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1 ICP (lterative Closest Point) (Besl and McKay, 1992)
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LIDAR data of KUMAMOTO earthguake site

Post-event

4/23

Pre-event

4/15
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Coseismic displacement with horizontal movement

DSM before Earthquake

DSM before Earthquake

Difference of Elevation

" subsidence
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The theme of this research

* How can we evaluate the precision of a point
clouds created by SFM software (Pix4Dmapper,
PhotoScan, Smart3DCapture, ...)?

— We use GCP or checking points

— We compare it with a reference point cloud (measured
by laser scanning)

— In most case evaluations treat the position of the point
cloud, not shape of objects
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The theme of this research

* How can we evaluate the quality of the shape of a

point cloud created by SFM software?

— If we cannot get any reference point clouds

— If point cloud have not correct scale

A : — -
) . A,
L » :
BN 3
o S A\
- o g 2
. : TGOER- e 2
PR % S7es
- it LN
" N

A

o ot
5 ¢ O
LB,

e g TN



The idea of this research

* |f the quality of the point cloud is good, we can
expect that we get almost same result in another
measurement of point cloud.

= Measure twice and compare!
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How to compare two point clouds?

* One point clouds should be fit (registered) to the
other point cloud
= |CP algorithm

= Distance between two point cloud may be one index
of the quality of the point cloud(s)
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Point cloud precision

* Precision / quality of point cloud created by SFM
software is affected by:
— lmaging
— Quality of camera calibration (inner orientation)
* Systematic error
— Quality of Aerial triangulation (bundle adjustment)
* Systematic error

— Quality of Image matching
 Random error / Outliers
» Systematic error (tendency of software, in other words, bug!)
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How to compare two point clouds?

* |f two measurement have same systematic error, it
cannot be extracted.

* To avoid systematic error to have same tendency,
two point clouds should be created independently

— Camera Calibration
— Aerial Triangulation (bundle adjustment)
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Point Cloud Registration by ICP

1 ICP (lterative Closest Point) (Besl and McKay, 1992)

lllllllllllll

Target point cloud /e, Sy 1. Find closest matching point

------------------ 2. Move points by rotation and

| transformation so as to
““““““““ gﬂaa;:gh'ng minimize square distances of
““““““ Source point matching point
cloud
S *Repeat 1-2 till convergence
..-.-.-.-.-.-.-.-'-'-'-'-"‘M "
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CCICP (Classification and Combined ICP)
(Takai et al 2013)

* Before registration, CCICP classifies all points into
linear points, planar points and scatter points by
analyzing local point distribution by PCA (Principle
Component Analysis)

¢ ﬂ’.lel . . . . ™
4‘ 4,€, . _-' .o o e
¢ Z?»e\?) --: . * * * - L
A >> A, = A, b =, >> A, A=A, = A,

Linear point Planar point Scatter point
) 7= 7 mmr =t st



The CCICP algorithm (Takai et al 2013)

* Matching pairs are selected within the same classification
by PCA

* Point-to-plane distance is adopted for planar point pairs
to get better fit on surface of an object
— Point -to-point distance: |T - Ps — Pt |
— Point-to-plane distance: |(T -Ps—Pt)-nt|

* nt: normal vector around Pt calculated by PCA

* The CCICP calculates the transformation matrix T between
two point clouds to minimize sum of both type of square
distances simaltaneously
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Creating point clouds with temporary GCPs

Point cloud of image group 1 Point cloud of image group 2

& 4
R 5?\ e & & i DA iR LR

* The two of these point clouds are adjusted to have almost the same coordinate system by:

e - creating temporary GCPs measured in the point clouds of one group of images
 -using the GCP for creating point clouds of the other group of images
* = Good initial estimation of CCICP is achieved.
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Outline of the Qualification

Image Capturing

|
v v

Image Group 1 | | Image Group 2

Creating
Point Clouds

Creating Point Cloud

Measuring 3D coordinates
of temporary GCPs

Creating Point Cloud
with Temporary GCPs

Point Cloud Registration by CCICP

Quality Evaluation
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Test and Result
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Test Object

\\-\\

Lava stone of Izu Oshima Island



Image Capturing

e

:

Image resolution: 0.0émm/pixel

Convergent image capturing
(more than hundred images were captured twice)

SONY Cyber-shot DSC-WX200
(common consumer type of digital camera)
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Two set of images

Image Set A Image Set B
Number of Images 111 125
Camera SONY Cyber-shot | SONY Cyber-shot
DSC-WX200 DSC-WX200
Image Resolution About0.03mm About0.03mm

*Focusing, aperture, shutter speed and ISO were set automatically.
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Creating point clouds

% 3 6. 4 & x . o LA, 3 A g
S : o ¥ N - /AN ¥ i oyl ¥ R
P " L 5 ot e 7 ) Y o YO o ) Wy A 7 SO AT Pt
; R A, W o Y RN/ B # el Ny P B

-3D point clouds were created by SFM Software (Pix4Dmapper)
-The unit length of the point cloud was about 1mm
(In following presentation, 1 unit length is mentioned as “1mm”)
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Four registration test patterns

Point clouds created from image set A
A-1 (111 imf;}ggg{z A-2 (56 |ma jes

W™ i

Point clouds created from image set B
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CCICP parameters

* Search distance for PCA was set to 0.8mm.
* Search distance of matching point was set to 1mm.

* Ten percent of point data of point clouds were
used as source points in CCICP.

* Matching points were limited to the object stone.
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Matching point numbers in CCICP

140000

120000
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80000
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A-2/B-2

A-3/B-3

A-4/B-4

M sample points
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" plane
M other
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Point cloud profile before/after
registration
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Standard deviation of matching point
distances before/after registration

mm
0.6
0.5
0.4
M A-1/B-1
03 MA-2/B-2
W A-3/B-3
0.2 M A-4/B-4
0.1
——— _O_ — — Level of pixel size

Before optimization (mm)

""”'I‘if;'?'i:-" |25 )Lt s

W) 7= 7 At

After optimization (mm)

(about 0.3mm)



Distribution of matching distance after
registration

Blue
Green

Yellow
Red

: < 0.03mm
: < 0.06mm
: < 0.09mm
: 20.09mm

There is no eminent distribution bias except sparse part of point

clouds
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3D Point Clouds by UAV Photogrammetry

Y 20140619_ookuzure_takenoko - LMLasEditor [=][® /=3 | | 5420140619 _ookuzure_takenoko - LMLasEditor = o <
I7UE) REE) FR(Y) YoUI) HES) ~NLIH) I7AUE) REE) T|R(Y) Y—IUI) BEES) ~LTH)

TORCEBEENSZRE X:N/A Y:N/A Z:N/A Trajectory:! NORACBEHENRZRE X:N/A Y:N/A Z:N/A Trajectory:!

*Approximate Image Resolution: 1.6cm
*Matching Point Distances after registration: 1.4cm
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