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Abstract; In forest fire monitoring, the moisture content of surface litter is a key indicator for assessing
regional fire danger levels. Existing moisture content measurement systems based on a single near-infrared
(NIR) light band are susceptible to ambient light interference, leading to significant measurement errors
under natural light variations. Through near-infrared spectroscopy experiments, it was found that water
molecules in litter exhibited significantly stronger absorption intensity at 1 450 nm band compared with
1350 nm band. Leveraging this principle, a dual-band NIR measurement system for litter moisture
content was designed. Unlike single-band systems which relied solely on the analog-to-digital converter
(ADC) value of one wavelength for calibration, this system utilized the difference between the ADC
values at 1450 nm and 1 350 nm. The hardware comprised a microcontroller, dual-band infrared
emitters, an ADC acquisition module, a UART communication module, an external power supply, and a
stainless-steel protective enclosure. Calibration experiments under stable room temperature and indoor
lighting showed that the relationship between the system’s ADC values and litter moisture content fitted a
cubic polynomial model (R* =0.9859). To verify the system’s robustness against dynamic natural light
during measurement, water-saturated litter samples were dried naturally outdoors while their moisture
content and weight were monitored periodically, yielding 23 datasets. Comparative analysis of ADC value

trended at 1350 nm and 1 450 nm demonstrated that the dual-band system maintained high accuracy
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despite natural light interference. Experimental results indicated a mean absolute error ( MAE) of

2.74% . The designed dual-band NIR measurement system effectively overcame the limitations of single-

band systems under ambient light variations and significantly enhanced interference resistance.

Key words: forest litter; moisture content detection; near-infrared spectroscopy; microcontroller;

photoelectric sensor
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5 2776 78.59 78. 00
6 2731 76. 40 72.90
7 2676 73.55 69. 82
8 2520 64. 50 63.72
9 2477 61.79 60. 00
10 2418 57.92 55.60
11 2365 54.31 51.36
12 2304 50. 03 46.20
13 2 260 46.85 42.27
14 2203 42. 64 38.36
15 2134 37.43 34.37
16 2067 32.25 29.20
17 1989 26. 11 25.09
18 1935 21.80 19.45
19 1867 16. 34 14.18
20 1 800 10. 92 9.18
21 1760 7.68 4.55
22 1723 4.68 2.76
23 1702 2.90 0. 65
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