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Background

01
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a

The development history of plant embryos.

Plant Cell Lineage
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a

Plant Cell Lineage
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a

For a specific embryo, what do biologists do to build the hierarchy?

Plant Cell Lineage
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a

Why should biologists investigate cell lineage?

Purpose of Plant Cell Lineage
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[Lee, et al. 2014]



a

Biologists need to find the right sister cell for 
every cell in an embryo.

How to do cell lineage?
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a

Once decided, they would merge cells and 
continue assigning the remaining cells.

How to do cell lineage?
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a

Get segmented 
2D slices

Check every cell

Traditional Workflow
Manually find the 
sister for each cell

Write down the 
hierarchy on paper
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Challenges

The embryo has already 
divided.

No Absolute Truth
01 An embryo can be large.

Time-consuming
03

The cell assignment is 
repetitive.

Tedious04
It relies on biologists’ 
experience and knowledge.

Decision-making02

a 19
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Traditional Workflow
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Get segmented 
2D slices
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First Project

02

a 22



Traditional Workflow
Get segmented 

2D slices

Check every cell

Manually find the 
sister for each cell

Write down the 
hierarchy on paperInteraction

ML

Visualization
Visualization

VisualizationInteraction

a 23



Get segmented 
2D slices

Check every cell
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Visualization

Interaction
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The Problem of Plant Cell Embryos
Difficult to have an overview of each cell. Visualization
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a

The Problem of Plant Cell Embryos
Cells are densely packed together. Interaction

26



Related Work
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[Baloup et al. 2019]

[Yu et al. 2016]
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1D 3D 1D + 3D

Select from the list Select from the 
explosion view

Select from both 
views

Exploration
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a

1D

Select from the list

List Selection

Use the list to traverse all 
the cells and their 
neighbors. Also, use the 
list to get access to cells.
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a

1D 3D 1D + 3D

Select from the list Select from the 
explosion view

Select from both 
views

Exploration
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a

3D
Select from the explosion view

Explosion Selection

People traverse neighboring 
cells in 3D and get access to 
cells in the explosion view.
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a

1D 3D 1D + 3D

Select from the list Select from the 
explosion view

Select from both 
views

Exploration
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a

1D + 3D
Select from both views

Combination Selection

People can traverse and 
access the cells of an 
embryo in both ways.
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User Study

34

Completion 
Time

Overall Inside Cells Outside Cells

Accuracy

Clicking 
Ratio

0.0 0.5 1.0 1.5 2.0 2.5

List /
Explosion

0.0 0.5 1.0 1.5 2.0 2.5

List /
Explosion

0.0 0.5 1.0 1.5 2.0 2.5

List /
Explosion

0.5 1.0 1.5 2.0

List /
Explosion

0.5 1.0 1.5 2.0

List /
Explosion

0.5 1.0 1.5 2.0

List /
Explosion

0.0 0.5 1.0 1.5

List /
Explosion

0.0 0.5 1.0 1.5

List /
Explosion

0.0 0.5 1.0 1.5

List /
Explosion



Study Results

a

• The explosion technique makes it possible to access objects in
such a tightly packed 3D environment.

• Combination (List + Explosion) seems to combine these
advantages of the single technique.
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Publication
Jiayi Hong, Ferran Argelaguet, Alain Trubuil, 
and Tobias Isenberg. “Design and Evaluation 
of Three Selection Techniques for Tightly 
Packed 3D Objects in Cell Lineage 
Specification in Botany”. 

In Proceedings of Graphics Interface (GI, May 
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Traditional Workflow
Get segmented 

2D slices

Check every cell
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Write down the 
hierarchy on paperInteraction
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Visualization
Visualization
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Manually find the 
sister for each cell

Write down the 
hierarchy on paperInteraction

ML
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Visualization

Visualization



Second Project

03

LineageD
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Traditional Hand-written Tree
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2D Abstract Hierarchy
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Combining 2D and 3D Representations
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Visually and Interactively Connected
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Visually and Interactively Connected

a 45

[Ovsjanikov et al. 2012]



Visually and Interactively Connected
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By 3D Positions By Shared Area By Model Confidence



Visually and Interactively Connected

a 47



Visually and Interactively Connected
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How to use the combination?

a 49

Interaction

Visualization



Balance the workflow

a 50

Traditional 
Workflow

Advanced 
Workflow

√ Familiar

X Less effective

√ Effective

X Learning costs



Traditional Manual Assignments
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Advanced Workflow

a

a92737Use ML to predict a single level as a basis for biologists
to check and correct.

Two-direction of Hierarchy Building

Machine Learning Predictions

Enable biologists to build the hierarchy tree from both 
top-down and bottom-up approaches.
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Bottom-up Approach
The traditional way to build the hierarchy.

Origin Embryo
0

1 2

3 4 5 6

7 8 9 10 11 12 13 14

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

3132 3334 3536 3738 39404142 4344 4546 4748 4950 5152 5354 5556 5758 5960 6162
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Top-down Approach
Biologists have ideas about how the embryo could 
be divided in the beginning.

Origin Embryo
0

1 2

3 4 5 6

7 8 9 10 11 12 13 14

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

3132 3334 3536 3738 39404142 4344 4546 4748 4950 5152 5354 5556 5758 5960 6162
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Machine Learning Model

Binary Classification Problem:
Sisters (1) / Non-sisters (0)

56a 56

0 1 0 0

• Sequential Neural Network
• 93 Embryo datasets

• 47132 pairs
• 12 features
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Machine Learning Model
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Limited training datasets



Machine Learning Model
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Machine Learning Model
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Limited training datasets
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Evaluation Study
• Biologists took time to learn the functionalities of 

LineageD.

• They used both the 2D hierarchy and 3D views.

• They valued the visual representations in 2D and 

3D.

• They thought LineageD helps to understand the 

embryos’ development better.



Publication
Jiayi Hong, Alain Trubuil, and Tobias 
Isenberg. “LineageD: An Interactive Visual 
System for Plant Cell Lineage Assignments 
based on Correctable Machine Learning”. In: 
Computer Graphics Forum 41.3 (June 2022), 
pp. 195–207. 

DOI: 10.1111/cgf.14533
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ML Results 
not satisfying
How could we help biologists to have a 
better collaboration with ML in the case 
where the training datasets are limited?
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Third Project

04

LineageD+

a65



a66

[Sedlmair et al. 2012]



Limited Training Datasets

a67

Create the “best” 
model

Enable users to 
make choices 



Our Solution – Human-AI Teaming

Make use of 
machine learning

Allow people to 
control the results

a68

We need to try our best to 
improve ML performances.

Human beings should have 
full control over the final 

decisions.
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Model Training
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Different Models

SVM Random 
Forest KNN

Neural 
Network Bayesian

1 2 3
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Model Training
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Different Models

SVM Random 
Forest KNN

Neural 
Network Bayesian

1 2 3

54 Accuracy Recall



Prediction Visualization

a72

Combining the prediction 
results from five models, 
we visualized them with
stacked bar charts on 
each node. 



Prediction Visualization
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All predicted sisters

Vertical thumbnail of 
all predictions

All the other 
neighboring cells



Prediction Visualization
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Prediction Visualization
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Individual Model Prediction
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machine learning

Allow people to 
control the results
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Allow people to 
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Models
Weight

The overall 
predictions for 

each cell

The visualization of 
model prediction 

confidence



Prediction Visualization
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Prediction Visualization
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Prediction Visualization
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Similar Patterns
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Differentiate Manual Assignments
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Differentiate Manual Assignments
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Differentiate Manual Assignments
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Differentiate Manual Assignments
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Evaluation Study
• Biologists appreciated the prediction results 

and their visualization.

• They thought LineageD+ could help save time 

and change the traditional approach they used 

in the assignment process.

• One biologist expressed that interacting with 

ML made her feel like she was discussing with 

the computer in making decisions.
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Submission
Jiayi Hong, Ross Maciejewski, Alain 
Trubuil, and Tobias Isenberg. 
“Comparative Visualization of Machine 
Learning Predictions to Improve 
Human-AI Teaming on the Example of 
Cell Lineage”. 
To TVCG, under review.



Discussion

05

Main takeaways
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Takeaways

Developed and published our 
software for biologists to use.

Application

01

Investigated the roles between 
humans and AI in task completion.

Human-AI Teaming

03Explored techniques for solving 
scientific problems.

Scientific Problem

04

Explored ways to link two 
representations.

Link 3D and 2D

02
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Solving 
Scientific 
Problems
• Spherical Hairball

Visualization

Interaction

ML

Traditional 
Path

Ideal
Path
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DESIGN STUDY 
METHDOLOGY 
SUITABLE

ALGORITHM 
AUTOMATION 

POSSIBLE Human-AI
Teaming

In the case of the boundary 
between two regions, we think 
there is no clear cut-off but, 
instead, a fuzzy transition zone 
where Human-AI Teaming is 
suitable.

Inspired by [Sedlmair et al. 2012]
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• Semantic Relationship
• Display Medium
• Layout
• Linking Relationship
• Control Panel

Design Space 
for Linked 2D and 3D Representations

[Santos et al. 2022]
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We developed a tool for biologists to use when doing cell lineage. 

Target and Sister View

Main 3D view

Operation Panel

Hierarchy Tree

Thumbnail View

LineageD LineageD+

Application Contribution

https://plantembryo.saclay.inria.fr/ https://plantembryoml.saclay.inria.fr/



Thanks!
https://jiayihong.info/

Conclusion

• Exploring scientific problems
• Human-AI Teaming
• Linking 3D and 2D representations
• Providing applications for biologists to do cell lineage




