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Decision-making for welding process based on
similarity-modified relation inference

FENG Zhigiang', HAN Junfeng'?, HUANG Weiming’, LIU Cungen'”’,
GAN Lu‘, HAN Xiangxi', JIAO Ziquan'

(1. College of Mechanical and Marine Engineering, Beibu Gulf University, Qinzhou 535011, China; 2. College of Electrical and In-
formation Engineering, Guangxi University of Science and Technology, Liuzhou 545006, China; 3. School of Naval Architecture,
Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 4. Advanced Connection Technology and
Automation Equipment Research Laboratory, Shanghai Institute of Shipbuilding Technology, Shanghai 200032, China)

Abstract: Based on the analysis of the characteristics of compositional relation inference and existing similarity reason-
ing, an approximate reasoning pattern is proposed, which combines the similarity measure and nearness direction to gen-
erate a modified (or induced) fuzzy relation. By introducing the function of nearness direction between fuzzy concepts,
expansion-typed and reduction-typed modification operators are constructed. Accordingly, a general expression of the
reasoning model is given, and the selection of some modification and translation operators for constructing fuzzy rela-
tions is discussed. The proposed method is applied to the decision-making of welding process parameters and determin-
ing reasonable parameters of welding codes with a given penetration depth. The experimental results show that the reas-
oning model has high computational accuracy, which will help in the accurate output results of approximate reasoning to
every change in the input fact.

Keywords: approximate reasoning; similarity measure; nearness direction; modified relation; z-norm; modification rela-

tionship; translation operator; welding code parameters
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R, % FETHUE IESC R HEBLAY S5 T 2R - 881 -

R0 Ak BT B AR A A6 R AR A A ) B A
BLHET7 2, A 2 DR SRR RIS i B OR fifp e B
R A T 1) L, R SORY 4 PR 45U, Zadeh 451
R T A O R M HEFEAL L (composition-
al rules of inference, CRI), Z J& & Z v 2F & W) 785K
5588, T8 Tl SURAS D H o %00 1 B A
5517, A8 R4 19 A BRI UE BH , HE B 25
ANTTIA Ji, I AE — 28 N FH A7 A 2 R S S
B A B RS i, — s H AR 4G E
S5 R0 B AR AL, PR —FP S CRI A B
2% S I A AR X2 AR LR B R HE B (simil-
arity-based approximate reasoning, SAR)"”, 7EiZ &
P HERE B, Chen 25U 8 T AR L 4: i rboRE
D] J A W ] % R, 25 S 22 b i R eR B Y R B
2 ] A L AU R — o LA 3 T G 2 A A
R HHE B A B XM HE HU X (fuzzy modus tollens,
FMT) [, Mondal 21" 25 ) 3 b 35 F M1 DL EE 1
i [) HE B AR Raha 261 25 A BOMIOC R, F 1 3
TRAARLRE (RO HfE B0 Li B i — e o
B T Raha fEFRA A A OCHE BT . o5 — 5 T, BFSE
A GUFE SAR #3873 40 e 21 X [HE B (WARh
vague B ELE M) B, Chen %" HE T X
(] {508 4 22 8] 9 AEARL 1R B 1, 4 R — ol o A X
T 3T AL 4 F O i 2% LA ket T X ] AR 4
(AR AP B o, 80— 3 A U 1 22 0 D A
R HEER Oy s A T o AU T X ) (AR £
W B A FE B R B, 26 Hh 3 T DX TR (RO 4 1 25
(10 XS 1] 30T AL 3 355 Feng 251D B0 (DU 1 5
A DX T BRSO O 3R i R 2, 8 Hh — 3 T &4 1 28
& 1F 56 R A3 R 3 PR 50 T304 st 51 A
B PRBOR E SCIX TR E RSO AR DL BE, I 0 HT 1
I AL B A R 3

FE T AHARLEE A HE FEAIL T AR 4l AR R ST
P 2Z 18] AR B, 4 IR — 2 B Sk X S Rtk AT
BIEk T A R, BIETHREN AR, 2R
iy 23 SR X A A SRR 00 i AT R AR L R
B R B MR NE . AR SCHE 7 M CRI S SAR R
BN & B2 Ab By SEal I, 38 o BRI S 2
() (49 005 30 7 1] eR R, B R — Tl AR AU IE DG &R
P HERR AL . 4 MG R 5 4hk 2 FhIs Al
B IETTR T 28, TR0 T3 4k 55w A (1 1
BOWIOCR) W ALE -, 3010 45 1% 7 IR e SR 82

SRR

I AMBEXRZEE

1.1 CRI5 SAR ##2
W AeF(U) Fl BeF (V) N4 A — B 1

R JEMF, A eF(U) WA EFT ., RTHEMEE
EH (FMP) B4 1 R 5595 (CRI) AR
B'(v) =sup,, T(A"(w),R(u,v)) =
SUP, . T(A' (W), Ry (A(u), B) o
KT -850 R MMM A - B AL
UxV FHIBRIE R Ry WAL ¥ BT W
/NZ B min, Ry & Mamdani 21, N;
B'(v) = sup,., min(A’(u), min(A(u), B(v))) =
min(sup,.,, min(A’(u), A(u)), B(v)) &
3t (2), 25 FTIF A, 2 sup, minfA’(w), Aw)
(URRIEIC R ) y— i &, W o A A7 i) 22 4k,
W45 R B AR . N, 4 A ={1,0.7,0.5,0.2},
AW EC A7 oM {1,0.5,0.2) L {1,0.2) . {1,0.9,0.7,0.4} .
{1,1,0.8,0.6} %5, 1] UL, 1 F CRI K &4 A 50T
PRE AR R TE S, S 8O — 2 S AR
HEFRL5 18 5 PR B ANAT o
Xf TR T AR BE 9 T BLHfE B (SAR), L
— AT RN
B'(v) = M(S(A’,A),B(v)) 3)
KXp: S@,4) k585 TR A AE L EE
M:[0,1? > [0,1] MEIE R (B IEE T), £
PUE S@A, A XNFIEF B BIEXR, B2, HT
AFACLPR I B2 Y 58 P, 2 A7 R A EL 3R], HE 3 45
TR PR R A, BV HE R B o 1o 4E 3R 48 rh & A=
AL . H DA, [ SAR XTHT . S5 R N AHE G
BRIAT 25 T A, FECE I LA G B HER A58 .
1.2 Wik 77 (6 &R 3
5 ST OL A B rhORH BLRE 110 5 R B Z5 18
B 52 . BEHT M A={1,0.6,0.3}, 45 & 3 5L A8 &
A=A 5 A”=1{1,0.8,0.5},A, =<1 A”=1{1,0.4,0.1},
A A RLURE 5 ph R I A BE B R B L, Ry

’ — _l - ’ _ X
SALA) =1~ Z A" () — Auy)|

M= (3) A B, =By FUH, 4 A=1{0.8,0.6,03,
0.1}, A ={1,0.8,0.6,0.3}, A, =1{0.6,0.4,0.2,0}, H 52
5 A R AR B A T B E S,

D min(A'(w), A(u)
SALA) =S
D oy MaX(A' (), Au)

M= Q) [ B =8, #iliHZ, 4k
NG [A G 0 3 22 S, HERR G RA 4E R AN AR, X
BERILE I AR A — I T3 S 4

RO, FEBUA TR A 3T A4 HA 2
T R AL DG A A A5 S 55 R 0 A 2 D £ 422 30
R HEAT AR, ok i W ARE & A SR & ek B AR Y
), W<high” . “more or less high”, “minus
high”. “plus high”. “very high”%%, Jy 5] A—4>
RSASIABE 22 (R0 30 1) pR R 2 L
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EX1 &Ny : F(UP? - [-1, 1L VA,A € F(U),
WA

] n
No(A"A) = — 3 (A'(w) = Aw) ©)
i=1

FR Np R FU? LW — A5 7 ) R,
ap(A’,A) €[0,1], B A HIE IS IT A, PR A7
TG Ao BN, 45 AR EGE IR iy 3
W T4 A A’ A” € F(N)-
A =“little”={(1,1),(2,0.8),(3,0.5),(4,0.3),(5,0.1)}
A’ =“plus little”={(1,1),(2,0.8),(3,0.4),(4,0.2)}

A”=“minus little”={(1,1),(2,0.8),(3,0.6),
(4,0.4),(5,0.2)}

H 2 (4) F5: Np(A”,A) = —0.06, Np(A”,A) = 0.06,
BI A FL A 435 G IE 5 M IEGE A, X IR S
A FEXT A JRGEWE R (BP A7 C A), T A7 AHXT A 2T
JER) (B A7 2 A),
1.3 EPEEPRNEMEEXRITE

FRAE AR, ARTFEBA SAR H#HEHA Y
BLfil b, 256 CRISAGTHE BYRE AL, S 51 AN i
J7 1) R, B — A i A 5 ) A AL %o
B G 2R WEAT 16 15 /9 #E B 7 325, BIAR U 1E 6 &
4 (similarity-modified relation inference, SMRI),

SMRI 5 ik:

D) MR F A 5HiF A B AHBLEE SA”,A4)
FU S 77 18] Np(A”,A) 347 DG FL T35

2) i HEALE A+ Ry ¥ 55 A — B e fk
R E R R;

3) KIE S(A,A) I Np(A,A) ¥t R #EATIEIE T
B AERBIELR RABRIB X R);

4) HIBIECR R BRI A S 4518 B o

I DU B A B AR A Y AR AR A
SRR R o AR AT B R R R A
FESZ ALY, a0, 4 S5 F A e an 2RSSR 40 1, IR
AEREBT 7R 2 45 58 B FE L SE R AR LD | <3
A s, vl o B R e SRR R
A, T DUE T

A'CA= B CB (%iR)
A'2A=B 2B (§ER)

1.4 BEHERR

WA HIE T A, W% TR e U 2 Y
RBERT AL 25 A=A, W B =B, 45 A BEIMH 5 A 1)
FEARLEE A, W) B g B 22 38, [R5 B A AH AL
JE LA B AR . P SMRI B LM EE R p &2 R
BRI 245, BB IE R R N FE S(A,A) [%
G fn, P S Np(A',A) >0, R B S(A%,A) 251k
7 ik A -

1) #F SALA) =1, ] R (u,v) = R(u,v);

2) 45 S(A,A) =0, W] R'(u,v) = 1;

3) 45 S(ALA) N T REZE 0, W R'(u,v) A R(u,v)
L

e B g vl CHE B R R, 24 A7 S G A, 4
A0 LS (A7 A) AR RS, ) R AR 98020, Hh I,
M Np(A,A) <0, R Bifi S (A", A) 75 A 7 5 A2 -

4) # SA,A) =1, W] R'(u,v) = R(u,v);

5) # S(A,A) =0, ] R (u,v) =0

6) & S(A,A) 1 REZ 0,0 R (u,v) I\ R(u,v) I
£ 0,

WRAEPETT 1), 4), & A ST A, W R EFHE
Eo H12).5), # A 5 AZEAN, W4 N,
(A,A)>0, F R=UxV,B =V, BI%iE5% 4R
JE ;24 Np(A,A) <0, R =¢, B =¢, lIZ5R5%E 2K
Fo th3).6), 2 A ol IR SR G A B,
ROFEBE S (A7, A) BEARTIAR L3 | 08, JF BLAE S(A7,4)
IR R M S IR 2 4 031 B A B A o B R
R

fai iId S(A,A)=s Np(A",A)=np Ru,v)=r, R
wv)=r,ics FHEHNS

E X2 % M:SXR—R & Vs,s,5€S8,
Yrr,n R, A

)MQ,r)=r;

) r <r= M(s,r) < M(s,1);

Nnp=20=MO,r)=1;

Hnp =0 H s <s5= M(s1,7) 2 M(s2,7);

M Ry RAMEIESR T AR 1), 2) JFH:
5)np <0= M(0,r)=0;

6)np <0 H s <s5= M(s1,r) < M(s3,7);

PR M RHEWEUE RS T, 12 7 = M(s,r),

A8 X 2, 75 AR % B b i R A 250 (R-260
) 1:[0,1 = [0,1], Vx,y€[0,1], I(x,y) ={z€[0,1]:
supT(x,z) <y}, HVa,b,ce[0,1], ¥4

Tya<c=I(a,b)>I(cb);

8)b<c=I(a,b)<I(a,c);

9) I(1,b) = b;

10) 1(0,b) = 1;

i 7)~10), % 4% 26 T i 2 47 e B8 TR 551 11
PETT 1)~4), EEA I6,(Goguen 57) . Io(Godel 5.
F). I (Lukasiewicz 3 ) &, H o 55 0 ¥ N
I5(a,b) < I;,(a,b) < I (a,b).

Jy— W, %5 - T:[0,17 - [0,1],
Ya,b,c€[0,1], ¥i 12 :

11)a<c=T(a,b)<T(c,b);

12)b<c=T(a,b)<T(a,c);
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R, % FETHUE IESC R HEBLAY S5 T 2R 883«

13) T(1,b) = b;

14) T(0,b) =0,

HY 11)~14), -3 %500] il f2 45 0 5L 18 1E 55 19
P 1).2).5) fl6), FEAR T . T». T, %, HA
T (a,b) < Tp(a,b) < Ty(a,b),

EX3 BWM:0,1P - [0,1] MEIERF, 1. T
O3 ) 26 R TR A AL B - B, WMB ISR R il R
|

remen={ {0 Ao

K HHBBIELR R WITEFE,

SMRI Bk, i R BT EAS B PR S5 R
{ supI(s,R(u,v)), np=0
B(v)=

SupT(s,R(u,v)), ot (6)

uel

WA FHLEI W S, SMRI & 165 CRI. Turk-
sen ) SAR A W& 225, 4 R(BIA) /R &1,
CRI il SAR B 2 0] 73 Sl 6 /s A

A’ AR(BIA) = B’
BS(A',A)= B'E{B/S(A",A) = B’

XA SCHY B, A
S(A'.A) = R(BIA) = B (¥ &)
S(AA)ARBIA) = B’ (4iHR)
A - HFIRZE; AN - E
1.5 EMEERERHNELET
T SMRI JiE A58 2) v, 18 o A& i1k
BT Ry B R AL B R R, AR
CRI fHEBRAE S, Ry B3 AP ET: 1) 3o 188 ) 4

WIS T, MR T 5B 8, B T Tr Ts.

Tp(si ZUGRF) 555 2) e 386 Joll EL A 388 15 i ORI 5501,
XN F 2 s 5, W Ip 1o, 1 I 55 o
w1 A AeFU) NMEMHIERIER U,
G s=1,
1) AL+ R 383G, A B = B;
2) WEEALSE T Ry 230k, 7 B =V,
WERR 1) WMEBIERF M WA S, #55X
6)fi:
B’ (v) =sup, ., M (s,R(u,v)) =
sup,.y M (s,Ry (A(u),B(v))) =
M (s,sup,., Ry (A(u),B(v)))
H Ry B3 M A TERN, #5745 78 s =1, U
B (v) = M (s,Ry (sup,.,A(u),B(v))) =
M(s,R;(1,B(v))) = M (s,B(v)) =
M(1,B(v))=B(v)
2) H1 Ry ZE 398, A1 :

B'(v) =sup,.,M(s,Rr (A(w),B(v))) =
M (s, Ry (inf ey A (), B(v)))

i B o, DB B ,,, 13 infleA@) =0,
%,{ﬁ\fﬁ B,T,,,(I)M > IjllJ
B'(v) = M (s, Ry (inf ey A (u), B(v))) =

M(1,R;(0,B(v))) =
M1,1)=1

WA B =V, B,
Pl 1 AP 1), A AR T Ry B, T
X IERLETE A 4518 B ik e, XA
.oy _ | 1(s,B(v)), np=0
5 (V)‘{ T(s,BO), Fifl
A 47 R RN 45 s RS RSB 4 N s, T
B, DU
, o) min{l,B(v)/s}, np=>0
B (V)—{ SBOv), Hih ™
3 (8) 1E /& SCHK [8-9] H Turksen By “¥" JE” 5
R R, (T4 A e F(U), i SMRI &5 Af 75

I(s,Ry(supAu,Bv)), np=>0
B (v)=

T(s,RT(ggpAu,Bv)), HoAth ®)

uel
P fir i 1R 2), A AL T Ry 2
HAa=AHARZRES U, 4588 HgEA
B, M2 T<pis any” W AERR E R . 1t ] A,
K 1 2860 3501 A e A 5301 AN W 2 552 B o7 1
EX 4 KR :[0,1P -
WA
1) R;(1,b) = b;
2) a<c = Ry(a,b) < Ry(c,b);
3)b<c= Ry(a,b) <Rr(a,c);
4) Ry (Rr(a,b),c) = Ry (Ry(b,c),a);
5) Rr(a,0) = 0;
6) Ry(a,b) < min(a, b);
PR R, H 10,17 ER— AL T, id r = Re(a,b)o
W2 & AeF(WU) NIEH T4, VA€
FU), #inp >0, B 28; BB cB.
JEER  #Ex (8), B np =0, M| VveV A :
B (v) =1(s,Ry (sup,,A(u),B(v))) =
I(s,Rr (1,B(v))) >
I(1,R; (1,B(v))) =Ry (1,B(v)) = B(v)
Bl B 2B, # np,<0, | VveV A:
B'(v) =T (s,Rr (sup,.yA (), B(v))) =
T (s,R; (1,B(v))) <
T (1,R; (1,B(v))) = Ry (1,B(v)) = B(v)
it B c B, WEHE,
AR 2 RWY, A5 A ER, HEWTSS R Bopyed”
Ji& B G JE 0 T A X A S L, 9 L
SMRI .32 B A b J

[0, 113} Va,b,c €[0,1],
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SMRI 3k v, 8 1E b e A3 A e X i 58
SERAT ELHE A o Ol A5 SRR R G A
AR AT 7 A A 10 S g g 7, o 4™ e Xl B

ZRLToR 5 SR 1Y) o= 908, TR T A =X, ) B 55 1
SERBAE MR T R 1 NLMBIER T 55
AT HHE RO .

®1 EEEFERUETFHAES

Table 1 Combination of modification operators and translation operators

. PIRIEIE A IS IE
HEAR
I I, I T, T, T,
TM B;(, Ty B}G,, Ty B;L Ty B;"w Ty B,TPsTM BITL Ty
TP ;G»TP ;G(,,Tp ;[_,Tp ,TM,TP ,Tp,Tp /TL,TP
TB ;GwTB ;c,, Tg ;L,TB TuTg Tp,Tg /TLvTB
@), B ER AT oA, B BTN L. T, A

I <lIg, <I,T, <Tp<Ty,Ts < Tp < Ty, O B, A
B 1, B+ <B,r,
X g, A
B’T,_A,TB g B, c B:FM,TM
BH1 & A={1,0.75,0.5,0.25} ,B ={0.25,0.5,
0.75,1}, A} ={1,0.56,0.25,0.06} ,A} = {1,0.87,0.71,0.5} ,
F A5 RUHE BT SMRI B3k 50 9l 25 25 %
P CRI J5 i, WU AC S F T -7 55035 R B/
B Ty, 1 A =1{1,0.56,0.25,0.06}, 15
B)(v)) = 0.25, B)(v,) = 0.5, B|(v3) = 0.75, B|(vy) = 1
BY B, = B, [A#£ 745 B, =B, it B;= B, =B,
P& SMRI B35, 118 A7 5 A 18] B9 A BLEE AT
i 5 1

T.T =

0.19+0.25+0.19

S(AA)=1- ; =0.84

ND(A;’A)=_0.19+055+0.19 ~ol6
S(A,A)=1- w =0.86
No(do,A) = 0.12+021+0.25 o

H Np(A},A) <0, 35X (8), & IE 5+ i fk
%:%j‘j T,.Ts, f:
B’ (v;) =max(§(A",A) +max(rf}€%xAu +By,—1,0)—1,
0) = max(0.84 + max(1 +0.25-1,0)-1,0) = 0.09
1RV SIRRES
Bi(v;) =0.34, B (v;) = 0.59, Bj(v4) =0.84
HI Np(A5,4) >0, 52X (8), & IE 3 7 Fif 4k

xR2

B,(v) =min(l —S(A’I,A)+min(r£1€a}]xA(u),B(vl)),1) -
min (1 —0.86+min(1,0.25),1) = 0.39
U IEES
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Table 2 Process rules between weld depth and welding current
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Table 3 Eexperiments for welding parameter decision

e hp/mm D/, /mm I /A V//(mm-min”) D,,/mm

1 5 4.52 115 180 4.63

2 6 5.58 115 130 5.63

3 7 6.41 190 220 6.37

4 5 7.53 180 130 7.64
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