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1. Introduction&Motivation

• Context. Intercroppingwheat (cereal)withpea (legume) improves soil healthand reduces
chemical inputs.

• Problem. Evaluating it needsper-speciesplantdensity acrosshundredsofmicro-plots: manual
countingdoesnot scale.

• Researchquestion. Canapoint-basedmodel localizeandcounteachspecies separately from
smartphonephotos?

• Contributions.
– AdaptPET toper-specieswheat/peacounting in intercropping
– Identify theoptimal input resolution for smallplant structures
–Quantifyedge-borderfiltering trade-offs (bias vs. localization)

2.ProposedApproach

• Step1: Data. INRAESTICSMIXfield trial;wheat labeledat leaf tips (orientation-invariant),peaat
plant center. 116wheat /63pea images, split at theplot level (train/val/test).

• Step2:Model. PET [1], aVGG16-bnpoint-query transformer, finetuned fromacrowd-counting
checkpoint.

• Step3: Test-time levers. Input resolution (1500-4000px)andedge-borderpointfiltering.

Fig. 1. Point annotations on twomixedwheat-pea plots, two photos each (red: wheat leaf tips, blue: pea plant centers;
1500px, border filtering on).

3.ExperimentalSetup

•Metrics (greedypointmatching, fixeddistance tolerance):
–MAPE: count error (%) ↓
– R2: count varianceexplained ↑
– Signedbias (%): +over-counting,−under-counting, closer to0 isbetter
– F1 (%): point-level localization ↑

• Grid. 5 resolutions× {with,without} edge-border filtering,per species.
• Implementation. VGG16-bnbackbone; finetuned fromacrowd-countingcheckpoint;model selected
onvalidationMAE.

4.Results

• Best trade-off:wheat1500px+border→4.7%MAPE,74%F1 ·pea2048px, noborder→7.8%
MAPE,86%F1.

• MAPEcanmislead: thebest-MAPE resolution isnot always thebest-localizedone (FP/FN
cancellation).

• Beyond2048px,both speciesdegrade: peadetectioncollapsesat4000px (R2=−4.33).

Without border With edge border
Species Res. MAPE R2 Bias(%) F1(%) MAPE R2 Bias(%) F1(%)

Wheat

2048 8.74 0.90 -1.65 62.3 12.18+3.44 0.81−0.09 11.30+9.65 65.9+3.6

1500 9.03 0.90 -7.49 72.3 4.69−4.34 0.97+0.07 -0.48−7.01 74.2+1.9

2500 9.73 0.87 0.28 62.1 10.50+0.77 0.91+0.04 9.53+9.25 64.4+2.3

3000 12.54 0.79 4.25 53.4 18.11+5.57 0.75−0.04 16.76+12.51 55.9+2.5

4000 13.77 0.63 -13.02 63.7 7.15−6.62 0.89+0.26 -4.14−8.88 66.7+3.0

Pea

2048 7.83 0.82 0.70 86.2 8.59+0.76 0.90+0.08 4.00+3.30 86.5+0.3

1500 9.65 0.68 -7.07 82.6 9.66+0.01 0.80+0.12 -1.59−5.48 84.9+2.3

2500 9.56 0.87 -0.13 84.5 9.82+0.26 0.93+0.06 6.88+6.75 85.6+1.1

3000 13.15 0.78 1.31 76.4 15.33+2.18 0.81+0.03 7.37+6.06 78.1+1.7

4000 67.94 -4.33 -67.70 33.5 64.11−3.83 -2.95+1.38 -64.11−3.59 36.2+2.7

Table1. Test-set performance across input resolutions, with/without edge-border filtering. Subscripts: ∆ vs. no-border
(green=gain, red= loss). Bold=best per columnwithin each block.

5.Discussion

• Border filteringdrops truncatedpoints frombothGTandpredictions⇒ fewer boundary false negatives (F1↑), but
fewer countedplants⇒over-countingbias.

• At native resolution, peaplants occupy farmorepixels than PET’s crowd-countingpretraining scale, a likely driver of
the 4000px collapse.

• F1 alongsideMAPE is essential: MAPE alone can hide false-positive/negative cancellation.
• Limits: single trial, single growth stage.

Fig. 2. Predicted vs. ground-truth counts, wheat (left) / pea (right), across train/val/test splits (dashed: y=x).

6.Conclusion&FutureWork

• Take-home. PET reliably countswheatandpeaseparately fromsmartphonephotos, reaching
single-digitMAPEand74-86%F1at the right input scale.

• Fieldgap. Toourknowledge,nogeneralbaselineexists yet forper-speciespoint-basedcounting
in intercroppedfields.

•Nextsteps.
– Countboth species jointly ina singlepass, insteadofper-speciesmodels
– Cross-referencecountswithpost-harvest yielddata
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