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Abstract : This paper presents an image analysis algorithm to detect and count yellow tomato flowers in a greenhouse with
uneven illumination  conditions,  complex  growth conditions  and different  flower  sizes.  The  algorithm is  designed to  be
employed on a drone that flies in greenhouses to accomplish several tasks such as pollination and yield estimation. Detecting
the flowers can provide useful information for the farmer, such as the number of flowers in a row, and the number of flowers
that were pollinated since the last visit to the row. The developed algorithm is designed to handle the real world difficulties in a
greenhouse  which  include  varying  lighting  conditions,  shadowing,  and  occlusion,  while  considering  the  computational
limitations  of  the  simple  processor  in  the  drone.  The  algorithm identifies  flowers  using  an  adaptive  global  threshold,
segmentation over the HSV color space, and morphological cues. The adaptive threshold divides the images into darker and
lighter images. Then, segmentation on the hue, saturation and volume is performed accordingly, and classification is done
according to size and location of the flowers. 1069 images of greenhouse tomato flowers were acquired in a commercial
greenhouse in Israel, using two different RGB Cameras &ndash; an LG G4 smartphone and a Canon PowerShot A590. The
images were acquired from multiple angles and distances and were sampled manually at various periods along the day to
obtain varying lighting conditions. Ground truth was created by manually tagging approximately 25,000 individual flowers in
the images. Sensitivity analyses on the acquisition angle of the images, periods throughout the day, different cameras and
thresholding types were performed. Precision, recall  and their derived F1 score were calculated. Results indicate better
performance for the view angle facing the flowers than any other angle. Acquiring images in the afternoon resulted with the
best precision and recall results. Applying a global adaptive threshold improved the median F1 score by 3%. Results showed no
difference between the two cameras used. Using hue values of 0.12-0.18 in the segmentation process provided the best results
in precision and recall, and the best F1 score. The precision and recall average for all the images when using these values was
74% and 75% respectively with an F1 score of 0.73. Further analysis showed a 5% increase in precision and recall when
analyzing images acquired in the afternoon and from the front viewpoint.
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