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Automatic Recognition and Counting of Cultured Bacteria

Using Computer Vision
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NOP; : Total no. of pixel at the iy gray levei
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Rz, %), Wx,y) : Gray value of (x,v) in 1st image & 2nd image

g(x,y) © Subtraction h(x,y) from Rx,v),  (g(x, <0 : glx,»)=0)

R

(a) Original image. (b) Subtracted image. {(¢) Result ((a)-(b)).
Fig. 4 Image Subtraction.
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(B), : Translation of B by x = (x,22)
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(a) (b) (c) (d)
Original image. 3% 3 element. Erosion (a) by (b). Subtraction (a) from (c).
Fig. 5 Illustration of separating process.
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(f(h)=0) OR (f()=0) OR (f(m)=0) OR (f(m)=0) OR (f(r)=0) » « + = + + + « « « v v o v o o (4)

f(h) : gray level of pixel h
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f(a) : gray level of pixel a
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Table 1 Manual counting from the original and the binary image.

' Manual ~ Manual | ‘Error Manual | Manual | Error
Sample: counting ‘ counting  Error 7j." [Sample  counting ; counting Error og
| (8bit image) | (Ibit image) . ° | | (8bit image) | (1bit image) e
Sy e 12 22 1T 108 f 18 0 [000
2 w10 1909 18 1098 |2 1091
3 . l2 12 o0 ooof 19  u6 16 . 10862
4 14 ; 14 -0 ' 0.00 20 116 cooono. ;6 517
| 5 16 . 15 1 6m| 2 m6 14 2 1w
6 1w B2 17| 2 124 11 13 (1048
7y b 16 1 583 23 142 ' 130 112 845
| 8 | 9, 19 0 000} 24 . 144 . 131 13 [ 903
9 3 3 0 000 2 | M7 19 -2 -13
0 6 63 ' 6 80| 26 15 121 34 219
un | 7™ 7 0 000] 27 164 : 151 13 793
12 8 .69 17 1977 28 166 ‘ 145 21 1265
P 3 % 74 21 12211 29 286 285 1,035
14 % 8 1 1146 30 321 o 288 331028
! 55 9% 9% 4 404 31 364 ‘ 317 47 f1‘2.91
16 106+ 106 0 000 32 369 ) 342 2r 732
- - - L= ~ Avg. - - 9.63 ' 7.74
350 - 5 50
? . S 45 .
E 001 . 5
5 . L0t
% m'T ;: " g IS
E T 25 } ¢
g 150 4 XY 20 b . -
2 00 o i 15 L *
=1, L ..
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0 100 200 20 00 s& 100 * 200 300 400
Manual counting from ariginal image(CR)) Manual counting from original image (CFU)
(a) Relation between original and binary {b) Threshoding error.

image in manual counting.
Fig. 9 Result of thresholding.
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Table 2 Computer aided counting compared to manual counting from the binary image.

: Computer " i : Computer
| Manual . © Manual R
Sample| counting alde.d E Egpr Sample! counting axdeq ‘ErroriEl;r/Or
' (Ibit image) |, counung ¢ (1bit image) counting e
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4 R 14 0000 20 110 a0 000
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7 16 16 ;0000 23 130 130 0 000
8 19 118 [0 [000) 2 181181 0 000
9 31 31 0 000 25 149 149 0 000
oo 63 ;06 000} 26 o 121 121 0 000
u.o om0 1 000]) 27 B 1\ 2 132
12, 6 69 0 "000) 28 145 ] 145 .0 0.00
13 i 74 74 S0 000) 29 ' 28 o286 1 1035
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15 % ‘_ % ' 0 1000 3t 317 o321 4 126
16 106 106, 0 000| %2 342 37 5 146
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g 30 | v Al .
320 |
3 3t
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50 L 0 ju-o—en-odriane -
l(’ 4 100 200 300 440
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Manual counting from binary image

{a) Relation between computer aided counting

and manual counting from the binary image.
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(b) Counting Error.

Fig. 11 Result of counting.
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