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INTRODUCTION

The Czech Environmental Inspectorate is responsible for ensuring compliance with environmental legislation in the country. Although traditional monitoring methods remain essential, integrating remote
sensing (RS) technologies could significantly enhance surveillance capabilities. However, the adoption of RS has so far been limited. This study aims to demonstrate the practical applications of RS at multiple
scales - spaceborne, airborne, and UAV - to support the Inspectorate’s activities. Developed through close collaboration between academia, the private sector, and the Inspectorate, it shows how RS can be
effectively integrated into real-world monitoring scenarios. In the initial phase of this collaboration, the feasibility of RS technologies for specific surveillance use cases were analysed. These include: 1) ad-hoc
retrospective analysis using satellite imagery; 2) proactive monitoring with satellite data, supported by UAV-based observations; 3) advanced monitoring using hyperspectral satellite data (TROLL satellite by TRL

Space System); 4) high-resolution field monitoring of vegetation at the individual level using UAVs.

The presented use cases focus on detecting illegal waste disposal, unauthorized construction, and monitoring of protected vegetation species. These examples illustrate best practices in leveraging RS for
environmental enforcement and offer a model that can inspire similar applications by environmental agencies in other countries.

USE CASE 1: Illegal waste management
(retrospective and proactive monitoring)

Objectives
¢ Historical analysis of the site
e |dentification of alternation periods, including assessment of their extent and current status
¢ Implementation of corrective measures, supported by a proactive monitoring strategy
Data

Satellite Spatial resolution Temporal resolution Archives
SAR data
Sentinel-1 5mx20m 6 - 12 days from 2015
Terra SAR -X VHR (0 - 5m)/HR (5 - 20 m) 11 days from 2013
Optical data
Sentinel-2 10m 5-6days from 2016

Methods
¢ Optical data analysis
¢ NDVI (Normalized Difference Vegetation Index) and BSI (Bare Soil Index) aggregated into
monthly, cloud-minimized statistical composites
= Regression Analysis for Vegetation Trend (in a three-month floating window)
¢ Anomaly detection using the Z-Score (anomalies outside +20)
¢ Radar data analysis
¢ Based on intensity and coherence in VV and VH polarizations
¢ Analysed in both continuous measurement streams and temporal composites from space-time
measurement cubes
= Change detection maps representing the strength of change between "pre-event" and
"post-event" SAR image stacks using statistical significance tests and fuzzy techniques

Results

Development of daily NDVI and monthly aggregated maximum composites NDVI aggregated on a 50-meter grid of a vegetated and disturbed area
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Value of RS data for Environmental Inspectorate surveillance
¢ Access to historical data, valuable when past information about a site is limited or unavailable
e Enhancement of existing knowledge, by supplementing additional spatial or temporal context
¢ Discovery of new insights, enabling the detection of previously unknown changes or activities

20220421 - 20220515

USE CASE 2: Unauthorised construction

(retrospective monitoring)
Objectives
e To achieve a more accurate determination of the period during which the road within the forested
area cover was constructed
e To provide evidence whether the construction of the legally sanctioned road had commenced
prematurely
Data
e Sentinel-2
Methods
e Vegetation indices: NDVI
Edge Detection: Canny edge detector
e |dentification of the initial appearance of an edge
e Manual/visual interpretation of results

Results
Development of NDVI from Sentinel-2 data (beginning of 2024)
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Suitability of RS data for detection of an unauthorised construction
¢ Potential of identifying the start of construction
e Exact date of construction cannot be determined due to data acquisition periods and cloud cover;
only a longer period (week/month) can be identified. But this level of detail was sufficient for the
case study
e Comparison with previous periods (without construction) is essential

USE CASE 3: Detection of protected plant species from UAV imagery

(proactive monitoring)

Objectives
e To design a procedure for mapping flowering individuals of selected protected plant species using
UAS data and machine learning as an alternative to botanical surveys
Data
e Selected species: Adonis vernalis (or spring pheasant’s eye)
» UAVS RGB image acquisition on 28" March 2025
o DJI Mavic 3M
o DJI Mavic 2 Pro (low-cost solution)
Methods
¢ ArcGlIS Pro Image Analyst toolbox
¢ Training data
o Nadir RGB DJI Mavic 3M image (~1 mm/pixel, altitude 4 m)
o 40 polygons of all the flowers in the image manually labelled
¢ Deep learning model: Mask R-CNN with ResNet50 backbone
¢ Application of the trained model to different resolution data and data from different sensor:
o DJI Mavic 3M: 20 m (~4.7 mm/ RGB pixel, altitude: 17 m) - nadir image (area with trees)
o Mavic 2 Pro: 20 m (~4.7 mm/pixel, altitude: 20 m) - nadir and oblique image
o Mavic 2 Pro: 13 m (~3 mm/pixel, altitude: 13 m) - nadir image
Results

Full image extent Detail
DJI Mavic 3M: ~4.7 mm/ RGB pixel, altitude: 17 m, nadir image
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Full image extent Detail
Mavic 2 Pro:

~4.7 mm/pixel, altitude: 20 m - nadir image

Mavic 2 Pro: ~4.7 mm/pixel, altitude: 20 m - oblique image Mavic 2 Pro: ~3 mm/pixel, altitude: 13 m - nadir image

Automation of detection of protected plat species on individual level using UAS imagery
e Determination of individuals can be challenging even in the field - use specific period, such as
blooming as in the case of Adonis vernalis
¢ Small flowers were not detected, multiple flowers sometimes detected as a single detection
e Oblique images can be useful, especially for plants with vertically positioned flowers
e Successful application of a trained DL model to all the spatial resolutions and two RGB sensors
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