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Lift-Off: Using Reference Imagery and Freehand 
Sketching to Create 3D Models in VR

Jackson, B., & Keefe, D. F.. 2016. Lift-Off: Using Reference Imagery and Freehand Sketching to Create 3D Models in VR. IEEE 
Transactions on Visualization and Computer Graphics 22, 4, 1442–1451. Also presented at the Best of IEEE VR session at 
SIGGRAPH 2016 DOI:https://doi.org/10.1109/TVCG.2016.2518099.

Two problems limit creativity and applicability 
of 3D modeling tools to VR:
 (1) the lack of control for freehand modeling
 (2) the difficulty of starting from scratch

https://doi.org/10.1109/TVCG.2016.2518099
https://doi.org/10.1109/TVCG.2016.2518099




LIFT-OFF: WORKFLOW

Rotation of styluses maps to curve handles

Guide curve serves as visual feedback and 
functions like a magnetic rope to move the 
selection curve to a contour in the sketch





Yea Big, Yea High: A 3D User Interface for Surface Selection by Progressive 
Refinement in Virtual Environments

Bret Jackson, Brighten Jelke, and Gabriel Brown. "Yea Big Yea High: A 3D User Interface for 
Surface Selection by Progressive Refinement in Virtual Environments". In: Proceedings of IEEE 
Virtual Reality. 2018.

Bret Jackson, Kayla Beckham, Anael Kuperwajs Cohen, Brianna C. Heggeseth. "Comparing 
Convex Region-of-Interest Selection Techniques for Surface Geometry". In: Proceedings of the 
25th ACM Symposium on Virtual Reality Software and Technology (VRST). 2019.
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Problem: How to efficiently select 3D 
subspaces?

Mine, 1995



Interaction Design

Selection boundaries are determined 
by two infinite cutting planes attached 
to the user’s hands

• Bi-manual, symmetric-synchronous 
actions

• 3-DOF per hand



Surface Selection





Progressive refinement

The selection action can be repeated to 
progressively refine the selection

Enables more complex selection volumes





Implementation

Implemented in Unity3D

Uses a state design pattern 
with two states:
- Navigation State
- Selection State

In selection state, each mesh 
intersecting the activation 
cube is divided into selected 
and unselected submeshes



Drawing from Life



Drawing from Life



Workspace Guardian:
Investigating Awareness of Personal Workspace 
Between Co-Located Augmented Reality Users

Bret Jackson, Linda Lor, Brianna C. Heggeseth

B. Jackson, L. Lor and B. C. Heggeseth, "Workspace Guardian: Investigating Awareness of Personal 
Workspace Between Co-Located Augmented Reality Users," in IEEE Transactions on Visualization and 
Computer Graphics, vol. 30, no. 5, pp. 2724-2733, May 2024, doi: 10.1109/TVCG.2024.3372073.









Drawing from Life



AR Workspace Guardians
One of the largest use-cases for AR in the future is for physically co-located 
users who are performing independent tasks rather than collaborative ones

Personal workspaces – The area that is directly used for viewing and interacting with 
virtual content

Workspace Guardians - Visual techniques for communicating personal workspace 
boundaries between AR users



Research Questions

RO1: Automatic vs. Self-Defined Boundaries
How the methods of defining boundaries and indicating them to other users 
impacts workspace encroachment

RO2: Privacy Concerns
How privacy considerations influence user preferences of workspace guardian 
techniques



Full Content View Guardian

Other co-located users can see all the content and 
interactions, but not directly interact with them



Content Outlines Guardian

Bounding box outlines of virtual holograms are 
communicated to other users



Self-Defined Boundary Guardian

Users self-define their workspace boundary by drawing it on the floor. 
The boundary is represented as a grid, similarly to VR guardian systems.



Evaluation Methodology
Participants:

Recruited 36 participants (18 pairs)

Self-identified as 22 male, 10 female, 4 
other

Age: 18–35 (M = 21.9, SD = 4.31)

31 reported prior video game experience 
(11 monthly, 8 weekly, and 12 daily use)

Apparatus:

Two Microsoft Hololens 2 AR HMDs

To facilitate networking, input/output 
streamed to the HMDs using the 
Microsoft Holographic Remoting 
application from two desktop computers

Implemented in Unity3D with MRTK2

4.8768m × 4.8768m square area free of 
any obstacles

Frequency of Prior XR 
Use

Number of 
Participants

No prior use 13

1–5 times 15

5–20 times 2

More than 20 times 6

Task:

Colorer: paint a 3D model

Walker: search and find the red sphere



Results: Collisions
Head:

Hands: Mean Collisions and 95% CIs

Red bars: CIs for Bonferroni-corrected within subject comparison

Head:

Hands:



Results: Spatial and Temporal Invasion Rate

Spatial Invasion Rate - the distance Walkers moved 
while colliding with the Colorer’s virtual content 
divided by the total distance they traveled in each 
trial.

Temporal Invasion Rate - the amount of time spent 
colliding or within the boundary divided by the total 
task completion time



Significant Qualitative Results between Task Groups

P < .001

P = 0.002

The colorers generally felt more neutral or 
disagreement that the walker could 
understand their workspace bounds

The colorers generally felt more 
disagreement that their interactions were 
directed by the other’s projections



Significant Qualitative Results between Workspace Guardians

P = 0.04

P = 0.04

P = 0.003

P = 0.03P = 0.01



Qualitative Rankings

For the walker:
A clear preference for the Full View 
followed by the Content Outlines 
(χ2 = 22, P < 0.001). 

For the colorer:
No strong preferences for most 
preferred guardian

The importance rankings for different design aspects of workspace guardians are inverted depending on task 



Design Implications

All the workspace guardians 
influenced behavior

When made aware of workspace 
boundaries people will try to avoid 
encroaching on them



Design Implications

Favor automatic-creation vs. self-defined workspace guardians

Automatically defined guardians had fewer collisions and were generally preferred 

Colorers often self-defining workspace boundaries that were larger than needed

“The boundary was significantly larger and harder to avoid than simply seeing the full objects which were 
much smaller than the boundary area and I could walk around easier".

The visual representations are important and need future work

“Boundary view was least preferred because I became more aware of the AR boundary and real life boundary 
and I didn’t want to disturb the other person’s task." 

“I preferred the content outlines option over the boundary option because it felt like there was much more 
space to move around in even though the boundary option never felt like it took up too much space".



Design Implications

Tension between privacy and comfort

Participants’ opinions on privacy differed depending on their task

Walkers were curious and wanted to know not just whether they were encroaching on the other’s workspace but 
whether that would be an issue

“With the full view I felt like I understood what the other participant was doing and knew if/why I would be a 
bother in his space".

The content outlines guardian balanced privacy and distraction

“I found the content outlines to be the happy medium between enough information but not distracting".

“I was able to concentrate more on my task if I couldn’t see what my partner was doing."



Cross-Reality 3D Sketching

Recenter user-interface 
development on the task of 
observing and boosting 
perceptual skills



Sighting Points





Thank you!
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