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1) AIM AND OBJECTIVES OF THE RESEARCH PROJECT
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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
heights and motion conditions).

2) To formulate, from the observations made, a mathematical
model that allows the prediction of optical distortions in the
captured images and can be used to obtain corrective
parameters.

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.

Originalimagesource: Skarlatos,D. & Agrafiotis, P.ôANovelIterativeWaterRefractionCorrection
Algorithmfor Usein StructurefromMotionPhotogrammetricPipelineõ,J. Mar. Sci. Eng., 2018, 6(77).

MONOSCOPIC CONDITION STEREOSCOPIC CONDITION



2) LITERATURE REVIEW
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APPROACH CLASSIFICATION ON THE BASIS OF HOW THE EFFECTS OF REFRACTION ARE CORRECTED

ÅAnalytical methods (modification of collinearity equations)

o Explicit deterministic analytical method

o Ambiguous, iterative undefined analytical method

ÅImage-based methods (reprojection of the acquired images)

Originalimagesource: Kahmen, O., Rofallski, R. & Luhmann, T.ôImpactof Stereo
CameraCalibrationto Object Accuracyin MultimediaPhotogrammetryõ,Remote
Sensing, 2020, 12(12).

APPROACH CLASSIFICATION DEPENDING ON THE OPTICAL MEDIA WHERE INTRINSIC
ORIENTATION (IO) AND POSSIBLE RELATIVE ORIENTATION (RO) ARE DETERMINED

ÅStandard software to calibrate one or more cameras, accompanied by implicit modelling of
refraction effects

o IO is defined in air (gross scaling errors)

o IO is defined in water (acceptable results)

ÅExplicit modelling of interfaces between media (associated with water)

o IO and RO are defined in water (preferable results)

o IO and RO are defined in air (preferable results)

o IO is defined in air and RO is defined in water (preferable results)

IO: Intrinsic Orientation;  IF: Interface Modelling;  RO: Relative Orientation



3) METHODOLOGY
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3.1) LABORATORY EQUIPMENT
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Sony DSC-HX60 compact cameras

MikrotronEoSensCL MC1362 high-speed camera80 Ĭ80 Ĭ50 cm tank with 3 encoded target grids

AprilTagencoded targets
(tag36h11, pupil-apriltags)



3.2) EXPERIMENTAL SET-UPS
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c) Stereoscopy with converging axes (ɤ=15Á)b) Zenithal stereoscopy (ɤ=0)a) Zenithal monoscopy(ɤ=0)



3.3) MATHEMATICAL MODELLING
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Å UndistortedimagepointpositionP(xP ,yP )

Å Distortedimagepoint kth positionPk(xPk
,yPk

)

Å ImagedistortioncentreC(xC ,yC )
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3.3) MATHEMATICAL MODELLING
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3.3) MATHEMATICAL MODELLING
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Å UndistortedimagepointpositionP(xP ,yP )
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4) EXPERIMENTS AND RESULTS
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4.1) TEST V ðIMAGE TARGET ANALYSIS ACROSS DIFFERENT WATER DEPTHLEVELS
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïZenithal parallel optical axes (ɤ= 0)
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïZenithal parallel optical axes (ɤ= 0)



4.1) TEST V ðIMAGE TARGET ANALYSIS ACROSS DIFFERENT WATER DEPTHLEVELS
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïZenithal parallel optical axes (ɤ= 0)



4.1) TEST V ðIMAGE TARGET ANALYSIS ACROSS DIFFERENT WATER DEPTHLEVELS
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïZenithal parallel optical axes (ɤ= 0)
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïZenithal parallel optical axes (ɤ= 0)
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4.2) TEST VI ðTARGET ANALYSIS ACROSS DIFFERENT WATER MOTION CONDITIONS
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïConverging optical axes (ɤ= 15Á)
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïConverging optical axes (ɤ= 15Á)



4.2) TEST VI ðTARGET ANALYSIS ACROSS DIFFERENT WATER MOTION CONDITIONS
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïConverging optical axes (ɤ= 15Á)
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Stereoscopic set-up ïConsumer-grade cameras: Sony DSC-HX60 ïConverging optical axes (ɤ= 15Á)


