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What is Virtual Reality?

“A high-end user interface that involves real-time simulation
and interaction through multiple sensorial channels.” (vision,
sound, touch, ...) (Burdea and Coiffet., 2003)



Virtual Reality Systems
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Crucial technologies
for VR for AR

Visual displays + Cameras and registering
Graphics rendering system
Tracking system

Database system
Interaction devices

Interaction techniques

Sound and haptic displays
(if possible...)



Input devices

Trackers:

Navigation and manipulation interfaces:

Magnetic (AC, DC)
Optical

Ultrasonic
Inertial,
Mechanical
Hybrid ...

— Tracker-based

Controllers
3D mice, ...

Gesture interfaces:

Depth cameras

— Gloves ...

Interaction
devices &
techniques

Y
/ Tracking (input)
Y

Application

Y

Rendering

Y

Display (output)

Y

https://www.vive.com/eu/
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Tracker is a special purpose H/W to
measure the real-time change ina 3D
object position and orientation

Trackers measure the motion of “objects”
(e.g. user head)
in a fixed system of coordinates.

(Virtual) objects have 6 degrees
of freedom (D.O.Fs):

-three translations;
-three rotations.
Roll — rotation around the zz axis

https://en.wikipedia.org/wiki/Aircraft principal axes

Note: you may find slightly different definitions...

(Burdea and Coiffet., 2003)
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Example: 3D magnetic sensor ina HMD

LCD screens

Left eye video
generator

Without the head tracker
- theimage

- the sound

cannot change to

match the head posture

Right eye video

Optics generator

i

3-D sound
generator

Receiver

Required tracking accuracy:

Image > sound
N\ f

Transmiter — —_

7/ | N\ (Burdea and Coiffet., 2003)
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What is usually tracked?

Body Tracking:

Head
Hand and fingers
Torso
Feet

A group of people, ...

Indirect tracking:
Using physical objects
(props and platforms)

How?

Technologies:

Electromagnetic
Optical
Ultrasonic
Inertial

Mechanical

* Hybrid ...



Tracker characteristics:

* Measurement rate — Readings/sec
* Sensing latency

e Sensor noise and drift
 Measurement accuracy
 Measurement repeatability

* Resolution

e Tethered or wireless

 Work envelope

e Sensing degradation



Tracker performance parameters:

* Accuracy
e Jitter

* Drift

* Latency

* Tracker update rate

Tracker performance parameters should be analyzed to match a solution
for sensorial channel and budget of an application!
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Tracker characteristics

Accuracy:
Difference between the object’s Accuracy
actual 3D position and that

reported by the measurement :

Real object position

Tracker position

(Burdea and Coiffet., 2003)
measurements

11



Tracker characteristics

Resolution:

“the smallest amount of the quantity
being measured that the instrument Accuracy
will detect.”

(used by Ascension)

(Polhemus uses a different definition )

Real object position
Tracker position

(Burdea and Coiffet., 2003)
measurements
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Tracker data

Real object fixed

position

N

Jitter:

Change in tracker output when
the tracked object is stationary

»

R

<«

Signal noise

(Burdea and Coiffet, 2003)  Time
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Drift: Steady increase in tracker error with time

Real object fixed
position

Tracker data
Sensor drift

™~

(Burdea and Coiffet, 2003) Time
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Latency:
Time delay between action and result: time between the change in object
position/orientation and the time the sensor detects this change

Real object
position

N

Tracker data

Sensor latency

(Burdea and Coiffet, 2003)

Time
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Tracker update rate:
Number of measurements (samples) that the tracker reports every second

If the same tracker electronics is used to measure several objects, the
sampling rate suffers due to multiplexing

Tracker }
Sampling
Rate Tracker A

150 updates/ 144 144 144
sec & & &
120 updates/ 120 Dedicated electronics to each tracked object
sec

90 updates/

sec = Tracker B

60 updates/ 60 Same electronics to tracked object

sec |

30 updates/ 39

sec —

-
1 2 3 4 Number of
receivers

(Burdea and Coiffet, 2003) 16



Most used trackers:

* Magnetic
* Ultrasonic
e Optical

 |nertial

17



Magnetic Trackers

A magnetic tracker is a non-contact position measurement device that uses
a magnetic field produced by a stationary TRANSMITTER to determine the
real-time position of a moving RECEIVER element

may be AC
DC

18



Magnetic Trackers

Use low-frequency magnetic fields to measure position
* Fields are produced by a fixed source

* Size of source grows with the tracker work envelope

* The receiver is attached to the tracked object and has three
perpendicular antennas

* Distance is inferred from the voltages induced in the antennas — needs
calibration...

19



Magnetic tracker accuracy degradation due
to ferromagnetic objects in the environment

Feromagnetic

Surface of Accuracy Accuracy Objgect
equal accuracy  A,<A Az<A, Ay |
A2 ! . '
' Receiver :
Al |

------- (2R R
T AR
_____________ =}
X

a) (Burdea and Coiffet, 2003) b)
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Comparison of AC and DC magnetic trackers

DC trackers are immune to non-ferromagnetic metals

(brass, aluminum and stainless steel)
 Both DC and AC trackers are affected by the presence of ferromagnetic metals
(mild steel and ferrite)

* Both are affected by copper

* AC trackers have better resolution and accuracy

e AC trackers have slightly shorter range

24



How to select a tracker: example

.-1' = c
POLHEMUS
TRACKERS

BEST
MEET
YOUR
NEEDS

# OF TRACKING POINTS

WHAT IS THE IDEAL
LEVEL OF LATENCY
FOR YOUR
APPLICATION?

STAHE CHER

https://polhemus.com/motion-tracking/motion-tracking-selection-guide

P Ll

= § ms, REQUIRE LOWEST
LATENCY POSSIBLE

Lo

§ms-15ms
LATENCY

I5 WIRELESS5 REQUIRED? DATA SPEED ACCURACY LATENCY PORTABILITY

P22

16 ms - 20 ms
LATENCY J

25


https://polhemus.com/motion-tracking/motion-tracking-selection-guide
https://polhemus.com/motion-tracking/motion-tracking-selection-guide
https://polhemus.com/motion-tracking/motion-tracking-selection-guide
https://polhemus.com/motion-tracking/motion-tracking-selection-guide
https://polhemus.com/motion-tracking/motion-tracking-selection-guide
https://polhemus.com/motion-tracking/motion-tracking-selection-guide
https://polhemus.com/motion-tracking/motion-tracking-selection-guide
https://polhemus.com/motion-tracking/motion-tracking-selection-guide
https://polhemus.com/motion-tracking/motion-tracking-selection-guide

A “standard” for motion tracking for years:

Polhemus (proprietary AC electromagnetic technology)

High Accuracy Head Tracking with low latency
. . FASTRAK®
Applications:

Training and Simulation

Eye Tracking

Neuroscience

THE WORKHORSE 6DOF MOTION TRACKER THAT SET THE STANDARD IN
TRACKING

Biomechanics

https://polhemus.com/ assets/img/FASTRAK Brochure 1.pdf
https://www.vrealities.com/motion-trackers
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Polhemus Fastrak

SPECIFICATIONS

UPDATE RATE . 120 updates,/second divided by the number of sensors

INTERFACE USB; R5-232 with selectable baud rates up to 1152 K
(optional R5-422)

LATENCY emilseconds &

STATIC ACCURACY | 0.03 inches RMS for the X, ¥, or Z position; 0.15° RMS for “HGE vs RESOLU'IOH

sensor orentation. The system will provide the specified
performance when the sensors are within 30 inches of

the source. Operation over a range of up to 10 feet is pos- 2.000 ,-"II
| sibbe with slightly reduced performance. — 1800 ‘.-'H
OPERATING 10C to 40°C at a relative humidity of 10% to 95%, % 1.600 ,-"‘I /;
TEMPERATURE | nencondensing g 1400 i
| w1200
POWER 15 W, 100-240 VAL, 47-63Hz E 1.000 /,/J //
: = o e
SOFTWARE TOOLS | GUincluded E 0.600 /
=B drivers for Microsoft Windows® % 0. 400 _,.,-r"‘"/
Linux® - contact Polhemus £ 0.200 —_.J.H,.-'
0.000
REGULATORY diesaible sl 00 200 400 600 800 1000 1200
EM61326-1: 2013 Immunity, Basic Environment R:angf." [lnﬁhﬁs}
— QORIENTATION — POSITION
Range Position Resolution Orientation Resolution
https://polhemus.com/ assets (inches) (inches) (degrees)
. 12.0 0.00023 0.0026
/img/FASTRAK Brochure 1.pdf 24.0 0.0030 0.0147
36.0 0.019 0.0558
48.0 0.055 0.1266
72.0 0.346 0.369

120.0 1.605 2.960
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“Cost-effective”: Polhemus Patriot

SPECIFICATIONS

UPDATE RATE

60Mz per sensor simultaneous sampling

INTERFACE

LATENCY
STATIC ACCURACY

RS-232 with 5EIE?O€ baud rates up to 1152 K USE
2.0 (high speed)
Less than 18.5 milliseconds

0.06 in. RMS for X, ¥, Z position; 0.40° RMS for sensor
arientation. The systerm will provide the specified
performance in a non-distorting environment when
standard (RX2} sensors are within 36 inches of the
standard (TX2) source; 42 inches with the optional TX4
source (Non-standard, smaller, sensors may reduce
the specified range slightly). Operational out to 60
inches with slight degradation in performance.

OPERATING 10°C to 40°C at a relative humidity of 10% to 95%,
TEMPERATURE | noncendensing
POWER AW, 100-240 VAC, S0-60Hz
REQUIREMENTS
SOFTWARE Pibdigr GUI for Microsoft Windows®
TOOLS USE driver package for Microsoft Windows®
PDI 50K for Microsoft Windows*®
G for Linux®
REGULATORY FCC Part 15, class B
ENG1326-1: 2013 Emissions
EME1326-1: 2013 Immiunity, Basic Environment
REGULATORY FCC Class B and CE Certified
iPatslot M Tested to [EC 60601-1 Ed. 3.1: 2012 and

IEC 60601-1-3rd Ed. 2007

RANGE VS RESOLUTION

0.300

0.250

0.200

0.150

0.100

0.050

Resolution (inches/degrees )

0.000

Range
(inches)

/
A

/.

e

_.4-—""/

0.0 100 200

300 400 300 600

Range (inches)

— ORIENTATION — POSITION
Position Resolution Orientation
(inches) Resolution (degrees)
0.00046 0.0038
0.0035 0.0188
0.0113 0.0407
0.0428 0.1108
0.1175 0.2470

https://polhemus.com/ assets

/img/PATRIOT brochure.pdf
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Ultrasonic Trackers

A non-contact position measurement device that uses an ultrasonic signal
produced by a stationary transmitter to determine the real-time position/
orientation of a moving receiver. (Burdea and Coiffet, 2003)

29



Ultrasonic Trackers

* Use low-frequency ultrasound to measure position
* Number of sources grows with the tracker work envelope

* Distance is inferred from the sound time of flight

\\
* Sensitive to air temperature and other noise sources Q
* Requires “direct line of sight” O
* Slower than magnetic trackers (max 50 updates/sec) @

* More adequate to track hands than head
| —

Vive: quickly upgraded Vive Focus Developer kits to support 6-DoF control input (2019)
https://www.invensense.com/news-media/TDK-announces-new-Chirp-SonicTrack-
inside-out-6-DoF-ultrasonic-controller-tracking-solution-for-all-in-one-VR/
https://enterprise.vive.com/eu/product/vive-focus/ 30
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Optical Trackers

A non-contact position measurement device that uses optical sensing to determine
the real-time position/ orientation of an object (Burdea and Coiffet, 2003)

CCD

camera LED Ceiling

panels

)
Al
beackons ™ = »

outside-looking-in inside-looking-out

(e.g. Vicon) (e.g. HTC Vive) 3



Outside-looking -in
Vicon

* Motion tracking (high accuracy)
* e.g. for animation films characters
* Research, ...

« VR simulators

- User wears reflective markers (small spheres) https://www.vicon.com/

®
o ® .
» N . e R
-

' o B N
e .@e© mmmSe



https://www.vicon.com/

Location based VR
Immersive experiences

https://www.vicon.com/applications/location-based-virtual-reality/
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Inside-looking-out
HTC Vive “Lighthouses”

* The base stations beam (IR) signals to the headset and controllers

3,
[ .l".l .";
| f

o

https://www.vive.com/eu/
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Inertial Trackers

- No interference from metallic objects
- No interference from magnetic fields
-« Large-volume tracking

- “Source-less” orientation tracking

- Full-room tracking

- Errors grow geometrically in time!



http://www.xsens.com/

Example of Hybrid Solution for hand tracking

f o

=
VIVE Focus 6DOF ™

Controller Dev-Kit

Tracking system: Ultrasound + IMU sensor fusion
Field-of-View:  Horizontal 180 degrees / Vertical 140 degrees

Apply for DK; developer.vive.com/us/wavebdof/
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Mechanical Trackers

Push—-buttons \

A mechanical tracker consists
of a serial or parallel kinematic
structure composed of links
interconnected by sensorized
joints.

(Burdea and Coiffet, 2003)

Were among the first tracking
systems ever used

Mechanical tracker - Push 1280 stereo display
(Fakespace Inc)

[ ltem is no longer available ] 43




Mechanical Trackers

Pros

* Use sensors imbedded in exoskeletons to measure position
* Have extremely low latencies

 Are immune to interference from magnetic fields and large metal objects

Cons
* Limit the user’s freedom of motion
* Can be heavy if worn on the body

* Expensive

44



Example of an exoskeleton
(mechanical tracker)

Painting a virtual wall: example of a
virtual rehabilitation task for a patient
recovering from stroke or traumatic
brain injury

45
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Navigation and Gesture Input Devices

. Navigation interfaces allow relative position control of virtual objects

(including a virtual camera)

. Gesture interfaces allow dexterous control of virtual objects and interaction

through gesture recognition.
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Navigation and manipulation
Input Devices

« Controllers

« 3D mice

more or less sophisticated and expensive

- Perform relative position/velocity control
of virtual objects




ltem is no longer available

Gesture Input Devices

. : Pinch Glove
There are/ have been various sensing gloves such as:

- Fakespace Pinch Glove (switches)
- Immersion CyberGlove (stain gauges),

- Avatar VR

Have larger work envelope than trackballs/3-D probes

Most need calibration for user’s hand

CyberGlove



Other devices can be used to detect hand gestures (at low cost)

https://www.leapmotion.com/

https://developer.microsoft.com/en-us/windows/kinect
http://kinectvr.com/

https://azure.microsoft.com/en-us/services/kinect-dk/
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Stand alone (all-in-one) headsets already include hand tracking
(Oculus Quest)

https://www.oculus.com/blog/how-researchers-cracked-hand-

tracking-technology-on-quest/
https://tech.fb.com/making-technology-feel-natural/

51
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Hand tracking (Oculus Quest)

“Real-time hand-tracking to drive virtual and augmented reality (VR/AR) experiences.
Using four fisheye monochrome cameras, ... generates accurate and low-jitter 3D
hand motion across a large working volume for a diverse set of users ...

is the default feature on the Oculus Quest VR headset”

Han, et al., “MEgATrack: Monochrome Egocentric Articulated Hand-Tracking for Virtual Reality”,
SIGGRAPH 2020 https://dl.acm.org/doi/abs/10.1145/3386569.3392452

52


https://dl.acm.org/doi/abs/10.1145/3386569.3392452
https://dl.acm.org/doi/abs/10.1145/3386569.3392452
https://dl.acm.org/doi/abs/10.1145/3386569.3392452

Speech recognition is also an interesting possibility:

* Frees hands
e Allows multimodal input

* Specialized software

* Issues: recognition, ambient noise, training, false positives
VOICE COMMANDS IN VR

Some AR HMDs allow
voice and gesture control

https://vrgineers.com/xtal/

https://docs.microsoft.com/en-
us/windows/mixed-
reality/design/voice-input
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An input device “providing an infinit VE”: a treadmill for VR

May have applications, beyond gaming: promote physical exercise, train people, ...

Omnidirectional
Treadmill:

https://invest.virtuix.com/

https://www.youtube.com/w
atch?v=fvu5FxKuqdQ

https://thetechinfluencer.co
m/best-vr-treadmill/

htt|os://www.voutube.com/watch?v=oWIqubGUql§4
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Virtusphere (“the VR hamster ball”)

https://www.youtube.com/watch?v=2e5Qvac3BB8
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Will Brain Computer Interface (BCl) be a viable VR Input technology?

https://techcrunch.com/2020/12/21/nextminds-dev-kit-for-mind-controlled-
computing-offers-a-rare-wow-factor-in-tech/

https://www.next-mind.com/ 56
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Input + output
CyberTouch Glove

https://est-kl.com/manufacturer/cyberglove-systems/cybertouch.html#ttechnical-specifications

https://www.youtube.com/watch?v=TbxMY rmQdM
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Input + output
Dexmo Haptic Gloves

https://www.roadtovr.com

/dexmo-vr-exoskeleton-
glove-force-feedback-
launches-kickstarter-
campaign/
https://www.youtube.com/
watch?v=IYf-QAW27a0
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Concluding remarks

Every year new devices appear, some will prove useful and usable,
others will not ...

When choosing a device, consider:

- Cost
- Generality
- DOFs

- Ergonomics / human factors
- Typical scenarios of use

- Output devices

- Interaction techniques, ...

Do not select one just because it seems a cool technology!
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