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1) AIM AND OBJECTIVES OF THE RESEARCH PROJECT

AIM OF THE RESEARCH

To develop a methodology to estimate a priori (and correct a posteriori) the refraction effects on camera behaviour when
capturing images of submerged or semi-submerged Cultural Heritage (CH) assets, under certain conditions and with optical
sensors placed outside the water.

OBJECTIVES OF THE RESEARCH

1) To analyse the physical behaviour of light rays, passing
through air and water and interacting with one or more
cameras placed outside the liquid (with different free surface

. . - AR AR I\
heights and motion conditions). a

2) To formulate, from the observations made, a mathematical
model that allows the prediction of optical distortions in the |
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captured images and can be used to obtain corrective I
parameters. 1 «
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3) To apply the aforementioned mathematical model and
corrective parameters during processing of data acquired with
photogrammetric surveys of CH assets sumberged at shallow |
depths or semisubmerged. MONOSCOPIC CONDITION STEREOSCOPIC CONDITION

Originalimagesource SkarlatospD. & Agrafiotis P. 6 MovellterativeWaterRefractionCorrection
Algorithmfor Usein StructuréromMotionPhotogrammetrie i p e J. Man Sxidng, 20186(77).
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2) LITERATURE REVIEW

APPROACH CLASSIFICATION DEPENDING ON THE OPTICAL MEDIA WHERE INTRINSIC 10: Intrinsic Orientation; IF: Interface Modelling; RO: Relative Orientation
ORIENTATION (10) AND POSSIBLE RELATIVE ORIENTATION (RO) ARE DETERMINED

A Standard software to calibrate one or more cameras, accompanied by implicit modelling of
refraction effects I—m lc?.s) [Hemisperical J( Planar J (Hemisperical) [ Planar J
o |0 is defined in air (gross scaling errors) ;c,,"bration T )
T o J( 3 J|( =2 ) 33 )
o 10 is defined in water ’ T 2 3 a2 Y 1 2 3 a1 35 3
o _ _ _ _ _ Air | 10 10 [o} 10| 10
A Explicit modelling of interfaces between media (associated with water) I RO RO
Calibration 10 10 0 10
o 10 and RO are defined in water (preferable results) Water IF [ IF IFIF | IF
RO RO RO
o 10 and RO are defined in air (preferable results) § M 0O & M| K OB MM
o 10 is defined in air and RO is defined in water (preferable results) Originalimagesource KahmenO,, Rofallski R & LuhmannT. 6 | m pfeSteteo
CameraCalibrationto Object Accuracyin MultimediaP h ot o g r aRemotet
Sensing20201212.

APPROACH CLASSIFICATION ON THE BASIS OF HOW THE EFFECTS OF REFRACTION ARE CORRECTED
A Analytical methods (modification of collinearity equations)

o Explicit deterministic analytical method

o Ambiguous, iterative undefined analytical method

A lmage-based methods (reprojection of the acquired images)
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3) METHODOLOGY
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3.1) LABORATORY EQUIPMENT

AprilTagencoded targets
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movement with horizontal movement with horizontal
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Results
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3.2) EXPERIMENTAL-SF5
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3.3) MATHEMATICAL MODELLING

yA

A=K-d"
In(4)=In(K)+X-In(d)

X

Empty tank (no water)

A UndistortedmagepointpositionP(Xp ,Yp )
A Distortedmagepoint ki positionP,(Xp, .Y, )
A ImagedistortioncentreC(X. ,yc)
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3.3) MATHEMATICAL MODELLING

y4 \

A=K-d"
In(4)=In(K)+X-In(d)

I I
Free surface level no.1=10cm

A UndistortedmagepointpositionP(Xp ,Yp )
A Distortedmagepoint ki positionP,(Xp, .Y, )
A ImagedistortioncentreC(X. ,yc)
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3.3) MATHEMATICAL MODELLING

yA

A=K-d"
In(4)=In(K)+X-In(d)

| |
Free surface level no. 2 =20 cm

A UndistortedmagepointpositionP(Xp,yp)

A Distortedmagepoint k™ positionPy(xp, .Y, )

A ImagedistortioncentreC(X. ,yc)
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3.3) MATHEMATICAL MODELLING

yA

A=K-d"
In(4)=In(K)+X-In(d)

| |
Free surface level no. 3 =30 cm

A UndistortedmagepointpositionP(Xp,yp)

A Distortedmagepoint k™ positionPy(xp, .Y, )

A ImagedistortioncentreC(X. ,yc)
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3.3) MATHEMATICAL MODELLING

y4 \

A=K-d"
In(4)=In(K)+X-In(d)

I I
Free surface level no. 4 =40 cm

A UndistortedmagepointpositionP(Xp ,Yp )
A Distortedmagepoint ki positionP,(Xp, .Y, )
A ImagedistortioncentreC(X. ,yc)
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4) EXPERIMENTS AND RESULTS
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR/EEBT!

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)

Referene image (no water)
DSC01591.JPG

Reference image (no water)
DSC03428.JPG

LEFT CAMERA IMAGES
RIGHT CAMERA IMAGES
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR/EEBT!

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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Reference image (no water)
DSC03393.JPG
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATI

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR/EEBT!

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR/EEBT!

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR

EBTI

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR/EEBT!

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR/EEBT!

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR/EEBT!

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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4.1) TESTMMAGE TARGET ANALYSIS ACROSS DIFFERENT WATHR/EEBT!

Stereoscopic set-up T Consumer-grade cameras: Sony DSC-HX60 7 Zenithal parallel optical axes (¥ =0)
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4.2) TEST ¥ITARGET ANALYSIS ACROSS DIFFERENT WATER MMITODNIOI

Stereoscopic set-up i Consumer-grade cameras: Sony DSC-HX60 i Converging optical axes (¥ = 154
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4.2) TEST ¥ITARGET ANALYSIS ACROSS DIFFERENT WATER MMITODNIOI

Stereoscopic set-up i Consumer-grade cameras: Sony DSC-HX60 i Converging optical axes (¥ = 154

Reference image (no water) Image at motion condition 1
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4.2) TEST ¥ITARGET ANALYSIS ACROSS DIFFERENT WATER MMITODNIOI

Stereoscopic set-up i Consumer-grade cameras: Sony DSC-HX60 i Converging optical axes (¥ = 154
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4.2) TEST ¥ITARGET ANALYSIS ACROSS DIFFERENT WATER MMITODNIOI

Stereoscopic set-up i Consumer-grade cameras: Sony DSC-HX60 i Converging optical axes (¥ = 154
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