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STUDY ONAUTOMATIC SEAM TRACKING SYSTEM

BASED ON VISION SENSOR

ABSTRACT

Most welding robot in use work in “teach” mode , while some others
run in track planning mode. In welding process, there must be offset
between blowtorch center and seam center. As we all know, welding is a
complicated, nonlinear process with multi-interference, so that the
thermal deformation, undercut, unfitness of butt joint and the change of
seam gap length, which may affect welding quality directly are all
unpredictable. Therefore, based on “teach” mode or track planning mode,
real time seam tracking can improve welding precision, especially fit for
the welding of products hard for automatic welding to control, like those
which may deform easily or must be loaded complicatedly,.

This essay is based on a pre-research project of the 11" 5-year
program, with a background of groove-free aluminum alloy 2mm thin
sheet welding, which are to be used in aircraft fuel container. We used

impulsive TIG as our basic welding method, and did tracking experiments



on plane straight seam and plane flange seam, improving tradition “teach”

mode welding robot to robot system with the function of real time seam

tracking.

We first build a welding robot system, including:

1. Designed an appropriate dimmer-filter system, which can clearly
gather welding image under base current, and solved the problem that
the reflection damages image quality greatly.

2. Under Visual C++ environment, we use multi-thread technology, by
the integrity of PC, A/D card, D/A card and image card, to complete
image gathering, image processing, offset calculating and correct
voltage sending at the same time.

We studied the characters of seam right before welding pool,
analyzed the change of gray value in the small windows, and brought
forward a edge searching method based on gray value change velocity.
Developed a series of image process including image recovery, middle
value filtering, edge searching, false edge discarding and least-squares
procedure fitting, we successfully got an algorithm which can adapt well
to different environment. The precision is in £0.15mm.

Because of MOTOMAN HP6 robot’s character that its correct
system is not open to user, we did random experiments to get the relations
between correct voltage and offset value, and set an accurate model

through which we can debug controller parameters off line.



We bring forward a real time tracking technology, using CCD to
gain offset between torch and seam center, so that torch position can be
adjusted immediately. Under the condition that welding process must be
kept stably, we design a new fuzzy PID controller, ensuring that robot can
adjust torch quickly and stably.

We used this technology on plane straight seam, plane flange seam,
and the precision can reach +£0.15mm and +0.2mm respectively. Taking
the precision of image process into account, the offset is no more than

+0.3mm and +0.35mm.

KEY WORDS: seam tracking vision sensor image process welding

robot , fuzzy PID



2009

2

2



2009

2

“ _\/ ”

2

2009

2

2



90

20

40

CCD

70

70

80

(1]



80

Worthington Industries
+ 0.050mm

20m/min
Machines Ltd Laser Pilot MTR

20 60-70

CCD

+ 10% 1

TIG

300

0.07mm 0.2mm

Modular Vision System
0.050mm
0.02mm™
Laser Pilot MTF
0.1mm

+ 2mm/140mm™

+ 0.2mm™

100mm/min 95%

Meta

GMAW

300ms 13mm™



1
GMAW
10Hz
1-1
1-2

(D
(2)
(3)

(4)

[7-8]

1994
80

GTAW

[10]

C-H Kim

[9]



1-1 1-2

Fig. 1-1 Rotating arc sensor Fig. 1-2 Rotating arc sensor

with eccentric tip

3 2
[11]
3 3
GTAW
[12-15] [1620)
[21-23] [24-31]
80%

4-



3 1 (CCD)

MOS (SSPA) 3
(CID) B2 CCD, 1-3
CCD CCD
CCD
80 CCD

— e

1-3 WATEC CCD
Fig.1-3 Photo and structure of WATEC CCA



META

1-4 ABB KUKA LINCOLN YASKAWA
OTC
1-4 Meta
Fig.1-4 Seam tracking sensor device
CCD
1-5 5-20Hz
CCD CCD

CCD



Firld ofwiemr

1-5 [117]
Fig.1-5 Compose of the laser visual sensor™""
[33]
CCD
CCD
[34]

-



80%

[35]

[36]



computer vision

MIT  Roberts 1965

Roberts

Waltz

[23,24]

70
B.K.P.Horn
MIT

[38-42]

Marr
[43]

Marr

20 50

MIT
Al
MIT

80

60

(371 Huffman Clowes

70
. " (Machine Vision)

David Marr 1977

Computer Vision

representation

Marr



Marr
Marr
[43]
[44]
1 4 3

2.5 2.5
3
Marr
[42]
20 80 80
Marr
Thompson (Qualitative)
Bajcsy (Active)
Ballade  Brown (Animate) [43]

AloimonosY (Purposive) [46]



2
3
4
1 5
TIG
2mm  LF6
2mm  LF6 TIG

Visual C++

-11-



TIG

CCD

< 0.3mm < 0.35mm



A W DN -

2-1

[47-49]

20

50



€Y
)
®3)
(4)
®)
(©)
()

[50-52]

2-1

Fig.2-1 Mechanic and electronic integration model

CPU

170

800
TIG

3-1
2-2



Y

P AE £ AL

1 e s E
A L

P S N S |

I
I
i
||
| iR
| Ll Ll e s
| £H
| Ll —
e ML
| A
| il
|
]
2-2
Fig.2-2 Robot welding system diagrammatic sketch
LA REHIE Bl AfHliE

£

W

%

=

#

4

KRB AR AL P AR AT L
2-3
Fig.2-3 Photo of robot welding system

2 1 3 1

OTC

INVERTER ELESON 500P

-15-

mEEIEY



TIG OTC CM-271 HC-71
SGMRS-13A2A-YRI11
RV HWI9381641-A 12
VC
JUSP-NS115
HP6 1.3Kw
/0
21 3 2
1.
TIG
WCR
2-4
WCR PCI-1762
PCI-1723
- >
< <+ «— g
- <« o D)
«—
g €——
2-4

Fig.2-4 The connection of Industry Control PC and welder/wire feeder

-16-



PCI-1723

12 4

4

PCI-1762

A

|

= <3

® A%~

2-5

Fig.2-5 The connection of Industry Control PC and Robot Controller

CCD

CCD

CCD

-17-

CCD

CCD

PCI-1762
2-6



gl [

a S
NI <

@] |,> !
@)

© l—— S
o

No)

=

O

~

2-6

Fig.2-6 The connection of Industry Control PC and Sensor System

PCI-1240U
PCI-1240U
PCI-1762
2-7

A\V4
vV
PCI-1240U

=
W

PCI-1762

2-7

Fig.2-7 The connection of Industry Control PC and Positioner

-18-



R BL A BB vern.o i i =181
THE Wik Ey Wi
DM o e

BiE | 5 | maemmis | oSG |
RUFERELTE LHESE NBARGETE  ASAMEESE | NEABFREITE
® ® @ = 2 @ SHERT LA mEs fooeonn
FiEnis Do Fabe [ s | AR e RS .
A EpmARER
o @ _#irremn || @ i b 1% L@ F ), [ousen

A0 Lol TN L allth | fhlme sEmst | _OTEEE
I

2-8

Fig.2-8 Tracking program

2 1 3 3

2 1 3 4

PCI-1723 8
PCI-1762 16

-19-



2-10
Fig.2-10 Interface card photo

2 2 CCD
CCD
WATEC WAT-902H 8 CCD
CG400
2-11 -

CCD

-20-



2-11 ) O

Fig.2-11 Vision sensor

(a)Vision sensor photo (b)Vision sensor diagrammatic sketch

3 1 TIG

[53,54]

2-12 2-13

21-



TIG

( ) =
2-12
2-13 380-760nm
396nm
CCD
TIG
3000

_ 2500}

£ 2000 |

=

5

B

g

E

360 404 448 492 536 580 624 668 712 756 800
Wavelength (nm)
2-12 feel
Fig.2-12 The distribution of the characteristic spectrum of Ar
3000
2500

2000

1500

1000
500

Intensity (arb. unit)

0
360 404 448 492 536 580 624 668 712 756 800
Wavelength (nm)

2-13 teel
Fig.2-13 The distribution of the characteristic spectrum of Al

22-



640nm-670nm

TIG
580nm-720nm
40A
590 680nm
4% 2-14 10
2-15

0 300 &0 BOO GO0 OO MO0 GO0 O
[

2-14

Fig.2-14 Filter spectrogram

23-

+ 20A

300nm-600nm

620+/-7nm 15nm

2-15 -

Fig.2-15 Image under this condition



2-16

0.1163mm/pixel
310, 170

() Eﬁhlmzl:ld COmS
— 3

gLl
5 150
E 200
Li]
£
&= 15D
300
350
50 100 150 200 250 300 350 400 450 500
¥ (in camesa franme)
2-16 CCD
Fig.2-16 CCD resolution calibration
2 5
1. MOTOMAN HP6
2. -
4. CCD

24-



LF6 2mm

o &

3-1
Fig.3-1 Aircraft fuel container

LF6

CCD

25-



226-

TIG
125A

50ms



@ (b)

(d)

O

3-2
(a)30A (b)40A (c)50A (d)60OA (e)70A
Fig.3-2 Real time welding image on different base current

()30A (b)40A (c)50A (d)60A (e)70A
30A 40A

50A
50A

27-



TIG

2Hz 250ms

©) (d)

e )
3-3
(a)30ms (b)40ms (c)50ms (d)60ms (e)70ms (e)80ms

Fig.3-3 Real time welding image on different time

(2)30ms (b)40ms (c)50ms (d)60ms (e)70ms (e)80ms

28-



50ms

3-1

50ms

TIG 768pixelx 576pixel

100pixelx 120pixel

3-4 TIG

Fig.3-4 Al alloy Tig welding real time image

CCD
CCD

CCD

-29-



7l f(Xy)

f(xy) H(XY)
n(x, y) g(xy)

H(Xy)

-30-



n(x,y)

f(xy) 4 +mgey)

a(x.y)

H(XY) f(x,y)

g% y)=H[f (X y)+n(x y)]

M-1N-1

ge(%,y) =2 D f(mmh,9x—my-n)+n(xy) 3-1
m=0 n=0
g=Hf +n 3-2
n
f Hf g n
In|f=n"n=[g-H f|’=(g-H ) (g-H f) 3-3

L(f)=lg—H f |

—6L(Af):0:HT(g—H%):O f
of
1A‘ =(H'H)'H'g=H"g
F(uy) =WV 34
H(u,v)
g(xy) h(xy) G(u,v) H(uv)
~ G(u,v)
F(u,v)= TIRY F(u,v) f(Xy)

-31-



G(u,v)

F(u,v) = A () H(u,v) u-v
H(u,v) 0
f(xy) N(X, y)
H(u,v) H(uv) 0
H-1(u,v)
N(Xx,y)/H(u,v) f (u,v)
3-5
@) (b)
3-5 @ ®

Fig.3-5 Comparison of images before and after recovering
(a)Before recovering (b)After recovering

3 4 2

1971 J.w.Jukey

(58]

-32-



3x 3
neighborhood

{pl’ PPy Py

Po = Ps

3-6

(@ (b)
3-6 (@) ()
Fig.3-6 Comparison of images before and after mid-value filter
(a)Before mid-value filter (b)After mid-value filter
4 3
3-7(b)

-33-

3-5



PiyREnmE

g

8

—-B'I-

:'.E L1 . e .....-‘

H'l.l-

it
o
wmh
IIlll:l i 1} x -lI:l a1 1]

P
@ (b)
3-7 ) b

Fig.3-7 The alteration of grey scale of specimen column

(a)Specimen column (b) The alteration of grey scale

3-8 3-9
=1,
:I:I:II
3!‘ ﬁ%}
S = &k
@ (b)
3-8 ) b

Fig.3-8 The alteration of grey scale of whole specimen picture

(a)Whole specimen picture (b) The alteration of grey scale

_34-



4

g

TR Gy vaha)

T —

i
L o
il EiFual

Eﬂ

3-9

Fig.3-9 Three-dimension graphics of grey scale alteration

2mm

3-10

@ (b)
3-10 (€)) (b)
Fig.3-10 Edge searching (a)original image (b)Processed image

24

24

-35-



2 2
> > P(X+i,y+]j)=255

j=—2|=—2 3-6
2 2
DI

P(x+i,y+ j)<255

(a) (b)
3-11 ) ()

Fig.3-11 Pseudo edge elimination (a)original image (b)Processed image

346
(x, y)
(x1,yl x2,y2...xm, ym) X -y
, (
3-7)
y Taotarx 3-7)
ap ap
ag a
yi ( 37 (y =ao+ax) (yi-y ) Y(yi-y )’
o=Y(yi-y )’ (3-8)
( 37 ( 3-8
¢ = Y(yi - ao - ar x)° (3-9)
Yyi-y )? ¢ a a

-36-



mag+ ()xi)a;=Yyi
(Xxi) ag + (Ixi*) a1 = Y(xi yi)
ap a1
a0 =(Qyl)/m-a(Xxi)/m
a; = [Yxiyi- (XIxi Yyi)/ m]/ [Xxi* - (Xxi)? / m)]
ap aj ( 3-7)

( 3-14) ( 3-15)

y=aptax

y = aox2 +a1xt+a
3-12

1

@
3-12 ) )

Fig.3-12 Fitting result  (a)Straight seam (b)Oval seam

-37-

(3-10)
(3-11)

(3-12)
(3-13)

(3-14)
(3-15)



Original Image

Process
Result

3-13

Fig.3-13 Flange seam image process

_38-



Original Image

Process
Result

3-14

Fig.3-14 Straight seam image process

-39-



3 6 1
1.
2. CCD
3. CCD
3-15
#a % MK ERAMIC100%120)
\ D
v
%% _
V)
Al (1 RARBE/ BRHRCX], Y1)  HEHeREERS
3-15

Fig.3-15 Seam tracking schematic diagram

-40-



(X1,Y1)

y=f()
, Y =f(XD),
Y=Y1-y’

o’e

U (V)

3-16

Fig.3-16 Laser distance sensor

3-17

41-



CGFFFET

jrrmy
i =
B

_;—

3-17

Fig.3-17 Reference sheet

3-18

ﬂ 1 h "\
1| IH" Lo Jilli] '\' i
- “M}\

— L] S

+0.15mm

3-18
Fig.3-18 Accuracy testing and verifying

2Pixel

+0.15mm

TIG

_42-



-43-

+0.2mm



PID

MOTOMAN

Correct Correct
Voltage M Od el effect

Matlab  Simulink

PID

383 4-1

_44-



LN LT

(@)
: 5, i
: & A A, S W
. Lok Sy e ’*1.. ;v
" f’¥=*;¥ ‘thgr ﬁ;ﬁ#?f ¥ ??“ F}‘; ?Ef;
(b)
4-1 (@) )

Fig.4-1 Random experiment data

(a)Correct voltage random data (b)Offset data

4 3 3
Matlab
A(@y(t) = B(u(t) + e(t) 4-1)
A(q) =1 - 0.9973 g (4-2)
B(q) = -0.079539"-0.02448q°-0.001343¢°-0.002461q‘-0.0006342q°  (4-3)
4-2
82.3% 97.16% 95.99%

45-






4-2

€Y (b) ©
Fig.4-2 Fitting curve of three data groups to Model
(a)First group  (b)Second group  (c¢)Third group

Matlab  Simulink

4-3
i gt Dy 3 II caank
Al :
Inlwges Gt Gk
Inleger Daimy2: .I aind
o o e | =
i -
Carsart Fussy infeger Cnlmy Guin Seape
PID Canmaler
5 :
Irieger Coderg
Gand Inleegus ChodiryZ aing '
-"':ﬂ__ —
]

4-3

Fig.4-3 Correcting card model simulation

-47-



4 2 1 MOTOMAN

d:VWxAtxsinl9 4-4
d Vi At 0
4-4
rectifying
A composition
0
welding
4-4

Fig. 4-4 Schematic diagram of rectifying trajectory

lv 1.5v 2.5v 3v
4-5

-48-



offset / mm

offset / mm

o
o

offset / mm
o o
» )

offset

e

0 100 200 . 300 400 500
Sample points
(a)
] offset
T T T T
0 100 200 300 400 500
Sample points
(®)
offset
T T T T
100 20 300 400 500

0
Sample points

(©

-49-



, offset/ mm
o

1.5v

offset

4-5

T T T T
100 200 300 400
Sample points

(d)
4-5
(@ 1v (b) 1.5V (c) 2.5V (d) 3v
Fig.4-5 Correct effect comparison of different correct voltage
() 1V (b)) 1.5V (c)2.5V (d)3V
1v

1.5v

1.5v 2.5v

PID

-50-

3v

50C



4 3 2 el

mn mn 4_5
1.
Fuzzy
Controller Rule
Base
Set > E ’ E U |
e uzzy > Fuzzy u > Controling
e é’;‘féﬁgﬁg; Fuzzed Reasoning Decision Object
de T
4-5
Fig.4-5 Fuzzy controller structure
2. 4-5
3.
4.
1]
5.

-51-

Output



4 3 3 TIG PID

PID
PID PID3 e €.
e e 3
e e

e e Kp Ki Kd
O el Kp Kd( ) Ki=0
@ el Kp ( ) Ki
Kd( Kp )
3 el Kp  Ki ( ) kd

4 2

PID
PID

4-6 PID

Fig.4-6 Response function of PID parameters for small offset

-52-



4-7 PID

Fig.4-7 Response function of PID parameters for big offset

R1 i1f e is A and ec 1s B then Kp 1s C and Ki is D and Kd is E;

e e. PID Kp Ki Kd
4 3 4 PID
2
% PID
4-8
o’e
Ea
o’e o0’e



Fuzzy-PID
Controller

Rule
Base

P ———
uzz ontrolin Output
Set P & igfgﬁggg;'@’ Fuzzed |—qg 5> ReFason)i/ng Decision u c O;jetl:t o o
\T ’Deri?/:\tion :129 4f
4-8 PID
Fig.4-8 Advanced fuzzy controller structure
4 3 5 PID
PID
(Kp/Ki/Kd)
o’e
!
E
£ -2 -1 -0.2 0.2 1 2
1 9/0/0.01 | 5/0.001/0.03 0 0 12/0.001/0.03] 15/0/0.01
0.5 ]10/0/0.01) 6/0.001/0.03 0 0 8/0.001/0.03 | 12/0/0.01
-0.2-0.2]10/0/0.01] 5/0.001/0.03 0 0 5/0.001/0.03 ] 10/0/0.01
-0.5 ]12/0/0.01] 8/0.001/0.03 0 0 6/0.001/0.03 ] 10/0/0.01
-1 15/0/0.01§12/0.001/0.03 0 0 5/0.001/0.03 | 9/0/0.01
o’e
o <!
E
£ -2 -1 -0.2 0.2 1 2
1 10/0/0.01] 4/0.001/0.03 0 0 11/0.001/0.03| 16/0/0.01
0.5 ]11/0/0.01} 5/0.001/0.03 0 0 7/0.001/0.03 | 13/0/0.01
-0.2-0.2]11/0/0.01) 4/0.001/0.03 0 0 4/0.001/0.03 | 11/0/0.01
-0.5 [13/0/0.01} 7/0.001/0.03 0 0 7/0.001/0.03 | 11/0/0.01
-1 16/0/0.01]11/0.001/0.03 0 0 6/0.001/0.03 | 10/0/0.01

-54-




4-9
(1)
(2)

3 @ PID

50ms
PID

-55-



Initialize
Current

v

Initialize
Feeding
Velocity

v

Initialize
Data&lmage
Cards

Is above
complete?

Welding
Process

Arc on
AR Check
displav base Info
Fuzzy-PID
kg Controller
Delay
50ms *
Correct Voltage
Output
Arc off | I
Image
Collect
Image
Process

Offset!=0

4-9

Fig.4-9 Seam tracking software flow process

MOTOMAN HP6

-56-



PID

kp ki

kd

-57-

PID

PID

(&

AC

82

(¢

I\)|



(1). 5-1
5-1

(2). 5-2

®148mm

10mm

5-1 5-2

Fig. 5-1 Experiment device for plate Fig. 5-2 Experiment device for flange
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Table 5-2 Welding parameters of the experiment
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Fig. 5-3 Straight seam tracking experiment No.1
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Fig.5-7 Flange and welding device used in experiment
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Fig. 5-9 Flange round seam tracking experiment (a)face (b)back
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