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Overview

Our goal is to explore species distribution models as
geographical priors for vision tasks
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Using visual features and location features to make predictions

Dataset & Evaluation

Evaluation Dataset:

282.9K INaturalist images covering

39.3k species

- 9.8k total images covering 2.7k
species not present in SINR

training set 11

Evaluation:

Top-1 accuracy with ground truth
species labels from iNaturalist 11

Models

Vision model: Pretrained Xception
network used by the INaturalist
community science platform.

- Can predict for 55.3k species

Range Estimation model: SINR
(Spatial Implicit Neural
Representation) predicts likelihood of
species presence from location
coordinates.

- SINR Is trained on 44.8k species

10.5 K species have no SINR predictions
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Method

Geo Prior Task: At test time, we combine the outputs of model trained for Method Parameters [UCN S&T  GeoPrior
species range estimation on iNaturalist dataset with an image classifier. 1 Vision Only = - 75.409
2 Baseline SINR 10 epochs, k =1.0 62.00 72.82 +6.6
3 Baseline SINR 20 epochs, delta =0.001 | 64.35 73.58 +6.77
- h — 4 Baseline SINR 10 epochs, k = 0.02 62.00 72778 +9.0
Clgjsas?ffleer % P (Spemes|1mage) Overall Prediction
< Adjusting Species Prediction Model
Blenecies | (location ;
X % (Feie | oSSkt R0ge)) Method Epochs | S&T  IUCN GeoPrior +Delta
- ~ P( : ‘1 " ) Vision Only — — 75.409 75.409
SINR specles|location SINR 10 62.00 72.82 +6.6 6.58
[lat, Iong] —2|  wodel > b SINR 5 59.42 72.28 +6.26 6.29
- - SINR 30 64.75 73.60 +6.61 6.75
zfgé'es:rra‘;gs d(i\r’:e?’]ggnesp%(gf;) SINR 40 65.65 73.42  +6.59 6.75
- ) SINR 50 65.77 73.36  +6.57 6.75
Expe riments only resulted in a 0.1% increase
_ _ _ _ _ Table 1: Varying Training Epochs and adding Delta.
How different SINR configurations affect its usefulness as a Geo Prior
1. Training duratiOn - number Of epOChS Performance reported as the improvement over the ge‘?hod() 1 Soees. Lun jvepee §&T {_UCN 7G5ezlg;ior -71-5D4eéga,
. . . . \;isic;n-ogly emodel. Fc;; E?Ce;litsnc;olumn, delta of 0.001 was Dlesfla?lillt SIiIzI’R 956 10 62.00 79 89 —-6;.6 ——6.58
2' MOdeI Slze - number Of hldden dlmenSIOnS ddedfofhe SR predictions. Even Smaller SINR 64 50 61.24 72.28 +6.32 +6.41
- Tal 1h Smaller SINR 128 50 64.35 74.03 +6.65 +6.73
3. Adding Del_ta - adds a minimum presence probablllty 2] Busline SINR. 236 " op e R e
4. K-Value Adjustment - static value for species not covered by SINR B W SINR 1094 s S YR st e

Table 2: Effect of Model Size and adding Delta.

Handling Unseen Species: The Role of the K-Value

Handling Unseen Species

Geo Prior Predictions Metod B value | Lreolsior
Vision Only 75.409 Most significant performance gain came from
: : : N : : : : Baseline SINR 1.0 +6.6 changing how we combine predictions from the
P(species | (location,image)) ~ P(species | location) x P(species | image) 3 B o0 R mage classifier and the SINR model.
_ Baseline SINR  0.02 +9.0
Baseline Approach Baseline SINR 0.1 187 Best Result: K- 0.02 — +2.4% over the baseline
Baseline SINR 0.2 +8.3

SINR (location, species) if species is in SINR

P(species | location) = {k 10 T

Future Directions & References

- Assign a static K to all unseen species, but SINR predictions are always < 1.0

. . _ _ o _ _ - Explore other evaluation datasets, would the K-Values be different?
This unintentionally favors unseen species by giving them a bigger weight.

- In theory, what's an ideal K-Value? The average prediction across all species at a location?
- How does perturbing the location affect performance?

Our K-Value Experiments
- Tested smaller values (k = 0.01 - 0.2)
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