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Abstract

This paper is to propose image segmentation method based on chamfer algorithm. First, we get original
image from CCD camera and transform it into gray image. Second, we extract maximum gray value of
background and reconstruct and eliminate the background using surface fitting method and bilinear
interpolation. Third, we subtract the reconstructed background from gray image to remove noises in gray
image. Fourth, we transform the subtracted image into binary image using Otsu’s optimal thresholding
method. Fifth, we use morphological filters such as areaopen, opening, filling filter efc. to remove noises and
isolated points. Sixth, we use chamfer distance or Euclidean distance to this filtered image. Finally, we use
watershed algorithm and count microorganisms in image by labeling. To prove the effectiveness, we apply the
proposed algorithm to one of Ammonia-oxidizing bacteria, Acinetobacter sp. It is shown that both Euclidean
algorithm and chamfer algorithm show over-segmentation. But Chamfer algorithm shows less over-

segmentation than Euclidean algorithm.
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(a) Gray image
Fig. 1 Gray image and overlapped image

(b) overlapped image

2. 7|2 71

2.1 Chamfer X12|E

AYE FRE die f2esol g f2e
EAREE ()% (k) TR ADE §
Y= ANay 4, % 5449 F29= Ay

rE

& 4, < oE 2

4. () GR)=AG =) +l-hf (D

d.,, = neareast integer (d,) 2)
FE2UE AYANEA (D& H g3
S AR 7 8Fo Yad oA I
Asl H(2)s 2ol M ke A5ag A
= oo Ee g £ 4 AEL Fgo) A%
w7} wEd AT 43 £9 4 AE A9

[
)

\’&E,

NN

e

Al Aitdls &7t 4717 Wi FEE A
A Al chamfer AW EHS AFgFCH. o
A3 d-E TAE Y A d(distance image) O &
A 49 Ag¥ds(distance transform-
ation) olg} 8t 44 £9 global AglE 2 ¥
F 9ol ol e-HAE Alo]9] A local AEE
AnAZdoz A A "= Jldez o As
Sy E PP B dA&eAHEY Aol gt
olf A&HEAAd A=MEL chamfer AH2|WHE
olzt dHA Uk, BE 3x3,5x5H7x7 w23
ol A oy B dFoAME 3x3vulx3
& AHEE Y

4 3 4

3 0 0 3

G 4 3 4

(a) forward (b) backward
Fig. 2 3x3mask

5 0 0 5

11 7 5 7 1

" H

(a) forward (b) backward
Fig. 3 5x5mask
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Fig. 6 Flow chart of the proposed method
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Fig. 7 The procedure of the proposed algorithm

(a) Gray image (b) Sampled gray image (c) Binary image
(d) Areaopen image (e) Open image (f) Surface image.

(g) Surface image with maxima

(h) Surface image with watershed line

(1) Image with watershed lines (j) Segmented Image

(k) Center points (j) Labelled image

(m) Gradient image on the gray image
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Fig. 8 Traditional watershed algorithm

Fig. 10 Chamfer distance
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Fig. 11 Area distribution of labeled cells

Table 1 Statistic data of labeled cells

Minimum | Maximum | Average | Standard
deviation
deltl(mal 5 1066 276 272
Charmnfer 26 718 308 190
distance
Euclidean 5 659 188 180
distance
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