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Tém tit

Su phdt trién ciia cong nghé san xudt tién tién khién robot céng nghiép tré thanh
mot yéu té khong thé thiéu trong nhiéu quy trinh, ddc biét trong cdc nhiém vu phirc tap
nhiw han hé quang. Viéc lira chon robot han hé quang phit hop ¢6 ¥ nghia quan trong,
boi né anh hwéng trec tiép dén nang sudt, chdt lwong moi han va chi phi van hanh. Tuy
nhién, bai todn lira chon nay thwong gdp khé khén do sw ton tai dong thoi ciia nhiéu tiéu
chi xung ddt. Truwde boi canh d6, nghién citu ndy dé xudt mot khung danh gid hé thong
dira trén cdc phwong phdp ra quyét dinh da tiéu chi (MCDM) dé hé tro qud trinh lira
chon robot han hé quang. Ba phwong phdp MCDM gom TOPSIS, CODAS va VIKOR
dwoe dp dung dé xép hang cdc phwong dn robot, trong khi trong sé tiéu chi dwoc xdc
dinh khdch quan bang ky thudt entropy. Két qud cho thdy ba phirong phdp déu cung cdp
kha ndang phdn biét tot giiva cdc lwa chon, dong thoi mang lai tinh nhdt qudn va dé tin
cdy cao trong danh gid. So sanh két qua xép hang giip lam ré nhitng khéc biét trong co
ché tinh todn cua tirng phirong phdp, dong thoi khang dinh tinh hivu ich ciia MCDM
trong viéc lwa chon robot han hé quang phit hop cho tirng boi canh san xudt. Nghién
civu déng g6p vé viéc wu tién lya chon robot théng qua phan tich bang kj thudt MCDM,
cung cdp co so tham khdo cho cdc nha qudn 1y va ky sw trong sir dung robot céng nghiép.

Tir khéa: Robot cong nghiép, robot han hé quang, phwong phdp MCDM, trong
s6 entropy.

Abstract

The development of advanced manufacturing technologies has made industrial
robots an indispensable element in many processes, especially in complex tasks such as
arc welding. Selecting an appropriate arc welding robot is of great importance, as it
directly affects productivity, weld quality, and operating costs. However, this selection
problem is often challenging due to the simultaneous presence of multiple conflicting
criteria. In this context, this study proposes a systematic evaluation framework based
on multi-criteria decision-making (MCDM) methods to support the selection of arc
welding robots. Three MCDM methods (TOPSIS, CODAS, and VIKOR) are applied to
rank the robot alternatives, while the criteria weights are objectively determined using
the entropy technique. The results show that all three methods provide good
discriminatory power among the alternatives and deliver high consistency and
reliability in the evaluation. A comparison of the ranking results helps clarify the
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differences in the computational mechanisms of each method and confirms the
usefulness of MCDM in selecting suitable arc welding robots for specific manufacturing
contexts. This study contributes to prioritizing robot selection through MCDM-based
analysis, providing a valuable reference for managers and engineers in the application
of industrial robots.

Keywords: Industrial robots, arc welding robots, MCDM methods, entropy
weighting.

1. MO PAU

Han 12 mot trong nhitng tmg dung quan trong nhét trong cic nganh san xuét va
robot han cong nghiép dang trd thanh lua chon phd bién trong béi canh ty dong hoa
ngay cang phat trién. Trong d0, robot han hd quang dugc str dung rong rii trong ché tao
két cau thép va san xuat cong nghiép nho kha nang thuc hién cac duong han dai, lién
tuc va c6 do chinh xé4c cao [1]. Cac robot nay co thé duoc 1ap trinh dé xtr Iy nhiing cau
tric hinh hoc phuc tap, gitp cai thién dang ké nang suat, do on dinh va chat lugng mdi
han so voi phuong phép truyén thong. Hon nita, su da dang vé ching loai, thong s6 k¥
thuat va hiéu nang cua cac loai robot han trén thi truong hi¢n nay dat ra nhu ciu cép
thiét vé mot phuong phap danh gia va Iya chon mang tinh hé thong. Piéu nay dic biét
quan trong trong bdi canh cac nha san xuét phai can nhic dong thoi nhiéu tiéu chi nhu
d6 chinh xac, toc d6 han, kha ning lap lai, chi phi dau tu, tudi tho thiét bi va tinh tuong
thich voi day chuyén san xuat [2]. Vi vay, viéc ap dung cic phuong phap ra quyét dinh
da tiéu chi (MCDM) tré thanh giai phap phut hop dé hd tro Iya chon robot han hd quang
t6i uu cho ting diéu kién san xuét cu thé [3]. Cac k§ thuat MCDM khac nhau d3 dugc
ap dung dé giai quyét su phirc tap trong viéc lya chon d6i twong [4]. Phuong phap phan
tich tha bac (AHP) [5], PROMETHEE [6] va VIKOR [7] la nhitng phuong phép da
dugc st dung, dac biét trong cac nhiém vu nhat va dat voi nhiéu phuong 4n va tiéu chi
dugc danh gia [8]. Nhitng phuong phap nay gitp ngudi ra quyét dinh so sanh mot cach
hé thé)ng céc robot khac nhau dya trén ciu tric thit bic cta cac tiéu chi va tiéu chi con,
cho phép qua trinh lya chon tré nén thong tin hon va hop 1y hon. Cac phuong phap dua
trén khoang cach nhu k¥ thuat xép hang uu tién theo twong dong véi giai phéap 1y tuong
(TOPSIS) [9] va danh gia dua trén khoang cach két hop (CODAS) [10] ciing d duoc
phat trién dé chon robot cong nghiép t6t nhat bang cach xem xét cac khia canh nhu hiéu
suat, chat lwong va chi phi. Nhitng phuong phép nay xép hang cac lua chon dya trén
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khoang cach cua chiing dén giai phap 1y tuong, cung cAp mot chi s6 rd rang dé so sanh.
Mic du ¢6 nhiéu nghién curu vé viéc lya chon robot str dung cac k¥ thuat MCDM, viéc
ap dung cac phuong phap nay trong viéc lira chon robot cu thé cho han hd quang con it
dugce kham pha. Han hd quang dit ra nhimg thach thirc va yéu cau nhu do chinh xac,
kha ning thich tng, d6 1ap lai,... Cac phuong phép ra quyét dinh pht hop véi nhimg nhu
cau cu thé nay 1a can thiét dé xac dinh robot pht hop nhét cho cac tng dung han hd
quang. Bén canh d6, phuong phap trong sd entropy 13 mét cong cu c6 gia tri khac trong
qua trinh ra quyét dinh, vi n6 tinh toan trong s tiéu chi dua trén tinh bién thién cua dix
liéu ma khong dua vao dau vao chu quan tir nguoi ra quyét dinh [11]. Cach tiép can
trong s6 khach quan nay dam bao tim quan trong ctia mdi tiéu chi dugc xac dinh boi
thong tin von co trong dit lidu, giam thiéu cac thién vi tiém an.

Trong nghién ctru ndy, cac phuong phap TOPSIS, CODAS, VIKOR két hop véi
phuong phap trong sb entropy duogc sir dung dé chon robot han hd quang phi hop nhit.
Céch tiép can nay cho phép danh gia toan dién cac robot c6 san bang cach xem xét nhiéu
tiéu chi hiéu suét va xac dinh mot cach khach quan trong sb cua céc tiéu chi. Béng cach
ap dung phuong phéap nay, cic nha quyét dinh co6 thé dua ra lya chon thong tin robot
pht hop véi yéu cau cu thé ctia qua trinh han hd quang, cudi cung din dén cai thién chat

luong han va hi¢u qua hoat dong.
2. VAT LIEU VA PHUONG PHAP
2.1. Phuong phap trong s entropy
Cac budc cua phuong phap dugc mo ta nhu sau:
Budc 1: Chuan hoa ma tran quyét dinh. Gia sir ma trin quyét dinh c6 m phuong 4n va
n ti€u chi:
X = [Xijlmxn (1)

Ta chuédn hoa dit liéu bang cach sau. Néu tiéu chi 1a dang loi ich (cang 16n cang tbt):
xij

Pij = Zm—
Xy
=1

Néu tiéu chi 1 dang chi phi (cang nhé cang tot):

2)
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1/xij

Pij =om 3)
> (/i)
Két qua p; ; 1a ma trdn phan phdi x4c suét cho ting tiéu chi.
Budc 2: Tinh gia tri entropy cua tung ti€u chi. Ta c6 cong thirc entropy:
m
E; = —k Zizlpijln (Pij) 4)
Trong do:
1
(5)

- In (m)
Luu ¥: néu pij = 0 quy udc p;;In (p;;) = 0. Khi E; cang 16n thi dir li¢u cang dong déu
dan dén thong tin thap. Nguoc lai, khi E ; cang nho thi d6 phan tan 1on dan dén thong tin
cao.

Budc 3: Tinh mac do da dang thong tin.

d=1-E (6)
Budc 4: Tinh trong sb entropy.
w; = ,? . 7
S (7)
Trong s w; thbaméan: 0 < w; < 1, Yw; = 1.
2.2. Phuwong phap TOPSIS
Céc budc cua phuong phap TOPSIS dugc thyc hién nhu sau:
Budc 1: Xay dung ma tran quyét dinh.
X = [xijlmxn (8)

Trong d6: m 1a s phuong an, n 13 s6 tiéu chi, x; ; 1a gia tri phuong an i theo ti€u chi j.
Budc 2: Chuan héa ma tran quyét dinh.

Ty = —— )

m 2
Db
=1

Budc 3: Tao ma tran quyét dinh co trong s6. Gia sir trong sb tiéu chi duoc cho boi:
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w = (wl,wz,...,wn),ZWj =1 (10)
Khi d6 ma tran trong $6:
vij =Wj'rij (11)

Budc 4: Xac dinh nghiém 1y tudong duong (PIS) va am (NIS). Néu tiéu chi 1 dang loi
ich:

A* = {max (v;;) | j = 1..n} (12)
A” ={min (v;;) | j = 1..n} (13)
Néu tiéu chi 1 dang chi phi:

A* = {min (v;;) | j = 1..n} (14)
A” ={max (v;;) | j =1..n} (15)

Budc 5: Tinh khoang cach Euclid dén nghiém Iy tuong. Khoang cach ti PIS va NIS
1an luot duge cho béi:

5t = JZ“@U - 452 (16)
57 = jzjzl(vij - 47y (17)

Buéc 6: Tinh chi s6 twong dbi (46 gan giii). P gan giii cua phwong an i duoc cho boi:

_ _Si
I~ otgo—
St+s;

(18)

Trong d6: C; € [0,1], C; cang gan 1 thi phuong 4n d6 cang tbt.

Budc 7: Xép hang cac phuong 4n. Sip xép cac phuong an theo thir tr giam dan cua C;.
Phuong 4n c6 gia trji C; 16n nhat 12 phuong an tét nhat theo TOPSIS.

2.3. Phwong phap CODAS
Phuong phap CODAS duogc thuc hién theo cac budc dudi day.
Budc 1: Xay dung ma tran quyét dinh. Thuc hién twong ty nhu phuong phap TOPSIS.

Budc 2: Chudn héa ma tran quyét dinh:
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—24__ tigu chi loi ich
{max (xi5) (19)
i = ; ..
PINGi) - tigu chi chi phi
xij
Budc 3: Tao ma tran cé trong s6. Ma tran trong s6 duoc cho bai:
vij = W] . rij (20)
Budc 4: Xac dinh giai phap 1y tuong. Dbi véi tiéu chi loi ich:

2 max (v;;), ti€u chiloiich )
i = {hnin (v;;), tiéu chi chi phi (21)

Budce 5: Tinh khoang cach Euclidean theo (22) va Taxicab theo (23).

n
E; = 2 (4] —vij)? (22)
j=1
n
j=1
Budc 6: Ma tran danh gia tuong quan gitra cac phuong an:
1 xX>T ’
Trong do: sgn(x) = {0 |x|<tvalaygidtri T =0.02
-1 x<-t1

Budc 7: Tinh diém tong hgp CODAS
m
H; = Zj=1Hij (25)
Phuong an c¢6 H; 16n nhat 1 phuong an tot nhat.
2.4. Phuong phap VIKOR

Cac buodc cua VIKOR duoc thuc hién nhu sau:

Budc 1: Xéc dinh gid tri 1y tudng va phan 1y teéng. Trong trudng hop 1y tudng (t6t nhit)
ta tinh:

max (x;;), ti€u chiloiich

J = Ymin (x;;), tiéu chi chi phi (26)
Phan 1y tuéng (tdi nhat):
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_ min (x;;), ti€u chi loiich
fi = J (27)

~ 'max (x;;), tiéu chi chi phi

Budc 2: Tinh khoang cach tong hop (S) theo cong thic (28) va khoang cach 16n nhat
theo ti€u chi (R) theo cong thirc (29):

n
f?‘_xl..
S; = E w; - (28)
i i ] f)_ﬁ

*

fj —xij
R, = L 2
; m?x [w; fj*_fj_] (29)

Budc 3: Tinh chi s tong hop Q

S;—S*
S™-§*

R;—R*
R™—R*

Q,=v- +(1—-v)- (30)

Trong d6: S* = min (5;),S™ = max (S;), R* = min (R;),R™ = max (R;), v € [0,1]
(thuong chon v = 0.5). v mo td mure dd uu tién lgi ich nhém con (1 — v) mo ta mirc d
uu tién 1oi ich ca nhan.

Budc 4: Xép hang cac lwa chon. Phuong 4n t6t nhit 1a phuong 4n c6 Q; nhé nhét.
3. KET QUA VA THAO LUAN

Trong viéc ra quyét dinh, ti€u chi lgi ich thuong dé cap dén gia tri cao hon, vi du:
kha ning tai ctia robot (bai toan tdi da hoa nghia 1a gid tri cang cao cang tt). Nguoc lai,
tiéu chi chi phi (khéng c6 1o1) ap dung cho gié tri thap hon, chang han nhu mirc tiéu thy
dién ciia robot (bai toan tdi thiéu hoa nghia 14 gia tri cang thap cang c6 loi). Trong nghién
curu nay, nam ti€u chi quan trong dugc xem xét dé lua chon robot han ho quang dugc
mo ta nhu sau:

- Trong luong co hoc ciia robot tinh bang kg (C1): Pay 1a trong luong vat 1y cia
robot, nguo1 mua thuong ua chudng robot co6 trong luong nhe hon, do d6 day la ti€u chi
khong ¢6 1oi.

- D6 lap lai tinh bang mm (C2): Pay 1a kha ning cia robot trong viéc thuc hién
1ap lai mot nhiém vu nhiéu lan. o 1ap lai thuong duoc wu tién cao hon, vi vay day 1a
ti€u chi c¢o loi.

- Kha ning tai ctia robot tinh bang kg (C3): Pay 1a tong trong lwong t6i da ma robot
c6 thé nang trong mot 1an. Thuong duge wu tién cao hon, nén day 1a tiéu chi co loi.
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STT Tiéu chi Pon vi Ky hi¢u
1 Trong lugng co hoc kg Cl
2 bo lap lai (+/-) mm C2
3 Kha nang tai kg C3
4 Tam véi toi da mm C4
5 Murc ti€u thu di¢n nang trung binh kw C5

- Tam voi t6i da ctia robot tinh bang mm (C4): Pay 1a trung binh ctia khoang cach
t6i da theo chiéu doc va ngang ma robot c6 thé vuon canh tay dé thuc hién cong viéc.

Thudng mong mudn cao hon; do d6, day 1a tiéu chi c6 loi.

Bing 2. Ma tran quyét dinh

Robot C1 C2 C3 C4 Cs
Robot-1 145 0.02 12 1441 1
Robot-2 27 0.018 7 911 0.5
Robot-3 170 0.05 4 1500 0.6
Robot-4 272 0.04 20 1650 3.4
Robot-5 250 0.02 25 2409 2
Robot-6 230 0.05 10 1925 5.6
Robot-7 501 0.15 6 4368 2.5
Robot-8 215 0.08 8 1801 5.05

- Mtie tiéu thu dién ning trung binh cua robot tinh bang kilowatt (C5): Day 1a sd
don vi dién ning trung binh ma robot tiéu thu. Thong thudng mong mudn robot c6 mirc

tiéu thu dién ning thap hon, nén day 1a tiéu chi khong co loi.

Céc tiéu chi khac nhau dé lya chon robot han hd quang duoc liét ké trong Bang
1. Thong tin vé tam robot han ho quang véi nam tiéu chi C1, C2, C3, C4 va C5 dugc
tong hop trong Bang 2, thé hién ma tran quyét dinh. Thong qua tinh toan entropy ta duoc
trong ) gitra cac ti€u chi lya chon robot dugc thé hién trong Hinh 1.
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Hinh 1. Trong s entropy cuia cac tiéu chi

Ta thay rang tiéu chi C2 c6 trong sd cao nhat 13 37.797% va tiéu chi C5 c6 trong
s6 cao thir hai 14 24.275%. Trong trudng hop nay, cac tiéu chi c6 loi bao gom C2, C3,
C4, trong khi cac tiéu chi khong c6 loi 1a C1 va C5. Hinh 2 1a két qua so sanh tht hang
gitra cac robot dugc thuc hién thong qua 3 phuong phap TOPSIS, CODAS va VIKOR.
Két qua cho thiy Robot-2 dat vi tri hang dau trong ca 3 phuong phéap, Robot-3 ciing
duogc ca 3 phuong phép danh gia 1a lya chon thi hai. Trong khi d6, Robot-6 va Robot-7
dugc danh gia 1a phuong an té nhat. Thir hang dat dugc bang 3 phuong phap TOPSIS,
CODAS, VIKOR c6 tinh nhit quan. Pic biét mtc d6 trong déng cao giita TOPSIS va
VIKOR, khi hai dudng biéu dién gan nhu tring khép trén toan bo cac phuong an. Picu
nay phan anh ban chat twong tu cta hai phuong phap trong viéc danh gia khoang cach
dén nghiém 1y tudng, tir d6 dan dén két qua xép hang 6n dinh. Nguoc lai, phuong phép
CODAS c6 su khac biét tai Robot-1, Robot-4, Robot-5, Robot-6 va Robot-7. Su sai 1éch
nay bat ngudn tir co ché két hop khoang cach Euclidean va Taxicab, khién CODAS nhay
hon véi d6 chénh 1éch tuyét ddi gitra céc tiéu chi. Mac du tdn tai khac biét cuc bo, ca ba

phuong phép déu thong nhat xép Robot-2 14 phuong an t6t nhat va Robot-7 1a phuong
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an kém nhat, cho thay hai phuong a4n nay thé hién vu, nhugce diém rat rd rét so voi phan

con lai cua tap dir liéu.

—@—TOPSIS
CODAS
2/ Q VIKOR

3d

8 | | 1 1 O
Robot-1 Robot-2 Robot-3 Robot-4 Robot-5 Robot-6 Robot-7 Robot-8

Alternatives
Hinh 2. Két qua xép hang céac lwa chon

Cac phuong an thudc nhom trung binh (hang 2 dén 6) c¢6 su dao dong khong 16m
gilta cac phuong phap, phan anh sy khac biét trong mirc 4o dong gop cua cac ti€u chi
d6i v6i tirmg mo hinh MCDM. Su dong thuan vé phuong 4n tot nhat va kém nhat giita

ba phuong phap khang dinh do tin cdy cao ctia két qua ra quyét dinh thu duoc.
3. KET LUAN

Nghién ctru ndy da dé xuat va trién khai mot khung ra quyét dinh da tiéu chi nham
Iwra chon robot han hd quang cong nghiép phu hop thong qua viéc két hop phuong phap
trong s6 entropy véi ba k§ thuat MCDM gom TOPSIS, CODAS va VIKOR. Trong sb
cua cdc tiéu chi dugc xac dinh khach quan dya trén muc do bién thién cua dit liéu, han
ché anh huong ciia yéu t6 chu quan. Két qua phan tich tir ba phuong phap MCDM cho
thiy su nhat quan cao trong qua trinh xép hang, dic biét khi ca TOPSIS va VIKOR déu
cho két qua trang khép trén hau hét cac phuong an. Pang chu ¥, ca ba phuong phap déu
thong nhat lya chon Robot-2 1a phuong 4n téi uu, trong khi Robot-7 dugc xac dinh 13

phuong an kém hi¢u qua nhat. Di€u nay chirng té mic dd 6n dinh va do tin cay cua mo
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hinh danh gi4 dugc xay dung. Nhom phuong 4n c6 thir hang trung binh thé hién su dao
dong nho gitta cac phuong phap cho thiy viéc Iya chon cudi cung trong nhoém nay can
can nhic thém céc yéu t6 thuc tién nhu chi phi dau tu, kha ning tich hop hé thong va
diéu kién van hanh cu thé tai noi san xut. Trong tuong lai, m6 hinh cé thé duoc phat
trién theo hudng tich hop trong sé chi quan tir chuyén gia, st dung dit liéu mo dé xu 1y
tinh khong chic chan hoic mé rong tap tiéu chi nham phi hop hon véi cac yéu cau cua

cac nganh san xuat khac nhau.
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