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Background (1)

Microsoft HoloLens

® Sensors
= 1 [MU (Inertial Measurement Unit):
® detects linear & rotational movements

® /4 environment understanding cameras:

®» ) |eft & 2 right side

® 1 depth camera:

® to measure the distance
= 1 2MP photo / HD video camera
® 4 microphones

® 1 ambient light sensor

Source: Wikipedia
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Background (2)

Microsoft HoloLens

= |nteractions
®  Spatial sound
®  Gaze tracking
®» Gesture input
® \/oice support

®» \Wireless clicker

® (OS (Windows 10)

®» Memory
® 64GB Flash
®» ?2GBRAM
® Processors

® |ntel 32 bit architecture

® Holographic Processing Unit (HPU)

Source: Wikipedia
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Point & Select Interaction (1)

® |n order to select a command, there are 2 main steps to follow
® Moving a cursor to target
® (Clicking on the target to select

® This kind of interaction is demanding in HoloLens
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Typical mouse interaction

SOEN 6761 - Mohsen Parisay




Point & Select Interaction (2)

® HololLens interactions:
= \/oice commands (not used in this paper)
® Hand gesture
® Digital hand clicker

®» Head movements

= Challenges:
®» Not precise
® Faulty (in case of voice recognition)

® Physically difficult (in case of hand gestures)
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Research Idea

» Selection techniques are challenging & not precise in HoloLens applications

® This work applies head movements & eye gaze to increase the precision of target
selection using refinement techniques

= Head-mounted eye tracker (monocular) added to HoloLens

HoloLens

,I/ e | Pupiltabs

Source: Kyto et al. "Pinpointing: Precise Head-and Eye-Based \

Target Selection for Augmented Reality." g -y
onocular Eye Tracker

SOEN 6761 - Mohsen Parisay




Methods & Design

® Primary modes with refinement methods
® Head pointing (using HoloLens)

® Fye Gaze (using eye tracker)

Primary mode Head Pointing Eye Gaze
z 2 Head Hand Digital
Refinement technique None =8 = et
movement gesture clicker

e
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Total Interactions

® |nteractions to be compared:

® 1. Head movement only

®» 2. Head movement + Gesture

= 3 Head movement + Digital Clicker

= 4. Head movement + Head movement
® 5 Eye gaze only

® 6. Eye gaze + Gesture

= 7. Eye gaze + Digital Clicker

= 8. Eye gaze + Head movement
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Refinement Techniques

= Moving the cursor to the desired target with higher precision

® Hand gesture

®» Head movement AR display FoV | _

® Digital clicker

cursor

target direction

——target markers— —

Source: Kyto et al. "Pinpointing: Precise Head-and Eye-Based
Target Selection for Augmented Reality."
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Contributions

® Comparison of multimodal selection techniques for HoloLens based on
® Speed
® Accuracy of selection

® |mprovements of target selection for AR applications
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User Study

® 12 participants
®» ? female
= Average 32 years old
® Targets in one of 8-point compass directions

(anti clockwise) starting from center

angles: (0, 45, 90, 135, 180, 225, 270, 315)

® Targets in 2 ranges

®» Near S

= Far
Source: Wikipedia
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Proposed Applications

—— ™ Gaze browser
® For precise menu selection
® SmartPupil

® (Calibration improvement method

® Based on the previous eye tracking & digital clicker data of the refinement phase

\ 4

(/17

Source: Kyto et al. "Pinpointing: Precise Head-and Eye-Based
e Mlofisen Rarisay Target Selection for Augmented Reality."




Test Results (1)

Error Rates

Eye only: the highest error rate

Mean error (degrees)
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Head only

Head+Gesture

Head+Device
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Eye only
Head+Head

Eye+ Gesture Eye+Head

Eye+Device |

Source: Kyto et al. "Pinpointing: Precise Head-and Eye-Based
Target Selection for Augmented Reality."
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All combinations

of eye tracking have
higher error rates
than head movement
techniques



Test Results (2)

Completion Time

Eye only: the fastest method

Mean time (s)
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Source: Kyto et al. "Pinpointing: Precise Head-and Eye-Based
Target Selection for Augmented Reality."
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Test Results (3)

Distance from Target

Eye only:

high distance
from target in
short time 267
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Head movement combinations:
the lowest distance from target
in longer time
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Source: Kyto et al. "Pinpointing: Precise Head-and Eye-Based
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Task Load Index
Mean Workload

Eye + Gesture: the highest workload

I Interaction
P : Technique
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Source: Kyto et al. "Pinpointing: Precise Head-and Eye-Based
Target Selection for Augmented Reality."
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Comparison

Eye gaze interaction

Advantages Disadvantages

1. Fast movement 1. Low accuracy
2. Not desired by users
3. High workload

Head movement interaction

Advantages Disadvantages

1. High accuracy 1. Slow interaction
2. Not desired by users
3. Relatively high workload

SOEN 6761 - Mohsen Parisay




Summary

® Challenges in point-and-selection reviewed
= Refinement techniques proposed for AR

B Results

® Eye gaze only is faster than head pointing

® Head pointing is more accurate
® Users prefer to use an input device rather than other techniques

® The combination of eye gaze & hand gesture has the highest workload on users
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Thank You!

Pinpointing: Precise Head and Eye-Based
Target Selection for Augmented Reality

Mohsen Parisay
March 2019
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