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Projector-Based AR

● Situated visualizations onto environment

● No AR headsets are required

● Scalable to multiple interactants

Some environments lack flat, 
projectable surfaces



E.g., Construction Site Without Flat Surfaces

https://www.letsbuild.com/blog/top-5-construction-technologies-to-keep-you-safe



E.g., Search & Rescue Without Flat Surfaces

https://www.pressdemocrat.com/article/napa/napa-valley-earthquake-downtown/



Problem
How to leverage 
projector-based AR 
with no flat surfaces?



Existing Solutions

● Light
○ Limited expressiveness

● Monitor screens
○ Limited size
○ Not legible far away

What’s 

on it?



Introducing Fog Screen 

● Mid-Air display 
○ No need of flat surfaces
○ Built compact Hoverlay II

● Problem: Only 33-cm long screen
1. Low-output fog machine
2. Weak fans
3. Wide fog outlet
4. Lack mobility

● How to solve it?



Improvement 1: Higher-Output Fog Machine

500 CFM (Cubic Feet 

per Minute)
2000 CFM



Improvement 2: More Powerful Fans

● Stronger air barrier

● Maintains a longer fog 
screen

25 CFM 125 CFM



Improvement 3: Narrowing fog outlet

● Narrowed outlet

● Improves density

12 mm Wide 3 mm Wide



Improvement 4: Achieving Full Mobility 

● Integrated a high-capacity battery 

● Freed robot from external power cables

268 Watt-hour



Longer  Fog Screen

● From 33 cm to 53 cm

● Clearer icon



Making A Fog 
Screen-Robot 

System

Custom controller & 
ROS interfaces to 
operate fog machine 
autonomously



Custom Controller For Autonomy



Interfacing with ROS

● Enables interfacing with fog machine via ROS.

● ROS services

○ fog_machine/turn_on

○ fog_machine/turn_off



Designing PCB

● Easy and safe assembly

● Arduino headers (no soldering)

● Screw terminal for connections

● Uploaded gerber file

● Available to HRI community

● 3D-printed enclosure for protection



Integration

Fog Pipe

Fog screen device

Projector

Battery

Custom fog 
Controller

Fog Machine

Holes for fog 
condensation



Case Study 1: Search & Rescue Site

● Searches for victims

● Informs first responder 

via a human icon





Construction Site

● Searches for missing 
installations

● e.g. light bulbs, 
sockets)

● Informs worker via a 

light bulb icon



We are working 

on human 
evaluation



Key Takeaways

Increased screen length from 
33 to 53 cm

Made Fog Screen-Robot 
System for Autonomy

Tested in environments 
without flat surfaces
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