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Motion Planning

Find a path that satisfies all 
constraints between the given 
start and goal configurations.

▪ Collision Avoidance

▪ Dynamics

▪ Kinematics (e.g., end-effector)

Karaman et. el, 2011



Limitations in existing methods & My Research
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Sequence in Robot Thinking



Encoder Network (Enet):
❖ Input: obstacles point cloud 𝒙𝒐𝒃𝒔 ∈ ℝ𝒅

❖ Output: Embedding Z ∈ ℝ𝒎

❖ 3D CNN (Preprocess point-cloud to voxel)

❖ Feed forward neural network

Planning Network (Pnet):
❖ Input: 𝐙, 𝒄𝒕, 𝒄𝑻
❖ Output: ො𝒄𝒕+𝟏 ← 𝐏𝐍𝐞𝐭(𝒄𝒕, 𝒄𝑻, 𝒁)

❖ Stochastic feed-forward neural network

Training Methods:
❖ Batch offline learning

❖ Active continual learning

Planning Algorithm:
❖ Bidirectional iterative planning method.

❖ Informed sampler integrated with SMPs
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MPNet: Motion Planning Networks
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• min
𝜃

𝑙 𝑓𝜃
𝑡 𝑠 , 𝑦 𝑠. 𝑡.

𝔼 𝑠,𝑦 ∼𝑀 𝑙 𝑓𝜃
𝑡 𝑠 , 𝑦 ≤ 𝔼 𝑠,𝑦 ∼𝑀 𝑙 𝑓𝜃

𝑡−1 𝑠 , 𝑦

• 𝑔, 𝑔𝑀 = ∇𝜃𝑙 𝑓𝜃 𝑠 , 𝑦 , 𝔼 𝑠,𝑦 ∼𝑀∇𝜃𝑙 𝑓𝜃 𝑠 , 𝑦

• if 𝑔, 𝑔𝑀 < 0 ∶
min
𝑔′

𝑔 − 𝑔′ 𝑠. 𝑡. 𝑔′, 𝑔𝑀 ≥ 0
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𝑔, 𝑔𝑀 = ∇𝜃𝑙 𝑓𝜃 𝑠 , 𝑦 , 𝔼 𝑠,𝑦 ∼𝑀∇𝜃𝑙 𝑓𝜃 𝑠 , 𝑦

𝒊𝒇 𝒈, 𝒈𝑴 < 𝟎:
min
𝑔′

𝑔 − 𝑔′ 𝑠. 𝑡. 𝑔′, 𝑔𝑀 ≥ 0

Learning from streaming data:
1- Given a feasible trajectory 𝜎
2- 𝑀 ←Update episodic memory (𝜎)
3- 𝑔𝑀 ← 𝔼 𝑠,𝑦 ∼𝑀∇𝜃𝑙 𝑓𝜃 𝑠 , 𝑦

4- 𝑔 ← 𝔼 𝑠,𝑦 ∼𝜎∇𝜃𝑙 𝑓𝜃 𝑠 , 𝑦

5- project 𝑔 to 𝑔′ using above eq
6- Update MPNet parameters 𝜃 with 𝑔′
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MPNet: Online Path Generation 
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MPNet: Data Efficient Active Continual Learning



Thank you
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