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Depth Measurement Method Robust against
Scattering of Line Lasers

Kwangjin KoT, Sungho Yeon”, Jaemin Kim'"

ABSTRACT

Line-laser beams are used for depth measurement of welding beads along the circumference of a pipe.
For this, first we project a line-laser beam on an rotating pipe and take a sequence of images of the
beam projected on the pipe using a CCD camera. Second, the projected line laser beam in each image
is detected, converted into a thin curve. Finally measure the distance between the thinned curve and
an imaginary line. When a line-laser beam is projected to a rough metal surface such as arc welding
beads, the beam is severely scattered. This severe scattering makes the thinned curve perturbed. In this
paper, we propose a thinning method robust against scattering of line lasers. First, we extract a projected
line laser beam region using an adaptive threshold. Second, we model a thinned curve with a spline
curve with control points. Next, we adjust the control points to fit the curve to the projected line-laser
beam. Finally, we take a weighted mean of thin curves on a sequence of image frames. Experiments
shows that the proposed thinning method results in a thinning curve, which is smooth and fit to the

projected line-laser beam with small error.
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(a) (b)

Fig. 1. Laser—based vision system: (a) an object on a flat background, (b) the depth measurement of the object,
and (c) a line laser beam projected on a rotating pipe.
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Fig. 2. Thinning of a scattered line—laser beam: (a) scattered beam, (b) detected beam, (c) filtered beam, (d) the
thinning result, (e) the thinning results of the proposed method,



&
o

oo

°
rr rt o o

:
[
M éoho

il

4T b
i)
0
&
o

N
S
i3]
i
N
N
XN

=

1)
ir!ﬂoi_lom
i rE
fu

dd [o
2
X
rr
"
=™
O ood
iz}
i ro‘l
wy
o >
z KK
N\
ol
o
2
ints
£

o
PO
2
ol
-0

2
2

RO 1 e A
Fﬂ_ﬁ‘[g.
>

o o of ot lo
o)
o

o
o & oy e

=2

>

i)
2

u

N
ox 1o

ol

|

fm

&

)

i

o rH oo i
o
il
2y
o

T
o
N t b
I

2
22
it

o
o

1o

e

WL

=

N

— 0
=)

2
i 2 Jo

of o mr L oox N pE [o o
4 18 o

2

oo

o
N2

e

1

o

rr

&)

”

/& 4

G ]
oo i

)

o

e

N
N
o
o
o

e L2
i i,

yo Moy
)
s
ST
£ o
oA
oo o
I
= g o
B0
ok ox
=
H "
o
IN

°
N
= K
£ )
0
oL
i
Sl
tlo
in)
i
ot
=,
r)«
o
i
4y
o2
ofr
ol
£

T

mQ

N

a

oo

e

o

=2

=

o

Ao

r>~'

tlo

o=
o ox

o

A
e

ReE

b oot W S

il

AR
R -
R

ol 71Ee &zl Aldstd A
(spline curve)o. & AS}SH=
gt} ol &4 HlES A= S49
of F&3o] o] HY| oYt v ol
niaga 59 WH[4]H Zo] & Bt ~E
Q S E ZAEEE 4l Fig. 22
Aol 4 tA 02 N /e Alojd-S As)t

B el #olA e FAlY + HAFERES Ve

o[>
2

kY
o

bl
s
ol
-

oM
o

8%

=
c
wn
g =
®

[ a sequence of image frames ]
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| Thinning of beam line using spline |

| Weighted average of thinned lines i
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Fig. 3. The overall block diagram,
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Fig. 4. Sliding window and intensity histogram,
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(a) input (b) binary

(¢) ground truth

(d) thinning

Fig. 6. Thinning result of the first image.
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Table 1. Mean square error

(e) proposed
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MSE Standard Deviation
Experiment Thinning[1] (pizel?) Proposed (pizel?) Thinning[1] (pizel) Proposed (pizel)
1 13.2253 11.5073 3.3966 3.1259
2 5.4519 4.3823 2.3359 2.0939
3 2.1129 1.5393 1.3271 1.0987
4 3.3635 2.6698 1.4859 1.1806
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Average 4.25665 3.413238 1.777813 1.528063
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