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ABSTRACT: 

 

Airborne Laser Scanning (ALS) has been a well-established tool for the measurement of surface topography as well as for the 

estimation of biophysical canopy variables, such as tree height and vegetation density. By combining GPS and INS together, ALS 

could acquire surface information effectively in getting the mass production of DEM and DOM. However, up to now most 

approaches are built upon single-wavelength Lidar system, which could only provide structure information of the vegetation canopy, 

the intensity information was rarely used to monitor vegetation growing state as its limitation on spectral characteristics. On the other 

hand, positive multi/hyper-spectral imaging instruments highly rely on the effects of weather, shadow and the background noise etc. 

The attempts to fuse single-wavelength Lidar data with multi/hyper-spectral data also been effected this way. Thus, a concept for a 

multi-wavelength, active canopy Lidar has been tested in this paper. The proposed instrument takes measurement at two vegetation-

sensitive bands separately at 556nm and 780nm, which, according to the correlation analysis between the wavelengths and 

biochemical content with plenty of ground ASD reflectance dataset, showed a high correlation coefficient on the chlorophyll 

concentration as well as nitrogen content. The instrumentation of the multi-wavelength canopy Lidar employs low power, solid and 

semiconductor laser diodes as its laser source and the receiver consists of two channels, one for 556nm back-scatter signal and the 

other for 780nm. The system calibration has also been done by using a standard white board. Multi-wavelength back-scatter signals 

were collected from a scene consists of stones, healthy broad-leaf trees and unhealthy trees that suffer from disease(part of its leaves 

were yellow). It is shown that the multi-wavelength canopy Lidar could not only capture the structure information, but also could 

pick up the spectral characteristics. A further test of three dimensional reconstruction and SVM based classification were also done 

and the results showed that the spatial resolution could be as high as 5mm and the accuracy of classification on those three features 

(woody/un-woody, healthy/unhealthy) reached to 86%. Therefore, the multi-wavelength canopy Lidar shows its potential capability 

on vegetation monitoring in a new effective way. 
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1. INTRODUCTION 

Light Detecting And Ranging(LiDAR) have been widely used 

in vegetation remote sensing[1,2]. Previous LiDAR systems 

mostly take measurements at one single band which makes it a 

limitation on intensity using for vegetation monitoring as the 

lacking of spectral information. On the other hand, results based 

on positive  multi-spectral remote sensors  showed a more 

effective way to do the vegetation monitoring, but it was limited  

by the solar illumination. Fusions between these two methods 

make it possible to overcome some of  the shortcomings but the 

effects brought by the weather, shadow etc still exist[3]. As a 

result, the concept for a multi-spectral canopy LiDAR used for 

vegetation monitoring was proposed recently. Rall and Knox 

described a nearest dual-wavelength spectral ratio biospheric 

LiDAR system[4], use which the change of NDVI profile at 

different season was given out. But it could not detect the range 

information of the canopy.Tan and Narayanan developed a 

multi-spectral polarized LiDAR[5], as the wavelength was not 

the most sensitive bands of typical vegetation, the capability on 

vegetation monitoring is limited too. Morsdorf and Nichol et al 

simulated a four wavelength canopy LiDAR which could 

monitoring forest canopy growing status[6]. However, a real 

MWCL instrumentation used for vegetation monitoring as well 

as structure reconstruction has not been reported so far. 

To support the vegetation monitoring mission, a vegetation 

sensitive two band  LiDAR  instrument was proposed and tested 

at Wuhan University. The scope of this study is i): to describe 

the configuration of this LiDAR system and ii): to complete the 

preliminary ground experiment setup.  

 

2. SYSTEM CONFIGURATION 

The Multi-spectral Canopy LiDAR consists of three main 

parts: (i) the laser source and beam combination sub-system, (ii) 

the optical receiver light splitting sub-system, and (iv), the data 

acquisition and processing sub-system. The details of these 

three main parts will be described in the next sections. The 

block diagram of the Multi-spectral Canopy LiDAR is shown in 

Figure 1. 
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Figure 1  block diagram of the multi-spectral LiDAR system 

 

In Figure 1, the 556nm laser beam was reflected by 

M1,which has a reflectivity as high as 99.9%. Then combined 

with 780nm laser beam into one single beam after passing 

through a special filter F1. The back scattered light was 

collected by a Schmidt-Cassegrain telescope and  then send to 

light splitting system and finally divided into two channels. For 

each channel, the photonic signals are amplified and converted 

to electric signals throughout the PMTs, and outputs from the 

PMTs are A/D converted by a digital oscillograph. Finally, the 

signals are stored in a computer hard disk, prepared for 

subsequent data processing. 

 

2.1 Laser source and beam combination 

The Multi-spectral Canopy LiDAR system employs a low 

power solid and a semiconductor lasers, both of which are 

specially designed to meet the requirements for vegetation 

detection. The  key parameters of the two lasers are shown in 

Table 1. 

 

 

Parameters 556nm 780nm 

Power(mW) 100 100 

Beam divergence(mrad) 1.5 1.5 

Beam diameter(mm) 2.7 2.7 

Stability(4h,rms) <0.3% <0.3% 

Pre-time(min) 10 10 

mode single single 

 

Table 1 key parameters of the multi-spectral canopy LiDAR 

  Beam combination is the next issue. The advantages to do 

beam combination are (i) all the lasers must shoot exactly at the 

same point, otherwise the back-scatter reflectance that the 

receiver got would come from different object and/or different 

parts of the object, which means the reflectivity value we 

measured at the two bands would be mismatched. (ii) the 

position of the four laser points would change as the detecting 

distance changes if beam combination was not completed.  

  Beam combination was done by using a specially designed 

filterF1 shown in Figure 1.As the output power of both laser 

diodes were not very strong, the power loss during the optical 

layout must be considered.  Thus, the filter was designed to has 

a high transmittance at 556nm as well as a high reflectance at 

the band 780nm and was successfully manufactured and applied. 

2.2 Light receiving and spliting 

The backscattered light is collected by a 20cm diameter 

Schmidt-Cassegrain telescope that has an adjustable iris at its 

focus to limit the receiver field of view. The same specially 

designed filter used in the beam combination sub-system was 

employed to complete the light splitting, whose purpose was to 

split the receiving light that consists of two wavelengths into 

two independent channels. Before the light was diffused onto 

each PMT detection plane, a narrow band filter with a FWHM 

bandwidth of 10nm was fixed ahead, which would greatly 

reduce the background noise. The signals were amplified and 

photoelectric converted by the PMTs and A/D converted by a 

digital oscillograph. 

  

2.3 Data acquisition and processing 

 A LABVIEW program was carried out to automatically 

complete the data  acquisition and processing. We use a 2G Hz 

digital oscillograph to digitalize the signal collected by the 

receiving sub-system and the digitalized data was send and 

stored on the computer hardware disk. During the data 

processing, a simple wavelet method was used to do the de-

noise and all de-noised data was calibrated  and transformed 

into reflectance data by making use of a standard white board. 

The reflectance calculated according to equation 1: 
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where 
laserR refers to the reflectance of  measured objects, 

obA refers to the amplitude measured of the objects and 

wbA refers to the amplitude measured of the standard white 

board. 

 

3. EXPERIMENT SETUP AND DISCUSSION 

The Multi-spectral LiDAR system was tested on the ground by 

measuring a scene that contains healthy and plastic leaves. The 

goal of this experiment is to test the capability of the multi-

spectral Canopy LiDAR system on vegetation  discrimination. 

The measured features was shown in Figure 2: 

 

 
 

Figure 2 measured features, which contains one single fake leaf 

and the others are healthy leaves. 

 

A push broom scanning was done through the multi-spectral 

Canopy LiDAR instrument. Both the rang information and two 

band spectral information were derived at the same time. A 3 

dimensional reconstruction based on the LiDAR cloud points 
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was done with a TIN model and a simple 4 class classification 

was also accomplished through a SVM algorithm based on the 

spectral information. The results were shown in Fig4(a),(b) 

separately: 

 

 

 
                     (a)                                              (b) 

 

Figure 4 Test results based on multi-spectral canopy lidar:(a) 

the 3D reconstruction based on the measured cloud points and 

(b) an SVM classification results based on the spectral 

information 

 

In . 4(a), the structure profile of the vegetation was successfully 

acquired through a TIN model. The discrimination on the 

complicated scene reached to about 3mm. In Figure4(b), a 

further analysis on the spectral space showed a high precision 

on feature classification. Most of the healthy green leaves was 

correctly identified as show in red region the green region refers 

to the stems of the plant, the white region refers to the 

background signals and more importantly, the blue region, 

which refers to the fake leaf, was also highly discriminated by 

the two band spectral information. That means the Multi-

spectral Canopy LiDAR works quite well on vegetation 

discrimination as we can still distinguish between  the fake leaf   

and the real leaves even if the color and shape of the fake leaf 

are almost the same as the healthy green leaves. 

 

4. CONCLUSION 

In this paper, a prototype of a Multi-Wavelength Canopy 

LiDAR system was designed and implemented to identify its 

capability on vegetation canopy profiling and feature 

classification. The results show that the Multi-spectral Canopy 

LiDAR system could not only capture the structure information 

of the objects (vegetation included), but also could get the 

intensity spectral information. Such a instrument of the Mullti-

spectral Canopy LiDAR system was potentially shown its 

capabilities on vegetation monitoring needs. However, as there 

are only two bands employed in the Multi-specral Canopy 

LiDAR system, the spectral information is still not enough to do 

further quantitative crop management analysis, we could add 

more necessary bands to enrich the spectral information. 

Meanwhile,  a  more reasonable and effective way in calibration 

system is also needed  in consideration. 
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