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Applications
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1D and 2D Measurement Tools

IHand Tieols:

s Yardstick

s Vernier Caliperse

= Screw Gauge "



1D and 2D Measurements Cont...
(Wish List)

Can we nake measurements without touching
the object?

Can we have Variable measurement range?
Can we; have; variable measurement reselution?
Can we automate the measurement Process?

Do We have aldevice which isf having all of the
aboVve fieatlres?2?




1D and 2D Measurements Cont...

Digitall Imagde (Grayscale Iimage): 2D Matirix
s Elements of the matrix are referred to asi pixels
s Values of the elements represent intensity, (0'ter255)

Z00m-In, zeem-out and changing the distance from the
object: enalbe to have varialbe reselution and variable
faNde oF measurement: !

Analysisiof the acquired Imagdes to automate; the
measurement: process; !!

We dont have te touch the ebject !



1D and 2D Measurements Cont...

IHeight off the Eiffell tower?

Tihere are many: factors; that gevern the

CONVEersion: between the nUmbEer: of pixels toireal
World dimensions.

Some of'them: Zoeom, (I.e. Focal lengths of the

lens), position: of the, camera W.r.t the ebject,
type off cameral Used etc.

IHow! do) we, know: them in' practice?



1D and 2D Measurements Cont...

IS there a mathematical relation that geverns; this
COMVErsIon?

Pinhole camera model

Proejective mapping of werld coordinates to: pixel coordinates s
described by:

2D positions ini pixel coordinates

3D positions in real'world coordinates

coordinates’ of the principle point
INtrNSIC parameters

scale factors in image coordinates

parameter describing the skewness of
the two image: axes.

Rand 7 are the extrinsic parameters which denote the coordinates system transformations from 3D
worldl coordinates to 3D camera coordinates. They define the position of the camera center and
the camera heading in the world coordinates.



1D and 2D Measurements Cont...

Practical Selution?
Camera Calibration Toolboex for MATLAB

http://www.vision.caltech.ed
u/bouguetj/calib_doc/

‘Comparative review: of- camera calibrating methods With accuracy
evaluation” by Salvil et al., Pattern Recognition 2002; 35(7):1617-

1635.



3D Shape Measurement:
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= Measurements are defined by a probe attached to the third moving axis
of this machine

Can we inherit the benefits that we have: in making 1 and 2D
measurements with digital' camera, while;measuring 3D shapes?



3D Shape Measurement Technigues
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Optical Triangulation

CCD array Projector

' 0
q P
I 7S

Figure: Optical triangulation geemetry.

X

h

B tan(&)




sDI Shape Measurement cont..
Point rastar — grid of dots

LIne rastar

Lie W et al., Applied optics 39 (20), 3504, 2000

Color-codeadl projection Li Zhang et al., 3DPVT'02, 2000
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Color-coded pattermn desizned by Weiyt L et 2], and measurements they performed with it on a mazk




Fringe Projection Technigue
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g(x, y) = a(x, y) + b(x, y) cosnfx+o(x, y))



Applications ofi Fringe Projection Technigue

Biomedicall Applications
= Shiape guided radiotherapy: treatment:

Lilley F et al., optical
Engineering 39(1), 187, 2000

- .



Applications of Fringe Projection Tlechnigue cont..

Biomedicall Applications
x 3D intra-oral dental measurements

Chen L et al., Measurement
Science and Technology 16(5),
1061, 2005




Applications of Fringe Projection Technigue cont..

Biomedical Applications; cont..

x Nen-invasive 3D moenitoring ol Vascularwall
deformations

» Lower' back deformation measurement

x Detection and moenitoring ofi Scelios|s

s [Aspection off wounds

s Skin topography measurement for Use in cosmetoelogy.



Applications of Fringe Projection Tlechnigue cont..

CuIturaI herltage and preservation
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Sansoni G et al., IEEE Trans.
Instrumentation and
Measurement 54(1), 359,
2005




Applications of Fringe Projection Tlechnigue cont..

Quality: control ef printed circuit board manuiacturing

Yen H et al., IEEE Trans.
Electron Packaging Manuf
29(1), 50, 2006




Applications of Fringe Projection Tlechnigue cont..

3D fiace reconstruction: Applications in SECUrIty: systems
(face recognition systems), gaming, Virtual reality’ etc.
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Applications of Fringe Projection Tlechnigue cont..

Industrial-and scientific applications
s Corresionianalysis
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Experimental work at IMAC




3D shape measurement off objects using firinge projection
technigue: Overview: off measurement methodology

Projection & Acquisition 4 o A A

m

Generating and projecting the patterns onto the
abject & capturing their images

Fringe Analysis

Using some fringe analysis technique to ”“”
calculate the underlying phase distribution of
the acquired fringe images

Phase Unwrapping

Obtaining the continuous phase distribution
from the wrapped phase map

Calibration

Conversion from image co-ordinates to real
world co-ordinates and conversion from
unwrapped phase map to absolute height map







Work-flow! In fringe projection profilometry
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Fringe Analysis

g(x, y) = a(x, y) + b(x, y) cos[2nfx+¢(X, y)]

a(x, y) represents the intensity variations of the; background (related tothe
object’s texture)

DX, y)) represents nen-uniform reflectivities of the object: surface (fringe
modulation; term)

210X represents the spatial carrier

0%, V) Is the phase; termi which) contains the infermation of the
Object’'s shape

Fringe analysis methods aim at extracting o(x, ) firem gx, V)

Most commonly: usedifringe analysis methods are:
Fourier transform: method

\Wavelet transform; method

Windewed Eourier transfiorm method

Phase shifting method






Phase, Unwrapping Cont..

Phase unwrappinglis al trivialitask iii the Wirapped: phase
map Is ideal.

In; practice, the presence of the following makes
Unwirapping a difficult and path-dependent problem:
s Shadows

s Low firinge modulations

s Non-uniform' reflectivities of the object surface

= Fringe discontinuities

s Nojse etc.

Some; ofi thermoest commonly: Used Unwirapping
algorithms are:

x| Goldstein’siunwrapping algerithm

s ZpiMiunwrapping algorithm

= Quality guided phase unwrapping algorithm



System Calibration

grixy)= 2 A, exp(2rinfox)

n=—m

Takeda M and Kazuhiro
M, Applied optics 22 (24),

golz:y) = ¥ An expl2minfolx + so(x)]l 3977, 1983

n==o

-

golx,y) = X A, expli[27nfox + neolx)]}

n==m

glx,y)=rlx,y)- i Ap expl2winfolx + s(x,y)]}

n=-—w

CD = —dh(x.y)/[lo = h(x,y)]
Linear calibration Non-linear calibration
1y * ﬁ'iP':_-tv ,lr'.]

Agl(x, y) = 2rfid

hix, y)=

hix,y) = & = K(x,y) Ad(x.y) hx.y) =
Efrjh{f

Ci(x,y) + Calx, y) Adl(x, y)
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