





Fig. 2(a) depicts the fruitlet specimens utilized in the characterization test. The small fractions of the fruitlet surface of
varying ripeness (colours) were excised and employed in the investigative study. The fruitlet ripeness followed the
sequence Gl < G2 < G3 < G4 < GS, transitioning from a dark purple to red orange as ripeness progressed. The
corresponding reflection spectrum of each fruitlet to three ripeness stages were presented in Fig. 2(b).

The bandwidth of the reflection curve widened alongside ripening. The cutoff at the shorter wavelength region. which
depicted as red straight line in Fig. 2(b) started at 700nm for G1, progressed to 640nm as the ripeness increased (from G2.
G3, then G4) and eventually stopped at 560nm for G5. The reflectivity within the blue region (400 — 450nm) consistently
low irrespective of ripeness, elucidating the low intensity observed in blue pixels and their limited correlation with fruit
ripeness.

Fig. 2(c) shows the detected RGB pixel intensities that correspond to different ripeness levels. A good correlation was
clearly shown between the intensity of red colour pixel and the level of ripeness, whereas the green and blue pixels do not
exhibit any significant variation for sample G2, G3, and G4, with the blue pixel displayed the least discernible alterations,
[t was worth noting that the reflective spectrum exhibited an incremental pattern with increasing ripeness, with the sole
intensity changes noticeable between G1 and G2.

Fig. 3. FFBs at different levels of ripeness are characterized. From left to right: Unripe. Underripe and ripe.

The characterization test proceeded to three FFBs of different ripeness. classified as unripe, underripe, and ripe as shown
in Fig. 3. The three FFBs were characterized using a halogen lamp and the reflection spectra of the bunches were recorded
and measured via spectrometer. 6 — 8 sets of measurements were taken across various sections of the fruit bunches, and
the spectral curves were averaged to produce a singular representative curve for each class of ripeness as shown in Fig. 4.
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Fig. 4. The averaged reflection curves of FFBs (Unripe, Underripe, Ripe)

I'he analysis revealed that the spectral curve within the region of 570 ~ 750nm was sensitive 1o the change of ripeness,
while the spectral curve within the region of 808 — 920nm displayed the least sensitive to the ripeness. These distinet
properties present opportunities for leveraging ripeness assessment in oil palm fruit bunches
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