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Eye Tracking 2/18

Methodology of studying the information perception based on tracking
the eye gaze movements

Gaze point \ 2

e

(Holmquvist et al., 2017)
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Eye Tracking: Traditional Approach 3/18

100+ years evolution of devices, algorithms and methods

(Shehu et al., 2021)
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Eye Tracking: VR 4/18

Recently, eye trackers are available in VR head-mounted displays

(Clay et al., 2019; lacobi, 2018)
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Recently, eye trackers are available in VR head-mounted displays
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Eye Tracking: Operating Procedure 5/18

Calibration Tracking
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Who Needs Eye Tracking in VR? 6/18
Human-machine Study of human behaviour
interaction in specially constructed situations
Healthoars avgoton and parseptior

E Study of human communication

Study of human perception of
information (e.g. via reading)

(Skulmowski et al. 2014; Sonntag et al. 2015; Lohr et al. 2019;
Jogeshwar et al. 2020; Imaoka et al. 2020; Mirault et al. 2020;
Ryabinin et al. 2021)
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Eye Tracking Accuracy and Precision 7/18

Eye trackers built in VR head-mounted displays have
low sampling rate
low accuracy
low precision

* Uncertainty of gaze data

©
cfe o © o
o - @
oW
Good accuracy, Bad accuracy, Good accuracy, Bad accuracy
Good precision Good precision Bad precision Bad precision

© Ground-truth gaze position
© Reported gaze position

(Binaee et al., 2016; Sipatchin et al., 2021; Drewes et al. 2019)
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Non-Uniform Uncertainty of Gaze Data 8/18

Accuracy and precision drop when the user looks to the side
from their forward direction
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(Sipatchin et al., 2021) Our observations align with other research groups
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How Harmful Is the Eye Tracking Uncertainty? 9/18

Our study of reading process

The shaka sign, sometimes known as hamg loose, 1

ureﬁgf grieAdlyDintent often soc1ated<%1thigg:h ’
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Angular error of gaze positions

average: 0.77°
min: 0.02° BTLUERTERE what we get max: 2.4°

letter size: 0.63° }
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Related Work: Uncertainty Mitigation 10/18

Jogeshwar et al., 2020:
Recognizing uncertainty,
but neither evaluating
nor mitigating it

Hassoumi et al., 2019:
Accuracy +30%,
but for monocular
systems only

Binaee et al., 2016:
Accuracy +500%,
but not in real time

2016

2020

Tripathi et al., 2017:
Avoid special calibration,
but moving objects
required

Drewes et al., 2019:
Calibration speed x9,
but slight decrease Iin

accuracy
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Proposed Quaternion-Based Uncertainty Model 11/18

Uncertainty representation quaternion

Reported gaze direction
Ground-truth / Ground-truth gaze direction
gaze position
{r g—|—1 rxg} r-g+ —1

e Reported L O . 1
gaze position 7 ’lL}, r=9v, r-g——

5[ 4
N r
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Proposed Quaternion-Based Uncertainty Model 11/18

Uncertainty representation quaternion

Reported gaze direction
Ground-truth / Ground-truth gaze direction
gaze position /
{r-g+1,rxg},r-g+#—1

e Re —
ported
gaze position {O, 'U,}, U -r— O, T-qg — —1

g q qr—)g p— Quaternion normalization

q|
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Proposed Quaternion-Based Uncertainty Model 11/18

Uncertainty representation quaternion

Reported gaze direction
Ground-truth / Ground-truth gaze direction
gaze position /
{r-g+1,rxg},r-g+#—1

e Re J—
ported q
gaze position {O, 'U,}, U-Tr — O, T-qg — —1
o q
g q qr—)g — ‘ | Quaternion normalization
q

Ny

g = Q’r—>g ™ qr—)g — Angular error correction
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Proposed Quaternion-Based Uncertainty Model 11/18

Uncertainty representation quaternion

Reported gaze direction
Ground-truth / Ground-truth gaze direction
gaze position /
{r-g+1,rxg},r-g+#—1

c Re J—
ported q
gaze position {O, 'U,}, U-Tr — O, T-qg — —1
o q
g q qr—)g — ‘ | Quaternion normalization
q

Ny

g = Q’r—>g ™ qr—)g — Angular error correction

CF(T‘) — Re(q,,._)g) — Certainty factor
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Proposed Quaternion-Based Uncertainty Model 11/18

Uncertainty representation quaternion

Reported gaze direction
Ground-truth / Ground-truth gaze direction
gaze position /
{r-g+1,rxg},r-g+#—1

c Re J—
ported q
gaze position {O, 'U,}, U-Tr — O, T-qg — —1
o q
g q qr—)g — ‘ | Quaternion normalization
q

Ny

g = Q’r—>g T™ q::_>g — Angular error correction
CF(T‘) — Re(q,,._)g) — Certainty factor

’(p,r, — 9 arccos (CF(T‘)) — Angular error assessment
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions

4 N

\_ /

®

© Ground-truth gaze position
© Reported gaze position
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Calibration 12/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Interpolation 13/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Interpolation 13/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Interpolation 13/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Interpolation 13/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Interpolation 13/18

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Interpolation 13/18

, €

Reference quaternions
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Proposed Uncertainty Mitigation Algorithm: Interpolation 13/18

Reference quaternions
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Implementation of the Proposed Algorithm in VRSciVi 14/18

VRSciVi - ontology-driven workbench for conducting experiments in VR
(open source project, https://scivi.tools/vrscivi)

VRSciVi Client

® Visual programming capabilities | gontro!
® VR scene control
® Visual analytics of data

Data l Control

VRSciVi Server

® VR scene rendering Ontology
® Eye tracking
® Collecting data about human

behaviour in VR Control

UNREAL

ENGINE _
by Epic Games
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VRSciVi - ontology-driven workbench for conducting experiments in VR
(open source project, https://scivi.tools/vrscivi)

Ontology of an operator that controls VR scenes
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Implementation of the Proposed Algorithm in VRSciVi

14/18

VRSciVi - ontology-driven workbench for conducting experiments in VR

(open source project, https://scivi.tools/vrscivi)

VRSciVi Client

® Visual programming capabilities | g%°"'"9

® VR scene control
® Visual analytics of data

Data l Control

VRSciVi Server

® VR scene rendering O
® Eye tracking
® Collecting data about human

behaviour in VR Control

>

UNREAL

ENGINE _
by Epic Games

SPBU, PSU

K. Ryabinin, S. Chuprina

Ontology of an operator that controls VR scenes
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Implementation of the Proposed Algorithm in VRSciVi 14/18

VRSciVi - ontology-driven workbench for conducting experiments in VR
(open source project, https://scivi.tools/vrscivi)

Ontology of an operator that controls VR scenes

VRSciVi Client OPT““ WC;"G'
i : it Contro
¢ Vlsual programmlng Capabllltles VisualObject ClientSideWorker Language -pu -
® VR scene control 3 3 X Specification of operator
® Visual analytiCS of data VRBoard [«:{ VRBoard Worker JavaScript execution manner

v \ 4 v \ 4 \ 4 \ 4
Data l Control Dlcture Gaze Mitigate Calib Area | | Calib Points| | Calib Points| | Calib Points| | Calib Points
’_‘ Uncertainty Size Number Size Show Time Discard Time
1 ) I | ) I | ' 1 | [ A 1

VRSciVi Server

l

® VR scene rendering ON
® Eye tracking
® Collecting data about human

== .

. -
----------------------------------------------------------------------------------------------------------------------------------------------

behaviour in VR Control

Type

UNREAL

ENGINE Specification of uncertainty mitigation algorithm parameters

by Epic Games

K. Ryabinin, S. Chuprina SPBU, PSU Towards Mitigating the Eye Gaze Tracking Uncertainty in Virtual Reality


https://scivi.tools/vrscivi

Implementation of the Proposed Algorithm in VRSciVi 14/18

VRSciVi - ontology-driven workbench for conducting experiments in VR
(open source project, https://scivi.tools/vrscivi)

Ontology of an operator that controls VR scenes
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Discussion: Uncertainty Evaluation 15/18
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Discussion: Uncertainty Evaluation 15/18
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Discussion: Uncertainty Mitigation 16/18
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Discussion: Uncertainty Mitigation 16/18
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Conclusion 17/ 18

Key results:
1. Novel quaternion-based model of the eye gaze tracking uncertainty

2. Novel algorithm to mitigate the eye gaze tracking uncertainty at runtime
accuracy +25%, precision +32%

3. Ontology-driven high-level software development tools to generate the interface
for parametrization of the proposed algorithm

Outstanding issue:
~30% Dbetter - still not enough to study reading

Future work:
Involving machine learning for interpolating quaternions
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