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What?

GaugeCam Remote Image Manager Educational Artificial 
Intelligence (GRIME AI) is an open-source, commercial-friendly 
Windows application (Linux for HPC) for science, education and 
communication using ground-based time-lapse imagery and other 
data.



Time-lapse Imagery for 
Environmental Monitoring

PhenoCam
>900 cameras

>1 decade

USGS
>900 cameras

Since 2022

PBT
>70 cameras

>1 decade

Individual Trail Cameras
Community Science 

(Cell Phone Cameras)
??? cameras

>1 decade, with recent 
increase





Why?

The unrealized potential of ground-based imagery is gaining 
recognition in ecohydrological research.

Major challenges exist in efficiently advancing scientific 
knowledge, science communication, and education using imagery.

Our goal is to encompass a diverse spectrum of users: 
researchers, educators, communicators.



How?

GRIME AI aims to streamline workflows, 
from data retrieval to visualization and model deployment, 
to empower scientists, educators in discovery and 
to amplify creative ideas from multiple disciplines.
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•Keegan Johnson – USGS – Hydrology/Natural Resources
•Dawson Kosmicki – UNK – Biology
•Aaron Mittelstet – UNL - Engineering
•Mackenzie Smith – UNK – Biology
•John Stranzl – UNL – Natural Resources/Industrial Machine Vision & Software Development
•Chris Terry – UNK – Communication
•Maggie Wells – UNK – Communication



Workflow



Workflow

Scientific Communication, Engaging Narratives



Funding thanks to:

USGS Imagery and Gauge Data



PhenoCam Imagery NEON Data Products



Time Period Selection and Download



Select time period and download



Workflow



Triage imagery datasets



Identify and move 
low-information Images



Workflow



Image feature extraction

Imagery source:



Imagery source:



Workflow



Chapman et al., 2024; PLOS Water; https://doi.org/10.1371/journal.pwat.0000106
Chavez-Jimenez et al., 2023; Feature Analysis and Selection for Water Stream Modeling; https://doi.org/10.1007/978-3-031-33783-3_1

Train/Test
Predict 1 year of streamflow

Train/Test

Data gap filling using imagery from a watershed documentary project

https://doi.org/10.1371/journal.pwat.0000106
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1


Example image features

Chapman et al., 2024; PLOS Water; https://doi.org/10.1371/journal.pwat.0000106
Chavez-Jimenez et al., 2023; Feature Analysis and Selection for Water Stream Modeling; https://doi.org/10.1007/978-3-031-33783-3_1

Features
• Intensity
• Entropy
• HSV
• Dimensions*

Calculated for
• Whole image
• ROIs
• Segmented turbulent area*

https://doi.org/10.1371/journal.pwat.0000106
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1
https://doi.org/10.1007/978-3-031-33783-3_1


Chapman et al., 2024
Chavez-Jimenez et al., 2023



Can we automatically extract more information?



Training Data from Diverse USGS Sites



Test Data from Segmentation Models



A multi-step process to predict environmental variables from imagery

1. Train/test a model delineate specific 
regions in images (segmentation)*

2. Build a second model that predicts a 
variable of interest based on 
information in the segmented areas.

USGS Collaborator
Keegan Johnson



go.unl.edu/kdata



Sign up for 
regular updates

Some of this material is based upon 
work supported by the U.S. 
Geological Survey under 
Grant/Cooperative Agreement No. 
G23AC00141-00

Some of this material is 
based upon work 
supported by the 
National Science 
Foundation under 
Grant No. 2411065.



Detect and adjust for rotation and translation



*Human-derived training data 



Intersection
Over Union

White

White + Grey
IoU =



IoU values indicate high quality labeling
IoU

User Combination
ABAC CB

1.0

0.9
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