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Robots [ hat VWork With People

» Robots are moving into human environments
- OIES
- Hosprtals
- Workplaces

* |nteractions must be intuitive and safe
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Now: People Accommodating Robots

Courtesy: US Army

Courtesy: AeroVironment




VWhere We Need to Be

Please take me to
the nurse’s station

Take the
pallet behind the
warehouse

Courtesy: Kinova Robotics




Representational Divide

A robot’s view of the world Is very different from our own
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Learning Semantic Maps from Natural Language

* Human-centric representations of space
- Spatial relations

- Semantic attributes (e.g., names, use)

- Connectivity

» Learn knowledge representation from
narrated tour

» Challenges:

- People convey high-level concepts but
robot perception is low-level

- Spoken descriptions are ambiguous

[RSS'[ 3 (to appear)]




Building Semantic Maps with Natural Language

« Solution: hallway
- Joint metric, topologic, & semantic model e
supports information fusion p Ol ;Okitcheon
- Efficient inference strategy lobby
- Enable layers to influence one another \ /
- Utilize natural language grounding >
framework
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Model: Posterior over Semantic Graphs

p(Gy, Xy, Lt|2’t7 Uta )\t)
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Model: Posterior over Semantic Graphs

p(Gy, Xy, Lt|2t7 Uta )\t)
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Topology Gy = (V4, Ey)
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Model: Posterior over Semantic Graphs

p(Gy, Xy, Lt|2t7 Uta )\t)
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Topology Gy = (V4, Ey)

Vertex poses
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Model: Posterior over Semantic Graphs

p(Gy, Xy, Lt|2’t7 Uta )\t)
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Topology Gy = (V4, Ey) Semantic labels

Vertex poses
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Model: Posterior over Semantic Graphs

Sensor stream

\

p(Gy, Xy, Lt|2t7 Uta )\t)

gk

Topology Gy = (V4, Ey) Semantic labels

Vertex poses
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Model: Posterior over Semantic Graphs

Sensor stream  Odometry

NS

(GthtaLt|Z

gk

Topology Gy = (V4, Ey) Semantic labels

Vertex poses
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Model: Posterior over Semantic Graphs

Sensor stream  Odometry  Language

NS

(GthtaLt|Z

gk

Topology Gy = (V4, Ey) Semantic labels

Vertex poses
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Model: Posterior over Semantic Graphs

p(Gy, Xz, Li| 25, u, \Y) = p(Lt]Xt,Gt,zt,ut,)\t) p(X: |Gy, 25, ub, AY) p(Gt|zt,ut,)\t)
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Model: Posterior over Semantic Graphs

p(Gy, Xz, Li| 25, u, \Y) = p(Lt]Xt,Gt,zt,ut,)\t) p(X: |Gy, 25, ub, AY) p(Gt|zt,ut,)\t)

Sample-based
representation
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Model: Posterior over Semantic Graphs

p(Gt,Xt,Lt|Zt,ut7)\t) — p(Lt’Xta Gt,Zt,’U,t, )\t)l p(Xt|Gt,Zt,Ut,)\t) p(Gt|Zt,’U,t, )\t)

Gaussian Sample-based
(information form)| representation

p(X¢|Gy, 25 ut, A = NTH X 300 me)
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Model: Posterior over Semantic Graphs

p(Gt,Xt,Lt|Zt,’UJt7)\t) — p(Lt’Xta Gt,Zt,’U,t, )\t)l p(Xt|Gt,Zt,Ut,)\t) p(Gt|Zt,’U,t, )\t)

Gaussian Sample-based

Dirichlet . , |
5 (information form) representation
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Model: Posterior over Semantic Graphs

p(Gy, Xz, Li| 25, u, \Y) = p(Lt]Xt,Gt,zt,ut,)\t) p(X: |Gy, 25, ub, AY) p(Gt|zt,ut,)\t)

Gaussian Sample-based
(information form) representation

Dirichlet
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Rao-Blackwellized Particle Filter

Input: P,_1 = {ng_)l,sz_)l,ng_)lw,g?l} (U s, D)

for each particle |

| Propose modifications to topology based on
metric and semantic maps
2 Perform Bayesian update of Gaussian

3 Update Dirichlet over labels based on language

4 Update weights based on metric observations

Retur: PO = {6, X, L uf")




Rao-Blackwellized Particle Filter
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Rao-Blackwellized Particle Filter

Input: P,_1 = {ng_)l,sz_)l,ng_)lw,g?l} (U s, D)

for each particle |

“the gym Is down the hall”

| Propose modifications to topology based on

metric and semantic maps

2 Perform Bayesian update of Gaussian

3 Update Dirichlet over labels based on language

Yellow = Hall
Purple = Elevator lobby
Orange = Gym

4 Update weights based on metric observations \

Retur: PO = {6, X, L uf")




Incorporating Natural Language Descriptions

“the gym Is down the hall”

Yellow = Hall
Purple = Elevator lobby
Orange = Gym




Incorporating Natural Language

“the gym Is down the hall”
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Incorporating Natural Language

“the gym Is down the hall”

Yellow = Hall
Purple = Elevator lobby
Orange = Gym

Descriptions

Yellow = Hall

Purple = Elevator lobby
Orange = Gym




Maps without Language Constraints
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Maps without Language Constraints
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Maps without Language Constraints
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Maps without Language Constraints

V>

-,
gsElevator
lobby

"\l Elevator lobby
I Courtyard
B Cafeteria
| |Hallway

0 m B Amphiteater

L AI Entrance

[ )




Maps with Language Constraints
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Maps without Language Constraints
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Maps without Language Constraints
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thout Language Constraints
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Autonomous Narrated lTour




Autonomous Narrated lTour
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Questions!?




