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2.4 Optech Titan 
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Table 2.1 Specification of the Titan airborne system (Fernandez-Diaz et al. 2016) 
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Figure 2.1 The Titan system's operational wavelengths (left) and hardware (right) 



Background and Literature Review 
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3. Methodology 
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Figure 3.1. General flowchart of the developed HSL for environmental awareness purposes 
(the spectroscopic device can be integrated into transmitting optics or receiving optics as the 

green blocks are present). 
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3.1 Transmitting 
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Figure 3.2 The concept illustrations of traditional LiDAR, MSLS based on several monochromatic 
lasers and hyperspectral LiDAR 
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Table 3.1. The advantages and disadvantages of different spectroscopic devices based on HSL 

 Multiplexing Flexibility Size Cost Spectral 
Range 

Develop-
ment dif-
ficulty 

Optical 
filter(s) 

Spectral multi-
plexing 

High Medium Medium Wide Medium 

Spectro-
graph 

Spectral multi-
plexing 

Medium Large High Medium High 

LCTF Temporal multi-
plexing 

Low Small Low Narrow Low 

AOTF Temporal/Spec-
tral multiplexing 

Medium Small Low Medium Low 

3.2 Receiving 
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4. Results 

4.1 New HSL technology 
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Figure 4.1. The optical setup: a laser pulse from a photonic crystal fibre (A) is collimated and sent 
to a 2D scanner (B). An off-axis parabolic mirror (C) is used as the primary light-collecting 
optic. A spectrograph (D) disperses the colours of the trigger (E) and echo pulses to an APD 
array, which converts the light to analogue voltage waveforms. 
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Figure 1.2. Spectral channel configuration and the eight selected channels (with solid curves) for 
vegetation applications 
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Figure 4.3 Schematic setup of the two-channel optical-filter-based hyperspectral LiDAR 
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Figure 4.4 Two-channel optical-filter-based hyperspectral LiDAR used in the laboratory test 
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Figure 4.5. The 8-channel and 17-channel HSL system and the experimental scene 
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Table 4.1. The central wavelengths and the bandwidths of the filters 

 VNIR SWIR 

 
540  
nm 

670 
nm 

800  
nm 

990 
 nm 

1064 
 nm 

1100 
 nm 

1225 
 nm 

1460 
 nm 

Table 4.2. The details of the spectral configuration of the optical filter based on 17-channel HSL 

Channel 
(VNIR) 

Wavelength 
/nm 

Channel 
(SWIR) 

Wavelength 
/nm 

1 450 10 1070 
2 540 11 1120 
3 615 12 1230 
4 670 13 1300 
5 700 14 1360 
6 750 15 1420 
7 800 16 1557 
8 845 17 1600 
9 925   
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Figure 4.6. Seven standard ore samples from a geological research institute 
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Figure 4.7. Schematic diagram of the LCTF-based HSL system 



Results 

 

Figure 4.8. LCTF-HSL prototype 
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Table 4.3. Technical specifications of the LCTF device 

1/ 22 4sin 2 sini i

nV

f
λ θ θΔ= +

λ



Results 

Figure 4.9 Schematic setup of the AOTF-HSL system 
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Figure 4.10. AOTF-HSL system for the field test on a two-dimensional turntable. 

4.2 Range Results 
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Figure 4.11 The echoes of the two-channel hyperspectral LiDAR from the Spectralon® reflec-
tion board at ranges of 10 and 11 metres. 
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Table 4.4. Standard deviations of the distance of each spectral channel of the 17-channel opti-
cal-filter-based HSL system (calcite case) 

Channel 
(VNIR) 
Si APD 

STD 
/cm 

Channel 
(SWIR) 

InGaAs APD 

STD 
/cm 

1 0.66 10 0.12 
2 0.14 11 0.08 
3 0.27 12 0.94 
4 0.97 13 0.76 
5 0.31 14 0.81 
6 0.36 15 0.77 
7 0.07 16 1.10 
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8 0.45 17 0.03 
9 0.41   

 

 

Figure 4.12. Processed spectral waveforms of a green plant collected by the 18-channel LCTF-
HSL system 
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Table 4.5 Range measurements from the different spectral channels 

Wavelength/nm Range/m Wavelength/nm Range/m 
550 3.105 640 3.075 
560 3.105 650 3.075 
570 3.105 660 3.060 
580 3.105 670 3.075 
590 3.105 680 3.060 
600 3.090 690 3.075 
610 3.105 700 3.075 
620 3.075 710 3.075 
630 3.060 720 3.075 
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Figure 4.13 Range measurements of the AOTF-HSL system from 650 nm to 1000 nm on four 
standard targets with different reflectivities at 37.5 metres from the AOTF-HSL system. 

4.3 Spectral Results 
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Figure 4.14 The spectral power density of the SC laser source 

NDVI = [NIR-RED]/[NIR+ RED],           (4.11) 
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Figure 4.15 The echoes of the two-channel hyperspectral LiDAR system for two targets (Spec-
tralon panel behind the Norway spruce tree), averaged across 16 measurements. 
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Figure 4.16 The NDVI of the echoes from the two-channel hyperspectral LiDAR system for two 
targets (Spectralon panel behind the Norway spruce tree), averaged across 16 measurements 
and the echoes after normalisation. 

Figure 4.17. From the upper-left corner: (1) A photograph of the Norway spruce, and 3D point 
clouds demonstrating (2) the backscattered reflectance (3) the water Index, (4) the NDVI and (5) 
the MCARI 
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Figure 4.18. The spectrum reflectance (blue) of the Scindapsus plants ((a) a healthy Scindap-
sus plant grown in soil, (b) a healthy Scindapsus plant grown in water, (c) dry and withered 
Scindapsus plant) collected by the HSL and by the spectrometer 
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Figure 4.19. Aloe (left) and dracaena (right) plants measured in the laboratory experiments with 

the LCTF-HSL system 
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Figure 4.20 Spectral reflectance curves of the aloe (top) and dracaena (bottom) plants collected 
by the SVC spectrometer 
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Figure 4.21. Comparison of the reflectances of the aloe (left) and dracaena (right) plants from 
the SVC spectrometer and LCTF-LiDAR system 
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Figure 4.22 Four plants used in the experiment: (a) an aloe plant with yellow and green leaves, 
(b) a dracaena plant with yellow and green leaves, (c) a rubber plant and (d) a Radermachera 

plant. 

Figure 4.23 AOTF-HSL-derived spectral profiles of 6 leaves from the four plant species (dra-
caena, aloe, rubber and Radermachera plants) 
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Figure 4.24. AOTF-HSL-derived spectral profiles of the green leaves from the (a) dracaena, (b) 
aloe, (c) rubber, and (d) Radermachera plants compared with the spectrometer measurements. 

Figure 4.25. AOTF-HSL-derived spectral profiles of the yellow leaves from (a) the dracaena 
plant and (b) the aloe plant compared with the spectrometer measurements. 
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Figure 2. Scatter diagrams of the reflectance of the green leaf cases measured by the AOTF-
HSL system and the SVC spectrometer. 
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Figure 4.27. Scatter diagrams of the reflectance of the yellow leaf cases measured by the 
AOTF-HSL system and the SVC spectrometer. 

 

 

Figure 4.28. The spectrum reflectance (blue) of the plagioclase sample collected by the HSL 
system and by the spectrometer 
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Figure 4.29 Spectral waveforms for calcite: (a) VNIR channels and (b) SWIR channels. 

Figure 4.30. Reflectance measurements for the ore samples (average of ten measurements). 
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Table 4.6. FCD values of the 17 spectral channels 

Wavelength 
/nm 

FCD value Wavelength 
/nm 

FCD 
value 

450 0.025 1070 0.43 
540 0 1120 0.98 
615 0.42 1230 0.88 
670 0.35 1300 0.47 
700 0.33 1360 1 
750 0.28 1420 0.74 
800 0.37 1557 0.48 
845 0.46 1600 0.46 
925 0.57   
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Figure 4.31 Comparing the classification accuracy for different feature vectors selected accord-
ing to the FCD 
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5. Discussion  
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5.1 More outputs 
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Table 2. “Red-edge” position results based on the FRS technique 

 

 

Table 32. “Red-edge” slope results 

 

 

Table 43. “Red-edge” area results 



Discussion 

 

( )670 780

2REP

R R
R

+
=

( )700

740 700

700 40 REP
REP

R R

R R
λ

−
= +

−
 

1FDR 2FDR

1FDR

2FDR 1m 2m 1c 2c

1 1 1FDR m cλ= +

2 2 2FDR m cλ= +

( )1 2

1 2
REP

c c

m m
λ

− −
=

−



Discussion 

 

Table 54. “Red-edge” position results for the green dracaena leaves from the three different 
methods 

Table 65. “Red-edge” position results for yellow dracaena leaves from the three different meth-
ods 

Table 76. “Red-edge” position results for green aloe leaves from the three different methods 

Table 87. “Red-edge” position results for yellow aloe leaves from the three different methods 

Table 98. “Red-edge” position results for the rubber plant from the three different methods 

 

Table 109. “Red-edge” position results for the green Radermachera leaves from the three differ-
ent methods
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5.2 The Goal of the Dissertation 
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5.3 Future Research 
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6. Summary 
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