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Lesson from Climbing Plants

2



Lesson from Tendrils
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Objective

4Passionflower tendrilTendril with support

Reconstruct and analyze filiform structures in nature (e.g. tendrils), to 
extract design rules for perception and motion in continuum plant-inspired 
robots



Proposed Approach

5Passionflower tendrilTendril with support Clothoid curve

Image-based shape reconstruction with 2D clothoid model



Why
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Linear property allows a smooth transition of curvatures

circle
Straight line

clothoid

Clothoid satisfies ODEs
P0

P1

(Eq.1)



Flowchart
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Sorting Unarranged 2D Points
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Moving Least Square Method
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Sorting Unarranged 2D Points

9

Moving Least Square Method

Collecting Neighboring PointsOriginal

p0

⊛

Lo

Ordering Points

dc
po

Start Point

pc dc
⊛



Sorting Unarranged 2D Points
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Results
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Applicable even in the presence of discontinuities, excessive noise or small 
branches

Original tendril Skeletonization Sorted skeleton



Flowchart
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Single-Segment Clothoid Representation
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An optimization problem to identify one segment clothoid
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An optimization problem to identify one segment clothoid

Gradient  Descent
Global Optimal

width scale
height scale
rotation angle

start length
curvature

end length 

sorted skeleton
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Flowchart
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- Non-complex shape
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- No constraints on timing

- Complex shape
- Fast computation is needed
- Less accuracy is allowed
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Piece-wise Clothoid Representation
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G1 Hermite interpolation to guarantee a minimization of error and  smooth 
transition of adjacent segments

Fresnel Integrals finds (Eq.1) solution

where L > 0 is the length of the curve segment. 

(Eq.2)

G1 Hermite interpolation Given two points and and two angles 
𝛼!and 𝛼", find a curve segment of Eq.2 that satisfies 



Results – Natural Tendrils
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Results – Continuum Structures
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Results
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1. Single-segment with high accuracy (R2 ≥ 0.968) but time-consuming 
2. Piece-wise clothoid with relative low accuracy but much faster (t ~ 1s), 

suitable for real time

R2 , Time T1 Time
T1 (s) T2 Time

T2 (s) T3 Time
T3 (s) C1 Time

C1 (s) C2 Time
C2 (s) C3 Time

C3 (s)

Method 1 0.998 131.7 0.968 91.82 0.989 144.2 0.998 114.44 0.997 132.0 0.980 132.4

Method 2 0.986 0.128 0.697 0.120 -0.15 0.136 0.978 0.106 0.958 0.106 0.929 0.102

Table. Comparison of fitting error and execution time for two methods (only considering one segment case)

T1,T2,T3: natural tendrils C1,C2,C3: continuum artifacts



Conclusions
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1. The MLS sorting algorithm is effective and robust for sorting unordered 
thin point cloud

2. Single-segment clothoid with curve optimization is better for simple 
shape and no constraint on timing

3. Piece-wise clothoid with G1 Hermite-fitting is better for complicated 
shape and fast computation

4. Clothoid is better than constant curvature in the presence of the 
transition between variable curvatures, has a great potential for long 
soft robots with curling behavior



Next steps
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1. Automatic piece-wise clothoid representation for tendril-like curling 
shapes

2. Extend the analysis from 2D to 3D case and relate the shape 
parameters to control parameters for continuum soft tendril-like robots
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