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Current Practice RoCUS Proposal

Behavior-Conditioned
Traffic and Trajectory Sampling

… … …

𝑡: task (i.e., scenario)  𝜏: trajectory

𝑏: behavior value      ෠𝑏: relaxation

𝑡 𝜏 𝑏 ෠𝑏 Target behavior value = 𝑏∗:  

෠𝑏 | 𝑏 ∼ 𝒩 𝑏, 𝜎2

𝑡, 𝜏 ∼ 𝑝 𝑡, 𝜏 ෠𝑏 = 𝑏∗)

∝ 𝑝(෠𝑏 = 𝑏∗ 𝑡, 𝜏 𝑝 𝜏 𝑡) 𝜋(𝑡)

Target behavior value = “+∞”: 

𝛽 𝑏 = 1 + 𝑒− 𝑏−𝔼 𝑏 /𝕍[𝑏] −1

෠𝑏 | 𝑏 ∼ 𝒩 𝛽 𝑏 , 𝜎2

𝑡, 𝜏 ∼ 𝑝 𝑡, 𝜏 ෠𝑏 = 1)

Minimal straight-sine 
deviation on 2D navigation

Various behaviors on 
7DoF arm reaching

Dynamical System               RRT                Imitation Learning RRT Min EE Movement     RL Min EE Movement    Original DS Final Distance Improved DS Final Distance

Name Definition Name Definition

Trajectory Length 𝑏 = න
𝜏

1 d𝑠 Straight-Line Deviation 𝑏 =
1

𝜏
න
𝜏

𝐱 − proj𝐱𝑓−𝐱𝑖𝐱 d𝑠

Average Velocity 𝑏 =
1

𝜏
න
𝜏

ሶ𝐱 d𝑠 Obstacle Clearance 𝑏 =
1

𝜏
න
𝜏

min
𝐱𝑜∈𝒪

𝐱 − 𝐱𝑜 d𝑠

Average Acceleration 𝑏 =
1

𝜏
න
𝜏

ሷ𝐱 d𝑠 Near-Obstacle Velocity 𝑏 =
𝜏׬ ሶ𝐱 / min

𝐱𝑜∈𝒪
𝐱 − 𝐱𝑜 d𝑠

׬
𝜏

1/ min
𝐱𝑜∈𝒪

𝐱 − 𝐱𝑜 d𝑠

Average Jerk 𝑏 =
1

𝜏
න
𝜏

ഺ𝐱 d𝑠 Motion Legibility 𝑏 =
1

𝜏
න
𝜏

𝑝 𝑔 𝐱 d𝑠

Inferring behaviors from random samples Finding samples for target behaviors

Scenario-driven Behavior-driven

No prior expectation on discovery Strong expectation on samples

Independent samples Samples naturally grouped by behavior

No targeted debugging Explicit targeted debugging


