
Jointly train proximity predictors and transition policies by optimizing the following objectives:

• Train proximity predictors: 

• Train transition policies with proximity reward: 

• A successful execution of a transition policy is defined by success of the following primitive skill
• The success/failure reward is too sparse to train a transition policy
• A proximity predictor learns to predict the proximity of a state to the initiation set

• We use the increase of predicted proximity to the initiation set as a dense reward 
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at, ⌧pc
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<latexit sha1_base64="C58Zhhu5B2jTGUetWFF7FAOl28Y=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZcFNy4r2As0IUymk3boZBJmTsQQ4qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5gKrsFxvq219Y3Nre3aTn13b//g0D467ukkU5R1aSISNQiJZoJL1gUOgg1SxUgcCtYPpzezev+BKc0TeQ95yvyYjCWPOCVgrMBueECyoPCAPUIBikhdloHddFrOXHgV3AqaqFInsL+8UUKzmEmggmg9dJ0U/IIo4FSwsu5lmqWETsmYDQ1KEjPtF/PjS3xmnBGOEmWeBDx3f08UJNY6j0PTGROY6OXazPyvNswguvYLLtMMmKSLRVEmMCR4lgQeccUoiNwAoYqbWzGdEEUomLzqJgR3+cur0LtouYbvLpttp4qjhk7QKTpHLrpCbXSLOqiLKMrRM3pFb9aT9WK9Wx+L1jWrmmmgP7I+fwADYpWV</latexit><latexit sha1_base64="C58Zhhu5B2jTGUetWFF7FAOl28Y=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZcFNy4r2As0IUymk3boZBJmTsQQ4qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5gKrsFxvq219Y3Nre3aTn13b//g0D467ukkU5R1aSISNQiJZoJL1gUOgg1SxUgcCtYPpzezev+BKc0TeQ95yvyYjCWPOCVgrMBueECyoPCAPUIBikhdloHddFrOXHgV3AqaqFInsL+8UUKzmEmggmg9dJ0U/IIo4FSwsu5lmqWETsmYDQ1KEjPtF/PjS3xmnBGOEmWeBDx3f08UJNY6j0PTGROY6OXazPyvNswguvYLLtMMmKSLRVEmMCR4lgQeccUoiNwAoYqbWzGdEEUomLzqJgR3+cur0LtouYbvLpttp4qjhk7QKTpHLrpCbXSLOqiLKMrRM3pFb9aT9WK9Wx+L1jWrmmmgP7I+fwADYpWV</latexit><latexit sha1_base64="C58Zhhu5B2jTGUetWFF7FAOl28Y=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZcFNy4r2As0IUymk3boZBJmTsQQ4qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5gKrsFxvq219Y3Nre3aTn13b//g0D467ukkU5R1aSISNQiJZoJL1gUOgg1SxUgcCtYPpzezev+BKc0TeQ95yvyYjCWPOCVgrMBueECyoPCAPUIBikhdloHddFrOXHgV3AqaqFInsL+8UUKzmEmggmg9dJ0U/IIo4FSwsu5lmqWETsmYDQ1KEjPtF/PjS3xmnBGOEmWeBDx3f08UJNY6j0PTGROY6OXazPyvNswguvYLLtMMmKSLRVEmMCR4lgQeccUoiNwAoYqbWzGdEEUomLzqJgR3+cur0LtouYbvLpttp4qjhk7QKTpHLrpCbXSLOqiLKMrRM3pFb9aT9WK9Wx+L1jWrmmmgP7I+fwADYpWV</latexit><latexit sha1_base64="C58Zhhu5B2jTGUetWFF7FAOl28Y=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZcFNy4r2As0IUymk3boZBJmTsQQ4qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5gKrsFxvq219Y3Nre3aTn13b//g0D467ukkU5R1aSISNQiJZoJL1gUOgg1SxUgcCtYPpzezev+BKc0TeQ95yvyYjCWPOCVgrMBueECyoPCAPUIBikhdloHddFrOXHgV3AqaqFInsL+8UUKzmEmggmg9dJ0U/IIo4FSwsu5lmqWETsmYDQ1KEjPtF/PjS3xmnBGOEmWeBDx3f08UJNY6j0PTGROY6OXazPyvNswguvYLLtMMmKSLRVEmMCR4lgQeccUoiNwAoYqbWzGdEEUomLzqJgR3+cur0LtouYbvLpttp4qjhk7QKTpHLrpCbXSLOqiLKMrRM3pFb9aT9WK9Wx+L1jWrmmmgP7I+fwADYpWV</latexit>
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Transition policy execution
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Code is available

• A transition policy learns to smoothly connect primitive skills

The numbers inside the circles (states) represent transition steps to the initiation set
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*transition *walk*jump

Composing Complex Skills

Training Transition Policies

*crawl

*forward

*jump

*backward *balance

*run

Primitive skill library Sequential execution of primitive skills

*run *jump *run *crawl

(1) The meta-policy chooses a primitive policy of index c
(2) The corresponding transition policy helps initiate the chosen primitive policy
(3) The primitive policy executes the skill
(4) A success or failure signal for the primitive skill is produced

• Primitive skills can be achieved by hard-coding, RL, and imitation learning
• We can compose a complex skill by sequentially executing primitive skills
• However, an ending state of a primitive skill may not be a good state to initiate the following skill
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Initiation set of π"#$%

Transition trajectories of “Repetitive picking up” and “Patrol”

Baselines:
(1) TRPO, PPO: train a policy with a hand-engineered reward for 5x longer time
(2) TP-Task: train transition policies with a subtask completion reward
(3) TP-Sparse: train transition policies with a sparse proximity reward
(4) TP-Dense (ours): train transition policies with a dense proximity reward

Dense reward

Sparse reward
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