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Optimization of Assembly Robot Modeling Design Based on
FAHP and Entropy Weight M ethod

CHANG Yu, LIU Bao-shun
(Tianjin University of Commerce, Tianjin 300134, China)

ABSTRACT: The work aims to further enrich the modeling image of assembly robot to meet the needs of usersin view of
that assembly robots have been widely used in manufacturing industry. The modeling design process of assembly robots
was studied based on the fuzzy comprehensive evaluation method (FAHP) and the entropy weight theory. Firstly, a hier-
archical model of user needs for assembly robots was constructed based on analytic hierarchy process (AHP) and the pre-
liminary weights of each element were calculated. Secondly, the entropy weight theory was introduced to complete the
analysis and calculation of the revised weights of each element, and the initial weights of each element were fitted with
the revised weights to form the final weights and conduct ranking, which provided an important basis for the modeling
design of assembly robots. Finally, taking the design practice of small Omni-directional assembly robot platform as an
example, the specific theoretical analysis is carried out, and the innovative design of small Omni-directional assembly
robot platform is formed. Through the fuzzy evaluation method, the optimal scheme is selected. The feasibility of the de-
sign process is verified by the practice process, which can provide better product modeling image.

KEY WORDS: industry design; assembly robot; FAHP; entropy weight method

B RE I i C O 3 A S RGBT R Ik, 360° R A S R ALE Tl . Rl TS A
Jrig, o, RERCHLEE AR T oM, BRI SUSURCH BT . B, ZERARIEE R, L
T OARECHLAE AT P, BIREE AR AR B A BT 0 AU R A BbR ALY,
iz, P RS S A bR LA AR R M, FH Muir BEIER T 5T A S I AR AL R 25

fs HEE: 2020-10-12

EEWMB: X2 TALARSLRIAME (20YDTPIC00360); X EF#HFAE “+=2" MXEM (HE3015)
fEE®N: war (1986—), B, LWBEA, #Hid, REFLRFHF, TEBHTTAHZRILF. LT EHF,
BISEE: M2MW (1962—), §, ITA, i+, REALKFINHIL, LTE2ALF AP, 7 Fhusb sy,



92 1 %

T

202141 H

Baiples N A1, 25 Ren LA ABHNIGE T
MY G455 R BIADE ST R B s, (A
e AR B S S bl A i il D RE 55 SR T RE A
Gi—, PR TR ok 27 R B B R A
S R RS . P, R b
PLas NGB R , Wil 2 1 aaoR, feiatid R gl
ABBZ R AT (FAHP) SRR, X AH K1k
BB HEA T4 =

FAHP 757 fh B A B SCBEPEAE T, dniseit sk
HO R AT ALsg A REAS I BE )
PEAT IR UK 73 I L3 VA 5 IRCBIE AE 32 2838 I AE X
R PAG T AR PP A AR AT B AT HILAR T
TG B A BB T S PR BT T A EER AR A Ak
PP RN E PR, AT E A 48 B A T 5¢
I HEPPAG SR R XE L, PRI, DL FAHP S5 AL
HRIE Y [ B A AR AL BRAIL 85 N 3 B 503 o ] P oK
AR, REASRE S BT Ry N . RO
L T I AT oK

1 RENSFINTEREN

BT R AT AT DL P 55 SR 43 B i) 1 A 45
SRR BRI BT X S AR SRR X Sl A
B RIGVERI 20 H 2552 2% A1l BRBE X 45 L
N TS BOR, s R . TARR TG FfT
e EERAE, L, 2705 s RLALas AR E 2
WER XS . 27 (i #% BB FL AL AT Bt A4
TASE B, AT B ) 50 RS | L 360° TR
G 09) o Rk s 1) RSB B0 3 B R A .
Compass Q2 PU4g 4[] F- 5 UL A 1,

SRR N E BTG | T
BLORuHAT S . RS, Hid, LB AR AL
W6 TRBARIRES | R AT 8855 ; 1% E H
HIF B4 A 5 F U Fp 28 8 R T AR SR AN,
&7 i B Bl e B ML AR A X I 22 P R g S0 A T AT
HAbAb B8 ; LR R B A S W IR R BIE B | IR R
il s | BRI sEAG IR | BE B AL A | L R
Wroi il et 45, (HAL IR, JUHOZAMERIG IR, I
T B LR G | AT ESOR AT [, T

e,
P

K 1 i’k Compass Q2 [U#k4 [ -4
Fig.1 Four-wheel Omni-directional platform of Compass Q2

— R LA B i R, A SR R
X AT, TERMBGTH, Pl 1TERE . Kin
AT A S BB AR S A . PR KUKA &3
PLERAULIE 2. DAL, AR P B B A i e oy
Prédidi, EEEXHLE | AT ERE | Rinf AT 4 i %
PO E ATV, DIAT G IRES AR

2 EFFAHP-BHEGECHRARERSHTE
#Em

BIFTE R, 2 ORI A i ] 308 e A 3 S R A
TERCF IR E A BRI, IR AR
S8 IE VEAR B I E HEPPAS o i PR R 2 LA N T fE
Bk, B e BERRTIAGRIE, A& TR
TR | AP ARGIERR TARE Iz RN . 1
an B R R, RIS TR WA, TR
JER T SR T AR LR A W i A S
SR, IR B BOH T kAR (WA 3), g
58 N TP AR B R 2 B 9 2 e HIL i A 4
Brideit.

K2 fEE KUKA BshUiLas A
Fig.2 German KUKA mobile robot

FXRBG BRERMT

A Y
| mxEEeE | > EREFRHE |
: | eigmsitres
EBRER
RE T |
g% FAHP
FEWE

EBREEHN | —

K3 BtIr ke
Fig.3 Design and development process




a2k 2

WS . TR FAHP-RACHIS A0 B HL 2 A8 BB AL T 5T 93

21 HERRXRSHESR

B2 BTk 5] A B BCALES A= i A s
At AR v, A 2 R A B A A 8 1 2 (R A A AT
F S . ARIE 2 R BB R a] AT A TR A, X
REMLHLAF N IE RV BB R I B A TR

BRRE , BAnZ 2006 H P B R 30
BLER N “ERBAR T 227, MENZBEE QR %L
BRI, RZEEREZIONN BIHERT;
W2 FT7 58 )2 B9V X5 G MR AR 5L AR %) 1 31 X G2 i
PR T8 5 S BES A 2Rk it
FIAH ST T, Rl A B R AGEE M HET -
FLRJZ R A3 B AR e 7 DL A 4.

2.2 IR IEIENE

18 JHJZ R0 A i SR A J2 RS 2 rp 2% 23R A
{6, EEMEEZPAPE 09 0EH, L, FHmAL
BT AR ARE I ML 2, 458 L FI e
R P ENURARLE , 4R PP A SR, 5
F VTR AR B & WL . BRI TR 18
I, SREIEAGE (JH fi3R), JRuT.

i, T RKIEAT VAL, PR AR T S 2]
POy, G — A FE THA Hh AE EACE (]
PR Do [, HKIR B ISR, SR R)Z2 TP
KB TR EH (1~570) BIHER py.

5, SRR DT SR )2 T HR BRI R O 4
PR BARPRR ARSI OACE, Hob n O iR SR SR
o WA AR A E R X E A (Y,
R o

Y = _Zl o7 an.j (1)
j=:

AR, M py (j=1,2,--,n) HEAL AR,
A ER RN A R e K, I AR, B py HRUEAR
A, R K, N Yoac= LN, FH Yoo XEAR (D) #EFT
IH—ACAbFE, FTAIBE TR n A EEZE R R (E (T
f! %N ):

BAEE T H RN EENE
gEx [ mE || wE | i##

Kl 4 JRR TR IR AR

Fig.4 Hierarchical analysis model construction process

1 n
fl=—— ik Npij 2
i Lnn; PiLNpij (2

FHE, Y p; (j=1,2,---,n) EAHFES, f'=1, HP
f IO O0< f/ <1, Pl BOHER n i HEEJEE L
o (1-1 ). X (2) H—fbabB)E, 5] npYEZE
JERUE (e Em) N

L a1 3

m-> f’
i=1
He.m AR BRI, 0< g <1, Y ¢ =1,
i=1

=, RV E R B IERGE, SR
FWPERERTE, ATFR N fi=f +a.

S, TE A BB R MR . B2 R A
iR AT RIES WO E R IACEE S B EANE T
LA AN e AL, LIS R SA TR HET
MBI S %

3 IMEEFMFENFAFEERITEL

3.1 BriEEIfgE

JERBER R g 55 TP A /N A2 T5 (i 2
FCtlas A B80T BOE b BRRE, TR A R,
IR, AR TR SR ML e AAR ST T AR, 255 %
FEbL e AL ZEFG 5B SL i AL | fE 3 | R
U PRAT g B B 0 A, /N 07 (AR LA A
AT E R A RS, T ) I RE” A I
A7 MPBOTE R H, “Iife” BRMT b &
AN, HE b REA . b BAE . b FREIL . by B3N
s R ERATE c R, B o, %
2 AR ca R E . B2 A LA 5,

3.2 FItEEWMEITESEIE

AN BRI A EEDP IR T B,
MR 38 2 A R s /N B 42 7 (7 A P AL e K- 7
HERB PRI, T 456 RPN, 18 1T yaahp
PEATRIBN TR, R R BT E R A 5,
iz FR A S PEAT A B IE , BARBIEARHR 617l
NEREIRIT, LBWMT.

i =

Hin

| RaMP R/ NIRRT A |

EREaicanEm
& 5

| mwm | | zem| | man] | maEm]

AU B

Fig.5 Hierarchical model



94 1 %

T

20214F 1 H

HE AR, MR, IF2EAT IR ot
WA o S TP RO MERR I, B0 A BT Ll
TERCAE | BRI ML 7= St imsE 20 4%
WS 2 53T, W4 )2 B 0] A Z R R AT
€, AR IE i yaahp S4F AR G IFIE v A2 4k
Fe, /NEL 7 R HL & A F 5 45 B2 R 0T AP AL
HIFOILAR 13,

WRARIAL RIS HEAT 2B AT PR
s 5 2L RKIEMRTT, BRI R ERS % iR
KO—Q), HENBITERXWAEBIEE. R
s R HHET AR A P DY ) 5
iz AR ACEE TR A A B IE(E (R L S 4T
DL, W 4) BTG, f /N7 (3
FCHL &R AF BB R R R A AR S HE R, W3R 5,
Rt — L BRI B S %

3.3 AFREITSIEM
B, IR RO ER AR, e R
JEE e ) R AR O e A, R 2 B N T 6 2

BCHLER N SR 64, U 3R, WE
6, NEZHLMINFTEL HE2, HE3

HW, FFLEABMEMNTE, X 3T r Lt
TV, BRI,

B—, WaE 5L T T VPRS0 2 R K H X
B BIARE o BRI, PR KR 2 I A v )y )2
MERIFIE, & 4NN ER, BEhE. RiF.
Gk 2, MR, ¥ 4 g b e EE
SIMRAE J9 90 43, 8043, 60 43Fi1 50 43,

B MES ER AR R N 4Ty o 2 e
HLEF N B 3T 45 22 AR ) A 4 J2 R 43 BT Y
g5 (3R 1—3) WAL, EN)Z w,=(0.6667 0.3333);
J7 )2 45 VEAK B AL [ & wy=(0.1906 0.4182
0.1205 0.2707), W=(0.2926 0.4155 0.1070 0.1849).,

S, MO ZE A PR AR T A BT A R
LRl oa b ey i = L] KR S E it =R MO N G = K LN

R4 AREEREARMBENE

Tab.4 Basic revised weights of elements at scheme level

. RS = P £ 1~54 H—
1 HARPERNENEHHNEERRE e MR (SR B
Tab.1 Modeling design consistent with user EX S 4 3 2 1 A
images judgment matrix and weight b, 1 2 2 0 0 19 0.125
a b [« E w b, 3 2 0 0 0 23 0.151
1 2 0.6667 bs 1 1 3 0 0 18 0.118
c 1/2 1 0.3333 by 1 2 2 0 0 19 0.152
C1 1 1 3 0 0 18 0.118
F2 “ThEe” N FIMTERERINE c 3 2 0 0 0 23 0.151
Tab.2 Judgment matrix and weight of “function” criteria s 0 1 3 1 0 15 0.099
b b1 bg b3 b4 *Xﬁ Wi Cy 0 2 3 0 0 17 0.112
b, 1 1/2 2 1/2 0.1906
b, ) L 5 ) 0.4180 %5 BIHERMNEBEE
Tab.5 Weight correction values of design elements
bs 1/2 1/3 1 1/2 0.1205
w1 Z i S :
b 2 12 2 1 0.2707 WHEER ERCNATR] T4 REAE HEF
by 0.3300 0.5206 6
®3 EE" EMNHEEERINE b 0.4972 0.9154 1
Tab.3 Judgment matrix and weight of “form” criteria bs 0.3618 0.4823 7
c 1 C Cs Ca KU w, bs 0.3570 0.6277 3
C1 1 1/2 3 2 0.2926 C1 0.3246 0.6172 4
C2 2 1 3 2 0.4155 C2 0.4444 0.8599 2
C3 1/3 1/3 1 1/2 0.1070 C3 0.3056 0.4126 8
Ca 1/2 1/2 2 1 0.1849 Ca 0.4054 0.5903 5

Ke BithRERE

=
EREanoanes

=t

Fig.6 Design scheme set



a2k 2

WIS . TR FAHP-RACHIS 08 B WL 28 A8 BU AL I 5T 95

e

K7 BtEck
Fig.7 Design effect diagram

WML GE TR AT 0 B, LT 58 2 9], B3
WZBPFM T (S %om “IIRE” BITFMAE R,
SR IR IR ):
[0 06 04 0
06 04 0 0
0 06 04 0
106 02 02 0
06 04 0 O
06 04 0 O
0O 0 06 04
|0 04 04 02
MRAEVEOAE I, TSR EN ZE X 7 %8 2 I PE M AL
(H P P, /R ) WIF: Pi=wy*S,;=[0.4133 0.4080
0.17850], P,=wc*S,=[0.4249 0.3572 0.1381 0.0798] .
DI AS 8 R A
. [0.4133 04080 0.1785 0
P=[h Pl :{0.4249 0.3572 0.1381 0.0798}
RO, RIS 2 MRS ERE (R M
Lon ) FAE RPN SR (HFEE N ER): M=
w,*P=[0.4172 0.3911 0.1650 0.0266] ; N=M*H=80.07.
PAIEZHE, 758 14940 62.60; /7% 34343k 70.93,
AL, FERET, EATEMAS TR 2 ik
BRI, EAE XTI E R bl %2
A TR E BT, B2 e g ATk
B H N A T B R, FENREE b2 )
RERCH, H AT HE T K FoAR AT %, & T 28
TAEG R SXTRITEER o %2en, HE 2 A
PR A R, TEDRERI R IR ST I TR
RO ERJJUADEZS . TR, SR 22 se gl il 5 XA 7k 2
B, HIREAGSMERESL, BoR TR E | TEE
S BEXTBOTER b Hlahk, IR 2 RAZ R
e AT E R E R, RA O, FE REOR
SN TR SVl 6 S (TN D DN R o VI NN (43))7
RE ISR ABLSh R RE , X T 52 2% 14 FC A4 B 48 L 1Y)
ST VA i S 1P i UL (B 9 SR B piEeee A
TR BB R o TR, 7 SR EEA Y
% E | IRERI ORI AT as AT 2H S, HE 6
KA, Bl G REMSE K, BRAES
PR, DT AL R X R TR E S, B
Hb, A HM B E R W T TR, e

BB . FERP RN ERE b, DIBCRES | SR
RGBS, T3 2 RABGTRCR LA 7,

4 Z5iE

B NG BT b, 5 A 2R 53T
i (FAHP) SIS, SEml 1T 23R &2 H
HOPHT, Rl NG BB R AR e, M T
T ) 3 C BIL e 3 BT RO T A i g . B EE IR
=5 R

F—, VOB T E S A R
I, BRI Z R A A R AE R, 5IA
WAE 58 B4 EH R B EACE A 535, UE N
RZRCEIFHE , TS T n] 5 5 5w A4 3 o
Wl o 5, MR BT E R AR R R Mt AT 1/
B4 T7 (e L N AR i sE ik, B 3 M,
AT TRV o o7 58 2 P o Ede i, HT
H 2 WS TR TR, W b BE L o
LA b BB oo WIS ER AT X PR, N
I, SEod R RE S IS TR AR Y AT AT M . AT {HAS R
e, PPOMIIIEAR G & 0 T 20, WAES s i F
FEH R TR IE A R A B =, Bt
L2 WA HTE A S A A, BEF T R R
RCE A A3 B R AR I, SE il 1 B R A
7 s BT e B IC ARG, TR T RIET T A4, JERA
BB PEA O e B0 T7 38 o PRI, BTt Rt T 7
ML A i 193 BB T &, AR S L/ N 4205
PR EEHL A NP BB o PIEAT U W, JE R A H AR
[ 28 77 il ) T i e b A AT B 0 PR A B B R
SRR

S 3k

[1] WU L, YANG X D, CHEN K, et a. A Minimal POE-
based Model for Robotic Kinematic Calibration with
Only Position Measurements[J]. |[EEE Transactions on
Automation Science and Engineering, 2015, 12(12):
758-763.

[2] CHANG LONG Y E, ZEHUI T, SUYANG Y U, et a.
Kinematic Analysis of an Omnidirectional Mobile As-
sembly Robot[J]. Robot, 2016(38): 550-556.

[3] DONGCHEN L, JUNZHENG W, SHOUKUN W, et al.



96

il %%

T 7

20214F 1 H

(4

(5]

(6]

(7]

(8l

(9

Omnidirectional Gait Switching Method of Electric
Parallel Wheel-foot Robot Based on Velocity Vector[J].
Journal of Mechanical Engineering, 2019(55): 17-24.
PN, PIREAR. AP 407 6L S AL s N R e R
il B AR BT, T E R SRR, 2017(5):
13-21.

JANG Cheng-can, RUI Yan-nian. Research on the In-
telligent Control Technology of the Uneven Road Omni-
directional Mobile Robot[J]. Scientia Sinica (Technol-
ogica), 2017(5): 13-21.

Zb, U, EE, % —MET EIH ARERHLE
NARSETT L[] BB TR, 2018, 54(7): 38-44.
LI Bing, FU Wei-ping, WANG Wen, et a. EIH Based
Calibration Method for Assembly Robot[J]. Journal of
Mechanical Engineering, 2018, 54(7): 38-44.

MUIR P F, NEUMAN C P. Dynamic Modeling of Mul-
tibody Robotic Mechanisms: Incorporating Closed-
chains, Friction, Higher-pair Joints, and Unactuated and
Unsensed Joints[C]. San Diego: |EEE, 1988.

REN C, MA S G. Analysis and Control of An Omnidi-
rectional Mobile Robot[C]. Piscataway: |EEE, 2013.
W, FEAk, HRE . TR S R T I LA A
RN SE[). fdk TFE, 2019, 40(8): 123-129.
CHANG Yu, TANG Lin, TIAN Yuan. Coupling Charac-
teristics Study in Modeling Design of Security Robot[J].
Packaging Engineering, 2019, 40(8): 123-129.

SHI H, LIN Z, ZHANG S, et al. An Adaptive Deci-
sion-making Method with Fuzzy Bayesian Reinforce-
ment Learning for Robot Soccer[J]. Information Sci-
ences an International Journal, 2018(4): 436-437.

[10] AJAY G D C, SENTHIL KUMAR V S. Analysis on

Critical Success Factors for Agile Manufacturing Eval-
uation in Original Equipment Manufacturing Indus-
try-an AHP Approach[J]. Chinese Journal of Mechanical

(11]

(12]

(13]

(14]

[15]

Engineering, 2016, 29(5): 880-888.

E#%, RIEW, HIEBE. T AHP-GEM BB 43 Hr i
AL B LS WA (3], ML BT, 2017(2):
109-113.

WANG Miao, YU Sui-huai, YANG Yan-pu. Human-
machine Interface Evaluation of Aircraft Cockpit Based
on Fuzzy AHP-GEM[J]. Journal of Machine Design,
2017(2): 109-113.

ARTDLL, SRR, MR, fE. T = e RAUE
189 75 S 45 V8 7 I KU 3P4 5 ik (9], 8 ) Bk
£, 2018, 38(8): 132-137.

XIONG Wei-hong, ZHANG Hong-zhi, XIE Zhi-cheng,
et al. Risk Assessment of Power Transformer Potential
Fault Based on Cloud Theory and Entropy Weight Me-
thod[J]. Electric Power Automation Equipment, 2018,
38(8): 132-137.

EIROR, =R, BELE FETRA-TOPSIS #AfY
AT 2838 5 T B PR PR 7 9], 2 B ST R
$%, 2018(9): 107-114.

YAN Xin-xin, YUAN Zhen-zhou, MAO Si-jie. Coordi-
nation Evaluation of Non-motorized Traffic and Urban
Design Based on Entropy Weight-TOPSIS Model[J].
Journal of Highway and Transportation Research and
Development, 2018(9): 107-114.

MOURIOUX G, NOVALES C, POISSON G. Omni-
directional Robot with Spherical Orthogonal Wheels:
Concepts and Analyses[C]. Chengdu: |EEE, 2012.
IRLLM, VP, R, 5. BAT AT GRS ol R B R
Ty g i 7 AL &R AN it [J]. HLIRf% 3, 2016(6):
63-69.

ZANG Hong-bin, XU Xiong, ZHOU Ying-yue, et al.
Design of A Novel Robot with Omni-directional Mobile
and Obstacle-crossing Function[J]. Journal of Mechani-
cal Transmission, 2016(6): 63-69.



