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Supplementary Text 1:
Backpack Power Consumption: The system operates at a supply voltage of 3.3 V. The estimated current consumption for each component is as follows: BLE IC (ISP1807): approximately 10 mA in active mode; IMU (ICM-20948): approximately 2.5 mA; humidity/temperature sensor (SHT40-AD1B): approximately 0.3 mA; and three time-of-flight (TOF) sensors (VL53L0X): each consuming approximately 15 mA, totaling 45 mA. Additional components such as voltage regulators account for approximately 5 mA. This results in a total estimated current draw of approximately 62.8 mA, which we conservatively round to 75 mA to account for operational variation.
Using formula P = VI, the average power consumption is calculated as:
P = 3.3 V × 0.075 A = 0.2475 W.
The corresponding energy consumption over a 1-minute operation is:
E = P × t = 0.2475 W × 60 s = 14.85 J.
Therefore, the system consumes approximately 14.85 joules per minute, with an average power draw of 0.25 watts.

Supplementary Text 2
Ultraviolet LED Specifications
The ultraviolet stimulation was produced using a surface-mount UV LED (WL-SUMW SMT Ultraviolet Ceramic Waterclear, Würth Elektronik, Germany). The LED has a peak wavelength of 395 nm and a spectral bandwidth of approximately 15 nm. When driven at a forward current of 500 mA, it provides a radiant flux of 800–1300 mW, which is sufficient for visual stimulation of the insect. The LED includes a silicone dome lens that produces a wide light spread with a viewing angle of approximately 130°, ensuring the UV illumination covers the cockroach's visual field.
According to the manufacturer's specifications, the device can operate at a continuous current of up to 800 mA, with a maximum power dissipation of 3.08 W. Under extreme conditions, the LED junction temperature could theoretically reach around 150 °C. To ensure safe operation in our experiments, we performed a thermal characterization of the stimulation protocol.[47] During continuous illumination for 30 s, the measured temperature increased by approximately 12 °C above room temperature. However, within the first 8 s of stimulation, the temperature change was minimal and did not show a significant increase. Based on these measurements, the maximum duration of continuous UV stimulation used in this study was limited to 8 s to avoid thermal effects and ensure safe operation during the experiments.

