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Overview

• Background
• Mobile AR (MAR)

• GLAMAR
• Components
• Coordinate Systems (environment accurately affects AR and vice versa)
• Regenerative Particle Filter (estimating the location of targets)

• Location, Acceleration, Motion Updates

• Evaluation
• BLE vs. Wi-Fi
• Computer Vision Comparison
• Edge-based MAR Comparison







Can also interact with environment 
through device





Claim that the active tags will 
become commonplace on some 
objects of interest (e.g. robots)

Advantages over Computer Vision
• stationary and mobile objects
• don't need line of sight
• works at any distance

Inertial measurement unit (IMU)
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Location of targets

User location

• User devices 
display AR overlay

• Only the user’s 
device knows its 
location

• Edge Service tracks 
location of each target 
object (e.g. package)

• Updates estimated 
location when triggered

• Sends target object 
locations to users

• Each target object (e.g. 
package) has Bluetooth 
tag (for HAIP location 
service) and IMU sensor 
(for edge service updates)

High Accuracy Indoor Positioning (HAIP)



Coordinate Systems

• Four coordinate systems:

1. AR display coordinate system
• real/virtual objects displayed here
• 1 per user

2. Phone coordinate system
• orientation of phone

3. Premise coordinate system
• location of object in deployment site

4. Reference (Earth) coordinate system
• cardinal directions
• used as reference to find (3)
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• Four coordinate systems:
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2. Phone coordinate system
• orientation of phone
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• location of object in deployment site
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Focus on the mapping from (3) to (1)





• Calculate rotation (α) first
• Measure two points (a and b) in AR and Premise coordinates

• Then find translation by finding the difference between the points in rotated system
• Updates needed because

1. Location service (premise coordinates) sometimes wrong
2. AR coordinates change



• Calculate rotation (α) first
• Measure two points (a and b) in AR and Premise coordinates
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Regenerative Particle Filter

• Models location of a target as the average 
position of a set of n (= 4096) particles

• Each particle has position, velocity, and 
acceleration

• Update location of each particle based on 
sensor readings

• Resampling: remove unlikely particles and 
reinforce likely particles

• Regeneration: when the package is stationary, 
replace particles with particles drawn from a 
normal distribution centered at the current 
estimated location
• Replacement particles have velocity and 

acceleration 0



If particles have nonzero velocity or acceleration, they 
inaccurately model a stationary target
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Evaluation

• Each target given a High Accuracy Indoor Positioning (HAIP) Tag and 
IMU sensor (Android phone)

• GLAMAR client in Android using ARCore

• GLAMAR edge server with a ring queue for each target and 3 
processes:

1. Producer: Adds HAIP location data (Acceleration, Location)

2. Producer: Determine whether package has stopped moving (Motion)

3. Consumer: Particle filter

• Ground truth for accuracy determined by sending location of target’s 
phone to client phone through Google Firebase 



Evaluation

• BLE vs. Wi-Fi
• Compare efficiency and performance of BLE and Wi-Fi for communication 

between target, edge server, and client
• BLE better in both efficiency and performance

• Computer Vision Comparison
• Compare efficiency against alternative approach implemented as an Android 

App using OpenCV on a Google Pixel 4
• 83.3% lower CPU utilization, 200% framerate increase

• Edge-based MAR Comparison
• Unable to gather data due to proprietary alternatives, differing metrics
• Comparison table of claimed features



Evaluation: BLE vs. Wi-Fi



Evaluation: Computer Vision Comparison
83.3% lower average CPU utilization, 200% framerate increase, longer battery life

85% lower

81% lower

200% higher



Evaluation: Edge-based MAR Comparison

• They claim their solution is the best across all given features



Evaluation: Edge-based MAR Comparison

• Only system capable of tracking non-planar moving objects in a 3D 
coordinate system



Positive/Negative Points

Positive

• Evaluated GLAMAR 
implementation against 
computer vision alternative

• System works with different 
methods of communication 
between components

Negative

• Vague experimental procedure, 
mostly focused on setup

• Unable to quantitatively 
compare to other edge-based 
systems

• Did not compare accuracy of 
GLAMAR to computer vision 
approach



Questions

• Is it really practical to assume the tracker cost is low?

• Are there any other cases where we might have an environment 
where we can set up the location service and tag everything 
beforehand?


