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Pick the red apple
behind the black mug
and cut it into slices
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This requires

1. Identifying which objects “apple” and “mug” symbols refer to
2. Understanding the relation “behind”
3. Knowing that it is possible to cut an apple and how to cut it



Main Components

1. Object anchoring from the perceptual data
2. Natural language grounding

3. Probabilistic Reasoning

4. Planning



Key Goals

1. Make language and vision collaborate
through probabilistic reasoning.

2. Make everything work together in a
relational robotics setting.



Object Anchoring




Anchoring: Acquiring, Reacquiring, and Tracking

[Persson et al., Semantic Relational Object Tracking, IEEE Transactions on
Cognitive and Developmental Systems 2019]
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Demo


https://drive.google.com/file/d/1_xHYiRwdBN9atUWBEeeiYsiexfKmy2qU/view?usp=sharing

Language grounding




Language grounding as attention control

pick up the apple to the right of the black mug




Language grounding as attention control

pick up the apple to the right of the black mug




Language grounding as attention control

pick up the apple to the right of the black mug




Neural Module Networks

"pick up the apple to the
right of the black mug"
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Compose the resuits to
capture the relation

Shift the
attentio

Capture the conjunction instead
of applying an individual
filter for compound words
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Apply filters for nouns.
and adjectives




Curriculum Learning - Scenarios

1. Using the name of a targeted object in the instruction is enough
to localize the targeted object.

2. To solve the ambiguity, one or more discriminative adjective(s)
are used.

3. To solve the ambiguity, the object is described with a
prepositional phrase that utilizes a referent object.
4. To solve the ambiguity, the object is described with a

prepositional phrase that utilizes a referent object along with
necessary adjectives.



Resolving Inconsistencies
between Language and
Perception




0.7::mug
0.25::cup
0.05::glass

0.8::apple
0.2::pear

0.9::tape
0.1::toy




0.7:mug
0.25::cup
0.05::.glass

“Pick up the cup
next to the apple”
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Solution

[Can et al.,, Learning from Implicit Information in Natural Language Instruc-
tions for Robotic Manipulations, SpLU-RoboNLP 2019]

1. p(l) over the possible labels (e.g. [0.65 : apple, 0.35 : pear])

2. given is a natural language instruction / and the grounding g of
that instruction in the real world

3. conditional probability p(l | g,/)
4. a label configuration (or label assignment to all objects) ¢

Under some assumptions

e (Tiec (1)) plalc, )
Ne X2 p(gle, i)

p(l]g,0) =
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Visual Object
Anchoring

Natural Language
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Demo


https://drive.google.com/file/d/1at65SRBypEitX_Qb4V88ICyaAELidllk/view?usp=sharing

Future Work & Conclusions

Future Work
- Learn probabilistic rules instead of hard-coding for reasoning
enhances anchoring.

- Scale-up inconsistency resolving between language instructions
and anchoring.

Conclusion

- We focused on work done in collaboration between the partners

- We integrated language and vision in a principled way through
probability calculus.

- Check out our website https://reground.cs.kuleuven.be for more
materials.


https://reground.cs.kuleuven.be
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