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Machine Vision Based Detection of Disease Damaged Leave of Tomato Plants
in a Greenhouse

J. W, Lee

Machine vision system was used for analyzing leaf color disorders of tomato plants in a greenhouse. From the day when
a few leave of tomato plants had started to wither, a series of images were captured by 4 times during 14 days. Among
several color image spaces, Saturation frame in HSI color space was adequate to eliminate a background and Hue frame
was good to detect infected disease area and tomato fruits. The processed image (G b* image) by OR operation between
G frame in RGB color space and b* frame in La*b* color space was useful for image segmentation of a plant canopy
area. This study calculated a ratio of the infected area to the plant canopy and manually analyzed leaf color disorders
through an image segmentation for Hue frame of a tomato plant image. For automatically analyzing plant leave discase,
this study selected twenty-seven color patches on the calibration bars as the corresponding to leaf color disorders. These
selected color patches could represent 97% of the infected area analyzed by the manual method. Using only ten color
patches among twenty-seven ones could represent over 85% of the infected area. This paper showed a proposed machine
vision system may be effective for evaluating various leaf color disorders of plants growing in a greenhouse.
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Table 1 Lab values of color patches on the calibration bars (Underlined: refer to Table 2)

No. L a b No. L a b No. L a b No. L a b

#1 53.2 549 | -16.5 #26 68.4 65.3 1.5 #51 86.3 2.7 | 331 #76 448 -27.2 9.1
#2 484 724 | -12.3 #27 77.2 464 | 281 #52 86.7 -6.5 | 62.2 #77 504 | -158 9.3
#3 454 717 -5.4 #28 89.7 22.4 56.3 #53 45.0 52,0 | 236 #78 53.8 -28.3 6.8
#4 47.1 | 739 7.6 | #29 76.8 | -49.7 46.0 | #54 50.6 47.0 | 31.9 #79 450 | -24.6 4.5
#5 476 69.8 17.0 #30 68.6 7.7 40.6 | #55 512 39.9 | 329 #80 51.8 13.8 | -303
#6 50.4 67.3 314 #31 68.5 0.5 25.8 #56 47.7 53.0 | 190 #81 49.0 113 | -30.7
#7 56.9 633 49.6 #32 78.2 0.3 -1.8 #57 49.6 26.1 29.5 #82 46.5 131+ -30.8
#8 66.4 44.5 64.6 #33 451 | 603 | -213 #58 454 235 | 285 #83 357 92 | -185
#9 84.0 33 81.3 #34 48.8 71.0 0.5 #59 529 23.0 | 266 #84 484 244 | -343
#10 90.7 | -11.7 81.2 #35 46.4 71.3 7.6 | #60 52.9 284 | 266 #85 478 216 | -285
#11 906 | -109 77.6 #36 59.5 573 478 | #61 50.9 160 | 275 #86 45.1 7.1 | -186
#12 913 | -12.1 76.7 #37 67.5 40.0 64.3 #62 456 20.5 1228 #87 38.1 143 | -17.0
#13 91.8 | -134 69.7 #38 85.3 =55 874 | #63 75.6 | 254 | 511 #88 355 116 | -12.0
#14 648 1 -445 221 #39 61.5 -52.6 243 #64 69.8 240 ) 534 H39 375 9.8 | -101
#15 620 | -21.7 | -259 #40 555 208 | -41.8 #65 70.1 244 | 341 #90 343 23.6 -8.6
#16 63.5 -163 | -342 #41 54.8 -14.7 | 478 #66 65.7 284 | 34.1 #91 32.1 238 -59
#17 61.6 | -13.0 | -376 #42 37.7 1.0 | 477 #67 619 | 246 1 207 #92 26.7 19.0 -1.6
#18 50.9 -6.5 | -30.0 #43 67.9 -48.1 50.1 #68 61.0 | 286 | 259 #93 76.6 -1.3 6.5
#19 50.5 40 | -36.8 #44 552 | -55.1 7.7 #69 53.6 | -24.0 | 319 #94 65.1 -0.4 39
#20 | 404 299 -0.1 #45 38.8 -24.6 -1.6 #70 480 | -20.5 | 223 #95 50.2 -0.5 33
#21 38.6 321 1 296 #46 447 30.0 312 #71 638 | 260 1 177 #96 399 0.2 2.6
#22 26.9 1.0 1.4 #47 40.9 26.4 194 1 #72 536 | -21.6 | 134 #97 358 0.2 2.3
#23 39.0 1.2 37 #48 30.1 5.5 6.4 #73 593 284 | 160 #98 56.9 61.8 49.6
#24 | 920 13 | 30| #49 45.8 716 | -149 #74 512 | -233 17.6 #99 85.2 1.4 389
#25 67.1 672 | -134 #50 61.1 -57.1 -1.0 #75 480 | -21.0 12.5 #100 | 91.8 0.5 2.8
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(b) Binary Saturatzon frame
(Gray value < 50)

(2) An RGB plant image

(d) Bmary Hue frarne
(21 < Gray value < 45)

(c) Binary Hue frame
(Gray value < 21)

Eg 1 A tomato plant image (a) and the processed images for
extracting plant canopy (b), fruits () and disease damaged leave
(d) in a greenhouse under natural light conditions.
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Fig. 2 Flow chart for disease leave analysis algorithm.
(TB : Threshold value for extracting background
TF : Threshold value for extracting tomato fruits
TD : Threshold value for extracting disease damaged leave)
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Fig. 6 Assignment histogram of the color patches belonging to the
infected leave of tomato plants.
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Fig. 4 Area ratios of the infected leave to the plant canopy for the plant images in Fig. 3.
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Fig. 5 Comparison of area ratios and the infected area value of disease damaged leave for the plant images in Fig. 3.

450



J. of Biosystems Eng. Vol. 33, No. 6.

Table 2 Comparison of using image segmentation (Manual method) and using color patches (Automatic method) for detecting disease area

of tomato plants (Unit: %)

27 color patches 10 color patches
Plant Date Manual method -
Area ratio Error Area ratio Error
July 3 0.29 0.28 -0.05 025 -0.15
A July 8 2.07 1.98 -0.04 1.76 -0.15
July 10 513 5.11 0.00 4.81 -0.06
July 16 9.17 8.97 -0.02 7.95 -0.13
July 3 0.33 032 -0.03 0.29 -0.13
B July 8 2.07 2.02 -0.03 1.76 -0.15
July 10 4.62 449 -0.03 4.30 -0.07
July 16 11.59 11.30 -0.02 9.85 -0.15
Numbers in Table 1 of color patches used for automatic method were as follows:
10 color patches: #4, #24, #29, #38, #51, #54, #55, #56, #71, #72
27 color patches: #4, #24, #29, #38, #51, #54, #55, #56, #71, #72
#1, #6, #21, #39, #40, #64, #66, #70, #74, #75,
#87, #88, #89, #90, #93, #95
12 12
—&— Manual method —e— Manual method
—— Automatic method —— Automatic method
® g ¥ g
S L g .
] X
Bt g
L ot L
L L
0 0

July,3  July,8 Iy, 10 July, 16

Date
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Fig. 7 Comparison of the manual method and the automatic method for calculating the infection ratio during disease propagation for the plant

images in Fig. 3.
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