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Fig. 1. Yellow sticky traps in greenhouse
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Fig.2. A part of the yellow card that displays the three types of trapped insects
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Fig. 3. Color transformation (a - Original image, b - Gray level)
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Fig.4. a- Histogram image, b-Image with uniform background
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Fig. 7. Color transformation (a- Original image, b- Gray level)
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Table 1- Relative accuracy of whitefly Counting

bl (e (329005 (9313 12) (oSS R B

Image Real (ocular) Estimated (image processing) Accuracy of detection
1 448 459 97.6%
2 201 219 91.1%
3 175 169 96.6%
4 202 211 95.6%
5 158 164 96.2%
6 169 187 89.4%
7 411 427 96.2%
8 278 259 93.2%
9 511 482 94.3%
10 235 254 92%
11 194 179 92.3%
12 321 342 93.5%
13 289 299 96.6%
14 162 171 94.5%
15 254 243 95.7%
16 487 469 96.2%
17 311 299 96.2%
18 216 232 92.6%
19 198 186 94%
20 328 342 95.8%

ke 94.5%
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Table 2- Analysis of variance of manual and automatic counting of pests by T test
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Probability level ’ ’
Sig. 0.529 0.071

25l god I gime 70 Jloss grbas 3 ooy OS] o
Conclusion: The difference between treatments is not significant at 5% probability level
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Table 3- Relative accuracy of thrips Counting
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Ry (otr) (281 Ctimated (im il B>
Image Real (ocular) S br c?cgssi(n g)age Accuracy of detection
1 192 185 96.4%
2 92 115 75%
3 135 178 68.2%
4 98 121 76.6%
5 231 212 91.8%
6 93 101 91.4%
7 111 135 78.4%
8 94 82 87.3%
9 124 145 83.1%
10 184 165 77.7%
11 143 159 89.7%
12 135 119 88.2%
13 95 101 93.7%
14 278 255 91.7%
15 198 187 94.4%
16 143 146 97.9%
17 134 151 87.3%
18 215 206 95.8%
19 112 123 90.2%
20 194 207 93.3%
nSile 87.4%
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Introduction

Lack of water resources, increasing demands for food, the optimal use of water and land, and food security
are of the most important reasons for the development of greenhouses in the country. The benefits of greenhouse
cultivation consisted of the possibility to produce off-season, increase harvest period, reduce the production
costs, increase economic efficiency and etc. Regarding the conditions of the greenhouse, in terms of temperature
and humidity, a site is susceptible to contamination with various pests and diseases, which can cause a lot of
damages to the products. So, for a high-quality product, identification and timely control of pests are necessary.
The need for spraying in a timely manner, with a sufficient number of times, is to have accurate information on
the population of pests in a greenhouse environment at different times. Whiteflies, thrips, and aphids are among
the most commonly known harmful insects in the world, causing severe damages to greenhouse plants.

Materials and Methods
Twenty yellow sticky cards were randomly selected in different parts of the greenhouse of cucumbers in the
Amzajerd district of Hamadan. From each card, 45 photos were taken with Canon IXUS 230HS digital camera
with a resolution of 12.1 Megapixels at a distance of 20 centimeters. Before each image processing, trapped
insects were initially identified and counted by three entomologists. At this stage, three types of insects (two
harmful insects, whitefly and thrips and non-harmful insect) were identified. Then the images were transferred to
Matlab software.
The algorithm of identifying and counting the whitefly was the following six steps:
Step 1: Convert the original image to the gray level image
Step 2: Correcting the effects of non-uniform lighting
Step 3: Determine the optimal threshold and convert the gray level image to the binary image
Step 4: Remove objects smaller than Whitefly
Step 5: Fill the holes in the image
Step 6: Counting broken segments
The algorithm of identifying and counting the thrips was the following eight steps:
Step 1: Convert the original image to the gray level image
Step 2: Correcting the effects of non-uniform lighting
Step 3: Determine the optimal threshold and convert the gray level image to the binary image
Step 4: Prepare image negatives
Step 5: Remove objects smaller than the thrips
Step 6: Remove the thrips and isolate the rest of the objects
Step 7: Split the thrips
Step 8: Count the thrips
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Results and Discussion

Relative accuracy, root mean square error (RMSE) and Coefficient of variation of the RMSE of Whitefly
counting in image processing system were 94.4%, 15.3 and 5.5% respectively. The results of the T-test between
two methods indicated that there was no significant difference between them.
The mean relative accuracy, root mean square error (RMSE) and Coefficient of variation of the RMSE of the
thrips count in the image processing system were 87.4%, 18 and 5.9% respectively. There was no significant
difference between the two methods.

Conclusions

The proposed image processing algorithm was able to detect whiteflies and thrips with a relative accuracy of
94.5% and 87.4%, respectively. In addition to simplicity, this method has the ability to adapt to different
conditions. Also, with some changes in the proposed algorithm, the system will also be able to identify other
pests. In order to design an intelligent spray system in the greenhouse, the population of pests needs to be
monitored frequently, so the identification and counting of pests will be necessary for the intelligent spray
system.
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