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Abstract: To acquire multidimensional characteristic information of ancient architectures, such as spatial
structure, historical evolution and health status, this paper developed a hyperspectral LIDAR (HSL) system that
implemented continuous spectrum wavelength selection from 550 nm to 1050 nm by an acousto-optic tunable
filter (AOTF). 5 GHz/s high-speed acquisition card recorded the full waveform, including the transmitted and the
echo waveforms. A two-mode step scanning strategy, including static single-point testing and zigzag scanning
mode, was designed to ensure the accurate acquisition of three-dimensional spatial information. The reflectivity
stability, signal-to-noise ratio (SNR), and scanning accuracy tests were conducted in an experimental
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environment, which indicated that our HSL system was stable and reliable. The 3D reconstruction distribution of

ancient building components was presented with a single wavelength quantized voltage value, and the component

material classification was conducted by a random forest (RF) classifier with hyperspectral reflectance. The

results show that the system can obtain reliable 3D spatial and supercontinuous spectral information, providing

multidimensional feature data for ancient architecture modelling.

Key words: ancient architecture;
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Tab.1 System design criterion of HSL

Item

Parameter

Output mode

Spectral range/nm
Spectral resolution/nm
Co-efficiency of AOTF crystal diffraction
Output efficiency
Monopulse energy
Divergence angle of light spot/mrad

Collimator focal length

Mode 1: Supercontinuum spectrum direct output
Mode 2: Monochromatic light turntable output

550-1050
5
>80%
>40%
>8
~0.35
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Tab.2 SNR test results

SNR under different reflectance

60%
16.108

70%
16.531

40%
16.021

50%
16.113

20%
15.758

30%
16.546

Reflectance
SNR
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Tab.3 Test results of horizontal axis rotation accuracy

Rated value Encoder Theodolite Bias
returned value measured value

25 25°02" 359°25'52" —24"
40 40°0'4" 359°26'06" -10"
55 55°0'1" 359°26'04" —12"
70 70°02" 359°26'03" -13”
85 85°0'4" 359°26'16" 0"
100 100°0'1" 359°26'16" 0"
115 115°072" 359°26'35" 19"
130 130°0'4" 359°26'49" 33"
145 145°0'1" 359°27'01" 45"
130 129°59'54" 359°26'38" 22"
115 114°59'52" 359°26"21" 5"
100 99°59'51" 359°26'08" 8"
85 84°59'54" 359°26'05" —11"
70 69°59'52" 359°25'51" 25"
55 54°59'51" 359°25'51" 25"
40 39°59'59" 359°25'51" 25"
25 25°02" 359°25'52" 24"

4 RMEBENIKER

Tab.4 Test results of pitch axis rotation accuracy

Rated value Encoder Theodolite Bias
returned value measured value

16 15°59'50" 275°21'34" 0"
31 31°02" 275°21'53" 19"
46 46°0'4" 275°21'34" 0"
61 61°0'0" 275°21'05" -29"
76 76°0"2" 275°20'58" -36"
61 60°59'55" 275°21'39" 5"
46 45°59'56" 275°21'43" 9"
31 30°59'58" 275°21'59" 25"
16 15°59'51" 275°21'40" 6"

Xt R AV it 2 sl 12 0 U A 6 R e R
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