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Image and Video Registration

* Image and video registration is a deeply studied
area from Computer Vision

* Itis concerned with the alignment of image
sequences with respect to each other
—i.e.in a common 3D coordinate system

* Many applications ranging from ubiquitous
panorama creations to sophisticated interfaces
for interaction with media

HCI+

Image Registration Common Pipeline

* Suppose we have a sequence of images we

want to put in the same coordinate system

— First, we need to identify features in the images and
find correspondences between pairs of images

— Then, we can estimate the transformation relating
the image planes

— This estimation must be robust to outliers due to
mismatched features

— Finally, we optimize the position of the images
taking the whole set into account, for better results

Image Registration Common Pipeline .
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(a) Feature detection and matching
(b) Transformation estimation between two images
(c) Image stitching with seam optimization (illustrative only)

Feature Detection and Matching

* Consider two frames of a video and the task of
creating a panorama from them

* While there is much coherence in the two images,
the information about how they would fit together
is not explicit

* The similarity of a part of the first image with a part
of the second image needs to be formalized in a
way that a computer can understand it

* This lecture will focus on the detection and
matching of two types of features:
— Regions
— Lines
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Points and Patches

* Points and patches are the most common
features used when trying to find
correspondences between images
— They provide the easiest algorithms

* Two approaches can be used in point matching:
— Finding features that can be tracked in a set of images

* Recommended when the scene does not change much

— Finds the most prominent features of each image and
then tries to match the sets

Points and Patches .

* Four main steps:
— Feature detection
— Feature description
— Feature matching
— Feature tracking

Feature Detection

* Detect which parts of the image make the
best features
— To avoid ambiguities

* The question that comes up when confronted
with the task of selecting a set of features
from an image is what makes a good feature?

* The most distinct patches should be selected

Feature Detection .

* Different patches of the image
— (b) good feature

—(a), (c) bad features

Feature Detection ..

* The simplest way to match two features form
different images is to take the sum of squared
differences between them

* Can be described as:
Error(u) =3 [hiri +u) — ho(z:)*
* where

—lpand /; are the images being compared
— u is a displacement vector

HCI

Feature Detection ...

* Next, evaluate how different a patch is from the
patches around it using an autocorrelation
function

AutoCorrelation(u) = Y [l +u) = o(x;)]?

* Note that the displacement vector u here would
represent how the second patch is displaced
from the original one
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Feature Detection ....
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Feature Detection .....

* We can approximate the function by using the
first terms of a Taylor Series expansion to
generate an autocorrelation matrix that will then
be used to define how distinctable a feature is

* After simplifications:

AutoCorrelation(u) = Z [lolz; + w) = To(x)]?
2 ] ) x5 al) + VhalrJu — Io(x)2
Three types of features and the respective autocorrelation values (error is plotted in = Z lo(xe)ul®
terms of the displacement) (a) a good feature with a distinct minimum (b) a feature _ 2: o7 Au
suffering from aperture (c) a very bad feature for which many points in the o
neighbourhood are minima
b df b df
HCI HCI*
Feature Detection ...... Feature Detection .......

* The matrix A is called the autocorrelation matrix
and its properties can be used to decide whether
a feature is distinct or not

2=l 1
* How the properties of the autocorrelation matrix
are used to determine whether a feature should

be used or not depends on the type of detection
we do

* Some examples:
— Shi and Tomasi
— Forstner-Harris
— Adaptive non-maximal suppression
—SIFT

Shi-Tomasi Example 1

Shi-Tomasi Example 2

https://www.youtube.com/watch?v=IFAQBEC8FO8
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Feature Description

Once we have decided which parts of the image
would generate good features, we need to match
them

A simple approach would be minimizing the sum of
squared differences

Unfortunately, this would only work if the
transformation applied to the patch was a simple
translation

In most cases, the patch will undergo arbitrary affine
transformations that will require more sophisticated
methods for comparison

— See next slide

HCI

Feature Description .

* MOPS (Multi-Scale Oriented Patches )

— Used in applications that do not require invariance for
transformations

— It consists of sampling a lower frequency version of the
image around the feature

— Patch intensities are re-scaled such that their mean is
zero and the varianceis 1
* GLOH (Gradient Location-Orientation Histogram)

— Extension of SIFT that uses polar bins instead of square
ones

— Divides the space into 3 radial bins and 6 angular bins -
with one additional bin for radius = 0

by

Feature Description ..

SIFT (Scale-invariant feature transform )

— Descriptors are formed by computing the gradient in
a 16x16 window around the pixel

— The contribution of each gradient is weighted by a
Gaussian centered at the pixel

— The 16x16 window is divided into sixteen 4x4 regions,
and represents the gradient in these regions by
adding them to 8 bins

— The 128 resulting values (the values in each of the 8
bins, in each of the 16 regions, 16x8 = 128) are the
SIFT descriptor

Feature Matching

* There are two important steps when matching
features
— Define a matching strategy

— Combine data structures and algorithms to
efficiently perform the matching evaluations

Feature Matching .

A simple approach is to immediately reject
matches that are further away from each other
than a threshold value (using Euclidean distance)
— In this case, we must of course observe that the
threshold is consistent with our expected camera
motion, to avoid false positives and false negatives

— The problem with this strategy is that the threshold
depends on each case and is difficult to optimize

Feature Matching ..

* A different approach is to use nearest neighbors
in feature space
— Since some features would not have matches, a

threshold approach is still used to avoid extreme false
positives
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Feature Tracking Feature Tracking .

* An alternative approach to detecting candidate features in * To solve this problem, features are matched in
each image and then matching them is to find features in different images along the sequence using an
the first image and track them throughout the image affine motion model
sequence . )

* This approach is most commonly used in videos — Instead of a simple translational one
— Because the scene is not expected to change much from one * Since affine matching is more expensive than

frame to the next
— The definition of a good feature to track is the same as before

« |f features are being tracked in long image sequences, it is . .
important to consider the problem of big changes in the * The resulting tracker is called Kanade-Lucas-

patches, as well as the loss of patches by occlusion Tomasi, or KLT

translational, a first estimation is performed
using simpler models

HCl He
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KLT AR Example

AR Registration

https://www.youtube.com/watch?v=8VbyICRn3il

AR Registration Video Key Method
* Registration is the accurate positioning of . Videq Keying isa process that is widely used in
virtual information into the real environment television, film production and CG. (weather

report)

* When using video keying to design AR scenes,
one signal contains the foreground image and
the other one contains the background image

* The ‘keyer’ combines the two signal to produce a

combined video which is then sent to the display
device

* Mis-registration:
— Breaks the illusion that the two coexist
— Prevents acceptance of many serious applications
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Video Key Method .

¢ Keying can be done using composite or
component video signals
— A composite video signal contains information about
color, luminance, and synchronization, thus
combining three piece of information into one signal

— With component video, luminance synchronization
are combined, but chroma information is delivered
separately

He!

HCIe

Video Key Method ..

Chroma keying involves specifying a desired
foreground key color

Foreground areas containing the keying color are
then electronically replaced with the background
image

This results in the background image being
replaced with the fore ground image in areas where
the background image contains chroma color

Blue is typically used for chroma keying (Chromakey
blue) rarely shows up in human skin tones
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Video Key Method ...

* If a video image of the real world is
chosen as the foreground image,
parts of the scene that should
show the computer-generated
world are rendered blue

* In contrast, if video of the real
world is chosen as the background
image, the computer generated
environment will be located in the
foreground T

HCIe

Chroma Keying AR Example

Z-key Method

* The z-key method requires images with both depth
information (depth map) as inputs

* The z-key switch compares depth information of two
images for each pixel, and connects output to the
image which is the nearer one to the camera

* The result of this is that real and virtual objects can
occlude each other correctly

* This kind of merging is impossible by the chroma-key
method, even if it is accompanied with some other
positioning devices such as magnetic or acoustic
sensor, since these devices provide only a gross
measurement of position

Chroma Key vs Z-Key

Video Camera Chroma Key Method

= I/}f
Blue i Switchby | —, || #
Background T (Chroma key T%
Virtual Object

Z-Key Method

% a Pixel-by-pixel
[Merging device|
r givEd

Virtual Object
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Spatial Registration

Defining Relative Position of Each Elements of a Scene

Elements are: User, User’s eye, Environment (Table,
Room, Building), Objects, etc.

Coordinate Systems (Euclidian System)
Initially: Calibration
Temporally: 3D/6D Tracking

Billinghurst, M. COSC 426: Augmented Reality, July 262013,
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Sources of Registration Errors

* Static errors

— Optical distortions

— Mechanical misalignments

— Tracker errors

— Incorrect viewing parameters
* Dynamic errors

— System delays (largest source of error)
* 1 msdelay = 1/3 mm registration error

Billinghurst, M. COSC 426: Augmented Reality, July 26 2013,
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Reducing Static Errors

* Distortion compensation
* Manual adjustments
* View-based or direct measurements

* Camera calibration

Billinghurst, M. COSC 426: Augmented Reality, July 26 2013,
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View Based Calibration (Azuma 94)
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Figure 1: Wooden frame for callbration and registration  Figure 2 View seen n HMD, virtual axes on real frame

Billinghurst, M. COSC 426: Augmented Reality, July 26 2013,

Dynamic Errors

l— Application Loop —l

s Render ==s Draw o
Scene Display

XYZ
Tracking —L‘E‘;’

Simulation

20 Hz = 50ms. 500 Hz = 2ms 30 Hz = 33ms 60 Hz = 17ms

= Total Delay =50 +2 +33 + |7 =102 ms

= | ms delay = 1/3 mm = 33mm error

Billinghurst, M. COSC 426: Augmented Reality, July 26' 2013,

Reducing Dynamic Errors

* Reduce system lag

— Faster components/system modules
* Reduce apparent lag

— Image deflection

— Image warping

Billinghurst, M. COSC 426: Augmented Reality, July 26 2013,
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Reducing System Lag

l— Application Loop —l

Tracking —:‘ﬁ > € = Render = Draw fo
y Viewpoint Scene Display
Simulation
Faster Tracker Faster CPU Faster GPU Faster Display

Billinghurst, M. COSC 426: Augmented Reality, July 262013,
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Reducing Apparent Lag

rtual Display Virtual D “ ay
Physical ::7 P!»T,‘swcal -
Display [ ( (Agp:ﬂy(
640x 640x480
(640x480) Tracking )
280 x 960 Update 1280 x 96C
Last known position Latest position

I-— Application Loop —]

s Draw to
Display

= xyz =
Tracking —,fég,* w——sRender

Billinghurst, M. COSC 426: Augmented Reality, July 26 2013,
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More on Reducing Dynamic Errors

Match input streams

160

@
. T -
— Delay video of real world £ %0
to match system lag g 100
. . g Iz
Predictive Tracking % 60 -
40
— Inertial sensors helpful g 22 “=Er]
© T
f =mseggsgs

Prediction distance in ms
—e-No pred -@-Pred wiout inertial
-B-Pred with inertial
Azuma / Bishop 1994

Billinghurst, M. COSC 426: Augmented Reality, July 26 2013,
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Predictive Tracking (Azuma 94)
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Billinghurst, M. COSC 426: Augmented Reality, July 26 2013,

AR Calibration

Calibration Requirements

* “Ideally, the calibration methods should be
statistically robust, there should be a variety
of approaches for different circumstances, and
metrology equipment should be sufficiently
accurate, convenient to use, and not too
expensive”

— (Hollerbach and Wampler, 1996)
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Additional Calibration Requirements

* Additional Requirements of Experimental
Subsystems:
— Independent
* Not rely on each other
— Subject-specific
* Account for individual differences
— Avoid residual cues
* To prevent subjects using them in unanticipated ways

HC| .
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Typical Calibration Components

* Workspace
* Point of view
* Physical objects

HCI

Workspace Calibration

¢ Markers are aligned with
virtual crosses

* Exactly one position in 3-
space eliminates “swim”

* do NOT need stereo to
calibrate

HC] -

Point of View Calibration

* Subject placing eye calibration bars

Hel
Physical Object Calibration

* Markers placed anywhere on object

* Place object in frame so XYZ orientations
match

HC] -
HC!

Measuring ARToolKit’s Tracking Error

* In wide area applications, the positioning
accuracy of ARToolKit is not very robust

* In distances between 1m and 2.5m the error
in the x and y values increases proportionally
with the distance from the marker

* Calculate error in distances ranging between
20 cm and 80 cm under normal lighting
conditions

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses S 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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Camera Calibration with MATLAB

* Computer Vision System Toolbox™ provides an app
and functions to perform all essential tasks in the
camera calibration workflow, including:

— Fully automatic detection and location of checkerboard
calibration pattern including corner detection with
subpixel accuracy

— Estimation of all intrinsic and extrinsic parameters
including axis skew

— Calculation of radial and tangential lens distortion
coefficients

— Correction of optical distortion
— Support for single camera and stereo calibration

libration-with-matlab- thwork

HCI

HC

Camera Calibrator App

* Used to select and filter calibration images,
choose the number and type of radial distortion
coefficients, view reprojection errors, visualize
extrinsic parameters, and export camera
calibration parameters - s——— —n

alibration-with-matlab-81233 thwork

HC| A

Measuring ARToolKit’s Tracking Error .

* The optimal area, which
contains the least error, is the
one that is perpendicular to
the marker card

* Arigid path is set so that the
camera can not loose its
direction while moving
backwards

* Numerous measurements of
the location of the web
camera in a local co-ordinate
system

Liarokapis, F., Adgmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses S 5931, Department of

Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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Measuring ARToolKit’s Tracking Error ..

* Erroris proportional to the distance

Calculation of ARToolKir's Error (Method |

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses § 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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Measuring ARToolKit’s Tracking Error ...

* Camera facing the marker at variable angle
(yaw) having the other two (pitch, roll) stable

Calulation of ARToolKit's Error (Method Il

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses S 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005

HC

Measuring ARToolKit’s Tracking Error

* Differences in the error produced from the
experiments compared with the actual values

Overview of Measured Error

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses § 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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Calculating Camera
Parameters

HC

ARToolKit’s Calibration Method

* ARToolKit provides two software tools called
calib_dist and calib_param that can be used to
calculate these camera properties

— calib_dist is used to measure the lens distortion
and the image centre point

— calib_param is used to compute the focal length of
the camera

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses S 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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ARToolKit’s Calibration Method .

In calib_dist program, an image of a pattern
6x4 dots spaced equally apart is used

Camera calibration for lens distortion Camera calibration for focal length

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses S 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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KLT Tracking Method

* A feature-based vision method is known as
the KLT (Kanade-Lucas-Tomasi) algorithm
based on a model or affine image changes

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses § 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005

Camera Calibration Toolbox for Matlab

* Offers an automatic mechanism for counting the
number of squares in each grid

* All calibration images are searched and focal and
distortion factor are automatically estimated

Estimated focal (pixels) Estimated distortion factor (kc)
Image 1 201.2503 02

Image 2 224.1415 02

Image 3 231.7859 -02

Image 4 1142254 -0.055

Image 5 2658506 028

Image 6 2115025 02

Uiarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses § 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses § 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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Calculation of Extrinsic Parameters

DEEE NAAL BAT

DEEE NAAL BAT

Uiarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses § 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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Error Calculation of Extrinsic Camera
Parameters

—iata — i

DEEE NAAL BAT

DaEE VAR, BAT

Initial Error Corrected Error

Liarokapis, F., Augmented Reality Interfaces - Architectures for Visualising and Interacting with Virtual Information, Sussex theses S 5931, Department of
Informatics, School of Science and Technology, University of Sussex, Falmer, UK, 2005
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Outdoor Markerless Tracking and
Registration in AR

https://www.youtube.com/watch?v=hRRAGULBIVK

HC

Underwater
Dehazing

Underwater Vision

* Vision underwater is degraded by several
factors, mostly by turbidity and absorption of
lighting, which is different for different color
channels

* Concerning the turbidity in the underwater
images, the problem is very similar to
dehazing

—i.e. to correct the effects of fog and haze in images
taken above water
Bruno, F., Lagudi, A, Ritacco, G., Agrafiotis, P., Skarlatos, D., Cejka, J., Koufil, P., Liarokapis, F., Philpin-Briscoe, ., Poullis, C., Mudur, S., Simon, B.

Development and integration of digital technologies addressed to raise awareness and access to European underwater cultural heritage. An overview of the
H2020 - MARECULTURE project, OCEANS 2017, IEEE Computer Society, Aberdeen, Scotland, 19-22 June 2017,

AR Dehazing Architecture

i Camera Input AR Interface

| p—

-
AR View

Griginal image

Filtered image g

]

Bruno, F., Lagudi, A, Ritacco, G., Agrafiotis, P., Skarlatos, D, Celka, J., Koufl, P., Liarokapis, F., Philpin-Briscoe, O., Poulls, C., Mudur, S., Simon, B.
Development and integration of digital technologies addressed to raise awareness and access to European underwater cultural heritage. An overview of the
H2020-MARECULTURE project, OCEANS 2017, IEEE Computer Society, Aberdeen, Scotland, 18-22 June 2017,
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Implementation

* In the first step, the input image from tablet camera is
filtered and improved to reduce defects and other
imperfections caused by turbidity or poor lighting
conditions

* This pre-processed image serves in the second step as an
input for detection of objects in real world for augmented
reality

* In the third step, objects of augmented reality are
composed together with improved pre-processed input
image and rendered into output image

¢ Thisimage is then displayed on the screen of the tablet
Bruno, F., Lagudi, A, Ritacco, G., Agrafiotis, P., Skarlatos, D., Cejka, J., Koufil, P., Liarokapis, F., Philpin-Briscoe, 0., Poullis, C., Mudur, S., Simon, B.
Dewiopment and ntegraton f s echnelogiesadhessed o rfse awreness and acces o European undermater cultral hrtage An overview of e
12070, MARECULTURE project, OCEANS 201, IEE Computer Socey, Aberdean, Scoand, 19-22 June 2017
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Implementation .

* This prototype was implemented in Java and is focused for
Android platforms

¢ Theinput from the camera feed is in NV21 format. NV21 is
a variant of the YUV420 format

* Theimage is kept in this format, and in the pre-processing
step, Contrast Limited Adaptive Histogram Equalization
(CLAHE) (Pizer et al, 1987) is applied to its Y channel

* This process leaves the U and V channels unchanged

* The implementation of the CLAHE algorithm was based on
the OpenCV library (OpenCV)

* The augmented reality part is handled by ARToolKit library
(ARToolKit)

Bruno, F., Lagudi, A, Ritacco, G., Agrafiotis, P., Skarlatos, D, Cejka, J., Koufi, P., Liarokapis, F., Philpin-Briscoe, O., Poulls, C., Mudur, S., Simon, B.

Development and integration of digital technologies addressed to raise awareness and access to European underwater cultural heritage. An overview of the
H2020-MARECULTURE project, OCEANS 2017, IEEE Computer Society, Aberdeen, Scotland, 19-22 June 2017,
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8runo, ., Lagudi, A, Ritacco, G., Agrafiots, P, Skariatos, ., Ceila, L, Koufl, P, Liarokapis, F., Phipin-Briscoe, 0., Pouls, C, Mudur, S., Simon, &
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Results .

* The AR application was tested on several videos taken
in underwater environment

* The videos were played on a monitor of a PC, and a
tablet was used to record, process and display the
images

* The resolution of input camera was 1280 x 720

* We performed our tests on two devices, NVIDIA Shield
K1 tablet and Samsung Galaxy S6 phone

* The pre-processing step took 7.8 milliseconds on the
tablet and 9.0 milliseconds on the phone, which in
both cases allowed the application to present
improved images in real-time (Bruno et al., 2017)

Bruno, ., Lagud, A, Ritacco, G, Agrafiots, P, Skaratos, D, Cefka, 1, Kourl, P., Liarokapis, F, Philpin-Briscoe, O, Poulls, C, Mudur, 5., Simon, &
Development and integration of digital technologies addressed to aise awareness and access to European underwater cultural heritage. An overview of the
H2020i-MARECULTURE project, OCEANS 2017, IEEE Computer Society, Aberdeen, Scotland, 19-22 June 2017.

Dehazing for Marker-based Tracking

 Testing scenarios for evaluation of impact of
methods for dehazing images to marker-based
tracking

marker  end position start position

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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Data Collection

¢ Obtained a set of videos from underwater

HC| A

sites in Cyprus at 10m depth

Video 6

D6.2, IMARECULTURE hybrid tracking techniques, Public Document, Oct 2017
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Implementation

* For improving images, we used CLAHE,
[87CLAHE], which is a simple and fast method
that runs real-time, and a method based on a
fusion of results of several algorithms described
in [12Enhancing] (further referenced as Fusion)

* Implementation of another method based on
bright channel prior described in [16Restoration]
(further referenced as BCP) is in development

HEp o

D6.2, IMARECULTURE hybrid tracking techniques, Public Document, Oct 2017

Implementation . Results
¢ For marker detection, we used three real-time VT v w Detectontme | comparison of marker detection
open source libraries o VYT algorithms (ARTooIKi, ARUCO,
‘AprilTags 535725/ 442 2/10/905 62686 AprilTags) and image enhancing
— ARToolKit [ARToolKit] is one of the best known open T e on Sepcenime | methods (CHE, Fusor)
source library, which can be used to detect markers Houis, 83755 I 10557 < troe mambers
Y, “AprilTags T1/40/10 o /21 are three numbers
H H Video3 CLAHE usion Detection time (ms) The first number is the number of
VAVFI{tS ge[nAeF:'L‘j: p;;t.ternltsb based on OenCV and i ATl o/0/0 L2/ E markers detected nthe original
- co co]is a library based on OpenCV and its ApeiTogs T Jeite Sican video, but not in the enhanced
A r . i ion tir ide
LL_JnCtIOI’lS, and |sdused to robustly detect markers with Egi.:;:m i "[é";:;g !3’25“““"“"'“” The second number is the number
inary matrix codes of markers detected in the
ary . L e e i Deteclamime | enhanced video, but not n the
— AprilTags [AprilTags] is a library developed at the ARToolKit o117 1308 original video
tiag ;98- ‘ EYECYE- MV 5T
University of Michigan, and is focused on robust i TR S ey The third number s the number of
detection of markers in different lighting conditions ARt s s Seontmelnsl | | he rightmost column, we can
. ARUco 10/2 [0/4 3022 see the time needed to detect
anda ngles of view AprilTags /0 0 25535 markers in the whole video
D6.2, IMARECULTURE hybrid tracking techniques, Public Document, Oct 2017 D6.2, IMARECULTURE hybrid tracking techniques, Public Document, Oct 2017
el Hel'!
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Results .

The results show us that in some videos tracking
is improved by enhancing the image, while in
other videos, tracking is worsen by enhancing the

image

This differs with different marker detectors and
different image enhancement methods

However, in most videos, most non-damaged
markers were found in the original and processed
images, significant differences were in damaged

and occluded markers

For this reason, such markers must be discarded

D6.2, IMARECULTURE hybrid tracking techniques, Public Document, Oct 2017

Results ..

* We can also see that processing times of individual

marker detectors

* Videos were processed on a desktop computer with
Intel Core i5 760 processor and 8 GB operating

memory

* We can clearly see that ARToolKit finds the markers in
the lowest amount of time, while AprilTags needs the

most time

* We assume the results to be comparable when running
on mobile devices, although the processing times
presented in the table is measured on a desktop

computer

D6.2, IMARECULTURE hybrid tracking techniques, Public Document, Oct 2017
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Registration
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AR Interface

* We designed the first interface for an
application that recorded input video in
original quality without performing any lossy
compression, performed a simple image
enhancing, calibrated the camera, and
detected markers

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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15t Prototype

MIDEGU | GAUD | PROCESSING » .

DISPLAY YUV ¥ UASGRAY VASGRAY  UONIY  VONIY  YUONY  YVONIY  UVONLY
-

CLAME Y CHANNEL  CLAME U CHANNEL  GLAME V CHANNEL

DROP Y CHANNEL . DROP U CHANNEL ~ DROP V CHANNEL

LUMITS & U4 UMITS | LMITS

7 ,
DISPLAY TRACKED OBJECT [l STORE VIDEO | STORE PROCESSED VIDEO | STORE POSITIONS 10 LOG.
T

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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Implementation

* This design allowed setting of various
parameters from the user interface
—i.e. It allowed to set which color channel is
enhanced, the parameters of image enhancing
algorithm, turning marker detection on and off etc
* The interface also included a button which hid
the interface when everything was set, and
shown it again when parameters needed to be
changed

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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Implementation .

* All parameters are saved into a text file onto
the internal disk and reloaded when the
application is started next time

« Several parameters (for example a path where
the recorded videos are saved) cannot be set
from the application though; they can be set
only in this text file

* This allowed us to simplify the GUI

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017

Testing

* This user interface was tested in April 2017 by
CUT in Cyprus

* This testing showed that it is very hard to
manipulate the application with this interface,
due to very small buttons

* Also, we found that most of the parameters of
this application were set once and did not
need to be changed when the application run.

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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2"d Prototype

* Results from the tests of the first application
helped us with the design of the next applications

The main changes are:

— We create many specialized applications rather than
one application containing every feature to reduce the
complexity of the user interface.

— We use only a very few buttons places through the
whole screen to ease the manipulation with the
interface in underwater conditions.

— We place parameters of the application into a text file,
leaving only a few parameters to be changed directly
in the application

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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Interface Example

* This application improves the image
presented to the user, tracks markers, and

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017

Implementation

* The user interface contains only two buttons, which allows the
user to turn on/off dehazing (an algorithm for enhancing the
input image), and to turn on/off tracking of markers

* The buttons span the whole left and right part of the screen,
though their visual representation is smaller

* This makes the manipulation with the interface much easier

* The user interface also hides itself automatically after a few
seconds of user’s inactivity, reappearing again when the user
touches the screen

* All other parameters (parameters of the image improving
algorithm, parameters of tracking and others) can be set only
from a text file that contains application parameters

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017

HCI
Implementation .

* The application is capable of rendering 3D objects
and text descriptions at places of these markers
Currently it demonstrates the capabilities of the
application

In future, it will be used to augment the vision of
the user by adding virtual aids into the scene,
show artefacts similar to those seen on the
screen, or show the appearance of the objects in
the past

* It will also be used to provide the user with a
description of seen objects or places

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017

Ty I

HCI-

Results

AR presentation underwater

(a) the underwater environment

(b) textual augmentation

() textual description and 3D information

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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Results .

* A second application for recording video and
storing its raw data without using and lossy
compression is created

— This application does not do any image
enhancements and does not track markers

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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Results ..

* This interface contains two indicators

— Oneindicator is place in the top part of the screen, and
represents the state of the recording

— The other indicator is in the bottom part of the screen, and
informs the user about the speed of recording

« Additionally, the whole screen behaves as a single
button, controlling the state of recording

* The interface is always visible; it cannot be hidden in

any way

— Similarly to the previous interface, all other parameters are

set from a text file

D6.3, IMARECULTURE Underwater AR Platform, Public Document, Oct 2017
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