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Figure 2: B.(zx)

where HT'() denotes a histogram equalization. An
example of histogram equalized image H (x) is shown
in Fig. 1.

3.1 Black Region Extraction

Since a crack is constituted by black pixels, black
pixel regions are extracted in this stage . To evaluate
the relative blackness of the regions , we use the
average value Ave and the standard deviation Sd of
the whole image and local average values ave(r) and
local standard deviations sd(z) in a window.

1:((H(z) < (Ave — Sd) and

B.(z) = 0:((H(xz) > (Ave — Sd) or

(H(z) < (ave(z) — sd(z)) and (sd(x) > 20))

(H(zx) > (ave(z) — sd(z)) or (sd(z) < 20))

At this stage, a few large regions and/or a num-
ber of small regions are expected to be extracted as
crack regions. So , B.(x) which includes only a few
small regions can be abandoned here. An example
of B.(z) are shown in Fig. 2.

3.2 Saddle point extraction

The saddle point extraction stage is defined as
follows.

Te(x) = |HT,:(H(x) 09 Kaisk(20) — H(z))lo,

where HT,.() denotes a histogram equalization
against none zero gray levels , and 6, = 230 ~
255 which is depend on a value Ave(HT(H(x) o,
Kaisk(20)— H(z))) . An example of T,.(z) are shown
in Fig. 3.
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Figure 3: T,(z)

Figure 4: M o(x)

3.3 Noise Reduction

By taking an intersection of B.(z) and T.(z) ,
M_(z) can be obtained.

M(z) = Be(x) N Te(x)

Eliminating the small regions in M.(z) , we can
obtain M. (z) . An example of M (z) are shown in
Fig. 4.

3.4 Connecting Processing

Connecting process is starting with the image
M. (z) and M, (zx). To fill gaps of M (z) , a dilation
and a conditional dilation are carried out.

Me3(x) = Mc(z) @ Kaisk(s)

M4 (-T) = Mc2($}1QM:3(z] @ quuare(S)

Finally the resulting image M;.qcx(z) can be ob-
tained by eliminating small regions of M 4(z). An
example of desired image and M qcx(z) are shown
in Fig. 5 and Fig. 6 respectively.
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Figure 5: Desired image(crack)



Figure 6: M praek

Figure 7: G,(x)(white line)

4 White Line Detection

Because of the roughness of a road surface , there
appear many small gaps and/or holes in white line
regions of the input image. Therefore a morpholog-
ical smoothing operation are carried out in order to
fill the gaps and the holes.

Su,(.}f} =3 {(("O(Jr ) Og !\’rﬁskf?} }.g h’dwkl'?) ).9 h}ulcﬁ{)f?l)

A whiteline is composed of white , i.e. bright
, vertical rectangle region , so it can be extracted
from a white top-hat operation .

'Fu'(;’r) = lSn-‘(““} } S‘H'(I) Qg I\’Iinc{}(?l)hig

where 8, = 50.

Eliminating the small regions of Ty,(z) , Tyhite(x)
can be obtained. Examples of G,(z) , desired image
and Tyhite(x) are shown in Fig. 7 , Fig. 8 and Fig.
9 respectively.

5 Joint Detection

Since a joint is made of a kind of metal , it has
smooth surface and can be detected by extracting

Figure 8: Desired image(white line)
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Figure 9: Tynite

Figure 10: G,(z)(joint)

flat regions. Canny edge detecting operator is used
here to extract such regions.

Cj(z) = ((canny(Go(2))) © Kaisk(9)) © Ksquare(3)

A joint region is broad enough to contacts to at
least two image ends and wider than a quarter of
the horizontal dimension of the image . Eliminat-
ing regions which are not satisfied both of these two
conditions from C'j(z) , we can obtain E;(x). Final
detecting result of joint is obtained after a dilation
operation.

I)_;pmm‘. (I) = ("j (3:) ® K‘squun:{:ﬂ

Examples of G,(x) , desired image and Djgine(z)
are shown in Fig. 10 , Fig. 11 and Fig. 12 respec-
tively.

6 Manhole Detection

A manhole is a disk with rugged surface. A
manhole has round shape , so we first extract round
shape components. We use a black top-hat oper-
ation with disk shape structure element to extract
that components.

A

Figure 11: Desired image(joint)



Figure 12: Djaing

Figure 13: G,(x)(manhole)

’-!‘m(-r} = .i("‘r)("r} ., hﬂdisl‘(.’il] - C’.ul:-l-')|f?3

where #3 = 120. Because a manhole is composed
of black regions , a masking operation is made on
Tin(z) with the thresholded input image.

flm (IJ " ’I‘m(r) N |("u(-r)|ﬂ4

where f; = 40. Eliminating the too small re-
gions as a component of manhole from A,,(z), then
also eliminate the regions which include no hole.
This is because the ruggedness of the surface makes
some holes in the monhole components .Now we can
obtain a result image My anhole() . Examples of
Go(x) , desired image and Manhote(x) are shown
in Fig. 13 , Fig. 14 and Fig. 15 respectively.

7 Experimental Results

We have 319 of road surface images as the test
images ,which are attached the interpretation results
of the images via a expert. There exists 105 of crack
images , 44 of whiteline images ,9 of joint images
and 6 of monhole images among them. Each image
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Figure 14: Desired image(manhole)
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Figure 15: M panhole

Table 1: The experimental results of crack and struc-
tural objects detection.

original correct | false detection correct ratio
clack(105) 97/105 15/214 92.8%(293/319)
Joint(9) 9/9 3/310 99.1%(316/319)
whiteline(44) | 40/44 0/275 91.0%(315/319)
manhole(6) 6/6 0/313 100%(319/319)

is processed by the four kind of detection processes

simultaneously. The experimantal results are shown
in table 1.

8 Conclusion

A  morphological method to detect crack
swhite line,joint and manhole of the road surface
image is proposed in this paper. Although the pro-
posed method requires the setting of some parame-
ters, it is robust and high performance for detecting
vague objects in the noisy road surface image.
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