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TOM TAT

May riza chén bat (MRCB) la thiét bi gia dung phé bién trong cdc gia dinh hién nay. N6 gidi
phong sizc lao dong ciia con ngwoi. Chung ta dé dang nhdn thady MRCB lam viéc duwa trén céc
thong so: Khai lwong chén bét, mize d@é ban, nhiét dg nieéc rira, &p lue nuéc rira va thoi gian rea.
O cac MRCB hién nay, cac thdng so lam viéc trén duwoc |dp trinh firong 1ng Véi cac ché dé rira
khac nhau. Khi vdn hanh mdy, ngieoi sir dung phdi dira vao khoi liwong chén bat va mite dé ban
dé chon ché dg rira ph hop. Viéc nay cé thé khién ho chon ché dé riza khdng phi hop, 1am giam
hiéu qud ciia mdy hay lam tang dién nang tiéu thu. Chinh Vi vdy bdi bdo nay trinh bay y twong vé
mét chiéc MRCB thong minh. May duwoc g dung diéu khién mo dé tw dong xdc dinh cac thong
s6 lam viéc toi wu, giip né hoat déng hiéu quda va tiét kiém nang heong tiéu thy. Pong thoi gidp
vi¢c van hanh may don gidan hon.

Tir khoa: May riza chén bat; May rita chén bat théng minh; diéu khién mo;, cac thong so lam
Viéc toi weu; tiét kiém ndng lwong.

ABSTRACT

Dishwashers are popular appliances in today's homes. It liberates human labor. It is easy to see
that the dishwasher works on the following parameters: Volume of cups, degree of contamination,
wash water temperature, wash water pressure and washing time. At present dishwashers, the
above parameters are programmed to correspond to different wash modes.When operating the
machine, the user must rely on the volume of the bowl and the degree of contamination to select
the proper wash mode. This can cause them to choose inappropriate wash modes, reduce the
efficiency of the machine or increase power consumption. So this article presents the idea of a
smart dishwasher. The machine is a fuzzy control application that automatically determines the
optimum working parameters, helping it operate efficiently and saving energy consumption.
Simplify machine operation.

Keywords: Dishwasher; Smart dishwasher; fuzzy control; optimum working parameters; energy
saving.

Trong pham vi bai béo, tac gia trinh bay

1. PAT VAN BPE

Ngay nay, rat nhiéu thiét bi duoc nhing
logic mo dé tré nén thong minh nham nang
cao hiéu qua sir dung cua thiét bi. Ching ta c6
thé thay logic mo tng dung trong may diéu
hoa, ti lanh, camera, may hut bui,... Nhu vay
ta ciing c6 thé tng dung logic mo dé diéu
khién MRCB dé tang tinh tu dong va mang
lai hiéu qua cao.

phuong phap xay dung b diéu khién mo dé
xac dinh cé&c théng sé 1am viéc tbi wu: nhiét
d6 nudc rira, ap luc nuwde ruoa, thoi gian riea
dua trén 2 théng s6 ngd vao la khdi luong
chén bat ban can ria va mic d6 ban cuaa né.
Sau d6 tac gia s& thiét ké va xay dung mo
hinh diéu khién s dung vi diéu khién
STM32F4 dé tim céc théng sb 1am viéc nay.



2. MAY RUA CHEN BAT THONG MINH

MRCB la mét thiét bi lam sach chén bat
su dung tac nhan rua la nhimg tia nuac ap lyc
cao (c6 thé ket hop yéu to nhiét do va chat tay

rira) ban truc tiép vao bé mat cua chén bat ban,

vat dung can rira, dé pha v lyc bam cua thac
an thira va cudn troi ching. Ap luc nuéc, thoi
gian phun nudc va nhiét do nudc rua la cac
yéu té chinh quyét dinh dén hiéu qua cua
may.

MRCB théng minh [1] lam viéc ty dong
ma khéng can sy can thiép qua nhiéu cua con
nguoi. Cac cam bién va cac thuat toan thdng
minh s& lya chon cac thong sé 1am viéc (nhiét
d6 nuéc rira, 4p luc nudce rira, thoi gian rira) toi
uu giap may hoat dong hiéu qua va viéc van
hanh thiét bi don gian hon.

3. LOGIC MO [2]
3.1 Tap mo

Tap mo A xac dinh trén tap vi tru X la
mot tap ma mdi phan tir caa nd 1a mot cap cac
gia tri (x,uA(x)), trong d6 x € X va pA la anh
xa: MA 1 X — [0,1]

Anh xa pA duoc goi la ham lién thuoc
hoac ham thanh vién cua tap mo A. Tap X
duogc goi la co sd cua tap mo A.

MA(X) 1a do phu thudc.

Ki hiéu: A={(HAX)X);x e X}
3.2 D§ phu thugc trong tap mo [3]

Cho mét vung nhiét do rat néng, ta md ta
mét tap hop duoc cho 1a rat nong, sau do dinh
nghia mot ham phu thugc cho phép ta xac
dinh mét nhiét @ nao d6 co thudc tap hop
nay hay khéng.

50°C 39o0¢
28°C
0°C

Hinh 1: Vung gia tri nhiét do 1a mét tdp mo
Ldc nay bién gisi gita rat nong va rat
lanh khdng phai 1a mét duong phan biét rd
rang ma la mot vung cac gia tri lién tuc. Muc
d6 xam cho ta thdy duoc ving bién giéi nay
va ciing cho thiy d6 phu thudc ciia mot gia tri
nhiét do nao do.

Theo hinh trén, néu nhu ta cho rang 0°C

1a “rdt lanh” va 100°C 1a “rét nong” thi do
phu thuoc (c6 gié tri trong khoang tir 0 —1)
cua gia tri nhiét do bat ky so vai tap “rit nong”
la:

n(0°C) = 0; u(28°C) = 0,28; u(39°C) = 0,39;
1(50°C) = 0,5; u(85°C) =0,85; u(100°C) = 1
D6 phu thudc dugc biéu dién biang ham
phu thuéc. Ham nay anh xa tap cac gié tri vat
ly thanh tap cac gia tri phu thudc doi véi cac
gia tri ngbn ngt.
Vi du vé ham thudc cho cac nhiét d6 néi trén:
T’

s 50 85 100

Hinh 2: Ham phu thugc theo nhiér do

Viéc dung céc tap mo dugc dinh nghia boi
cac ham phu thugc trong biéu thurc logic dugc
goi la logic mo.

’ Vi du nhu biéu thuc « nhiét do rat nong”
déi voi gia tri 39°C s& cho két qua 1a “True”
v&i mie phu thugc bang 0,39.

3.3 Cac budc thiét ké bo diéu khién mo [4]

Bl: Pinh nghia tit ca cac bién ngbn ngir
vaolra.
B2: Xac dinh c&c tap md cho ting bién vao/ra
(mo hod).

+ Mién gié tri vat ly cua bién ngon ngi.

+ S lwong tap mo.

+ Xac dinh ham thudc.

+ Roi rac hoa tap mo.
B3: Xay dung luat hgp thanh.
B4: Chon qui tac thuc hién luat hop thanh.
B5: Chon phuong phap & giai mo.

4. XAY DUNG BQ PIEU KHIEN MO
CHO MRCB [5]

4.1 Xac dinh cac bién ngon ngir vao ra

MRCB lam viéc dua trén hai dai luong
dau vao la: khéi lwong chén bét can rira va
muc d6 ban cua chén bat. Cac dai lwong nay
s& quyét dinh cac thong sb 1am viéc cua may
nhu: nhiét d0 nudc rua, 4p luc nudc rira va
thoi gian rira. Nhung khong dé& dé cong thic
hoa mbi lién hé giira cac dai luong nay, vi vay
dé giai quyét van dé trén, ching ta st dung bd



diéu khién mo dé tim ra céc gia tri toi uu cua
cac théng so lam viéc do6 gitip may lam viéc
hiéu qua, tiet kiém dién nang tiéu thu.

BO diéu khién md

Thdi gian nia
Khdl lugng chén bat M& héa P—
—_—
I Ap luc nudc
Ludt hgp thanh — se——f-
Mirc d6 ban I
—_—

Nhiét dé nudc
———

Glal mo

Hinh 3: Cau trdc bg diéu khién mo MRCB
Ta xay dwng hé théng mé nhw sau

Hai gia tri ngd vao la:

- Khéi, lugng chén bét: La yéu té quan
trong quyet dinh thoi gian rea. Tuy khoi
luong nhiéu hay it ma thoi gian rua nhiéu hay
it trong Gng. biéu nay sé quyet dinh mc tiéu
thu dién ning ctia may. Pé xac dinh ty dong
lwong chén bat ta sfr’dung mot loadcell thu
thap théng tin vé khoi luong. (loadcell phu
hop cho MRCB ¢6 ngudng do 0+20kg).

- Mirc d6 ban cia chén bat: L& yeu 6
dugc can cir dé xac dinh nhiét do nudc rira va
ap luc nudc rua. DY béan dugc xéc dinh theo
mat do cac chat lo ltrng trong nudc. Mat do
chat lo ling trong nuéc cang lén ching to
muc do bé}n cang cao. Nguoc !ai mat do ghﬁt
lo Tang thap thi mirc @6 ban thap. Mot thiét bi
cam biép do duc cta nude lam nhiém thu’ thap
théng s6 nay. (MRCB ta str dung cam bién do
duc c6 ngudng do 1a 0+100 NTU).

4.2 TAp mé ciia bién ngdn ngir

V6i cac bién ngon ngir da xac dinh ta
chon tap mo tuong ng tirng bién nhu sau:
> Bién Khdi lugng ta chon 3 tdp mo sau:

Khéi luong (M): { It, Vira, Nhiéu }
> Bién Do ban ta chon 3 tip mo sau:

Do ban (D): {Ban it, Ban vira, Ban nhiéu}
> Bién Nhiét do nudc ta chon 3 tap md sau:

Nhiét d6 (T) : { Thap, Vira, Cao}
> Bién Ap luc nudc ta chon 3 tip md sau:

AP lyc nuée (P): { Thap, Vira, Cao}
> Bién Thoi gian rira ta chon 3 tip mo sau:

Thoi gian raa (Ti): { Ngan, Vira, Dai}
Mién gia tri vat Iy

Cac gia tri coa dai luong dau ra duogc
tham khao theo thong sb cua cac dong MRCB
phd bién trén thi truong hién nay. (duoc coi
nhu kinh nghiém cua chuyén gia).

Ta chon mién gia tri vat ly caa cac bién
ngon ngir nhu sau:
x: Khéi lugng (0 <x < 15) Kg
y: Do ban (0 <y < 100) NTU
z: Nhiét do nuée (25<2z<70)°C
k: Ap luc nudc (0 <k < 8) bar
t: Thot gian rira (0 <t < 70) phat
Ham thanh vién
Ham thanh vién Khéi lugng

1 ,x <2
um(x):{% 2<x <5 (1)
0 ,x>5
r0 ,x <2
My () jg ,2<x <5 5
N X
#Vu'a |8;x,5<xS8 ()
8-5
kO ,x>8
0 ,x<5
UMynie(0) =137 5<x <8 (3)
1 ,x=8

Quy dinh d6 thugc (u=1) tai tung tap mo

nhu sau: M it <2; M via = 5; M nnidu = 8
Ham thanh vién Do ban
1 ,y <20
50—y
UDpsn it (¥) = {50 520 <y =50 (4)
0 ,y>50

(0 ,y<20
y—20

Y2 20<y <50
50-20
HDpsnvia(¥) =14 _ (5)
Y 50 <y <80
80-50
0 ,y>80
0 ,y <50
UD pan nnigu (V) = {80 0 L50<y <80 (6)
1 ,y=80

Quy dinh d6 thugc (u=1) tai tung tap mo
nhu sau: D ginit = 20; D Binvia = 50; D
Bin.nhitu = 80

Ham thanh vién Nhiét d¢ nudc rua

1 ,z <40
50—
HTrnsp(2) = {50_ — 40 <z <50 (7)
0 ,z>50



0 ,Z <40
z—40
ATy (2) = 5700__420 ,40 <z <50 )
,50<z<60
70-50
0 ,Z>170

0 ,z <50

50
UTcqo(2) = {720 —-,50 <z <70 9)

1 ,z=70

Quy dinh d6 thuoc (u=1) tai tung tap mo
nhu sau: T 1hip = 40; T vira = 50; T ca0 = 70

Ham thanh vién Ap luc nuéc ria

1 k<2
WP phip (K) = {% 2<k<6 (10)
0 ,k>6
(0 k<2
= 2<k <6
IPyya (k) = 4 5% (11)
K 6<k<8
8—6
k> 8
0 ,k<6
yPCao(k)—{k—6 6<k<8 (12)
1 k=8

Quy dinh do thudc (p=1) tai tirng tap mo
nhu sau: P thip = 2; P via = 6; P cao = 8

Ham thanh vién Thoi gian ria

1e=20
HTingin () = { (13)
0 t>50
(0 Lt <20
" |22 20<t <50 "
1Ty (€ ={ ~ 14
vue L"’t 50 <t <70
70-50
0 ,t>70
0 ,t <50
UTipyi(t) = {7—== ,50 <t <70 (15)
1 ,t>70

Quy dinh do thuoc (u=1) tai tung tap mo
nhu sau: Ti ngén = 20; Ti vi = 50; Ti pai = 70.

4.3 Luit hop thanh va quy tic tong hop
luat
Luat hop thanh la tap hop nhiing quy tac
thé hién mdi lién hé giira cac thong sé  vao /
ra, dugc xay dung dua trén thuc nghiém va
kinh nghiém cua chuyén gia hoac ngudi van
hanh.

Mot quy tic tiéu biéu nhu sau: Khoi
lwong chén bat nhiéu va do ban la ban nhieu

thi nhi¢t dé nuoc ria cao, ap luc nuwoc rua
cao va thoi gian rua dai.

Tap hop cac luat hop thanh do6 1a co s&
dé xay dung bo diéu khién cho may rua chén.

V6i 2 bién dau vao Ia khi luong can rira
va mic d6 ban, mdi bién cd 3 gia tri tap mo
thi ta cd téng cong 3x3 =9 lut.

R1: IF Khéi lugng (it) & Do ban (Ban it)
THEN Nhiét d6 nudc (Thap) & Ap luc nuée
(Thap) & Thai gian ria (Ngan).

R2: IF Khéi lugng (it) & Do ban (Ban vira)
THEN Nhiét 6 nuéc (Vira) & Ap luc nudc
(Thap) & Thoi gian rira (Ngan).

R3: IF Khéi luong (it) & D6 ban (Ban nhiéu)
THEN Nhiét d6 nuéc (Cao) & Ap luc nudc
(Vira) & Thoi gian rira (Ngan).

R4: IF Khoi luong (Vira) & Do ban (Ban it)
THEN Nhiét d6 nude (Thap) & Ap luc nudc
(Vira) & Thoi gian rira (Ngan).

R5: IF Khéi lugng (Vira) & Do ban (Ban
vira) THEN Nhiét o6 nuéc (Vira) & Ap luc
nuéc (Vua) & Thoi gian ria (Via).

R6: IF Khoi luong (Vira) & Do ban (Ban cao)
THEN Nhiét d6 nuéc (Cao) & Ap luc nuéc
(Vtra) & Thoi gian rira (Via).

R7: IF Khéi lugng (Nhiéu) & Do ban (Ban it)
THEN Nhiét d6 nude (Thap) & Ap luc nudc
(Vtra) & Thoi gian rira (Via).

R8: IF Khéi luong (Nhiéu) & Do ban (Ban
vira) THEN Nhiét do nuoc (Vira) & Ap luc
nudc (Cao) & Thaoi gian rua (Dai).

R9: IF Khéi luong (Nhiéu) & Do ban (Ban
nhiéu) THEN Nhiét d6 nudc (Cao) & Ap luc
nudc (Cao) & Thoi gian rua (Dai).

Bang 1: Tong luat hop thanh

My, Myya Myhisu

D Bian it TThﬁp TThép TThﬁp

Prhap Pyiva Pyiva

TiNgén TYNgan 77V&a
Dpsn vira Tyiva Tyva Tyva

p Thip P Vira P Cao

Tingsn Tiyya Tipy;
Dpian nhisu Teao Tcao Teao

PV&a F»&a F%ao

Tingsn | Tivea | Tipai

4.4 M6 phéng matlab & giai mo [5], [6]
Ta tién hanh mo phong trén phan mém
Matlab, tinh toan cac thong s lam viéc nhur
Sau:
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Hinh 4: Bg diéu khién mo MRCB

It Vua Mhigu
1
5
=)
1 2 ] 4 i 6 7 8 a 10
input variable "Khoi lu

Hinh 5: Ham thanh vién khéi liwong chén bat

Ban.it Ban.vua Ban.nhieu
1

tn

1=

10 20 30 40 50 60 70 80 80 100

input variable "Do.ban”

Hinh 6: Ham thanh vién mizc dé ban

Cao

Wua

Thap

output varable "Mhiet.do.nuoc™

Hinh 7: Ham thanh vién két lugn nhiér do

nwoc ria

Vua

Thap

output variable "Ap.luc.nuoc™

Hinh 8: Ham thanh vién két lugn ap luc
nuwoc rua

Vua

Ngan

output variable "Thoi.gian.rua™

Hinh 9: Ham thanh vién két ludn thoi gian
rua

Két qua mo phéng thé hién qua Rule viewer

Truong hop 1: Véi khéi luong: 1kg va do
ban: 40NTU ta xac dinh duoc cac thdng sb
lam viéc: Nhiét d6 nuéc:46,7 °C; ap luc nuéc:
2 bar; thoi gian raa: 20 phat.
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Hinh10: Két qua tinh cac théng sé trirong

hop 1

Trudng hop 2: Véi khéi luong: 5kg va do
ban: 60NTU ta xac dinh duoc cac thdng sd
lam viéc: Nhiét d6 nu6c:56,7 °C; ap luc nuéc:
6 bar; thoi gian ria: 50 phat:
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Hinh11: Két qua tinh céc thong so trirong
hop 2

5 THIET KE MO HINH TINH TOAN
CAC THONG SO TOI1 UU

5.1 Thiét ké mach diéu khién

STM3ZF407VGET LCD

F‘C UAH 1

CF 2102

| —

Hinh 12 So dé cdu tric h¢ thong tinh cac
thoéng so lam viéc cua MRCB

Trong do:

PC: May tinh ca nhan, la cong cu cho viéc lap
trinh bing Matlab-Simulink, cong cu
Waijung v17.03 hd tro cho lap trinh
nhdng bang Matlab-Simulink, sau d6 dich
chuong trinh rdi nap xuéng board DSP
STM32F4.

UART CP2102: Puoc dung dé chuyén giao
tiép tir USB sang UART TTL va nguoc lai

STM32F407VGT: C6 nhiém wvu thuc thi
chuong trinh tir may tinh nap xuéng.

LCD: Man hinh hién thi céc gia tri sau tinh
toan.

Doctinhigu M &D
dunc nhip tir mdy tinh

Gl ma
TichT,P, Y

1
HiEn thi LCD
Gamit. PN
Hinh 13- Luu do thugt toan
5.2 Md hinh thyec té

l—o M hda  |=f Ludt hop thinh =

Hinh 14: M6 hinh thuc té

5.3 Xay dung giai thuat bai toan trén
Matlab Simulink [6]

o ™ S

[T Yo B

Hinh 15° Mo phong trén Matlab-simulink véi
sy ho tro cua cbng cu Waijung

Sau khi xdy dung hé thong trén
Matlab-Simulink ta tién hanh chay Target.

Két ndi mo hinh thuc té véi PC, cai dat
driver cho cac linh kién roi tién hanh nap
code vao board DSP STM32F4.

5.4 Két qua thyue nghiém

Khi nhap vao gia tri bat ky cua 2 dai
luong khdi lugng va d6 ban thi ta thu dugc
két qua la cac gia tri: nhiét do nudc rira, ap
luc nudc rira va thoi gian ria s& hién thi trén
man hinh LCD. Két qua nay hoan toan triing
khép véi két qua md phong & phan trude.

6. KET LUAN

6.1 Két qua dat duwoc

Thiét ké dugc bo diéu khién mo tinh cac
thong sb lam viéc t6i wu cho MRCB.

Xay dung duoc giai thuat cho bo diéu
khién mo bang phan mém Matlab.

Xay dyung dugc mé hinh thyc té tim céc
thong sb lam viéc t6i wu cua MRCB.



6.2 Nhitng han ché ciia nghién ciru 6.3 Hwéng phat trién dé tai

Thay vi sir dung cac cam bién dé thu thap Tim céc thong sé 1am viéc ti vu 1a co s
thong s6 dau vao 1a khéi luong chén bat ban  dé tién hanh bai toan diéu khién cic co cau
va mirc d6 ban cua chén bat. Trong pham vi  chap hanh nhu déng co bom, dién tré nung
bai béo tac gia nhap cac théng s nay tr mady  néng nudc dé hoan thién bo diéu khién thong
tinh dé tién hanh mé phong. minh cho MRCB.
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