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SeedCounter — mobile application for high throughput
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Abstract — Grains morphometry is an important step in
selecting new high-yielding plants. The manual assessment of
parameters such as the number of grains per ear and their size
is laborious. The solution to this problem is image-based
analysis, which can be performed using a desktop PC. The
effectiveness of this analysis in the field can be improved
through the use of mobile devices. We propose a method for
the automated evaluation of phenotypic parameters of grains
using mobile devices running the Android operational system.
The experimental results show that this approach is efficient
and sufficiently accurate for the large-scale analysis of
phenotypic characteristics in wheat grains.
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Introduction

Large-scale breeding experiments require processing
substantial phenotypic data, often in field conditions and
thus without access to desktop computers and scanners. In
this case, a digital camera is a viable option, but the images
must be subsequently copied to a laptop or PC.

Modern mobile devices (smartphones and Internet
tablets) contain digital cameras with high resolution. Mobile
devices have multicore processors with sufficient
computational power for image processing and analysis.
These features allow users to capture and process images
wherever necessary. A number of applications for mobile
devices have been developed for the morphometry of plant
organs. Leafsnap [1] is able to identify plant species in real
time based on their leaf images: a user takes pictures of a
plant leaf using a mobile device and sends the images from
the camera to a remote server where they are processed.
Leaf Doctor [2] is another mobile application that estimates
the percentage of disease severity based on leaf images in a
semi-automated manner.

In this work, we present a mobile application,
SeedCounter [3], for the Android platform that enables the
automated calculation of morphological parameters of
wheat grains using mobile devices "in the field” (conditions
without computer facilities). The application estimates the
number of grains scattered on a sheet of paper and
morphological parameters such as the length, width, area,
and shape indexes: circularity, roundness, rugosity, solidity.

Materials and methods

The program input is a color image of grains placed
arbitrarily on a sheet of white paper (A4, Letter, Legal, A3,
A5, B4, B5, or B6). We recommend minimizing any contact
between grains. To reduce errors, users should provide the
following conditions for image capture: the paper sheet
should be placed on a dark background and bright side
lighting should be avoided.
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The boundaries of the paper sheet on the background
should be parallel to the sides of the frame. The fixed size
of the paper makes it possible to calculate the scale of the
image and evaluate the grain sizes in metric units. The
SeedCounter application receives images directly from the
camera of the mobile device.

The algorithm is implemented using the OpenCV image
processing library [4] and consists of several steps:

(1) The paper sheet is recognized as a light area of tetragonal
shape on a dark background.

(2) If the paper shape on the image deviates from
rectangular, affine transformations convert it to rectangular.

(3) Grains are identified as contours to the image fragment
corresponding to the paper sheet.

(4) The marked watershed method [5] is used to resolve the
boundaries of seed grains that are in contact with one
another. The resulting contours are approximated by grain
ellipsoids, allowing for estimates of the size of the major and
minor principal axes corresponding to the length and the
width of the grain. SeedCounter additionally identifies the
grain image area and shape indexes. The circularity and
roundness indices show how close the shape of the contour
is to the shape of the circle.
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The roughness index is defined as the ratio of the perimeter
(Ps) of the contour to the convex perimeter (Pc):
Roughness = E
Pc

The solidity index is the ratio of the contour area to the
convex hull contour area:

Solidity = Contour Area
onaty = Convex Hull Area

Grain recognition algorithm implemented on the Java
programming language.

Results

The SeedCounter mobile application for Android
devices is free to download at the Google Play Store
(https://play.google.com/store/apps/details?id=org.wheatdb



.seedcounter) distributed under the BSD (Berkley Software
Distribution) license.

SeedCounter is distributed under the BSD (Berkley
Software Distribution) license. The grain number estimation
accuracies for different experiment series [3] are shown that
the MAPE (mean absolute percentage error) of the estimate
of the number of grains on the sheet is close to 2%. A more
detailed analysis showed that the largest errors in counting
the number of grains occur if two or more grains on the
paper are in contact and that under poor lighting conditions,
the algorithm does not separate most of the grains. If the
grains on the sheet are all separated, the seed counting error
vanishes. The accuracy of length and width estimation for
the grains by different devices in different conditions [3] is
shown that the grain size estimation accuracy was
approximately 0.30 mm that is approximately 8% of the
linear dimensions of the wheat grain.
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