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Caption. Experimental protocol and parameter settings used for HarvestField simulation, calibration, optimisation, ablation, and statistical analysis.

1. Study unit and workflow
The experimental unit was one representative New Zealand-style kiwifruit bay at harvest time. Each candidate management vector was translated into phenologically ordered actions, simulated to harvest time using the FSPM, evaluated by spatial harvestability fields, and scored by HYI, yield proxy, and labour-cost proxy. All stochastic experiments were repeated with independent random seeds where applicable.
2. Management decision variables
	Variable
	Symbol
	Reference value
	Bounds
	Operation

	Cane spacing
	
	0.30 m
	0.20–0.60 m
	Winter pruning

	Retained fruiting canes per bay side
	
	15
	8–20
	Winter pruning

	Bud retention density
	
	20 buds m-1
	10–65 buds m-1
	Bud thinning

	Target fruit count per fruiting shoot
	
	6
	3–10
	Fruit thinning

	Maximum node count after summer tipping
	
	8
	5–18
	Summer tipping

	Cane training angle
	
	90 degrees
	45–135 degrees
	Cane training


3. Canopy simulation protocol
Canopy development was represented by an L-system-based functional–structural plant model. The model state included geometric support structures, leaves, branches, fruit objects, and peduncles. Seasonal operations were applied in the following order: winter pruning, bud thinning, fruit thinning, summer tipping, and cane training. The simulated harvest-time geometry was stored and then passed to the field-computation module.
4. Field-computation settings
	Setting
	Symbol
	Value

	Bay length
	
	5.0 m

	T-bar crossbar width
	
	1.5–1.8 m

	Voxel resolution
	
	50 mm

	Voxel grid size
	—
	100 x 36 x 42 = 151,200 voxels

	Reachability samples
	
	50,000 joint configurations

	Visibility viewpoints
	
	8 viewpoints

	Bootstrap replications
	
	1,000

	Baseline replications
	
	10


5. Harvestability field evaluation
Reachability was computed from sampled collision-free robot configurations and normalised manipulability. Visibility was computed by ray casting from candidate camera viewpoints. Clearance was computed as an exponential function of local obstacle density. Detachability combined the gripper-force term with a nearest-neighbour fruit-spacing term. The composite field was evaluated as

6. Calibration procedure
The clearance parameters  and  were calibrated using exhaustive grid search. The target value was the published robotic kiwifruit harvesting success rate of 0.558. The accepted calibration point in the manuscript was  and , yielding HYI = 0.562.
7. Optimisation settings
	Parameter
	Value

	Algorithm
	NSGA-III

	Objectives
	Maximise HYI, maximise normalised yield proxy, minimise normalised labour cost

	Population size
	92

	Generations
	200

	Total evaluations per optimisation
	18,400

	Reference directions
	Das-Dennis simplex-lattice, H = 12, M = 3

	Crossover
	Simulated binary crossover, eta_c = 30

	Mutation
	Polynomial mutation, eta_m = 20

	Implementation
	Python 3.10; L-Py v3.14; OpenAlea/Caribu; pymoo v0.6.1


8. Baseline experiments
	Code
	Strategy
	Purpose

	B1
	Standard management
	Commercial-reference management baseline

	B2
	Yield-only optimisation
	Tests whether yield maximisation aligns with harvestability

	B3
	Random search
	Controls for evaluation-budget effects

	B4
	Single-objective HYI optimisation
	Isolates the effect of the multi-objective formulation

	B5
	Uniform field assumption
	Tests the value of spatial heterogeneity

	B6
	HarvestField-optimised
	Full framework evaluation


9. Ablation and controlled thinning experiments
A1 removed visibility by evaluating . A2 removed clearance by evaluating . A3 replaced the Caribu radiation model with a Beer-Lambert approximation. A4 compared -guided fruit thinning against uniform thinning under equal fruit counts. In A4, canopy realisation, robot configuration, random seed, field resolution, FSPM parameters, light model, and total fruit count were controlled within each paired replicate.
10. Sobol sensitivity analysis
The global sensitivity analysis varied six parameters: , , , fruit set rate, budbreak rate, and individual leaf area. With base sample size  and  parameters, the number of model evaluations was

First-order, total-order, and second-order indices were computed. Parameters with  were treated as influential.
11. Statistical analysis
[bookmark: _GoBack]Pairwise comparisons were analysed with the Wilcoxon signed-rank test because the stochastic sample size was small and normality was not assumed. Baseline comparisons used a Bonferroni-adjusted threshold of . Effect size was reported using Cliff’s delta.
12. Output files retained for reproducibility
The retained outputs included JSON summaries, calibration grids, bootstrap HYI samples, optimisation archives, Sobol raw arrays, statistical-test outputs, field visualisation arrays, and selected generated figures. These files are organised in Online Resource 4 and Online Resource 5.

