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Abstract. Robotic systems continuously generate large volumes of stream 
data, but raw streams are not directly suitable for analysis because they contain 
substantial idle, redundant, or low-information segments. We propose a rule-
based pipeline that transforms raw robotic stream data into a structured seg-
ment-level dataset by leveraging joint-state variation to segment continuous 
streams into idle and motion regions, refining fragmented segments, and assign-
ing quality-aware labels (usable, low-information, uncertain). We evaluate the 
pipeline on 20 sessions of pick-and-place tasks recorded with the PhysicAI-
Arm platform. Experimental results show that the proposed pipeline reduces 
fragmentation and shows strong agreement with manual ground truth, while re-
vealing that nearly half of the identified segments are low-information, high-
lighting the importance of quality-aware structuring for robotic datasets.
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1 Introduction
Recent advances in robotics and embodied AI have increased the reliance on real-
world sensor data. In practical robotic systems, however, data is continuously gener-
ated as raw streams such as joint states and timestamps, which are inherently sequen-
tial and often contain noise, redundancy, and long periods of inactivity. The lack of 
explicit structure hinders the identification of meaningful action segments and the 
separation of informative data from low-information portions. Although large-scale 
robotic datasets and recent data-centric AI frameworks emphasize dataset scale and 
quality, relatively little attention has been paid to converting raw robotic streams into 
structured segment-level units with explicit temporal boundaries and quality-related 
labels. To address this challenge we propose a rule-based pipeline that transforms raw 
robotic stream data into a structured and quality-aware segment-level dataset, leverag-
ing joint-state variation to identify meaningful temporal segments.
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2 Methodology
The proposed pipeline produces a structured segment-level dataset from a session-
wise stream of joint states with timestamps in five stages. First, frame-wise joint-state 
variation is computed as the sum of absolute changes between consecutive joint vec-
tors and smoothed with a rolling mean of window size 5. Second, a session-adaptive 
threshold τ = 0.5 × percentile(V_smooth, 70) labels frames above τ as motion and the 
rest as idle, and consecutive same-label frames are grouped into segments. Third, seg-
ments shorter than 30 frames are reassigned to the preceding segment’s label, reduc-
ing fragmentation from local fluctuations. Fourth, each refined segment is assigned a 
quality label: usable (motion, duration ≥ 2.0 s, mean variation ≥ 1.0), low-information 
(idle, mean variation < 0.6), or uncertain otherwise. Finally, each segment is stored 
with its temporal boundaries, type, motion statistics, and quality label.

3 Experiment
We evaluate the pipeline on 20 sessions of a pick-move-place task from the PhysicAI-
Arm platform, with three sessions manually annotated for ground-truth evaluation. 
Two baselines are compared: a global-threshold setting and a session-adaptive setting 
without refinement. Key findings include:

─ The proposed pipeline reduces the average number of segments per session from 
over 55 to 35.05 and increases the average segment length from approximately 33 
to 54.37 frames, indicating effective fragmentation reduction.

─ The short-segment ratio drops from 0.752 to 0.682, confirming the contribution of 
the refinement step.

─ Across all 20 sessions, 171 segments are produced (8.55 per session on average), 
of which 65 (38.0%) are usable, 84 (49.1%) are low-information, and 22 (12.9%) 
are uncertain.

─ On three manually annotated sessions, the pipeline achieves Precision = 0.906, Re-
call = 0.860, and F1 = 0.881, demonstrating strong agreement with human annota-
tions.

4 Conclusion and Future Work
This study presents a rule-based pipeline that structures raw robotic stream data 

into a quality-aware segment-level dataset. Empirical results on 20 PhysicAI-Arm 
sessions confirm that it reduces fragmentation and aligns well with manual ground 
truth. Building on this pipeline, future work will develop a generative modelthat syn-
thesizes realistic robot joint-state data, using the constructed quality-aware dataset as 
a training corpus for robot learning.
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