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ABSTRACT

An electrostatic pollen collector for coconut comprised of electrostatic pollen
detachment unit, the collection assembly, and the camera-assisted monitoring unit.
Primarily, the morphological parameters of coconut inflorescence that influence the
design and operational efficiency of electrostatic pollen collection system were recorded.
The electrostatic pollen detaching unit, consisting of a variable high-voltage DC power
supply and an induction electrode assembly, was designed to facilitate the detachment of
pollen grains from anthers through electrostatic forces. Electrode geometry plays a
critical role in determining electric field strength and distribution, thereby influencing
pollen detachment and transfer dynamics. Various electrode configurations, including
ring (@ 50 mm), spherical (@ 10 mm), cylindrical (@ 50 mm) and conical (20 mm height,

10 mm base diameter), were selected to evaluate the performance.

A finite element analysis was performed in ANSYS Maxwell software to analyse
the electrostatic field characteristics of the electrode under varying voltage (5kV, 10 kV
and 15kV) and pollen-electrode distances (10, 50 and 100 mm). It was observed that
electric field strength increased with increasing voltage and decreasing distance, while
field distribution varied with electrode geometry. The highest field intensity (3.910 x 10°
V-m™) was observed for the cylindrical electrode, followed by the ring electrode (7.403 x
10° V-m) at 10 kV and 10 mm conditions. During laboratory evaluation of electrostatic
pollen detaching unit, three operational regimes were identified, such as collection zone,
burning zone and no-effect zone. Based on desirability-based multi-objective
optimization, the ring electrode was selected as the most suitable configuration due to its
operational safety, reduced risk of corona discharge and minimal floral damage.

Further optimization was carried out using ring electrodes of varying diameters
(40 to 80 mm). Maximum pollen collection was achieved at electrode-pollen distances of
30 to 50 mm and voltages of 10 to 15 kV. Electrical breakdown and floral tissue damage
were observed at closer distances and higher voltages. The performance ranking of
electrodes was determined as R6 > R7 > R8 > R5 > R4, with R6 identified as the optimal
configuration. These conditions were selected for field evaluation.

In the electrostatic pollen collector, the detached pollen grains were collected



using an air suction system integrated with a 500 mesh (25 um) nylon filter. The
monitoring unit consisted of a microcontroller (ESP32-CAM) equipped with camera
module (OV2640) and distance sensor (VL53L0X), and the entire system was mounted
on an adjustable telescopic pole. Field evaluation revealed that pollen collection
increased with applied voltage. The highest pollen count was recorded for the R6
electrode at 10 kV and 30 mm spacing. The electrode-pollen distance was found to have a
highly significant effect on pollen collection. The average time required for pollen
collection from a single inflorescence was 104.5 £+ 12.6 s and the viability ranged from 91
to 94%.

The total cost of the developed prototype was estimated at Rs. 31,000/- and the
operational cost was calculated as Rs. 116.22 per hour, which was significantly lower than
that of manual pollen collection. The system eliminates the need for skilled labour for
climb over the tree, reduces drudgery and prevents mechanical damage to pollen. Overall,
the developed device offered a mechanized, non-contact, non-destructive approach for

coconut pollen harvesting, contributing to sustainable and efficient agricultural practices.
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