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Design of BRDF measurement system

based on multi-rotor UAV
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Abstract: Considering the non-portability and low efficiency of the measurement of bidirectional
reflectance distribution function at present, a measurement system of bidirectional reflectance distribution
function based on multi-rotor UAV was developed. The system is mainly composed of multi-rotor UAV and
visible - short wave infrared spectrometer, with the observation lens of the spectrometer controlled by a

high-precision UAV cradle head. The spectrometer adopts two wave band detection units, and the overall
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spectral coverage is 400~1700 nm. The two detection units of the spectrometer detect signals with flat
field concave grating and linear array detector, and their spectral resolution is better than 3nm and 12nm
respectively. In order to verify the comprehensive performance of the measurement system of bidirectional
reflectance distribution function based on multi-rotor UAV, the surface directional characteristics of
Dunhuang radiation correction field were measured using the measurement system. The experimental
results show that the portable measurement system can greatly improve the measurement efficiency of
bidirectional reflectance distribution function and provide a useful reference for the future development of

measurement of bidirectional reflectance distribution function.

Key words: unmanned aerial vehicle; bidirectional reflectance distribution function; visible-short wave

infrared; measurement system
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Fig.2  Photo of multi-rotor UAV
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Table 1 Technical parameters of multi-rotor UAV

Type Parameter
Load weight/kg 10
Hover precision/m Vertical: 0.5, horizontal: +1.5
Maximum Angle/(°) 25
Maximum wind speed/(m-s™) 8
Maximum level flying speed/(m+s™) 12 (Windless environment)
Operating environment temperature/C -10~40

(2 =6 HRAH

Table 2 Technical parameters of cradle head

Type Parameter
Weight/kg 277
Load weight/kg 4.5
Operating environment temperature/°C -15~50
Angle jitter/(°) +0.02
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Fig.3  Spectroscopic principle diagram of flat-field concave grating
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Fig.4  Visible-short-wave infrared spectrometer. (a) 3D modeling; (b) physical photo
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Table 3 Grating parameters of VNIR unit

Type Parameter
Spectral range/nm 400~1000
F# 2.2
Scribed line density/(gr-mm™) 310.5
Spectral width/(k*mm™) 12.7
Average dispersion(nm+mm") 47.2
filter | stops
detector | =
: flat field
~»
-

concave grating

entrance slit

K5 VNIR ST AR
Fig.5  Stray light path of VNIR unit

% 4 SWIR ¥ 7T XM A %L

Table 4 Grating parameters of SWIR unit

Type Parameter
Spectral range/nm 850~1700
F# 22
Scribed line density/(gr-mm™) 221
Spectral width(k*mm™) 12.7
Average dispersion(nm*mm™) 67

flat field

concave grating

optical fiber entrance

K6 SWIRBILH ALK
Fig. 6  Stray light path of SWIR unit
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