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A 233.8 —

C 77.8 3.0×

L (3rd iteration) 14.7 15.9×
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OVERVIEW
Continuum Robots access sites beyond rigid-instrument reach, but 
cable friction causes motion-history-dependent Hysteresis. On the 
prototype, tip can miss by 1 mm under identical commands.
 
Hysteresis was further characterized under 0–30 g payloads and 
three strategies were compared on a 28-target benchmark: the static 
calibration, a direction-aware Compensator and Iterative Learning. 

The direction-aware Compensator, trained on 498 points, reduced 
RMS error three-fold and remained effective over 18 days, while 
Iterative Learning reached the repeatability limit (15 μm).
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WEBPAGE

• Two branches remain separated under all payloads.

• Increasing payload narrows the usable range and widens the loop.

• Separate compensation maps are used for the two motion directions.

Experimental Platform — A 14-notch Cable-Driven Continuum Robot with stereo tip tracking and cable-tension sensing. [5] 
• A | Static Calibration — A direction-blind isotonic map [1], fitted to binned medians and inverted to generate commands. 

𝒖 = 𝒇!𝟏(𝒚𝒅)
• C | Direction-aware Compensation — Separate maps for two motion directions capture the two hysteresis branches [2]. 

After fitting, the maps remain frozen; a 5-min recalibration estimates the session offset.

𝑪𝒐𝒎𝒑𝒆𝒏𝒔𝒂𝒕𝒐𝒓: 	𝒚 = 𝒇𝒅𝒊𝒓 𝒖 + 𝒃𝒔𝒆𝒔𝒔𝒊𝒐𝒏	 ; 	 𝑪𝒐𝒎𝒎𝒂𝒏𝒅: 	𝒖 = 𝒇𝒅𝒊𝒓!𝟏 (𝒚𝒅 − 8𝒃)	

• L | Iterative Learning Control (ILC) — Per-target command refinement from measured error [3,4]｜3 iterations

𝒖𝒋+𝟏(𝒌) = 𝒖𝒋(𝒌) − 𝟎. 𝟕 = 𝒆𝒋(𝒌)/?𝒔(𝒌)	

Training & Evaluation — A: 130 samples｜C: 498 samples｜28 targets｜same measurement correction｜RMS Error

• The compensator was frozen for 18 days after 
fitting. Its three-fold improvement was maintained 
across three sessions (3.42×, 3.57×, 3.01×).

• ILC entered the repeatability 
band after two iterations and 
reached 15 μm after three.

• Direction awareness reduced 
the RMS error three-fold

Takeaways
• Hysteresis, not sensor noise, dominates open-loop error on this platform.
• A direction-aware nonparametric compensator recovers a three-fold accuracy 

gain that persists for weeks with only a 5-min recalibration.
• Iterative learning closes the remaining gap to the repeatability limit.
Outlook
• Evaluate the direction-aware compensator under varying payloads.
• Develop history-aware models using automated multi-session data collection.
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