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The Welding Process Control Using Neural Network Algorithm

Man Ho CHO® and Sang Min Yang*

ABSTRACT

A CCD camera with a laser stripe was applied to realize the automatic weld seam tracking in GMAW. It
takes relatively long time to process image on-line control using the basic Hough transformation, but it has a
tendency of robustness over the noises such as spatter and arc light. For this reason, it was complemented with
adaptive Hough transformation to have an on-line processing ability for scanning specific weld points. The
adaptive Hough transformation was used to extract laser stripes and to obtain specific weld points. The
3-dimensional information obtained from the vision system made it possible to generate the weld torch path and
to obtain the information such as width and depth of weld line. In this study, a neural network based on the
generalized delta rule algorithm was adapted for the process control of GMA, such as welding speed, arc voltage

and wire feeding speed.
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Fig. 2 The principle of Hough transformation
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Table 1 Simulation results of neural network

" =
L Learning | Momentum | Hidden | Hidden | Normalized
: Division . System
: rate(n) rate(a) Layer | Units error(%) |
Trans. of|| 0.9 0.7 2 4/3| 00235 '
learning | 0.7 0.7 2 |4/3] 00223 |
rate(n) 0.5 0.7 2 4/3 0.0181
Trans. of| 0.5 0.7 2 6/5| 0.0100
momentu 0.5 0.5 2 6/5 0.0100
m rate(q) 0.5 0.3 2 6/5 0.0100
0.5 0.7 P 876 00100
Trans. of]
: 0.5 0.5 2 [8/6 00100—[
hidden
0.5 0.3 2 8/6| 0.0100
layer(L)
0.5 0.7 3 8/6/6 | 0.0100
Trans. of| g5 0.7 2 |10/ 8 0.0100
hidden
. 0.5 0.7 2 12/10 0.0100
units(u) i

4. MEFX] 3 MEuH
AEANE £449 w3tE X3ty HFH
of Al AR AXE ARZ ELXE o
Foe T 281 EHEE o)FAA Aot Al
AR-E CCD FHdiEl, o] = o] XH(diode lazer),
FlY E 3" E|(narrow band pass filter), DC A K.
AF712 FAH 3len cep 7 #H= WatecAt
2] WAT-202B°]™ 760(W)X494(H)Y A2 o] F
oA i, WA= AT A=zl 70 weolA
300(W)X120(H)2 FEHE A} o] F e
&2 0.05 molc}, #lolAFL 690 £10 me ¥
7 dF9e zZe Jud TAUEHE S8t &3
AlHol| ZAME #Ho)x 2Eglo|X7} ¢CD Jh e
2 BEqdyg £3A49 FYoz EX 5o
2 CCp FirlEts FAAhoezn 23 EAHS
7] A% HAage] d9ve AN 4 3, <
e A NS dEAZD F e F§ Hough

\

wE dnEFY 3L sbeetA gk FEF
o4 H L Mt A A9 AC EHE ZJ
23 Xyz HOEZR FAHY Ao £HFE
MIG/TIG A4 871719 A A7} 7H53 9olof
%% 7|(wire feeder)E F&sHT). Fig 62 £ d49
AN ERAE3NE I8 FAHAE AFFH )2 Fig.
7L AR Mg kot

Ul

Fig. 6 Experiment equipment for automatic
welding system

gemm| Camera

Position p—2>
Control / 1/

Image Neural Japp Vﬂ;{elging
obot
Analysis Algonthm System

y

é:: Raw groove

welding

! , conditions
Image configuration

5
CCD
Camera

Fig. 7 Schematic diagram of welding system
using neural network

5. dEdn ¥ @

Neural network S+&ZAFEERE dL& 455
05 BHRE 07, 24%F 2, 24/ 8, 62 HE
e £38 F335Y F 72 m, 2] 3.4 mol
I AAHF F gol2 stFE £ AW diF



205 - F3W  FFAHYFTEI A 2148 128

23 HHBE Fig. 89 el Fi gt

Fig. 8(a) B4 AHEE A& Hough ¥#3tA
% 3ol RY FAAHRE 4] FHAA A4
A ALH (Up slope)2 Adl(p )7F 1.49 mn ™~ 1.71mm,
ZAALZHO )2 47° T 490011 374 AHH (Down slope)
& Adp )7t 131 m~1.73 m, ZAH2E ) 13
0°~ 133°0] 21 4= A} (Horizontal slope)= AEl(p )
7} 0.99 mn~ 1.26 mm, FAFZHO )& 269° ~ 270°¢] T},
7)o A FFFAIHEE -G WIS VTR
SH4AY FYoBRE A, FFAAHE
HEZAANE a3 FHAL AJHe AHE ong
th £3AHY AL AT E ol & FE
& &4 YRR ZRE Z 3 Z o7} v i3
Hate AL S£AAHY 7 AEE o ¥t
2 gasy g4 FAAA BAAY At ¥
313 A2 AlHe YA &3 AYPWFo g 1)
238 71&oA 7] dFol LA Fig. 8
9 (e IFYAHERAA AAT FAHe uAYH F,
|34 5AAELE 4RI FAF o=
right point9} left point®] X7} XF A W3letA]
U3 A Ao R Hol AJH] E ¥} QS
& 4= 9lth E3F down pointS] Y& A7 4
g Ao §3H49 eyl 4T AE & F
t}. 7)ol A right point®} left pointy FEF A}
F FPAe] AMo] this w7 sta3Ard
FHEEY Mol Wil WHE UL down
pointE F ZAIHo] v wH-& o|v 3} Fig
89 (o) CCD9 F4AHZRE F&3 A=
Z2 717724 mm, Z°] 3367 3.42 mme] W37}
AL & 9l oA EFAAEY 7HF HY
o} &HAAY Fo] W3R Qe LT Ho
t}. Fig. 89 (d)£ neural networkd] FFHEE F
£3l9] EHIRFUFE FET AHZE SHAY
217 V7224 v, 8390l $FEEE 21417
2164 in/min, $FEEE 5 mmis2 SHAY F3
Zol7} Ao dAFozN BT HUF W}
A glo] dATS & + AUtk

X orE ¥ o o

2504
A U
Down
20 Horizontal
21504
éﬂﬁ-
50 asana 800 s0008%0
0 T ¥ T \J T
00 05 10 15 20 25 30
Rho (mm)

(a) Hough parameters

O Right point
< Left point
% Down point

Y axis (mm)

5 & & A & o N & o ®» B
I A T PR PR P S SO
=Y

T T T T T T T T T
Rl £ 4 -2 0 2 4 6 8 10

3

Xaxis (mm)

(b) Weld specific points

Groove width and depth (mm)

P - ]
PP TP S S S

Weld distance (mm)

(c) Weld groove

88



Z9E - T EEAYFEI A A1 128

30 5
g m% " e Wi, speed e
& ~— Welding volt
20 1 —— Welding %
gm. 14 1as
%tm- 12 EEES
& i 4 &=
2 9] Jo * i
5 m] Eeo 2.5
%04 ge- 153
0 Haq 10
2 gz- 5
[ Bv T T Y T T T T 0
0 0 2 B 4 £ 6 7 &

Weld distance (mm)

(d) Weld process parameters

Fig. 8 The experimental results of weld process

control with neural network.
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Fig. 10 The experimental results of weld process

control with neural network.
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