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True Orthophoto Generation
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Image and Map characteristics

Perspectio\}eé projection Non-uniform scale Relief displacement

\‘ ’/|
! |
| | |
1 ] |
object

Orthogonal projection Uniform scale No relief displacement

An orthophoto is a digital image which has the saharacteristics of a map.
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Perspective Image

uraue Unlversty,Augus - 2008

' Digital Photogrammetry
Research Group 6



. . : & N .
B N e e ————————] Pur aue Un|VerS|ty, Augug - 2008

Research Group 7



i

DPRG

Beyond Orth

ST e

2 Ti,

photos: 3D Realistic Views
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(X, Y, 2): 1122.23 m, 3251.53 m, 72.03 m
(R, G, B): 23, 136, 69
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Orthophoto Generation: Prerequisites

 Digital image:
— Wide range of operational photogrammetric systems
 Interior Orientation Parameters (IOP) of the used
camera.
— Camera calibration procedi

« Exterior Orientation Parameters (EOP) of that
Image:
— Image geo-referencing techniques

 Digital Surface Model (DSM) or Digital Terrain
Model (DTM)
— LIDAR, imagery, Radar, ...
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Operational Photogrammetric Systems

Frame Cameras

RC10

Applanix DSS Kodak 14n Canon EOS 1D ~ SONY 717
Line Cameras
ADS 40 “ IKONOS
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Operational LIDAR Systems
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Image Geo-Referencing

 When generating orthophotos from
photogrammetric and LIDAR data, they must be
geo-referenced relative to the same reference
frame

e LIDAR geo-referencing is directly established
through the GNSS/INS components of the LIDA
system.

e LIDAR can be used as the source of control data
for image geo-referencing.
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Image Geo-Referencing

~
.

Input perspective image
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Image Geo-Referencing

* Impact of improper
Image geo-referencing:
— Produced orthophoto
from optical imagery an
LIDAR data using an
Independent source of
control for

photogrammetric geo-
referencing.
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Image Geo-Referencing

 Proper image geo-
referencing:

— Produced orthophoto
from optical imagen
and LIDAR data using
LIDAR as the source of
control for
photogrammetric geo-
referencing.
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Image Geo-Referencing using LIDAR
Potential Primitives

1 Image patch
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Differential Orthophoto Generation

PC

(resampling)
- X
Digital Image \ d(X, y)

\Backward Projection (EOP & IO}

Terrain

Interpolation
Datum

(X, Y)

N\ DPRG G(X,Y) =g (x,y)
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Differential Orthophoto Generation

#&~\ DPRG Original Imagery Generated Orthophoto
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Differential Orthophoto Generation
PC

Digital Image

P -

3
R\ DPRG Indirect (backward) transformation
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Orthophoto Generation & Visibility Analys|s

pc

Direct (forward) transformation

‘‘‘‘‘‘‘
)

S

DsM ————

Datum

 Intersecting the light ray with non-smooth surfeeca complicated process.
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True Orthophoto Process — Existing Methpd

Z-Buffer Method

perspective center

K8

imagery

Invisible point

Digital Surface Model

Orthophoto
z\ DPRG N
. Digital Photogrammetrymmmmmmmm————— Purdue Un|VerS|ty, August - 2008
Research Group 21



True Orthophoto Process — Existing Meth

Z-Buffer Method

DPRG Original Imagey Generated ru_Othophoto
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True Orthophoto Process — Existing Methpd

Z-Buffer Method

; iy
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True Orthophoto Process — Existing Meth

Z-Buffer Method

The previous methodologies do not provide us with high quality orthophotos.
a) Traditional method (Differential rectification): Ghost images
b) Existing method (Z-buffer method): sensitive to DSM cell size

c) Boundary problem

New methodologies, which overcome these problems, should be proposed.

L P
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True Orthophoto Generation

Angle-based Method

point angle | comparison V|_s|ble
/ hidden

perspective center

A 5° > ° visible

B 12° ° visible

C 15° ° visible

D 14° ° invisible

Invisible point E 20° ° visible

Digital Surface Model

—’\/
A
Nadir point Orthophoto
N) DPRG P P .
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True Orthophoto Generation

Angle-based Method

Perspective center

_/

Target poin
Nadir point

DSM

Visibility map

Radial Sweep for the Angle-Based Method
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True Orthophoto Generation
Angle-Based Method: Adaptive Radial Sweep

section 3

section 1
| | | 3
¢ nadir poipt

>

[ !
\\Ael 4, 083/
708,

AB;)AB,)AO,
DSM partitioning for the adaptive radial sweep noeth
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True Orthophoto Generation
Angle-Based Method: Spiral Sweep

column

DSM
row

target point

L[]
Conceptual procedural flow of the spiral sweep méth
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Comparative Analysis

., &
g Angle-based (adaptive radial sweep) method Angle-based (spiral sweep) method

- aw
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Original Image
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LIDAR Surface Model

Elevation Data Intensity Data
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Orthophoto | r Ghost Images
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After Occlusion Filling

True Orthophoto
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Invisible point

Occlusion Extension

Angle-based Method

perspective center

A

point

angle

comparison

visible
/ hidden

A

50

>

visible

B

12°

visible

visible

invisible

visible

Digital Surface Model

—
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After Occlusion Filling

True Orthophoto
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True Orthophoto After Occlusion Extensign
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True Orthophoto After Boundary Enhancemjent
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Orthohoto Wwith Ghost Images
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True Orthophoto After Occlusion Filling
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True Orthophoto After Occlusion Extensign
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True Ortho! hoto After BOUM?L% Enhancenjent
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Orthophoto Gen.: Concluding Remark

 Image + DTM + Differential Rectification:

— Buildings and tree relief still exist

Image + DSM + Differential Rectification:

— Buildings and tree relief is removed

— Ghost images are present

Image + DSM + True Orthophoto Generation:
— Buildings and tree relief is removed

— No ghost images

— Irregulachuildjng-houndari
Image @ @ + True Orthophoto Generation:
— Buildimgs-andtreerelief is removed (trees might look strange)

— No ghost images

— Regularbuildipg-houndaries
Image @ @ + True Orthophoto Generation:
— Buildimgs-Telief~s-removed

— Tree relief still exist (trees will look OK?)
— No ghost images
— Regular building boundaries

DPRG
h Digital Photogrammetry e Purdue Ul’liveI’Sity, August - 2008
Research Group 44



True Orthophoto: DSM + DBM
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True Orthophoto: DTM + DBM
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True Orthophoto: DSM + DBM
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True Orthophoto: DTM + DBM
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True Orthophoto: DSM + DBM
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True Orthophoto: DTM + DBM

Purdue University, August - 2008



True Orthophoto: DSM + DBM
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True Orthophoto: DTM + DBM

DPRG
. IS a— — Purdue UniverSity, AUgUSt - 2008
Research Group 52



True Orthophoto: DSM + DBM
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True Orthophoto: DTM + DBM
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LIDAR Classification: Introduction

 LIDAR data includes ground/terrain and non-
ground/off-terrain points.

— Knowledge of the terrain is useful for deriving contour
lines, road network planning, and flood monitor

— Knowledge of the off-terrain points is useful for DBM
detection, DBM reconstruction, 3D city modeling, and
3D visualization.

— Knowledge of terrain and off-terrain points is useful fo
change detection applications.
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LIDAR Classification: Introduction

 Definition of ground/non-
ground (Sithole &
Vosselman, 2003)

— Ground: Topsoll or any thin
layering (asphalt, pavement.

etc.) covering |

— Non-ground: Vegetation anu —

artificial features.

ST

PR

Non-Ground Profile

[ e—

Ground Profile

T T e

 How to distinguish grour
points from non-ground

Elevation

[— Roww _18s

noints In LIDAR data?

N\ DPRG
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LIDAR Classification: Literature

Categories(Sithole &
V osselman 2003).

— Slope-based

— Block-minimum

— Surface-based

— Clustering/segmentation

Purdue University, August - 2008
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LIDAR Classification: Literature Review

Modified Block Minimum (Wack and Wimmer ,
2002)

Modified Slope-based Filter (Vosselman, 2000)
Morphological Filter (Zhang et al., 20(

Active Contour (EImqvist et al., 2001)
Progressive TIN Densification (Axelsson, 2000)
Robust Interpolation (Pfeifer et al., 2001)
Spline Interpolation (Brovelli et al., 2002)
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LIDAR Classification: Concept

e Assumption: Non-
ground objects produce
occlusions in
synthesized
per spective views.

Search for occlusion®
Non-ground objects can
be detected as those
causing occlusions.

Perspective Projection

Purdue University, August - 2008



LiDAR Points

Processing Flow :

Resampled
DSM
v
Occlusion
Detection
Y
Detection of
Occluding Points
Y

Statistical Filtering
v
Classification of

the Original «—
LiDAR Points

Y

Ground and Non-
ground Poinlts

N\ DPRG /
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LIDAR Classification: Methodology
 LIDAR data is irregularly

distributed. The jt*
 We start by interpolating s |

the LIDAR data. iy

— The average point densityis | The it

used to estimate the
optimum GSD for
resampling. @loint C
— We use th@aear est
neighbor interpolation to
avoid blurring the height
discontinuities.

DPRG
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LIDAR Classification: Methodology

e |If there ismorethan 1
point located in a given cell,
we pick the one with the
lowest height and assign its
height to that cel o Point A
O PointEB

E @) Poiint C

The jth
The ith

Row

DSM(i,j) = Height of Point C
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LIDAR Classification: Methodology

PC

* Occlusion Detection Qg <@, E:Occlusion!
(Angle-based)

Off-Nadir - Q. >ag Visible Point (C)
Angle
Qp > Ac  Visible Point (D)
ag > a
5 A Last Visible
Visible Point (B) 4 Point (D)

First Occluded
\ Point (E)
Point ’
~lalBlcp E! [ [ T [ |
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LIDAR Classification: Methodology

o Detect the Points
Causing Occlusion

C: Non-Ground a. >ag

Last Visible . B
B: Ground aB < O’E Point D: Non-Ground

First
Occluded Point

ET T T T T 1

\ DPRG Non-Ground
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LIDAR Classification: Methodology

PCa
e HOw can we maximize
our ability to detect
the majority of non- B
ground objects
— Manipulate the
location & number of
synthesized projection Detected
Non-Ground . .
Center(S) S};:ter « Points with we——Qcclusion with PC A——|
Radial PCA
Distance
h DERG —_—— PurdueUniversity, August - 2008
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LIDAR Classification: Methodology

N

« Non-ground points
detected from projection
centerswith different
horizontal locations.

PC Bx

N\ DPRG

Digital Photogrammetry
Research Group

Shorter
Radial
Distance

Larger

Detected
Non-Ground
Points with
PC a

Detected

+ Radial o h0n-Cround.
Distance Points with
PCB
67

Occlusion with PC a

Occlusion with PC B

Purdue University, August - 2008




LIDAR Classification: Methodology

Higher PC

* Non-ground points
detected from projection
centerswith different

vertical locations.

Nadir Point Detected
Non-Ground Occlusion
Points with with | [ighCI‘ PC

Higher PC

Detected
h DPRG FNon-GroundH Occlusion
—_—— Points with= PUurdue Urwith Lower PCM
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LIDAR Classification: Methodology

PC A

PCB

e Two opposite projection
centerswill allow for the

detection of alarger non-
ground area
o i 1 Detected Non-
Detected N.on— E i 1 Ground Points
Ground Points ! ' ' From PC A
From PC B 1

<

' Combined .

N\ DPRG Results
Digital Photogrammetrymmm————————————————————————————————— Purdue Un|VerS|ty, August - 2008
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LIDAR Classification: Methodology

N

The eight neighbors of any given pixel are
checked to see if they are occluded by that
pixel or not.
ety —_——___——— Purdue University, August - 2008
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PC2

PCi For Pixel A

For Pixel A

PC3
For Pixel A

PC 4
For Pixel A

For Pixel A

PCs
For Pixel A

«—I » Nl I—»
d
PC 7 PC s I
DPRG For Pixel A For Pixel A
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PC2
For Pixel B

PC3
For Pixel B

PC 1
For Pixel B

For Pixel B

PC 7
For Pixel B

For Pixel B

«d >

PCs
h DPRG For Pixel B
B oisital Snotogrammetry

72

PCs
For Pixel B

v
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P i Perspective
erspectiv Center 2

Center 1 .
d
For Pixel A For Pixel A I

\./ Perspective

Center 3
For Pixel A

Perspective
Center 4
For Pixel A

Center 8
For Pixel A

Perspective
Center 5
For Pixel A

Idh

Perspective
Perspective Center 6

Center 7 For Pixel A
For Pixel A

The eight neighbors of any given pixel are
checked to see if they are occluded by that

DPRG pixel or not.
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LIDAR Classification: Results

Simulated Dataset
Misclassified ground points

Simulated Dataset Identified Occluding Points
(in white)
DPRG
h Digital Photogrammetry e Purdue UniveI’Sity, August - 2008
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LIDAR Classification: Methodology

e Multiple projection centers at pre-specified
locations will:
+ Improve our capability of detecting non-ground points.
« Useful when dealing with large and low buildings.

— Enhance the noise and h-frequency components
the terrain.

* Will lead to false hypotheses regarding instarufason-
ground points.

o Solution: implement a statistical filter to refittee
occlusion-based terrain/off-terrain classification

procedure.
DPRG
h DILRENIELTSGLTETNTNIS G ———— Purdue UniverSity, August - 2008
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LIDAR Classification: Methodology

« Points producing occlusions (hypothesized off-
terrain point):
— True non-ground points + false non-ground points
e Points not producing occlusions (hypothesized
terrain point)

— True ground poiQts + false ground points
P Less probable

Identified Occluding Points
(in white)

urdue University, August - 2008




LIDAR Classification: Filtering

 We designed a statistical filter to remove thees
of terrain roughness (e.g., noise in the LIDAR dats

and high frequency components of the surface —
cliffs).

* The elevation “n’of the ground pointcan be
assumed to be normally distributed with a maah *
and standard deviatiow™.

Frequency
00 01 02 03 04

Purdue University, August - 2008



LIDAR Classification: Filtering

For each DSM cell, we define a local neighborhood that is
adaptively expanded until a pre-defined number of terrain
points is located.

— Derive a histogram of the terrain point elevations.

Threshold,, .4 : Threshold for modifying non-ground points
Threshold,,_q.0ine : Threshold for modifying ground points
Threshold,, i : Threshold foidetectin( low outliers
Threshold,,,_gound
Threshol dOutIier Threshol dGround
Outliers L v L R
=] Ground Non-Ground
P> S
Q
<
U =
5 =
o
o =
— o)
-
g
N\ DPRG
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Research Group



LIDAR Classification: Filtering

 Examples of outliers. multi-path errors, errors In
the laser range finder

N\ DPRG o
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LIDAR Classification: Point Cloud Class

 If a cell is classified as @ PFomtA
non-ground, all the @ PointB
LIDAR points In that cell ke
! Q am

are classified as non- ~ Iheith i
ground points. — =
 If the cell s classified as  Thejth

a ground point, the row

— The lowest LIDAR point gete
In that cell is classified as
ground.

— The LIDAR points that afe 5
at least 20 cm higher thgn 20cm
the lowest LIDAR point
are classified as non-
ground points.

N\ DPRG
Digital Photogrammetry
Research Group 80

Point A < Non-ground

@
O Point B 2 Ground

© Point C
(Ground)
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LIDAR Classification: Results

Simulated Dataset

h DPRG ClaSSification ReSUItS Wlthout fﬂter Classification Results us1ng fﬂter
Digital Photogrammetry mmmmmmmmeeeeeeeeeeeee— Purdue UniverSity, AUgUSt - 2008
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LIDAR Classification: Results
Real Dataset (1 - Brazil)

DPRG
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LIDAR Classification: Results
Real Dataset (1 Bra2|l)

Occludlng pomts In whlte
. ggﬁggrammetry= Purdue UniverSity,AUgUSt - 2008
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LIDAR Classification: Results
Real Dataset (1 - Brazil)

A oy

After Statistical Filtering
N\ DPRG -
g;itzi::g:%gljrsmmetry=84 Purdue Un|VerS|ty, August = 2008



LIDAR Classification: Results
Rel Dataset (1 - Brazil)

-~

Wt

DPRG DSM — Non-ground objects
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LIDAR Classification: Results
Real Dataset (1 - Brazil)

e Using the LIDAR DSM and an orthophoto over
the same area, we manually generated a ground
truth for ground and non-ground points
classificatior

« Comparing our result with the ground truth, the
number of misclassified points divided by the tota
number of points was found to be 4.7%.

N\ DPRG
. Digital PROT0GIam M ey Purdue UniverSity, August = 2008
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LIDAR Classification: Results
Real Dataset (1 - Brazil)

R\ DPRG Misclassified Points Misclassified Points displayed on DSM
. Digital Photogrammetry e Purdue UniveI’Sity, August - 2008
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LIDAR Classification: Results

Derived DTM
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LIDAR Classification: Results
)

Discontinuous Terrain: Tunnels

Non-ground Points
Digital Photogrammetrymmmmmmmm————— Purdue UniveI’Sity, Augug - 2008
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LIDAR Classification: Results
Real Dataset (2 - Stuttgart)

. 1 :
- i
' -
-~ L}
1 .
'.\'. N -
" )
- 2 N
= L}
- .
- L] .

DPRG Non-ground Points
h Digital Photogrammetry e Purdue UniverSity, August - 2008
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LIDAR Classification: Results
Real Dataset (2 - Stuttgart)

Occluding Points Non-ground Points

GR T Y w v ‘ L ;
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LIDAR Classification: Results
Real Dataset (3 - Calgary)

* AROIl near the University &
of Calgary is selected as an |
experimental data. ‘

 The Transit Train trail

extends Iinto a tunnel under
the ground.

DPRG
@ Digital Photogrammetry e Purdue Univel’Sity, Augug - 2008
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LIDAR Classification: Results
Real Dataset (3 - Calgary)

R\ DPRG Non-ground points (TerraScan) Non-ground points (Occlusion-based)
. Digital Photogrammetry e Purdue UniverSity, August - 2008
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LIDAR Classification: Results

Real Dataset (3 - Calgar

TerraScan’s Result

DPRG Occlusion-Based Result
‘ Digital Photogrammetry e Purdue UniverSity, August - 2008
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LIDAR Classification: Results
Real Dataset (3 - Calgary)

« Another ROI near the University i« 50 5
station is selected as another g
experimental data.

Complex content
The Transit Train station,
Bridge,
Ramps, and
Trees.

DPRG
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LIDAR Classification: Results
Real Dataset (3 - Calgary)

Q\ DPR GNon-ground points (TerraScan) Non-ground points (Occlusion-Based Results)
. Digital Photogrammetry e Purdue UniverSity, August - 2008
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LIDAR Classification: Results
Real Dataset (3 - Calgary)

TerraScan’s Result

Occlusion-Based Result

Digital PROT0GIam M ey Purdue UniverSity, August = 2008
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LIDAR Classification: Conclusion
 The achieved results proved the feasiblility of the

suggested procedure.
« Default parameters are sufficient for most cases.
 The proposed procedure Is capable of handlingrurlpa

areas with complex contents:

— Tall buildings, low and nearby buildings, trees, bus
fences, bridges, ramps, cliffs, tunnels, etc.

e Future work will focus on further testing of the
proposed methodology as well as improving Iits
efficiency.

» Also, the classified non-ground points will bethar
classified into vegetation and man-made structures.

Q\ DPR U|Id|ng detection and change detection.
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Comments and Questions?

Purdue University, August - 2008




