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Motivation
Path planning on 2D image maps

● Short path?
● Smooth path?
● Combination - heuristic from empirical path labelling!
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Motivation

Path Smoothness is as Important as Short Path Length!



Background
● Traditional method

○ Dijkstra’s algorithm (“blind” search)
○ A* (use a heuristic function over Dijkstra’s algorithm)
○ Theta* (any-angle, true shortest path)

● Learning-based method
○ Neural A* (supervised learning from path labelling)
○ Random-walk (explore reasonable node expansion)
○ TransPath (supervised learning from path probability map + short path search)

shortest but inefficient
imperfect heuristic

shorter, smoother but non-grid, piecewise linear

not smoothness-aware
inefficient, high uncertainty

expensive labelling for probability map, not end-to-end



Background

Consider both path shortening and smoothing.

End-to-end learning with more accessible path labelling.



General Optimization Objective

label on edges label on nodes
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map with a pair of 
start-target nodes

binary path labelling

each labelled node has two 
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General Optimization Objective
Optimization on nodes
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each labelled node has two 
connecting nodes 



Deep Angular A*
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Deep Angular A*

However, minimizing over the path angles will easily 
lead to linear but non-smooth path segments.



Deep Angular A*
Path angular freedom: smooth path via learning min-max angle adaptation

reference from
policy decision DAA*-mixDAA*-maxDAA*-min



Deep Angular A*
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Experiment
Dataset and path labelling

binary map,
reference from 

empirical policy

drone-view map,
human labelling

video-game map,
Dijkstra’s algorithm 
on semantic map

binary map,
Dijkstra’s algorithm 
on probability map

Diverse



Experiment
Evaluation metric

shortest path length path similarity with reference path

path search efficiency



Experiment
Evaluation on binary maps



Experiment
Evaluation on binary maps
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Experiment
Evaluation on binary maps - compare with SOTA TransPath



Experiment
Evaluation on video-game maps



Experiment
Evaluation on video-game maps learned effective probability map



Experiment
Evaluation on drone-view maps



Experiment
Evaluation on drone-view maps



Experiment
Trade-off between optimality and efficiency

best path optimality (shortest length and 
high similarity) with considerable cost



Conclusion
● Consider the flexibility of adapting both path shortening and smoothing
● End-to-end with more accessible path labelling instead of probability map
● Full analysis and evaluation of smoothness effects on imitation learning


