) and
(Pressure is Psinc) and (Humidity is low) and (Cloud is
Ci) then (Rainfall is NL)

Sau céc budc dinh nghia bién mo, xay dung co s¢ luat
mo tir cac gid tri dau vao cua hé théng, nhom tac gia c6 mot
cAu trac méd hinh mo day dua v6i kha ning suy dién. Dé xay
dyng bd suy dién md nhdém tac gia chon phuong phép suy
dién Max — Min.

Ham thanh vién ciia bién ra co gia tri twong ung voi
lwong mua du doan trong khoang 0-150 mm ctia mé hinh
duogce thé hién Hinh 10. Dé thyc hién gia md ta xac dinh cac
trong sb clia cac gia tri ngon ngit dua vao ham thudc. Sau
d6 dung quy tic Max-Min cho cac luat mo c6 lién quan.

Cudi ciing dé giai mo chon didu khién Mamdani va phuong
phép trong tam.

Bing 1. Bién ngén ngit ciia bién ra

NL Very low

NS Low

ZE Normal

PS High

PL Very high

WE ZE PS PL
1
o
output vanable "Rainfall"

Hinh 10. Output variable

4. M6 phéng

M6 hinh du doéu} luong mua dugc thuc hién trén
Matlab 2017b. Hé théng suy ludn mo Cquc xay dung tir
hon 500 Iuat mo. Mot s6 ludt mo tiéu bicu dugce xay dung
trén mo hinh simulink nhu sau:

1. If (Temp is Low) and (S_Wind is low) and (Pressure
is Psdes) and (Humidity is low) and (Cloud is Ci) then
(Rainfall is NL);

2. If (Temp is Low) and (S_Wind is low) and (Pressure
is Psinc) and (Humidity is low) and (Cloud is Ci) then
(Rainfall is NL);

3. If (Temp is medium) and (S_Wind is low) and
(Pressure is Psdes) and (Humidity is low) and (Cloud is Ci)
then (Rainfall is NL) (1);

4. If (Temp is medium) and (S_Wind is low) and
(Pressure is Psinc) and (Humidity is low) and (Cloud is Ci)
then (Rainfall is NL) (1).

4 Rule Editor. rainfall_v34_full_all - O x

File Edit View Options

1.1f (Temp is Low) and (S_Wind is low) and (Pressure is Psdes) and (Humidity is low ) and (Cloud is Ci) the
2. If (Temp is Low) and (S_Wind is low) and (Pressure is Psinc) and (Humidity is low) and (Cloud is Ci) then
3. If (Temp is medium) and (S Wind is low) and (Pressure is Psdes) and (Humidity is low) and (Cloud is Ci) {

5. If (Temp is high) and (S_Wind is low) and (Pressure is Psdes) and (Humidity is low) and (Cloud is Ci) ther
6. If (Temp is high) and (S_Wind is low) and (Pressure is Psinc) and (Humidity is low) and (Cloud is Ci) then
7. If (Temp is Low) and (S_Wind is medium} and (Pressure is Psdes) and (Humidity is low) and (Cloud is Ci}
5 If (Temp is Low) and (5_Wind is medium} and (Pressure is Psing) and (Humidity is low) and (Cloud is Ci} 1
9. If (Temp is medium} and (S_Wind is medium} and (Pressure is Psdes) and (Humidity is low) and (Cloud is %

If and and
Pressure

Psdes ~

high
none

none

[ not [ not [ not [ not [ not [

Weight:

 Connection
Clor
(®) and 1

‘ FIS Name: rainfal_v34_full_all

Delete rule ‘ Add rule | Changermel

Help | Closs |

Hinh 11. Tao cdc tap ludt mo
Hinh 12, thé hién két qua giira mé hinh dy doan logic
mo va két qua thyc t€ nhu sau:
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e @e= [ rong mua thuc té

100 —#— Lugng mua du doan

90 ) |
80
70
60
50
40

/
20 \/_—\
10 . A
- - e /

123456 7 8 9 10111213141516
STT ngay c6 mua trong thing

Lwong mua (mm)

Hinh 12. Két qua so sanh ciia md hinh

5. Két luan va hwéng nghién ctru tiép theo

Nhom tac gia da xay dung thanh cong md hinh dyu bao
mua, lugng mua dya trén logic mo dat dugc Kkét qua kha
cao. Qua déy ta thdy mo hinh dé xuét thich hop véi nhiing
viing Xa viing sau noi c6 hé thong quan tric con thua hodc
nhitng noi c¢6 diéu kién con kho khin trong quan trac va du
bao. Ngoai ra, cac két qua dat dugc cho thiy kha ning ndi
bat cua logic mo trong biéu dién hiéu biét, gia tri khong r&
rang dinh tinh va giai quyét cac van dé theo qui tic ngon
ngit ty nhién; cu thé 1a viée chuyén nhiing kinh nghiém dy
béo thoi tiét trong dan gian ciing nhu cua cac chuyén gia
thanh mé hinh dy béo ty dong.

Huéng phat trién tiép theo cua nhom tac gia s& 1a nang
caotilé phén tram dy doan cling nhu cai thi€én mo6 hinh cho
du bao lwong mua dai han bang cach két hop mé hinh dé
xuét voi mang noron nhén tao.

Loi cdm on: Cong trinh nay dugc tai trg béi Hoc vién
Codng nghé Buu chinh Vién thdng.
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