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EXECUTIVE SUMMARY

This project designs and develops an intelligent solar panel cleaning machine to
counter performance loss from dust accumulation (soiling loss) and reduce panel
damage from thermal shock. Two ESP32 microcontroller nodes communicate via ESP-
NOW to measure environmental and electrical data, compute the temperature-
corrected performance ratio (PR'25°C), and control the motor, water supply, and safety
devices.

Performance is evaluated using data from 11:00-14:00 at irradiance > 400 W/m?,
with 21 days of clean-panel data as the baseline (mean PR'25°C = 0.6770, SD = 0.0191),
giving a Mean-3SD threshold of 0.6199. The system compares accumulated loss against
the full cleaning cost of 15.27 baht per cleaning (water 0.54 baht; electricity and labor
0 baht; assumed maintenance 353.40 baht/year at 24 cleanings/year) before checking
safety conditions. The corrected BOM build cost of 7,068 baht is used as Ccapex in the
payback analysis.

In a different-day paired test, PR'25°C rose from 0.539 to 0.663 after 3 cleanings
(+23.0%), although this is a single pair of days and may be affected by weather and
sample size. Overcurrent protection monitors each arm via the Current Sense signals
of two BTS7960 modules with a 6.0 A per-arm stop threshold; a simulated jam stopped
at 6.48 A. The 5.55 A reading is total machine current from an external meter, so it was
not compared with the per-arm threshold, and the INA219 measures battery voltage
only. The prototype integrates performance evaluation, drop detection, cost-
effectiveness assessment, and control, but fully automatic mode has not been tested
with real field data. At 22.9 ke, it exceeds the 15 kg limit, so the structure must be
redesigned in the next version.
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