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NGHIEN CUU UNG DUNG HE SUY LUAN NORON - MO

TRONG QUY HOACH THU'C NGHIEM

Pao Vin Hiép®', Phan Hung Diing?, Pham Cudng?

'Hoc vién Ky thudt Quan su, 27 ruong Cao ddng Co khi - Luyén kim

TOM TAT

Bai béo trinh bay y tuong vé mot cong cu DoE-ANFIS, ap dung ANFIS vao quy hoach thuc
nghiém. D6 1a két hop gitra mang tryc giao toan phan truyén thong va ky thuat tinh toan mém. Mot
nghién ctru thuc nghiém véi nguyén cong tién thong thuong da ching té do chinh xac cia DoE-
ANFIS c6 phin kha hon so véi phuong phap bé mit dap Gng truyén théng. Tuy nhién hiéu qua
chinh cua phuong phap nay mong doi trong cac truong hop hé phi tuyén, nhiéu dau vao, nhidu dau

ra voi dit 1iéu roi rac, bi nhicu.

Twr khéa: quy hoach thuc nghiém, hé suy ludn no ron mo thich nghi, mang tryc giao.

Bang chir viét tit va thuit ngir

Chir tit Giai thich

ANFIS Adaptive Neural Fuzzy Inference
System - hé suy luan no ron mo
thich nghi

ANN Artificial Neural Network - mang
no ron nhéan tao

DoE Design of Experiment - QHTN

FL Fuzzy Logic - logic m¢

MR Multiple Regression: hoi quy
nhiéu yéu t6 (da bién)

OA Orthogonal Array - mang truc
giao

QHTN Quy hoach thyc nghiém

RSM Response  Surface Method -
phuong phap mat dap Gng

TTNT Tri tué nhéan tao

DAT VAN DE

Giam sat qua trinh cong nghé (sau day goi tit
1a "qua trinh") bao gém viéc thu thap, phin
tich thong tin vé qua trinh, ra quyét dinh vé
diéu khién qué trinh (diéu chinh cac thong sb
cong nghé, ké ca dimg hay tiép tuc qua trinh)
dam bao qué trinh xay ra ding v6i yéu ciu
dinh trudc. Cong nghé la mot khoa hoc, dua
trén nhiing quy luat ty nhién va khach quan,
ddng thoi 1a mot nghé thudt, phu thude vao ki
ning, kinh nghiém, bi quyét cta cac nha cong
ngh¢, can by quan tri, nguoi tho gia cong.
Thuyc chat, hé théng cic bang tra trong cac sd
tay cong nghé, cac cong thirc thuc nghiém,
dira vao d6 nguoi ta tinh toan hay tdi wu héa
qué trinh, cac mo hinh kiém tra va danh gia

* Tel: 0985 579552, Email: hdaovan@mta.edu.vn

chat luong,... déu dua vao kinh nghiém hay
cac nghién ctru thuc nghiém. Didu d6 1y giai,
vi sao cac phuong phap quy hoach thuc
nghiém (QHTN) truyén théng, trong tiéng
Anh goi 1a "Design of Experiments (DoE)",
déu dua trén 1y thuyét thong ké.

Céc phuong phap QHTN truyén théng cé wu
diém, 1a dua trén nén tang 1y thuyét toan hoc
chat ché va dwua ra cac mo6 hinh toan hoc
tuong minh. Cac phuong phap tinh toan véi
cac md hinh toan hoc dugc goi la tinh toan
cimg (Hard Computing). Puoc ding nhidu
trong s6 d6 1a phuong phap Taguchi dé tbi wu
hoa qua trinh cong nghé 0; phuong phap hoi
quy nhiéu yéu té (Multiple Regression - MR),
phuong phap mat dap ung (Response Surface
Method - RSM) dé phan tich s6 liéu thuc
nghiém,... Cac phwong phap trén déu dya trén
mang truc giao nhiéu yéu t6 (Factorial
Orthogonal Array- OA) nén ké thira dugc cac
vu diém co ban cta no, 14 can s thi nghiém it
ma van dam bao dugc tinh dai dién va tinh
khach quan cua dir liéu 0. Tuy nhién QHTN
truyén thdng c6 nhitng nhugc diém: (1) cac
m6 hinh toan hoc dugc thiét 1ap trén sé cac sb
liéu thuc nghiém, khong phan anh ding ban
chat vat 1y ciia qué trinh, khong chinh xac va
khach quan nhu mong doi. (2) qua trinh xu 1y
phuc tap, lugng tinh toan nhiéu, khong thich
hop voi hé dit lidu 16n, nhidu dau vao, nhiéu
d4u ra, dugc mo ta bang hé nhidu phuong
trinh phi tuyén, nhiéu bién.
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Cac phuong phap tri tué¢ nhan tao (TTNT),
con goi 1a tinh toan mém (Soft Computing),
khong dya trén mo hinh vat 1y hay toan hoc
giai tich, thong ké ma dya trén bo dir liéu thu
nhén tr qua trinh, dac biét phu hop véi cac hé
phi tuyén, rdi rac, nhiéu dau vao, nhiéu dau ra
0. Ching dugc st dung rong rdi trong giam
sat va diéu khién qua trinh 0, 0, 0. Tuy nhién,
ting phuong phap lai ¢6 nhugc diém. Vi duy,
mang no ron nhan tao (Artificial Neural
Network - ANN) doi hoi bo dir liéu 1on dé
huén luyén, logic mo (Fuzzy Logic - FL) doi
hoi hiéu biét nhit dinh vé qué trinh; cAu trac
va cac thong s6 cia mo hinh it nhiéu mang
tinh chu quan.

Trong cac nim gan dy, chung t6i da danh sy
quan tdm dic biét dén viéc 1'Ing dung cac
phuong phap QHTN truyén thong va TTNT
trong thiét ké, giam sat va diéu khién quéa
trinh gia cong 0, 0, 0. Twr do, nay ra y tuong
két hop cac phuong phap "truyén théng va
hién dai" dé chung bd sung cho nhau. Mot
trong nhitng thtr nghiém theo hudéng do la
phdi hgp QHTN véi no ron md dé tao ra mot
cong cy, goi la QHTN no ron mo (DoE-
ANFIS). Bai bao nay nham trinh bay va trao doi
nhitng thir nghiém ban dau vé cong cu noi trén.
GIOI THIEU VE PHUONG PHAP

Pé lam 16 hon ban chét ciia phuong phép, sau
day xin trinh bay khai quat vé cac phuong
phap lién quan.

Céc phuong phiap QHTN truyén thong

Mo hinh thuc nghiém nhiéu yéu té (Factorial
Model) do Fisher dé xuét vao nim 1926, duoc
Plackett va Burman (1946) gép nhiéu cong
phat trién 0. Trong md hinh nay, anh huéng
clia cac bién (hay yéu t6 - Factor) dén dau ra
duoc phan theo cac mtirc.

Gia st md hinh ¢ k yéu té (bién) doc 1ap.
Gi4 tri cua cac bién duoc phan thanh L murc
(Level). So thi nghiém can cho toan bd cac gia
tri trong tat ca cac vung s¢ la L*. M6 hinh doi
héi di LY thi nghi€ém dugc goi la mo6 hinh thyc
nghiém toan phan (Full Factorial Model).

Bang 1 thé hién mo hinh 3 yéu t6 (x4, Xa, X3)
2 mic (L=2). Mtc cao duoc thé hién bang
bién khong thtr nguyén (+1), muc thip bing
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(-1). S thi nghiém can thiét 1a 2° = 8. M6
hinh duogc goi 13 "toan phan", vi ngoai 3 yéu
tac dong doc 1dp (xi1, Xz, X3), con tinh dén 3
tac dong chéo cua tirng cap bién (x12, X13, Xo3)
va 1 tdc dong chéo cua 3 bién (X123). Céac hé
sO trong bang 1 hinh thanh mt mang, dugc
goi la mang truc giao (Orthogonal Array -
OA). Cot cubi cung (y) 1a gia tri do cia dai
luwgng ra, con duoc goi la dich.

Bang 1: M6 hinh thuc nghiém toan phan 2°

Thinghiém | xo | Xi | Xo | X3 | Xip [ Xo3 | Xi3 [Xi23 y
1 +1 | -1 | -1 [ -1 [ 41 [+ 41| -1 5.075
2 +1 | -1 L+ [+ - -1 [ 41 4787
3 +1 ] -1 |41 -1 [ -1 | -1 ] +1]+1] 4700
4 +1 | -1 [+ +1 [ -1 41 -1 [-1] 299
5 1+ - -0 [ -1 [ 41 -1 [ +1] 409
6 +1L 41 -1 [+ -1 [ -L )41 ] -1] 3912
7 1+ [+ D[+ [ -1 -1 - 1.946
8 +1 |+ [+ +1 [+ [ 41 +1 [ +1] 0.693

Duya trén OA, c6 nhiéu phuong phap QHTN
dugc xay dung, vi du phuong phap Taguchi
t6i uru hoa qua trinh cong nghé, phuong phap
hdi quy nhidu yéu t6 (MR) hay phuong phép
mat dap ung (RSM).

Phuong phap hdi quy dugc dung dé thiét 1ap
cac cong thire thyc nghiém, dang

y' =h, +> bx +Zk XX, + et By XXX (1)
=

iu™jMu n
Ky hiéu B la Vector cac h§ s6: B = [by, by,...,
bo]"; A - ma trin cac h¢ s0 cua OA; Y- vector
cac ket qua do'Y = [yy,..., yo]", ta c6 cong thuc
tinh cac hé so

B=(A"A)'ATY (2)

Nhiém vu 13 tim ma trin hé s6 B. Vi A 1a ma
tran truc giao nén A'A 1a ma tran chéo, c6 cac
phan tr trén dudng chéo chinh 1a n, va (A'A)*
cling 14 ma tran chéo, co cac phan tir trén
dudng chéo chinh 14 1/n (n 13 s thi nghiém).

Vay (2) tré thanh o
i} [ Ay

n i=1
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n
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Phuong phap mit dap tmg (RSM) ciing nhim
x4c dinh ma tran hé s6 B nhu phuong phép
hdi quy (2), nhung cuc tiéu hoa sai sd giita
dap g va dich bang thuat toan mat dap tng.
Mit dap ung duoc minh hoa trong H.1 Moi
bién duoc phan thanh cac muc, hinh thanh
mat dap Gmg tuong tu mat ddng mirc trén ban
d6 dia hinh. T4i wu héa 1a tim duong ddc nhat
tr mirc ban dau (x.°, x,’) dén dinh - nghiém
toi wu (xl*, Xz*). Tuwong tng véi dudng déc
nhit, quing duong (va thoi gian) di dén
nghiém t&i wru nhé nhét.

Sau rat nhidu thir nghiém, chung toi thiy
phuong phap hdi quy va phuong phap mat
dap tmg ludn cho két qua giéng nhau.

/// \Q\
=

L |

Hinh 1: Khdi niém mat ddp vng (RS)
Phuwong phap suy ludn ne ron m¢

Mang no ron nhan tao (Artificial Neural
Network - ANN) xuit phat tir su bdt chudc
cdu triic va co ché xir Iy théng tin cua nio
nguoi. Cu tric cia ANN dugc xac dinh
(thiét ké) trudc, nhung cac thong sb ciia nd
thay ddi trong qué trinh hoc.

ANN xu ly nhanh, khéng "ngai" dit liéu roi
rac, phi tuyén, nhiéu dau vao, nhiéu déu ra,...
thuong gap trong nghién clru qua trinh cong
nghé. Pac sic cia ANN 1a c6 kha nang hoc
dé tao ra va bo sung tri thirc.

Khac véi ANN, logic mo khong bat chudce
ciu trac va co ché xur 1y thong tin ma bdt
chuoc cach tw duy cia nguoi. H& mo ¢o cac
déac tinh co ban nhu sau:

- Khong doi hoi thong tin vao chinh xac (dang mo).

- C6 thé nhan nhiéu ludng thong tin (d4u vao)
ddng thoi.

- Suy luén linh hoat, theo cac ménh dé logic
"Néu ... thi .." (If ... Then ...).

- Ra quyét dinh tudng minh.

Véi FL, cac dit liéu ddu vao khong rd rang
dugc phan tich theo cac quy tic tu duy logic
kiéu ngon ngir (khong cin mé hinh toan hoc),
cho ra quyét dinh dut khoat.

Hé ANFIS két hop ANN véi FL ¢6 kha ning
hoc nhu ANN, dong thoi tu duy logic linh
hoat nhu FL. Trong qua trinh hoc ciia ANFIS,
ANN hiéu chinh thong sé cho FL.

Phuwong phap QHTN no ron m&

Phéi hop OA véi ANFIS nham phat huy uu
diém, khéc phuc nhuogc diém cua ting
phuong phap:

- OA cho phép tinh dén tic dong dong thoi
clia cac yéu td dau vao (Factor), ké ca tuong
tac chéo giita chung dén dap ung (dau ra),
nhung yéu cau sb thi nghiém it.

- ANFIS c6 kha nang hoc, tu dong xac dinh cAu
trac, tham sb cua hé suy luan mo, phu hop dac
diém phi tuyén, roi rac cta dit lidu vao.

Tém lai, DoE-ANFIS diung QHTN kiéu OA,
nhung xir 1y kiéu ANFIS, phi hop véi cac hé
phi tuyén, 101 rac, nhiéu dau vao, nhiéu dau ra
v6i s6 thi nghiém it nhat.

NGHIEN CUU THUC NGHIEM

Nghién ciru thyc nghiém nham danh gia do
chinh x4c cua phuong phap dé xuit (DoE-
ANFIS) bang cach so sanh sai sd ctia no véi
phuong phép DoE truyén théng (RSM). Céc
budc thuc nghiém nhu sau:

1. Lap QHTN: xac dinh s6 thi nghiém can
thiét va bo yéu té dau vao;

2. Lam thi nghiém: do gia tri dép Gng dung
lam dit liéu miu cho MR hodc RSM va dé
huan luyén cho ANFIS.

3. Tao md hinh hdi quy: xac dinh cac hé sb
hoi quy trong (1) bang phuong phap MR hodc
RSM, tir d6 tinh y' va sai sd.

s =105y YL 3
n=T Yy
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4. Tao va huin luyén ANFIS, dung ANFIS
tinh lai y' va sai s6 theo (3).
5. So sanh két qua cuia budc 3 va 4.
Dbat bai toan thir nghiém
Ta khao sit bai toan dién hinh trong cong
nghé: anh huong cia ché do cit, gdbm toc do
cit v (m/ph), lugng chay dao f (mm/v) va
chiéu sau cit d (mm) dén lyc cit (¢ day 1a luc
doc truc Fz) khi ti€n. Bai toan c6 3 yéu t6 dau
vao: v, f,dva | dap tmg: y =Fz.
Diéu kign thi nghigm
- Méy: may tién CNC kiéu Concept Turn 250,
hang EMCO (CH A0): Dyax = 85mm; S =
60+6300 v/ph; frnax = 15 m/ph.
- Thiét bi do luc: 9257BA, Kistler (Thuy Si):
gi6i han do Fx, Fy = -5+5 kN; Fz = -5+10
kN; d6 nhay: 5 mV/N; d6 tuyén tinh: <+1%
FSO.
- Vit liéu gia cong C45, dao thép gio.

Bang 2: Dir liéu thi nghiém

Th nghiem Ché do cat Po

§ v(m/p) [f(mm/v) dmm) | Fz(N)
1 25 0,15 0,5 29,84
2 25 0,15 1| 27,72
3 25 0,15 1,5] 41,28
4 25 0,3 0,5 35,40
5 25 0,3 1] 52,90
23 65 0,3 1] 125,16
24 65 0,3 1,5] 143,96
25 65 0,45 0,5[ 115,68
26 65 0,45 1] 159,10
27 65 0,45 1,5] 183,96

Cac buoc gidai

Budc 1- Lap QHTN: Pé tao bd dit liéu thuc
nghiém, tién hanh 27 thi nghiém, mdi thi
nghiém do 3 1an Fz, lay gié tri trung binh. S6
liéu thu duoc trong bang 2 (dd cit mot sd
hang cho gon).

ANN doi hoi bd dir liéu rat 16n (>30) dé huin
luyén. Tuy nhién, dé xem véi s6 thi nghiém it
nhat, ANFIS c6 xir Iy dugc chinh xac khéng,
& déy chi dung s thi nghiém t6i thiéu OA2% =
8 nhu bang 1, trong do +1 Ung v&i Xmay; -1
ung voi Xmin; X = (v,f,d).

Budc 2- Lam thi nghi€ém: Lam 8 thi nghi¢m,
do 3 14n Fz, léy gia tri trung binh, dugc bo dir
liéu nhu bang 3.
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Bang 3: Md hinh OA2?

Thi nghiem Ché do cit Do

* | v(im/p) [f(mm/v) d(mm) | Fz(N)
1 25 0,15 0,5 29,84
2 25| 0,15 1,5 41,28
3 25 0,45 0,5| 54,68
4 25| 0,45 1,5| 86,32
5 65| 0,15 0,5] 57,70
6 65| 0,15 1,5] 87,02
7 65| 045 0,5] 115,68
8 65| 045 1,5] 183,96

Chu y réng cac cOt tac dong chéo (Xip, Xis,
X23) nhur trong bang 1 chi can cho DoE, khong
can cho ANFIS.

Budc 3- Tao md hinh hdi quy: Ding RSM,
lap m.file (Matlab), thuc hién céac thao tac co
ban sau:

- Tao ma tran s6 do (nhap tryc tiép hodc doc
tir file dir liéu ngoai) cua cac yéu td dau vao X
va cua dap ung Y (xem bang 3):

X = 25 0.15 0.50
25 0.15 1.50
25 0.45 0.50
25 0.45 1.50
65 0.15 0.50
65 0.15 1.50
65 0.45 0.50
65 0.45 1.50

Y = [29.84 41.28 54.68 86.32 ...

57.70 87.02 115.68 183.96]"'
- Khéi dong RSM bang 1énh
rstool (X,Y, 'interaction')
Nhan dugc cac hé sd
B = 33.4550 -0.2930 -70.7167
-25.0775 3.5433 0.6815 98.6000
V6i cac hé s6 trén va dir liéu thir nghiém gdc
(bang 2), tinh dqu: F'z trong ¢t Fz tinh/RSM
cua bang 4. Sai s0 trung binh dugc tinh theo
(3): SS% =6,442.
Budc 4- Xt 1y voi ANFIS: Véi b dir liéu vao
X va ra Y nhu trong bude 3, lap m.file thyc
hién cac thao tac co ban sau:
- Tao, huén luyén ANFIS véi tén £isF, huin
luyén (Train) theo dif liéu trrz (bang 3);
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kiém tra (Check) theo dit liéu chkFz, (bang
2); ghi ra sai s6 huan luyén vao bién error,
sai sO kiém tra vao bién chkErr:

[fisF,error,stepsize, chkFis, chkErr
]=anfis (trFz,numMF, [], [],chkFz, [])

Vi FIS dugc tao co tén fisF, dung dir liu
thir nghiém (bang 2), vdi tén I_c, tinh F'z
nho 1énh

out Fl=evalfis(I c, fisF)

Két qua dwoc ghi trong cot Fz tinh/ANFIS
clia bang 4. Sai sd trung binh theo (3) dugc
tinh SS% = chkErr = 6,322.

Budc 5- Panh gia két qua: So sanh két qua
tinh toan theo RSM (budc 3) va theo ANFIS
(bu6c 4), ta nhan thdy véi cung dit liéu miu
(bang 3) va dir liéu kiém tra (bang 2) ANFIS
pham phai sai s6 6,322%, nho hon sai sb ciia
RSM (6,442%). Ngoai ra, nhin hang cubi cta
bang 4 ta con thdy sai s6 cuc dai ciia ANFIS
cling nhé hon cua RSM (27,925% so voi
28,283%).

Bang 4: Pdanh gid RSM va ANFIS

Ché do cat Do Fz tinh Sai 56 (%)
v(m/p) ff(mm/v) d(mm)| Fz(N) [ RSM | ANFIS| RSM [ ANFIS
250 0,15 0,5 29,84 32,19[ 29.84] 7,859] 0,000]
25| 0,15 1| 27,72] 3556] 3546| 28283| 27,925
0,15 1,5 41,28 3894 41,28 5,681] 0,000
25| 03] 05| 3540 4226 42,778 19,379] 20,860

5 25| 03 1[ 52,90[ 53,03] 53,58 0,246] 1,288
23 65 0,3 1]1125,16] 111,09 112,35 11,242 10,232
24 65 03 1,5]143,96] 13549] 137,54] 5,884 4457
25 65| 045 0,5 115,68 118,03[ 115,68] 2,027| 0,000
26 65| 045 1] 159,10] 149,82] 149,30[ 5,833] 6,159
27 65| 045 1,5/ 183,96] 181,62] 183,96 1,275] 0,000
b0 bl b2 b3 bl12 | Heso [Tr.binh | 6422 6,322
33,46] -0,29 |-70,72[-25,08| 3,54 Fz Max | 28,283| 27925

Thdo lu@n b6 sung vé ANFIS

bén day, cac budc co ban cua viéc thur
nghiém ANFIS di hoan tat va da co két luan.
Tuy nhién, dé gitip ban doc nao chua quen
véi ANFIS hiéu thém vé no, xin c6 vai bd
sung vé chirc ning va giao dién.

Th.ng

Al —
[50]
[

Trude hét, xin nhéc lai 14 ANFIS tao ra hé suy
luan mo (FIS) theo cu tric (cac bién vao, ra
va s6 ham thudc twong tng) do ngudi ding
xac dinh. Gia tri cac ham thudc cua FIS duoc
ANN xac dinh (t6i wu hoa) trong qua trinh
hoc sao sai sb giita dap tmg (ra), & déy la gia

tri tinh (F'z) va gia tri do (Fz) nho nhat.
Phuong phéap hoc c6 thé 14 lan truyén nguoc
(Back-propagation) hodc két hop lan truyén
nguoc voi phuong phap binh phuong tdi thiéu
(Hybrid).

Céu tric cia ANN nhu trong H.2: 16p vao
(Input Layer) ¢6 3 no ron ung voi 3 yéu tb
vao (v, f, d); 2 16p an (Hidden Layer). Lop
vao ¢ 6 no ron, ung voi 6 ham thudc dau vao
ctia FIS. Lop an c6 8 no ron ung véi 8 ham
thudc dau ra. L6p ra (Output Layer) c¢6 1 no
ron, g véi dau ra cua FIS.

BEE

input inputmf rule outputmf output

|Cllck on each node to see detailed information || [ upsate | [ Help J [ _clse | ‘

Hinh 2: Cdu triic ciia ANN trong ANFIS

Céu tric cua FIS (duoc tao ra va tdi wu hoa
tham s nheo ANN) nhu trong H.3, thé hién 3
dau vao, 1 déu ra, trong do mdi dau vao co 2
ham thudc tuong ung voi cac muc (Level)
ciia DoE. Pau ra c6 8 ham thudc tuong tng
v6i 8 gia tri thuc nghiém. Bang cach nhap
truc tiép gia tri vao ctra s6 hodc dung chudt di
chuyén cac vach thang dung, c6 thé dwa bd
gia tri v, f, d bat ky (nam trong mién gidi han)
dé nhan két qua, 1a gia tri Fz twong tng.

Vi du trong hinh 3: véi v = 45 (m/p), f = 0,3
(mm/v), d =1 (mm), nhén dugc Fz= 87,1 (N).
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Hinh 3: Cdu tric ciia FIS

‘ Opened system ANF_DOE, 8 rules
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H.4 1a dang hién thi bé mat 3D, cho phép
quan sat tong thé quan hé giita dau ra (Fz) va
ting cap dau vao (v, f, d).

Fz (N)

0.2

30

Feed (mm/vg) Speed (m/ph)

Hinh 4: Biéu dién bé mdt 3D
KET LUAN
Bai bao di trinh bay mot cach hé thong vé ¥
tudng, phuong phap tao lap va thi nghi€ém
cong cu QHTN no ron m¢o DoE-ANFIS, hé
lai gitta QHTN truyén thdng va hé suy luin
no ron md ANFIS. Két qua thir nghiém cho
thdy DoE-ANFIS dat dugc do chinh xac hon
phuong phap RSM va MR. Su chénh Iéch nay
khong 16n nhung it ra ciing c6 thé yén tam vé
dd chinh xac va tin cay ctia cong cu mdi.
Cin cir vao két qua thir nghiém, c6 tham khao
céc két luan cong bd trong cac tai lidu, c6 thé
két luan vé DoE-ANFIS nhu sau:
- Chinh xac khong kém DoE truyén thdng,
nhung lai "khong ngai" dir li€u roi rac, phi
tuyén, phtc tap, nhidu déu vao, nhiéu dau ra
nhu DoE truyén théng.
- Dung s thi nghiém nho nhét, chi bang DoE
truyén théng, tranh duge nhuoc diém cua
ANN. Nho vay, giam s6 lugng, thoi gian, chi
phi cho thi nghiém.
- Céc thong s6 duoc téi wu hoa nho ANN,
tranh dugc tinh chti quan cua FL.
Ngoai ra ANFIS dugc hd trg bsi Matlab, dé
su dung, giao dién tryc quan, dé dang ndi
ghép vao cac hé didu khién. Piéu nay quan
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trong nhung khong thudc pham vi bai viét nay
nén xin danh thao luan vao dip khac.

Xin noi thém rang, cac phuong phap dugc
dua ra so sanh déu 1a phuong phap gan ding,
mdi phuong phap c6 wu thé trong diéu kién
mg dung nhét dinh, nén khong thé néi chung
rang phuong phap nao chinh xac hon hoic tot
hon. Vi du RSM va MR la céc cong cu giai
tich - théng ké nén s& chinh xac khi dir liéu on
dinh, thé hién rd nét quy luét todn hoc nao do
va nguoi dung phai nhén dang dugc dung quy
luat. Cac cong cu tinh toan mém (ANN, FL,
ANFIS) ¢6 wu thé voi cac dit lidu roi rac, quy
luat khong rd rang, co6 nhiéu,... Viéc chon
dang cong cu phu thudc vao kinh nghiém cia
nguoi dung.
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SUMMARY
APPLICATION OF ANFIS IN DESIGN OF EXPERIMENTS

Dao Van Hiep"", Phan Hung Dung? Pham Cuong?
!Le Quy Don University, 2College of Mechanics and Metallurgy

In this paper, the idea of a hybrid DoE-ANFIS tool based on the application of ANFIS in Design
of Experiments is introduced. This is a combination between the traditional Full Factorial
Orthogonal Array (OA) and a soft computing technique. An experiment carried out on a
conventional turning operation shows that the accuracy of the proposed DoE-ANFIS tool is better
than the traditional Response Surface Method. Nevertheless, the main effectiveness of this method
is awaited to be revealed in the cases of non-linear MIMO systems with discrete, noisy data.

Key words: Design of Experiment, ANFIS, Orthogonal Array.
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