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What is it?
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DEM - sun lighted 3D view of DEM
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Presentation Notes
Here is an illustration of a height map derived from laser scanning data. It is well-known area of Bily Kriz with the station here, buildings of hotels here, younger and mature forest here and here.


®)

What information can we get about individual trees?
How to do it?

Tree detection and position
=> Local Maxima Approach

Projected tree crown area delineation => 3 algorithms
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Our session number 4 is focused on intelligent image processing, on computer vision. My work is motivated by forestry applications of remote sensing and one of the definitions of this scientific discipline is that you should obtain information about objects of interest without a direct contact with them. So it is a very good example of computer vision. I think that it is obvious that one cannot see individual trees from satellite imagery with a spatial resolution in tens of meters. But it is possible to analyze individual crowns from an airborne imagery with a resolution under one meter. Speaking about individual tree crown segmentation - we have two interconnected goals in our work, at first to detect a position of each tree and if possible to delineate a crown area too.
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2) The data are acquired by laser scanning with an instrument mounted on an aircraft and the raw data has a form of a point cloud.
4) From terrain point we can interpolate a digital terrain model and from the highest point of the aboveground objects we interpolate a digital surface model.
6) For our case study we chose three data sets from three different localities and interpolated canopy height models with a spatial resolution of half a meter.
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Tree Detection

* Local Maxima Approach
* Preprocessing = Gaussian filtering
e Local maxima detection

— Size of a neighborhood

— Shape of a neighborhood

— Minimum height threshold
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After the slides on data and their preprocessing, I finally got to the introduction of the methods of individual tree segmentation.
Step number 1 – tree detection:
Tree tops can be found as local maxima of height because the canopy height model contains heights of above-ground objects. To suppress the noise and to avoid unwanted details we use a Gaussian low-pass filtering as a preprocessing step. It is illustrated in this pair of figures. In a detection phase, each pixel is inspected and marked as a local maximum if it is higher than all its neighbors. Size and shape of this floating window, this neighborhood, is really important and we induce it from expected crown sizes, we use different empirical relationships for different tree species. 


Results: Tree Detection

Locality | correct | omitted | efficiency || Locality | # of trees | height stats
Bily Kriz 315 59 85.1 % Bily Kriz 5305 11.9+ 3.8 m
Rajec 372 53 87.5% Raéjec 4538 27.6 4.1 m
Stitnd 405 30 83.5% | Stitna 6204 26.94+ 2.6 m
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Now a short illustration of the results. We tested the performance of our approach on three data sets from three different localities. At the locality Rajec grow mature spruce trees, at locality Bily Kriz grow young spruce trees and at the locality Stitna grow mature beech trees – basic statistics are in the right half of this table. The efficiency of tree detection was inspected manually on several randomly spread sub-regions – the results are in the left half of this table. We distinguish between correctly detected trees (here) and omitted trees (here). The highest efficiency was achieved at Rajec locality with 13 percent of omitted trees. We did not face falsely detect trees as we worked on forest-only regions of interest.
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Projected tree crown area delineation

e Watershed algorithm
— flooding of inverted structure from seed points
— stopped by watershed ridge or height threshold
e Valley following / Minima network

— boundary network built from local minima points

— innovation: Voronoi diagram as the first iteration, then
we move the boundaries down to local minima

e Seeded region growing
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Step number 2 – crown area delineation:
Here are listed three most common approaches for crown area delineation – watershed algorithm is adopted from hydrological applications; valley following is an older but well performing algorithm by Canadian remote sensing experts, Gougeon and Leckie. I will introduce on the following slides more deeply the third approach, seeded region growing technique. The basic principle can be easily described by a picture: we do start from local maxima points and the neighboring pixels are added to the crown area until specific stopping conditions hold.


Comparison: SRG vs. Watershed
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We compared our results also with the simple delineation approach: a watershed algorithm. We flooded a reversed height raster from the same seed pixels (local maxima). We can see that the controlled region growing overcame better a difficulty of omitted tree tops and in general it gave more natural crown shapes.


Results: Crown Delineation

Locality accuracy
Bily Kriz | 122 176 54 4 76.8%
Rijec 177 | 188 | 53 | 10 | 79.0%
Stitnd 169 294 21 1 80.8 %
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Results of the delineation were also manually inspected on the same sub-regions as the detection. The polygons were classified according to the correspondence to the real shape of a crown into four classes. The aggregate accuracy is given as a weighted average of values in this table. The best value of accuracy was achieved for the Stitna locality. Accuracy around 80 percent sounds fine compared with the values usually reported in literature. It worked well especially for mature trees.


What is the source of point cloud data
and how does it works?

Components of a LIDAR System

Laser Rangefinder
— Determines distance to the ground

— Includes rotating mirror to scan
across the ground

r\ GPS ix
Inertial Navigational System (INS) ‘“é'g,—!'s'!'—';wf%}——ﬂ
— Determines orientation of the Laser INS"
sensor f

Global Positioning System (GPS)

— Locates the sensor in absolute
space

Computer and Hard Drive

Source: Kao et al., 2005



LiDAR system characteristics

e Current systems operate at 100 kHz or more

— Data builds up quickly (360 million points per
hour)

e Commonly at wavelength of ~1064 nm,
~ 1580 nm (near-infrared)
— Good interaction with vegetation
— Poor interaction with water

 Multiple returns may be recorded



Small Footprint LiDAR

* Discrete systems
— record one, two, or several returns for each
emitted laser pulse

— horizontal sampling is determined by the ground
area of the footprint caused by the divergence of
the laser pulse and the number of footprints per

unit area

e Full-waveform systems
— record the amount of energy return to the sensor
over equal time intervals

— The number of these time intervals determines
the detail of data within the laser footprint

Source: www.geolas.com



Discrete and Waveform LiDAR
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Waveform LiDAR

Laser Pulse
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Multiple Return Lidar

Color represents
elevations

Color represents returns
(Blue = 1%,

Red=2",

Yellow = 31)




Specifications for data collection

Altitude
Wavelength
Frequency

Flight Speed
(m/s)

Number of returns
Pulse spacing on the ground / pulse density
Footprint size

— Beam divergence/altitude - -."- -~

Scan angle ~ e ‘;::‘-_‘- o

— 0 degrees = nadir Q\:\" :.,‘-‘ " Ee:/":ép‘m’y}
— Usually < 15 deg e & i e

Flightlines
g Lovell et al., 2005
— Percent overlap

X, Y, Z accuracy



Footprint size

* Depends on sensor configuration,
altitude, flight velocity, and scan
angle

e Calibrate for scan angle distortion
over a known area

* Footprint size:
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Intensity

LiDAR intensity is the ratio of strength of
reflected pulse to that of emitted pulse

Values varies from 0-255

Depends on

— material properties

— atmospheric attenuation
— scan angle

— flying height
— sensor

Can be useful for classifying landcover



Intenzity




Point Data Records

ASPRS Standard LiDAR Point Classes (LAS 1.1 to 1.3)

Classification Value (bits | Meaning

0:4)

0 Created, never classified

1 Unclassified*

2 Ground

3 Low Vegetation

4 Medium Vegetation

5 High Vegetation

6 Building

7 Low Point (noise)

8 Model Key-point (mass point)
9 Water

10 Reserved for ASPRS Definition
11 Reserved for ASPRS Definition
12 Overlap Points’

13-31 Reserved for ASPRS Definition

LAS 1.0 — user-defined
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Hyperspectral data

Preprocessing:
radiometric correction in CaliGeo
(Specim)

atmospheric correction in ATCOR-4
(DLR)

geometric correction in PARGE (ReSe)
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Recent land cover


LiDAR input

< DEM points

DEM raster >

< DSM points

DSM raster >
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Druhým datovým zdrojem, který používáme, jsou výsledky laserového skenování. Což je aktivní metoda dálkového průzkumu. Skener aktivně vysílá laserové pulsy o určité vlnové délce a měří čas, než se odražené záření vrátí. Ze známé polohy snímače a jednoduché rovnice dráha = rychlost krát čas pak určíme přesnou polohu objektu, který záření odrazil. Surová data mají tedy podobu bodového mračna, jednotlivé body jsou jednotlivé odrazy. Interpolací získáme model terénu a model povrchu objektů ve snímané oblasti.
Pro naše konkrétní použití odvozujeme výšky objektů v naší zájmové oblasti.


Field spectral
measurements of
selected plant species
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Object oriented classification
spectral information - from HS data

structural information - tree height/crown area
derived from LiDAR data

Results of object-oriented classification

* Classification inputs:

hyperspectral data and map of tree heights
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Training based on spectrally similar elements and then definition of objects The classification is based on a set of training objects for which a correct class is given and on additional rules derived from height information.
 Objektově orientovaná klasifikace
Kombinovaný vstup HS a Lidar
Software eCognition
Segmentace korun smrku
Realizovaná ve vlastním softwaru
Podrobnější klasifikace bylinného patra
Na základě terénních šetření




Object oriented classification




Vegetation classes
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Latest technical facilities of CzechGlobe for airborne RS

Flying Laboratory of Imaging Systems (FLIS) + field campaign
instrumentation

FLIS

e Photogrammetric aircraft with two acquisition
open slits for imaging RS instruments

e Airborne imaging spectroradiometers with sensors in visible and near
infrared (VNIR), short wavelength infrared (SWIR) and thermal infrared (TIR)
spectral regions

e IMU/GPS units

e Full-waveform Light Detection And Ranging (LiDAR) airborne laser scanner

for mapping the geometrical characteristics of the Earth surface objects
(AdMaS)

http://mapserver.czechglobe.cz
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CASI-1500 SPECIFICATIONS

FIELD OF VIEW 40° Across-Track over 1500 pixels
SPECTRAL RANGE 650nm between 365 and 1050nm
SPECTRAL SAMPLES Programmable, up to 288 (<3.5 nm FWHM)
APERTURE F/3.5 to F/18.0

DYNAMIC RANGE 16,384:1 (14 bits)

NOISE FLOOR <2 0DN

SIGNAL TO NOISE RATIO* 1095:1 peak

DATA RATE (MB/SEC) 20




SASI-600 SPECIFICATIONS

FIELD OF VIEW
SPECTRAL RANGE
SPECTRAL SAMPLES
APERTURE

DYNAMIC RANGE

NOISE FLOOR

SIGNAL TO NOISE RATIO

DATA RATE (MB/SEC)

40° across-track over 600 pixels
950 to 2450nm

100 at 15nm intervals

F/2

16,384:1 (14 bits)

6.0 DN

Contact ITRES for SNR calculations

16 (Mode 1)
9.6 (Mode 2: Preferred data rate for optimal
image quality)




TASI-600 SPECIFICATIONS

FIELD OF VIEW 40° across-track over 600 pixels
SPECTRAL RANGE 8 to 11.5um

SPECTRAL SAMPLES 32 at 0.25pm intervals

APERTURE F/I1.5

DYNAMIC RANGE 16,384:1 (14 bits)

NOISE FLOOR 6.0 DN

SIGNAL TO NOISE RATIO Contact ITRES for SNR calculations
DATA RATE (MB/SEC) 13.25

NEDT 0.2° at 300K

LiDAR - RIEGL LMS-Q680i
waveform airborne laser scanner



Thank you for your attention.
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