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Context

Telepresence
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Yu, K., Gorbachev, G., Eck, U., Pankratz, F., Navab, N., & Roth, D. (2021). Avatars for Teleconsultation:
Effects of Avatar Embodiment Techniques on User Perception in 3D Asymmetric Telepresence. IEEE
Transactions on Visualization and Computer Graphics, 27(11), 4129-4139.




Context

Telepresence

A Like Zoom, but in 3D
A Realtime 3D Reconstruction
A Realtime Streaming J/
A Immersive /

A Intuitive Teleconsultation K
A Verbal and norverbalcommunlcatlon
A 3Dannotationsund mteractlons

1stperson view in Augmented Reality

Yu, Kevin, Gleb Gorbachev, Ulrich Eck, Frieder Pankratz, Nassir Navab, and Daniel Roth. "Avatars for
Teleconsultation: Effects of Avatar Embodiment Techniques on User Perception in 3D Asymmetric
Telepresence." IEEE Transactions on Visualization and Computer Graphics (2021).




VivePro Eye

ViveTracker

VR Ink Pen

Equipment of the VR User
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Comparison Between Video-mediated and Asymmetric
3D Teleconsultation During a Preclinical Scenario

Authors:
Robin Strak?, Kevin Yu?, Frieder Pankratz®, Marc Lazarovici?, Benedikt Sandmeyer?, Julia Reichling?, Simon Weidert?,
Clemens Kraetsch®, Barbara Roegele®, Nassir Navab®, Ulrich Eck®, Daniel Roth®
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Problem

Precision of Annotation




_ I_?elated Work
World-In-Miniature & VVoodoo Dolls

e
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World-in-Miniature (WiM) Voodoo Dolls

StoakleyR., Conway, M. J., & Pausch, R. (1995, May). Pierce, J. S., Stearns, B. C., & Pausch, R. (1999, April).
Virtual reality on a WIM: interactive worlds in miniature. Voodoo dolls: seamless interaction at multiple scales in
In Proceedings of the SIGCHI conference on Human virtual environments. IfProceedings of the 1999

factors in computing systenipp. 265272). symposium on Interactive 3D graph{pp. 141145).
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Our proposed Solution

Magnoramas

Yu, K., Winkler, A., Pankratz, F., Lazarovici, M., Wilhelm, D., Eck, U., Roth, D. & Navab, N. (2021, March). Magnoramas: Magnifying
Dioramas for Precise Annotations in Asymmetric 3D Teleconsultation. In 2021 IEEE Virtual Reality and 3D User Interfaces (VR) (pp. 392- TUTI
401). IEEE.




StudyScenario
Teleconsultation for an Emergerggcompressive€raniectomy

Scalp shaved and
0 curved incision made G Saw between holes to create bone flap

So tissue flap
reflected anteriorly



StudyTask
Draw Annotations for @rationomy

Tra,ce LIne TI’QFCG Circle

Magnorama

Baseline
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Evaluation

Magnoramas
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Evaluation

Magnoramas
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Results

Magnoramas

Pins Circle Social Presence (VR)
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Learnings

Magnoramas

AUsers quickly understood the concept \ ;\~~

AUsers create supernatural precise
free-handannotations

ATaking away the view on the original
scene reduces social presence
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Duplicated Reality for Co-located Augmented Reality Collaboration

Authors:
Kevin Yu?, Ulrich Eck3, Frieder Pankratz?, Marc Lazarovici?, Dirk Wilhelm?®, Nassir Navab?
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Duplicated Reality interlinks the real-time copy of a 3D region of interestin the
physical world for remote collaboration in co-located face-to-face encounters.

Duplicated Reality







| Relate_d Work
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World-in-Miniature (WiM)
Stoakley, R., Conway, M. J., & Pausch, R. (1995, May).
Virtual reality on a WIM: interactive worlds in

miniature. In Proceedings of the SIGCHI conference on
Human factors in computing systems (pp. 265-272).

Voodoo dolls

Pierce, J. S., Stearns, B. C., & Pausch, R. (1999, April).
Voodoo dolls: seamless interaction at multiple scales
in virtual environments. In Proceedings of the 1999

symposium on Interactive 3D graphics (pp. 141-145).

3D Referencing

Oda, 0., & Feiner, S. (2012, November). 3D
referencing techniques for physical objectsin
shared augmented reality. In 2012 IEEE
International Symposium on Mixed and
Augmented Reality (ISMAR) (pp. 207-215). IEEE.

Magnoramas

Yu, K., Winkler, A., Pankratz, F., Lazarovici, M.,
Wilhelm, D., Eck, U., Roth, D. & Navab, N. (2021,
March). Magnoramas: Magnifying Dioramas for
Precise Annotations in Asymmetric 3D
Teleconsultation. In 2021 IEEE Virtual Reality and 3D
User Interfaces (VR) (pp. 392-401). IEEE.

and more ... (refer to paper)




Motivation and Context

Pedicle Subtraction Osteotomy, a spine surgery for fixing the curvature of the spine and
requires expertise from orthopaedists and neurosurgeons = Share expertise!

Halm, H. (2011). Pedicle subtraction osteotomy for
correction of congenital scoliokyphosis. European Spine
Journal, 20(6), 995.

Zhang, P. C., Deng, Q., Sheng, W. B., Guo, H. L., Mamat, M., Luo, Y.
X., & Gao, S. T. (2021). The Sagittal Parameters and Efficacy of
Pedicle Subtraction Osteotomy in Patients with Ankylosing
Spondylitis and Kyphosis Under Different Lumbar Sagittal
Morphologies. InternationalJournal of General Medicine, 14, 361.



Motivation and Context

Two surgeons can achieve better surgical outcome in shorter time.

Ames, C.P., Barry, J. J., Keshavarzi, S., Dede, O., Weber, M. H., & Deviren, V. (2013). Perioperative outcomes and complications
of pedicle subtraction osteotomy in cases with single versus two attending surgeons. Spine Deformity, 1(1), 51-58.

Cheng, |., Stienen, M. N., Medress, Z. A, Varshneya, K_, Ho, A. L., Ratliff, J. K., & Veeravagu, A. (2020). Single-versus dual-
attending strategy for spinal deformity surgery: 2-year experience and systematic review of the literature. Journal of Neurosurgery:
Spine, 33(5), 560-571.

Augmented Realityis a powerful tool for communicating complex 3D matter.

Mutual interferences since the surgical field is small
* Needto walkaround the patient to create 3D objects

e 3D annotations are not easily placed beneath surfaces
AR-enabled tools cannot be used in sterile areas (unless certified)




User
Hololens 2

Virtual RGB-D
camera for
Duplicated Reality™
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Study Design:
| (Task of Participants)

———————— {7 (1) Incision on Skin  j—————————

<<“

@Qf-}..

———— (3) Removing Pedicles ————

Task:

[ PSO Model for Study |

Expert has to communicate the
shape to the editor

Block of kinetic sand replaces the real patient




User Study

Baseline Condition (In-Situ Digital Twin) plicated Reality)

Experimental Condition (Du
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* Qualitative Measures; 26 questions * Quantitative Measures
* based on Schafer & Bowman; 10 questions * Perceived End-to-End Error between participants
e Collaboration e Time-on-Task
e Effort « Similarity of PSO model and resulting shape
* Awareness * % Overlap
» System-Usability-Score; 10 questions * Hausdorff-distance

Task-load; 6 questions * Closest per-point distances (ICP alignment error)

Additional Measures:
e Position and View-direction



Results for the Surgeon (Editor)

No significant findings Editor
(Mann-Whitney, p < 0.05) ~ . s e .
* Equivalence test © . ‘ : |
(rejection of two one-sided t-test) ‘ - f —r
* Collaboration and effort are © 7 1= —_ ’ |
statistically equivalent -
 Raw-TLX not significant - , - .
(0-100, lower = better) e o
* Baseline:48.6 + 16.2 5% = A -
* DR:42.6 +16.3 °
~ - O In-situ (Baseline)
SUS not significant O Duplicated Reality (Condition)
(0-100, higher = better) | ' '
Collaboration Effort Awareness

e Baseline:63.0+18.1
* DR:63.4+18.6



Results for the Co-Surgeon (Expert)

(0-100, lower = better)
e Baseline:45.9+13.0 -
* DR:46.7%16.1

Awareness significant lower in Expert
experimental (DR) condition oo o — I —
* Equivalence test o - —
(rejection of two one-sided t-test) | I .
* Collaboration and effort are 0 B '
statistically equivalent : . .
<+ — 3 i -
e Raw-TLX not significant
o = : : — -

- —] In-situ (Baseline)
O Duplicated Reality (Condition)
| [

Collaboration Effort

*

* SUS not significant
(0-100, higher = better)

 Baseline:64.1+18.6

e DR:65.1+15.9

|
Awareness




Results (Quantitative)

* |CP Error not significant:
* Baseline:3.12+0.62 mm
* DR:2.99* (.63 mm
* TOST:p<0.001

* Hausdorff Distance not significant
* Baseline:14.59 £ 2.75 mm
* DR:14.49%3.30 mm
« TOST:p <0.001

A — {x | x voxel center inside PSO model }

* %-Overlap not significant
* Baseline:73.14+7.5%
* DR:75.62+6.78%

B — {x | x voxel center inside 3D scan }
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Results (Quantitative)

* |CP Error not significant: Time-on-Task not significant:
* Baseline:3.12+0.62 mm e Baseline: 489.25 + 230.80 sec
* DR:2.99* (.63 mm * DR:508.91+ 222.84 sec
* TOST:p<0.001

Perceived End-to-End error not significant:
* Baseline:11.18 £ 3.69 mm
* DR:12.05%5.11 mm
* TOST:p<0.001

* Hausdorff Distance not significant
* Baseline:14.59 £ 2.75 mm
* DR:14.49%3.30 mm
« TOST:p <0.001

Duplicated Reality Magnification:
(100% = original size)
* 142% + 69%

* %-Overlap not significant
* Baseline:73.14+7.5%
* DR:75.62+6.78%




Heatmap Editor
(Baseline)




Heatmap Expert
(Baseline)




Heatmap Editor
(Duplicated Reality)




Heatmap Expert
(Duplicated Reality)




|
Discussion

* Participants quickly understood the concept of Duplicated Reality

* Overall, few stochastically significant findings
* Quality of task was mostly similar across conditions
* Preference on conditions was evenly split among participants
* Lowered awareness of the user interactingin the Duplicated Reality

— Duplicated Reality is interchangable with a conventional AR visualization

* Depth perception of AR contentin a real environmentis an issue
* Annotationlines are drawn in 3D, allowing mid-air strokes to indicate trajectories
* 3D lines drawn on the incorrect depth resultin large perceptual error when viewed from a different angle
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