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Geometry-Derived Fruit-Relevance Weighting for Next-Best-View Planning: 

Active Reconstruction of Occluded Strawberries for Robotic Harvesting
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2. Methodology of GFR-NBV  
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Figure 1 Schematic diagram of local principal curvatures k1 and k2, curvedness C, and shape 
index S for fruit-relevance estimation.

2.2.3 Curvedness and Shape Index 
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2.3.2 Fruit-Relevance-Weighted View 
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2.3.3 View Selection and Iterative GFR-NBV Algorithm 
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2.3.4 Computational Complexity 
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2.4 Reconstructed Fruit Geometry and Pose Estimation 
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2.4.1 Physical Assumption and Pose Definition 

Figure 2 Schematic diagram of strawberry shape in pose estimation

[21]

2.4.2 Fruit-Relevant Component Extraction 
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2.4.3 Shoulder and Directed-Axis Estimation 
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S a

Figure 3 Schematic of cross-sectional analysis for strawberry geometry. (a) A centroid and initial 
axis are estimated and used to generate cross-sectional slabs for radii and centers estimation. (b) 
The sectional radius profile exhibits a single broad shoulder followed by progressive tapering, 
while overlapping fruits produce multiple broad-radius regions. 
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3. Simulation and Validation 
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Figure 4 Overall simulation flow 

 

3.1 Simulation Environment 

3.1.1 Gazebo Environment and Camera Viewpoints  

Figure 5 Gazebo environment: (a) a single plant scene, (b) a complex plant scene, (c) 96 
candidate views from possible camera poses, and (d) From observation to RGB-D to voxels. 
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× 

3.1.2 Parametric Fruit and Occlusion 

 

 

Figure 6 Parametric strawberry model with a Bezier profile fitted to a strawberry with control 

points P0-P3. Different occlusion levels from down-left to down-right. 
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3.2 Validation of Geometry-Derived Fruit-Relevance Weights 

3.2.1 Spatial Distribution of Fruit-Relevance Weights 

 

Figure 7 Observation of Plant-132 scene (left), geometric fruit-relevance weights (right). 
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Table 1 Parameters of weight calculation for typical points 

 

( )

3.2.2 Quantitative Evaluation of Weight Discrimination 
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Figure 8 (a) Separately normalized weight distributions for fruit and not-fruit points of Plant-

132 scene. (b) ROC curves for 6 different plant scenes including Plant-132. 

3.3 GFR-NBV Performance 

3.3.1 Evaluation Criteria  

   (20) 

3.3.2 View Selection and Reconstruction Progress 
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Figure 9 Representative camera-view sequences and accumulated fruit-surface coverage for (a) 
GFR-NBV and (b) unweighted NBV. 

Figure 10 Fruit-surface coverage ratio (FCR) over the number of views under (a) light, (b) 
moderate, and (c) heavy occlusion. Each occlusion level contains 30 simulated scenes.  
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70% 

3.4 Grasp-Oriented Pose Estimation 

Figure 11 Representative results of cross-sectional shoulder and directed-axis estimation.  
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4. Physical Experiments 

4.1 Experimental Setup 

4.1.1 Robotic Experimental Platform 

Figure 12 Experimental platform to demonstrate the robotic arm grasping: (a) experimental 
setup, and (b) demonstration of a robotic arm installed in a vehicle to grasp strawberries.  

4.1.2 Fin-Ray Gripper  
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Figure 13 Fin-Ray fingers and strawberry grasping: (a) numerical simulation of a Fin-Ray 
finger to fit typical strawberry fruit surface, (b) 3D design of a Fin-Ray gripper, (c) installed 
Fin-Ray gripper, and (d) Fruit grasping pose in the Fin-Ray gripper. 

4.2 Experimental Procedures 

4.2.1 Experimental Scenes 

Figure 14 Initial observations from the camera. Three strawberries combined with different 
foliage placements to generate light-, moderate-, and heavy-occlusion.  
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4.2.2 Experimental Procedures 

Figure 15 Experimental procedures for GFR-NBV and unweighted NBV under the same initial 
conditions. Candidate views were restricted to the reachable workspace of the arm.  

4.3 Results and Discussion 
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Table 2 Experimental results of GFR-NBV and unweighted NBV in 7 scenes with different 
levels of occlusion. Final Points: accumulated points of the fruit with maximum 8 observations. 
Steps to 70% Nref: step number to reach 70% of larger final target-fruit point count obtained by 
GFR-NBV and unweighted NBV.   
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5. Conclusions and Future Work 

5.1 Conclusions 

5.2 Limitations and Future Work 
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