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Thank you for chairman.
Hello, everyone. My name is Rei Mitsuhashi. I am in JAXA Sensor System Research Group.
Today, I would like to talk about preliminary results of airborne lidar experiment for visitation LIDAR, MOLI.
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This is contents of this presentation.
Firstly, I will talk about the introduction of airborne lidar experiment for visitation LIDAR MOLI; Then I will explain method of the experiment, Finally, I will describe preliminary results of the airborne lidar experiment




1. Introduction1. Introduction

Therefore, we conducted airborne lidar experiment in order to 
 evaluate the validity of the observation method using Multi‐

 footprint for the mission requirements. 

JAXA has begun studying the space vegetation 
 LIDAR mission using the Multi‐footprint 

 Observation Lidar and Imager (MOLI). 

The mission requirements for MOLI is measurement canopy height 
 with accuracy of ±3 m(for canopy height less than 15 m) or 

±25 % (for canopy height above 15 m).

However, a ground elevation causes significant errors in measuring 
 the canopy height. 
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First of all, let me talk about visitation lidar MOLI again.
JAXA has begun studying the space vegetation LIDAR mission using the Multi-footprint Observation Lidar and Imager (MOLI) in collaboration with science researchers. The main objective of this mission is to globally and precisely measure canopy height from space for improving biomass estimation.
The mission requirements for MOLI were set through discussions with science researchers. One of MOLI’s mission requirements is measures canopy height globally with accuracy of ±2 m (for canopy height less than 20 m) or ±10% (for canopy height above 20 m)
However, a ground elevation causes significant errors in measuring the canopy height due to the difference in height of the ground in the footprint. MOLI must be able to detect the inclination of the ground in order to estimate the difference in height of the footprint ground. MOLI’s observation method is a multi-footprint to estimate the tilt of the ground surface by detecting the time lag of each footprint. 
Therefore, we conducted airborne lidar experiment in order to evaluate the validity of the observation method using Multi-footprint for the mission requirements.
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Airborne lidar

We installed a multi‐foot print ridar system 
 on aircraft(King Air 200T) 

with CMOS camera (Canon EOS 5D Mark III). 
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In this section, I’d like to talk about airborne lidar experiment.
We conducted airborne lidar experiment last November.
We installed a multi-foot print ridar system on aircraft with CMOS camera. This pictures show instruments we equipped. The aircraft made flight at an altitude of 5,500-7,500 m.
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Footprint
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Although the conditions are different, we decided that we can 
 evaluate the validity of the MOLI’s observation method in the point 

 of detecting laser energy by each APD.

Ground  Ground 
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In this experiment, this airborne lidar footprint was different from the MOLI’s footprint.
MOLI and this airborne lidar used same アバランシェフォトダイオード。. it was composed in 4 detector and each detector have own Field of view and make footprint.
These picture shows view of footprint and Laser spot from above. And these picture show Laser power distribution and APD field of view.
In MOLI, one laser covers one footprint. The total reflects energy of one laser is irradiated on one foot print. 
On the other hand, in this experiment, one laser covers 4 footprints. As the laser profile of each footprint, more close to the center of laser spot, more high energy.
in addition, Laser energy and Pulse Repetition Frequency is different because altitude and speed is different between MOLI and the Airborne lidar.
Although the conditions are different, we decided that we can evaluate the validity of the MOLI’s observation method in the point of detecting laser energy by each APD.
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Observation area(2016/11/16)
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We selected observation area for the 

following reasons
•To exist data of small footprint 

airborne lidar
•Living laurel or conifer forest
•Not a steep land
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Also we decided observation areas. We selected observation area on the grounds that data of small footprint airborne lidar was exist, laurel or conifer forest was living, and it wasn’t a steep land.
In Nov 16th, we observed Shima area and Muroto area. this two area mainly lives laurel forest.
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In Nov 17th, first, we observed Gero area and Ena area. after these observation , aircraft went and observed Mie-gun and Ise aria. these area mainly lives conifer forest.
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Observation area(2016/11/18)

Nagoya Airport

Izu

Mt.Kinka
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In Nov 17th, first, we observed Mt.kinka and Izu area. This flight is additional(Preliminary) flight.
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Lidar waveform (1) Artificial structures
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Observed Lidar waveform
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A reflected waves from the ground is very strong.
We decided the footprint position to use artificial structures.

Last pulseReflection
from the structure
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In this section, I’d talk about result of the airborne lidar experiment.
first, I’ll show you some observed waveform.
This picture is waveform that observed Nagoya airport.
The area surrounded by a red circle is each footprint.
This pulse called last pulse indicates reflections from the ground.
And this pulse indicates reflections from artificial structure. 
these reflected waves from the ground and artificial structures is very strong. therefore, we decided the footprint position to use artificial structures. 
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Lidar waveform (2) Muroto forest(Laurel forest )
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A reflected waves from the ground is weak.
Distinguishing last pulse from these waveform is one of problem left 

 for the future.
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This case is waveform that observed Laurel forest in Muroto area.
Compared to waveform that observed Nagoya airport, reflected waves from the ground is weak that cannot distinguish last pulse visually.
Distinguishing last pulse from these waveform is one of problem left for the future.
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Lidar waveform (3) Gero forest(Conifer forest )
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Observed CMOS camera picture

Waveforms are almost similar to Muroto forest.
Some waveform have strong pulse from ground.
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This case is waveform that observed Conifer forest in Gero area.
Observed waveform is are almost similar to Muroto forest one.
It also can’t distinguish last pulse.
Some waveform show pulse seems reflections from the ground.
This waveform difference might depend on vegetation and ground condition.
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Peak fitting
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used fitting algorism developed by Mr. Y. Sawada to

 
estimate
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This algorism discriminate “signal start”
 

and “last pulse”.
The height of the tree canopy is calculated based on the time lag 

 between the signal start and the last pulse (from the ground). 
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Next, we talk about analysis method.
first is fitting algorism for lidar waveform.
We used fitting algorism developed by Mr. Y. Sawada to estimate maximum canopy height in each footprint. 
please look at this example.
This algorism discriminate “signal start” and “last pulse”.
we calculated maximum canopy height in each footprint based on the time lag between the signal start and the last pulse (from the ground). 
※
RH100 represents energy at the top of the canopy, RH50 is energy at 50% above the ground, and RH 0 would correspond to the ground location6). The maximum canopy
height in each footprint is correlated to RH100.
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Correction by multi‐footprint sampling

Footprint
(25m diameter) Multi‐footprint can estimate a 

 
slope (Making TIN Triangle)

Calculated
ground elevation

We used following equation for the correction. 

[deg])tan(382.0100][ SlopeAngleFPdiameterRHmValueCorrection 
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And we also used correction method by multi-footprint sampling
In this picure, the Airborne lidar observed surrounded by a blue circle as MOLI’s sampling design. 
and using fitting algorism, we calculated ground elevation for making TIN triangle and estimate the tilt of the ground surface.
after estimate the tilt of the ground, we adopted canopy height correction.
in this study, we use this (temporary) equation. 
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We validated the canopy height directly to verify the observation 
 results at 3 sites. (Muroto, Gero)
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We use result of field measurement at Muroto and Gero area conducted Chiba University to evaluate the observation experiment result.
This page shows field measurement site at Muroto.
We confirmed each verification site is uniform canopy height, and assumed most footprint in each field measurement sites overlapped maximum canopy height for land vegetation observation.
Therefore, we compared with maximum canopy height in field measurement sites and canopy height estimated from lidar waveform using fitting algorism and the correction method.
please look at this figure. These two histogram show each footprint and canopy height.
Red line is maximum canopy height in field measurement sites.
blue bar are show calculated maximum canopy height in each footprint before adopted the correction method by multi-footprint sampling. 
and yellow bar are show calculated maximum canopy height after the correction method.
These histograms show differences between the canopy height by the correction and the
maximum canopy height in field measurement sites are smaller than 2m and error became smaller than canopy height before adopted the correction method.




Preliminary rPreliminary resultesult

 
(7/7)(7/7)
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Error of before the correction：4.63[m]
Error of after the correction   ：1.18[m]

（RMSE）

35°49'51.78"N 
137°17'8.08"E

#1

#2

#3

#4

#5

#6#7

Verification
Site #3 

Maximum Canopy Height
（at Verification Site ）

Ca
no

py
 H
ei
gh

t[
m
]

Footprint ID

Values before 
the correction

Values after 
the correction

Verification Site #3

Verification Site #3

These results show validity of the observation method using 
Multi‐footprint for the mission requirement in 3 verification sites. 
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This page shows field measurement site at Gero.
We use same method to to evaluate the observation experiment result.
And result is same trend.
These results show validity of the observation method using Multi-footprint for the mission requirement in 3 verification sites.




ConclusionConclusion



 
We conducted airborne measurement in order to evaluate the 

 validity of the observation method using Multi‐footprint. 



 
These preliminary results of the airborne measurement show 

 validity of the observation method using Multi‐footprint in 3 field 
 measurement sites. 



 
On the other hand, we should evaluate the validity of this method 

 all observation area using data of small footprint airborne lidar.



 
We are going to conduct

 
further analysis to develop optimal 

 algorism for measuring
 

of canopy height and forest biomass.
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This page shows field measurement site at Gero.
We use same method to to evaluate the observation experiment result.
And result is same trend.
These results show validity of the observation method using Multi-footprint for the mission requirement in 3 verification sites.
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your kind attentionyour kind attention
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