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REPORT UPDATE (650 words)

Following a series of laboratory and field tests on light reflectance of citrus leaves, we identified four light wavelengths that
could potentially generate useful information for differentiating young flush from old leaves. The identified wavelengths were
in visible and near-infrared light spectra but sensors with those optimum wavelengths were not available on the market;
therefore, we ordered a custom-made 4-band active optic sensors with four light sensors in 570, 670, 870, and 970 nm
bands that closely represent the ideal sensors. Using various vegetative indices, calculated from the leaf reflectance data,
threshold values for differentiating young and old leaves were determined. A control system hardware and software were
developed that could use the threshold indices to generate a signal for triggering solenoid valves to open/close hydraulic
spray nozzles. Examining the utility of various calculated indices including normalized difference vegetation index (NDVI),
simple ratio index (SR), triangular vegetation index (TVI), greening index (Gl), etc., we found that only NDVI and Gl could
provide a useful information to differentiate young and old leaves. An experimental setup consisting of the sensor module,
control module, GPS receiver, and spray system (pump, solenoid valves, nozzles, etc) was built to evaluate the functionality
of the system under dynamic conditions. A laboratory test was conducted to investigate the effect of the sensor orientation on
the magnitudes of the computed NDVI at 870 nm and 970 nm wavelengths. Those values were used to separate young flush
from old leaves. The larger the difference between the calculated indices of the two leaves indicated more reliable
separation of young and old leaves. Overall, NDVI at 870 nm showed a good separation of the signals at all tested sensor
orientations (-20 to +20 deg w.r.t. the spray direction). The G index showed an overlapping of values between old and new
leaves despite the fact that it showed good separation of the young and old leaves in earlier static tests. It was noticed that
using a single threshold value does not positively shut down the spray system due to the below-threshold signal from
non-leaf surfaces; therefore a range of threshold signal was established that could positively identify new leaves. It means
that all other entities scanned by the sensor will not be able to open the spray nozzles as their signals will be outside the
range identified for new leaves.

These tests will be continued to investigate the effect of sensor moving speed (sprayer ground speed) on the reliability of the
target identification.
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