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X-AR

* First augmented reality headset that enables non line of sight
perception

* |t iIntroduces novel techniques that bridges network wireless
sensing with augmented reality for sensing and localization

|t can locate items with 9.8 cm accuracy In line-of-sight, non-
line-of-sight, or fully occluded settings.



How does X-AR work?



We need an Antenna for RF sensing

_ AR headset

Heavy and bulky

Difficult to move






We need an Antenna for RF sensing
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- Wide Bandwidth
e for accurate localization

- Light Weight and Flexible
e for easy mounting

- Matches Visor’s Shape
e for not blocking cameras




We need an Antenna for RF sensing

Single Loop R —
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Does not block Sensors
Wide Bandwidth
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Wideband custom-designed Antenna



Antenna Synthetic Aperture Radar
IR (SAR)
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Robot and antenna movements are:
- on specific directions
- with constant speed

P(x,y,z) =

Human Natural Movements do not have constant speed or predictable direction.



Synthetic Aperture Radar

If we approximate antenna locations
assuming constant velocity

W / Human Natural Movements

Target RFID

Inaccurate antenna location causes
large errors in SAR localization

How can we accurately locate tags while using natural human motion?
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Idea: Exploit AR headset sensors to track the human movements.

Real World Virtual 3D map
using Cameras on AR headset



Idea: Exploit AR headset sensors to track the human movements.

Track Headset location
through visual and inertial odometry

Real World Virtual 3D map
using Cameras on AR headset



Idea: Exploit AR headset sensors to track the human movements.

Possible Target Location

headset
tracking

Real World Virtual 3D map
using Cameras on AR headset



P(x,y,z) =

Hololens Hololens
Rotation Position
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User View
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How can X-AR verify If user retrieves the target item?




How can X-AR verify if user retrieves the target item?

Solution 1: Solution 2:
 Use Computer Vision for object  Use SAR to find RFID tag again
recognition

Cannot distinguish between similar

objects (e.g small or medium size shirt) Cannot locate a moving RFID tag

ldea: Use AR headset’s hand tracking to create a reverse SAR with the RFID tag




How can X-AR verify if user retrieves the target item? -
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How can X-AR verify if user retrieves the target item?«=

Target object is A
NOT in-hand 4

Palm \ N

Location
N

\
»
D
: e
S
p




User view




Implementation
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HoloLens

A

band Antenna.

on flexible (kapton) substrate
with 0.12 mm thickness

200 MHz BW, 920 MHz CF Software Defined Radio |Raspberry o



How accurate X-AR is in locating RFID tags?

User walks naturally toward a shelf or stack of boxes

Median Error is 9.8 cm
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How much does the user need to walk?

- =« 90th Percentile
- 50th Percentile

Localization Error (m)
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Aperture (m)
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How accurately X-AR can verify If target is in hand?

Accuracy
Precision Recall
RFID tagged '_I'arget in Line of 08% 100%
sight
RFID tagged(‘ll\'lal_rg;’; Inside a box 100% 85 19%
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Conclusion

X-AR:
First system to bridge network wireless sensing

with augmented reality for sensing and
localization

* Introduces techniques for:
- AR-conformal, flexible and wideband Antenna
- AR-Based SAR

- In-hand Verification

* Opens up new applications in manufacturing,
retail, warehousing, and smart homes




