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Background & research questions Key findings

e Annotation bottleneck. Semi-arid RGB scenes combine sparse shrubs, exposed woody structures, senescent material, « No single model was universally optimal across reliability dimensions.

soil, litter, stones and shadows, producing strong vegetation to background ambiguity. , _ _ _
_ _ _ _ _ « GPT-image-2: best overlap (Dice 0.765; loU 0.634) and skeleton preservation (34.71% difference).
e Generative opportunity and risk. Foundation models can suppress clutter and accelerate annotation, but may delete

fine branches, fill natural canopy gaps or add plant-like structures. * Qwen-image-edit-2511: best area/boundary fidelity and least canopy-gap inpainting (22.97(70).

e Core question. Can a fixed global prompt produce annotation-ready vegetation priors while preserving biologically « Gemini-3-pro-image: best foreground colour preservation (AE 25.61).

: ?
meaningful shrub morphology~ « Boundary F1 remained only 0.058-0.075 across all models.

. « Strict four-model agreement covered 32.29% of the union; 67.71% remained uncertain.
Research questions
1) Which model best preserves overlap, boundary, fine structure, colour and canopy gaps?
2) Do models fail through complementary mechanisms?
3) Can model disagreement be converted into a human-review signal? Use agreement as a high-confidence core; route disagreement to expert review. Generated masks are priors, not ground truth.

Results

1 | Mask agreement & boundary reliability 2 | Structural & generative failure modes 3 | Consensus uncertainty — human review
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Reliability dimension |Best model

Highest priority human review samples

Overlap GPT-image-2 Dice 0.765
Boundary Qwen-image-edit-2511 F10.075 Sample _____[Class | Uncertainty | Pairwise Dice _
Colour Gemini-3-pro-image AE 25.61 ERN{Da Ly , Desert-Rose_2 Desert Rose 95.60% 0.371
SSIM GPT-image-1.5 0.227 =N Ghiarsiy ol | Prosopis-Juliflora_4 Prosopis juliflora 95.21% 0.432
e \ e Bissar_10 Bissar 93.60% 0.407
A et | LG Desert-Rose_4 Desert Rose 88.91% 0.536
Interpretation: e | TN Bl - R Acacia-Tree_6 Acacia Tree 88.26% 0.513
Coarse overlap alone is insufficient to quantify segmentation-mask fidelity. | Reference proxy | gpt-image-2 | gemini-3-pro-image | qwen-image-edit-2511| gpt-image-1.5 Boundary overlay

Boundary- and architecture-sensitive metrics are essential for faithful Desert Rose example: crown-geometry loss and expansion, branch deletion, skeleton

annotations. shortening and generated artefacts. These errors are visually small but structurally important. Consensus decision rule
Strict core (all 4 models) — candidate high-confidence vegetation
Majority mask — moderate confidence
Model-specific trade-offs: GPT-image-2 preserved the skeleton best but filled most gaps; Uncertainty band — expert review / manual refinement
Qwen was more conservative; GPT-image-1.5 showed the strongest skeleton distortion Mean pairwise Dice = 0.696 * 0.094; loU = 0.548 + 0.104
(145.88%).

Study area & dataset Methodology & statistical design

1. Data 2. Fixed global prompt 3. Four models 4. Mask preparation 5. Reliability + consensus

Preserve plant identity, GPT-image-2 Alpha >127 or I?GB- Reference proxy vs model
98 RGB images e EEOIELR IDECIE, BRI & [ Gemini-3-pro-image 7 SR UG ] Model vs model
: colour : : Nearest-neighbour : . :

10 vegetation classes .. Qwen-image-edit-2511 : Strict core, majority, union

Remove/simplify clutter GPT-image-1.5 resampling & uncertaint

Do not add plant structures ge-1- QC & post-processing y
Boscia coriacea Bissar Desert Rose Multi-metric reliability assessment
Overlap Boundary Structure

 Location: Marsabit County, Kenya; proximal RGB imagery from rainy and dry
leEkiele: Dice - loU - area difference Boundary F1/loU - HD95 - ASSD
98 original images; 10 forage shrub/rangeland vegetation classes.

Skeleton - Branch points - Canopy Gaps -
Solidity - Topology

* 4 reconstructions per image — 392 reconstructed image—mask pairs.

Appearance Generative risk Consensus

» Common spatial grid: 1184 x 864 pixels. AE - SSIM - PSNR - LPIPS - RGB ecological Generated and lost foreground - Leakage Pairwise Dice/loU - Strict core - Majority

- Visual challenges: open crowns, thorns, sparse woody branches, dry leaves, proxies * Internal inpainting - Alteration - Uncertainty band

shadows, soil, stones, litter and background vegetation.

] ] ] ] ] Statistical design Important experimental constraint
Classes: Acacia, Acacia Tree, Bissar, Boscia coriacea, Candelabra, Desert Rose, Duma, ] ] ]
Maerua edulis, Prosopis juliflora and Yabah Paired repeated-measures design: each original image was processed by all four models. One reconstruction per image/model under a fixed

Friedman omnibus test; paired Wilcoxon signed-rank post hoc comparisons; bootstrap 95% prompt. Results describe inter-model behaviour;
confidence intervals. Intra-model stochastic variability was not quantified.

Practical outcome: A reliability-screened human-in-the-loop

annotation workflow for targeted annotation and

segmentation in highly heterogeneous environments. Selected references
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