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TOM TAT

Robot céng nghiép ngay cang dwoc iing dung réng rdi trong gia cong, ldp rdp va logistics
nho kha ndng tang nang sudt, dé chinh xdc va an toan. Tuy nhién, robot hién nay rdt da dang vé tdi
trong, tam véi, dé lap lai, téc ds, tiéu thu nang lwong va chi phi... khién viéc lwa chon robot phu
hop tré thanh mét bai todn ra quyét dinh da tiéu chi (MCDM) ¢6 tinh bat dinh cao. Nghién ciru nay
dé xudt mot khung danh gia dwa trén 1y thuyét tap mo va phiwong phdp VIKOR nham xép hang va
lira chon robot t6i wu theo quan diém théa hiép. Truée hét, ¥ kién chuyén gia dwoc biéu dién bang
ngon ngit mo (TFN) dé thiét lap trong sé tiéu chi. Tiép theo, mé hinh VIKOR dwoc dp dung dé tinh
cdc chi s6 théa hiép va xép hang robot. Két qua cho thay, trong sdu phirong dan lwa chon thi robot
RB-3500 (R6) xép hang cao nhat, Robot RB-1200 (R1) dwoc xép hang thap nhdt. Phiwong phdp dé
xudt cé thé mo réng cho cdc bai todn lya chon thiét bi/cong nghé trong san xudt théng minh.

Tiwr khéa: Robot cong nghiép; MCDM; Tdp mo; Bién ngon ngi.
ABSTRACT

Industrial robots are increasingly being widely applied in machining, assembly, and
logistics due to their ability to enhance productivity, precision, and operational safety. However,
modern robots vary significantly in terms of payload capacity, reach, repeatability, speed, energy
consumption, and cost, which makes selecting an appropriate robot a highly uncertain multi-criteria
decision-making (MCDM) problem. This study proposes an evaluation framework based on fuzzy
set theory and the VIKOR method to rank and select the optimal robot according to the compromise
solution concept. First, expert judgments are expressed using fuzzy linguistic variables represented
by triangular fuzzy numbers (TFNs) to determine the weights of the criteria. Subsequently, the
VIKOR model is applied to calculate the compromise indices and rank the robot alternatives. The
results indicate that among the six alternatives considered, the robot RB-3500 (R6) achieves the
highest ranking, while RB-1200 (R1) is ranked the lowest. The proposed method can also be extended
to other equipment or technology selection problems in smart manufacturing environments.

Keywords: Industrial robot; MCDM; Fuzzy set; Linguistic variables.
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1. GIOI THIEU

Robot cong nghiép 1a cic may moc da
chic nang duoc thiét ké dé thuc hién nhiéu
nhiém vy khac nhau trong méi trudng san xuat.
Véi su phat trién nhanh chéng cua cong nghé
va cac nganh khoa hoc k¥ thuat, viéc iing dung
robot trong cac hé thong san xuét hién dai ngay
cang gia tang [1]. Robot c6 kha nang thyc hién
cac cong viée 1ap di lap lai, kho khan hodc nguy
hiém vé6i do chinh xac va do tin cdy cao. Vi viy,
robot duoc st dung rong rai trong nhiéu hoat
dong cong nghiép nhu lap rap, nap phdi cho
may, van chuyén vat liu, han, son phu va nhiéu
quy trinh san xuat khac. Viéc tmg dung robot
khong chi gitp nang cao chit lugng san pham
ma con gop phan ting niang suat va dam bao
an toan trong san xuét. Do do, lya chon robot
pht hop ludn 1a mot van dé quan trong dbi véi
cac doanh nghiép san xuét [2]. Tuy nhién, robot
cong nghiép thudng c6 chi phi dau tu cao va
s& hiru nhiéu dic tinh ky thuat khac nhau. Vi
vay, viéc lua chon robot phu hgp doi héi phai
xem xét can than cac yéu cau ky thuat, diéu
kién san xuit va muc tiéu cua doanh nghiép.
Néu lua chon robot khong phu hop, nang suét
ctia h¢ thong san xuét ciing nhu chat luong san
pham c6 thé bi anh huéng, tir d6 1am giam kha
nang canh tranh. Hon nira, véi sy da dang cua
cac dong robot hién cd, viéc lya chon robot
t6i wu cho mot tmg dung cu thé ngay cang tro
nén phtrc tap. Qua trinh lya chon robot, nhiéu
tiéu chi khac nhau dugc xem xét nhu chi phi
dau tu, tai trong, tim voi, do chinh xac, tbc do
lam viéc va muc ti€u thy nang luong. Do cac
danh gia ctia con nguoi thuong mang tinh chu
quan va khong chinh xac tuyét ddi, qua trinh ra
quyét dinh thuong ton tai sy mo hd va khong
chic chin. Trong nhiing trudong hop nhu viy,
cac phuong phép ra quyét dinh truyén thong
thuong gap kho khan trong vi¢c xtr 1y cac thong
tin khong chic chan [3]. Ly thuyét tap mo do
Zadeh [4] d&& xuat duoc xem 1a mot cong cu

hiéu qua dé xur 1y su khéng chic chin va mo
hd trong cac bai toan ra quyét dinh. Thong qua
viéc str dung cac bién ngdn ngit va s mo, cac
danh gia cht quan ctia chuyén gia c6 thé duoc
biéu dién mét cach linh hoat va gén voi thuc
té hon. Nho do, 1y thuyét tip mo da duoc ap
dung rong rii trong cic bai toan ra quyét dinh
da ti€u chi (Multi-Criteria Decision Making —
MCDM), trong d6 c6 bai toan lga chon robot
cong nghi¢p.

Trong nhirng nim gan day, nhiéu nghién
clru d3 dé xuét cac phuong phap MCDM dé
giai quyét bai toan lya chon robot, chang han
nhu AHP [5], TOPSIS [6] va cac md hinh lai
khac [7]. Tuy nhién, viéc x4c dinh phuong an
t61 wu trong trudng hop céc tiéu chi co thé xung
dot v&i nhau van 1a mot thach thic 16n. Phuong
phap VIKOR la mét ky thuat MCDM hi¢u qua,
duoc thiét ké dé xép hang va lya chon phuong
an toi wu dua trén khai niém nghiém thoa hiép.
Phuong phap nay danh gia cac phuong én dua
trén hai khia canh: loi ich tong thé ciia nhom
tiéu chi va mac do bat loi 16n nhit cua timg
phu’orng an. Nho kha nang can bang gifra loi ich
tong thé va sy hdi tiéc ca nhan, phuong phap
VIKOR di duoc ap dung rong rii trong nhiéu
bai toan ra quyét dinh thyc té [8].

Xuit phat tir nhing wu diém trén,
nghién ctru ndy dé xuat mot phuong phap lua
chon robot cong nghiép dua trén 1y thuyét tap
mo va phuong phap VIKOR. Trong phuong
phap dé xudt, cac danh gia cua chuyen gia trudc
hét dugc biéu dién bang cac bién ngdn ngir va
chuyén d6i thanh cac s6 mo tam giac dé xéac
dinh trong sb cua cac tiéu chi. Sau do, phuong
phap VIKOR duoc 4p dung dé tinh toan céac chi
s6 thoa hiép va xép hang cac phuong an robot.
Phuong phép niy cung cip mot cach tiép can
¢6 hé thong va dang tin ciy nham hd trg cac
nha quan 1y Iya chon robot phil hop nhit trong
s6 nhiéu phuong an khac nhau.
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2. PHUONG PHAP VA VAT LIEU
2.1. S6 mo tam giac
Trong nghién ctru ndy, sé mod tam giac
(Triangular Fuzzy Number — TFN) dugc st
dung dé biéu dién cac danh gia ngdn ngir cla
chuyén gia. Mot s mo tam giac dugc ky hiéu:
A=(mu) (1)
Trong do 1, m, u lan luot 1a gia tri nhd
nhét, gia tri c6 kha ning xay ra cao nhét va gia

tri 16n nhét, thoa man 1< m <u.

Ham thuoc cua TFN duogc xac dinh nhu

sau:
x-1
-, l=x=m
m—i
i) =1, m=ax=zu (2)
-
0, otherwise

Pé chuyén s6 mo sang gia tri sb phuc
vu viéc tinh toan theo phuong phap VIKOR,
phuong phép giai mo trong tam dugc ap dung:

A= 3)

2.2. Bién ngon ngir mo

Trong céc bai toan MCDM trong mdi
truong thue té, chuyén gia thuong st dung cac
nhan dinh dinh tinh nhu “cao”, “trung binh”,
“t5t” hodc “kém” thay vi dua ra gia tri s6 chinh
xac. Nhitng danh gid nay mang tinh chu quan
va chtra dung muc d6 khong chic chin nhét
dinh. Do do, dé luong hoa va xu ly cac nhan
dinh nay trong khuén kho toan hoc, nghién
ctru sir dung bién ngdn ngir két hop voi TFN.
Thudng c6 hai nhém bién ngdn ngir duge xay

dung: (i) bién ngdn ngir dung dé xac dinh muc
d6 quan trong ciia cac tiéu chi va (ii) bién ngon
ngir dung dé danh gia cac phuong an robot theo
tung tiéu chi. Trong nghién ctru nay su dung
thang do mirc 4§ quan trong cua tiéu chi. Thang
do muc d§ quan trong cua ti€u chi dugc xay
dung trong mién gia tri chuan hoa tir 0 dén 1.

Badng 1. Thang do ngoén ngir cho mirc do quan
trong cua tiéu chi

Tn';‘;f: l‘l‘gg; Vit thit | Gia tri TFN
Rét thap VL (0.0, 0.0, 0.1)
Thap L (0.0, 0.1, 0.3)
Trung binh thap ML (0.1,0.3,0.5)
Trung binh M (0.3,0.5,0.7)
Trung binh cao MH (0.5,0.7,0.9)
Cao H (0.7,0.9, 1.0)

Rét cao VH 0.9, 1.0, 1.0)

Mién gia tri ndy dam bao thudn tién
cho budc chuan hoa trong sé sau khi giai mé.
Bay murc ngon ngit duge st dung, bao gdm:
rat thip (VL), thap (L), trung binh thap (ML),
trung binh (M), trung binh cao (MH), cao (H)
va rat cao (VH). Mdi muic ngdn ngit duoc anh
xa sang mot TFN sao cho phan &anh hop 1y su
chong 14n gitra cac murc 1an can. Cach xay dung
nay dam bdo tinh lién tyc va tranh sy gian doan
trong qua trinh chuyén dbi sang dang sb. Bang
1 cho thay cac muc d6 quan trong dugc phan bd
déu trong khoang [0,1]. Cac TFN dugc thiét ké
¢6 phan chong 1an nham phén anh thyc té ring
ranh gidi gifta cdc mirc khong hoan toan tach
biét rd rang. Gid st c6 K chuyén gia tham gia
danh gia. Néu ﬁ}m la gid tri mo do chuyép gia
thr k danh gia tiéu chi, thi gia tri trong s6 mo
cua tiéu chi G duoc tong hop:

K
v o= 7 09
W, = szﬂu} (4)
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Sau do, céac gia tri nay sé duoc giai mo
theo cong thic (3) dé phuc vu cho bude tinh
toan trong phuong phap VIKOR.

2.3. Phwong phap VIKOR

Phuongphap VIKOR (VliseKriterijumska
Optimizacija I Kompromisno Resenje) 1a mot
ky thuat MCDM dua trén nguyén tic xac dinh
101 giai thoa hi€p. Khac véi cac phuong phap
t6i wu hoa thuan tiy theo tong diém, VIKOR
ddng thoi xem xét hai khia canh: (i) muc do
thoa min tong thé cua phuong an dbi véi tat ca
tiéu chi va (ii) mirc do bat loi 10n nhét tai tiéu
chi yéu nhat. Cac budc thyc hién ciia phuong
phap VIKOR dugc trinh bay nhu sau.

Budc 1: Xéc dinh gia trj t6t nhat va xau
nhat. D6i v6i mdi t1eu chi C, xéac dinh gia trj tt
nhat f va gia tri xau nhat fJ
Néu tleu chi thudc loai loi ich:

= Max Xy (5)

f = min xj; (6)

Néu tiéu chi thudc loai chi phi:

fj* = 11111'1‘:4:l (7)

£ = Max Xj; (8)

Gia tri f dai dién cho phuong an ly
tufong, trong khi f dai dién cho phuong an kém
nhét tai tiéu chi do

Budc 2: Tinh khoang cach chuan hoa.
Khoang cich chuan héa giira phuong an A va
phuong an ly tuéng dugc xac dinh theo:

f £ x5

d;; = T ©)

Gia tri d; phan anh mirc d9 sai léch cua
phuong an i so Vi gid tri tot nhat tai tiéu chi j J-
Gia tri cang nho cho thay phuong 4n cang gan
vo1 1y tuong.

Budc 3: Tinh cac ch1 5O S, vaR.. Chi sO
S, biéu thi muc do sai 1éch tong the cua phU:O'ng
an A

=1

Chi sb R, dai dién cho murc dd sai 1éch
16n nhét tai tiéu ch1 bat loi nhat:

R;= mﬁX(Wjdij) (11)

Chisb S, phan anh lgi ich nhom, con R,
phan anh sy h01 tiéc ca nhan 16n nhat.

Budce 4: Xéac dinh céc gia tri cuc tri.
Theo VIKOR céc gia tri cuc tri dugc cho boi:

$* =min§;,§” = max§; (12)
1 1

R* =minR;,R™ =maxR; (13)
1 1

Budc 5: Tinh chi s6 thoa hiép. Chi s6 Q,
duoc xac dinh theo:

R;-R*
R™-R*

S
S' 5

Qi= (14)

Trong do, v 1a hé s6 chién luoc, thuong
chon v = 0.5 d¢€ can bang gitra lgi ich tong thé
va héi tiéc 1on nhat. Gia tri Q, cang nho thi
phuong 4n cang tot.

=+ (1-v) 2

Budc 6: Xép hang va lya chon phuong
an. Cac phuong an dugc xép hang theo gia tri
Q, tang dan. Phuong an co gia tri Q nho nhat
dugc xem la phuong an thoa hiép tdi uu néu
théa man hai diéu kién:
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Piéu kién 1:

1
Q(A;) —Q(A) = s (15)
Diéu kién 2: Phuong an dung dau theo Q
cling phai dimg dau theo S hodac R. Néu mét trong
hai diéu kién khong thoa mén, tap phuong an thoa
hiép s& bao gdm nhiéu hon mét phuong an.

3. KET QUA VA THAO LUAN

Theo tong hop tir tai liéu k¥ thuat cua
cac hang robot va tham van cac chuyén gia
trong linh vuc co khi, ty dong hoa, cac tiéu
chi lya chon robot cong nghiép dugc trinh bay
trong Bang 1. Cac tiéu chi dugc xem xét bao
gém: Céc ti€u chi danh gia dugc xac dinh dua

trén téng hop tai liéu va y kién chuyén gia, bao
gdm: chi phi dau tu (IC), tai trong (PL), tim véi
(RE), d6 lap lai (RP), toc d6 van hanh (OS), tiéu
thu nang lugng (EC) va dich vu hau mai (AS).
Trong nghién ciru ndy, cac tidu chi dugc cdu
tric dudi dang bang ngir nghia mo véi cac mirc
danh gia khac nhau, nhu thé hién trong Bang 2.
Trong sb ctia mdi tiéu chi nam trong khoang tir
0 dén 1, thé hién mirc do quan trong tuong Gng
tir Very Low (VL) d&én Very High (VH). Dya
trén khao sat va tu van tir cac doanh nghiép tich
hop hé thong robot, sdu mau robot cong nghiép
dugc dé xuat dé danh gia trong nghién ctru nay,
bao gdbm: RB-1200 (R1), RB-1600 (R2), RB-
2000 (R3), RB-2400 (R4), RB-3000 (R5), RB-
3500 (R6). Bang 2 trinh bay dir liéu dinh lugng
cua sau phuong an robot theo bay tiéu chi.

Bdng 2. Thong tin dinh lwong cua cac robot cong nghiép [9]

TT Robot IC (USD) | PL (kg) | RE (mm) | RP (mm) | OS (m/s) (kligh) (n‘zrsn)
1 | RB-1200 (R1) = 45000 10 1400 0.06 1.5 6.5 2
2 | RB-1600 (R2) | 52000 16 1600 0.05 1.7 7.2 3
3 | RB-2000 (R3) | 60000 20 1800 0.04 1.9 7.8 3
4 | RB-2400 (R4) | 68000 24 2000 0.04 2 8.5 4
5 | RB-3000 (R5) | 80000 30 2200 0.03 2.2 9 4
6 | RB-3500 (R6) | 95000 35 2500 0.02 23 10.5 5

Mot hoi dong gdm nam chuyén gia (DM 1-DM5), bao gom giang vién dai hoc chuyén nganh
tu dong hoa, gidm doc ky thuat va chuyén gia tich hop robot, da tham gia danh gia mirc d6 quan
trong cua cac tiéu chi (Bang 3).

Bang 3. Danh gia cdc tiéu chi theo chuyén gia

Tiéu chi DM1 DM2 DM3 DM4 DMS5
IC VH H VH VH VH
PL H MH H H H
RE MH MH H MH H
RP H VH VH H VH
oS MH MH MH H MH
EC M MH M MH M
AS H VH H H VH
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Sau khi chuyén doi sang TFN va giai
mo, trong sO chuan héa dugc xac dinh nhu trén
Hinh 1.

0.18
0.16
0.14
0.12

01

leights

£ 008
0.06
0.04
0.02

0

IC PL RE RP OS5 EC AS
Criteria

Hinh 1. Trong so cua cdc tiéu chi

Tu Hinh 1, ta thay rang IC c6 trong sb
cao nhét (~0.1663), tiép theo 1a RP (~0.1628)
va AS (=0.1593), cho thiy hoi dong chuyén
gia vu tién manh cac yéu té chi phi dau tu, do
chinh xac/d¢ ldp lai, va dich vu hau mai trong
lga chon robot. Trong khi d6 EC c6 trong )
thip nhét (=0.1019), tic yéu td ning luong
duoc xem la quan trong nhung khong chi phdi
bang cac tiéu chi con lai. Ap dung phuong phap
VIKOR theo céc bude da trinh bay & Muc 2,
cac chi sb thoa hiép duoc tinh toan. Két qua
dugc trinh bay trong Bang 4.

Bdng 4. Xép hang robot

Robot R1 R2 R3 R4 R5 R6
Gia tri thoa hi¢p 0.742 0.528 0.316 0.184 0.072 0
Rank 6 5 4 3 2 1

Tir Bang 4 ¢6 thé thay robot RB-3500
(R6) c6 gia tri thoa hiép nho nhat va duoc xép
hang cao nhét. Tiép theo 1a RB-3000 (R5) va
RB-2400 (R4). Robot RB-1200 (R1) duoc xép
hang thép nhét do tai trong va tam v6i han ché,
mac du ¢6 lgi thé vé chi phi dau tu. Két qua nay
cho thay phuong phap VIKOR cho phép can
bang giita hiéu sudt tong thé va tiéu chi bat loi
16n nhat. Mic du R6 ¢6 chi phi dau tu cao hon,
nhung hiéu suat ky thuat vuot tréi va do chinh
xéc cao gitp phuong an nay dat vi tri t6i wu.

4. KET LUAN

Trong nghién clru nay, phuong phap
VIKOR dugc 4p dung dé lya chon robot cong
nghiép trong moi trudng ra quyét dinh c6 tinh
khong chic chin. Cac danh gid ctua chuyén
gia duoc biéu dién bang cac bién ngdn ngir va
chuyén doi sang TFN nham phan anh sy mo

ho trong qué trinh danh gia. Két qua xép hang
chi ra rang robot RB-3500 (R6) 1a phuong an
t6i wu v6i gia tri thoa hiép nho nhat, tiép theo
la RB-3000 (RS5), trong khi RB-1200 (R1) c6
thir hang thip nhat do han ché vé tai trong va
tam voi. Két qua nghién ctru chimg minh rang
phuong phép dé xuat 1a cong cu hiéu qua hd
tro ra quyét dinh trong luya chon thiét bi cong
nghiép khi phai xem xét dong thoi nhiéu tiéu
chi k¥ thuat va kinh té. Trong tuong lai, mé
hinh ¢6 thé dugc mé rong bang cach két hop
v6i cac phuong phap xic dinh trong s nhu
Fuzzy AHP hodc Entropy, cling nhu ap dung
cho céc bai toan Iwa chon thiét bi khac trong
san xuat thong minh nhu may CNC, robot cong
tac va robot di dong. %
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