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Abstract. Forest biodiversity conservation requires reliable plant iden-
tification across time, yet multi-period recognition remains challenging
due to variations in illumination and plant phenology that significantly
alter plant appearance. In this paper, we propose GeoIdTree, a unified
framework for multi-period plant recognition from UAV imagery, inte-
grating multi-temporal orthomosaics and RGB images. The contribu-
tions are two-fold. First, we introduce a geospatial-alignment mechanism
that propagates tree-level annotations from a reference orthomosaic to
new temporal acquisitions, enabling dataset expansion without repeated
manual labeling; using this mechanism we built VNUF, a multi-temporal
UAV dataset of four subsets (VNUF-1, VNUF-2, VNUF-3A, VNUF-3B)
covering a tropical forest in Vietnam. Second, to mitigate temporal do-
main shifts, we combine Center Loss, Triplet Loss, and CORAL Loss
for cross-period feature consistency. Experiments with five backbones
(DenseNet201, EfficientNet-B4, ViT-B/16-224, ViT-B/16-DINOv3, Swin-
T) reach up to 85.03% Top-1 in in-dataset evaluation on VNUF-3A
but drop to 25.51–36.73% in in-dataset evaluation on VNUF-2, con-
firming a strong temporal gap. The domain adaptation technique raises
VNUF-2 F1-score from 21–35% to 40–45% and improves Top-1 to 86.42%
on VNUF-3A and 56.24% on VNUF-1, demonstrating effective domain
adaptation without target-domain labels.
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1 Introduction

According to the Ministry of Agriculture and Environment - 2025, Vietnam is
one of the world’s biodiversity hotspots, ranking 16th globally with over 12,000
documented plant species [10]. As key components of forest ecosystems, plant
species play a crucial role in shaping forest composition, stability, and resilience.
Forests are vital for ecological balance and the livelihoods of millions, espe-
cially in rural and mountainous areas. However, despite increased forest cover
from afforestation, biodiversity continues to decline due to deforestation, habitat
degradation, land-use change, and climate change. These pressures highlight the
urgent need for effective, science-based conservation strategies.

Monitoring biodiversity has become an urgent and essential task in the cur-
rent context. Among related activities, plant identification represents a key com-
ponent in the assessment of forest biodiversity, detecting the presence of invasive
or endangered species, and supporting the evaluation of impacts caused by envi-
ronmental changes and human activities [13]. However, traditional manual-based
approaches are time-consuming, costly, labor-intensive, and expose practitioners
to significant risks due to harsh forest terrain and the presence of dangerous wild.
Nowadays, advances in artificial intelligence, particularly deep learning models
combined with image processing techniques, have partially addressed challenges
in plant identification [21]. Unmanned Aerial Vehicles (UAVs) are emerging as an
effective solution for image data acquisition, simplifying plant identification tasks
due to the increasing availability and affordability of consumer-grade UAV plat-
forms for forest research. Canopy-based plant identification using UAV-acquired
data has been widely proposed as a promising approach [16] as UAVs are compact
and capable of capturing hundreds of images and videos from multiple altitudes
while operating from a fixed location. However, processing large-scale forest ar-
eas in a single workflow, as well as accounting for temporal variations in forest
plant throughout the day or across different seasons rather than relying solely on
individual images, remains a major challenge for researchers. Addressing these
challenges requires interdisciplinary collaboration among experts in computer
science, botany, and geodesy, supported by deep learning models and existing
image processing and geospatial analysis tools.

In this study, we propose an integrated framework – GeoIdTree, which pro-
vides a comprehensive pipeline ranging from forest map reconstruction based
on photogrammetric techniques to plant identification across different periods of
the year. The main contributions of this paper are as follows:

– We propose a mechanism for constructing and expanding a plant identifica-
tion dataset across multiple time periods by leveraging orthomosaic mapping
and geospatial alignment. By georeferencing orthomosaics acquired at dif-
ferent dates into a unified coordinate system, tree-level annotations from
a reference map can be automatically propagated to subsequent temporal
datasets, significantly reducing the need for repeated manual labeling. Using
this approach, we collect four multi-temporal datasets from the same forest
area at four distinct time points.
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– We introduce domain adaptation techniques to address domain shifts arising
from variations in lighting, seasonal phenology, camera sensors, and acquisi-
tion times in multi-temporal UAV datasets. Specifically, we combine CORre-
lation ALignment (CORAL), Center Loss and Triplet Loss into main loss to
enhance feature alignment and discriminability across domains. This enables
models trained on one temporal dataset to generalize effectively to imagery
captured at different time periods.

– We conduct a comprehensive evaluation of multiple deep learning archi-
tectures, including CNNs, Vision Transformers, and their variants, on the
aforementioned four multi-temporal UAV datasets. The results demonstrate
the effectiveness of the proposed framework for robust cross-temporal plant
species identification in tropical forest environments.

2 Related works

UAVs have become an essential platform for high-resolution environmental moni-
toring due to their flexibility, low operational cost, and ability to capture imagery
at user-defined temporal intervals. UAV-based remote sensing has been widely
adopted for forest inventory, biodiversity monitoring, wildfire assessment, and
precision agriculture, providing detailed spatial information that is difficult to
obtain using satellite imagery alone [1], [6]. Compared to satellite platforms,
UAV imagery offers centimeter-level spatial resolution, enabling fine-scale obser-
vation of vegetation structure, canopy conditions, and species-level characteris-
tics, which are crucial for ecological research and conservation planning [1].

Structure-from-Motion (SfM) photogrammetry has emerged as a standard
approach for reconstructing 3D surface models from overlapping UAV images.
The technique estimates camera poses and scene geometry simultaneously, pro-
ducing dense point clouds, Digital Surface mMdels (DSMs), and orthorectified
imagery products [20]. Among these outputs, orthomosaics are particularly im-
portant because they provide geometrically corrected, seamless 2D maps gen-
erated by stitching multiple orthophotos together after removing distortions
caused by camera perspective, terrain relief, and sensor tilt. Such orthomosaic
maps preserve spatial consistency and are therefore widely used for Geographic
Information System (GIS) analysis, forest mapping, and annotation-based ma-
chine learning tasks [20]. The integration of ground control points (GCPs) is
commonly employed to improve the geospatial accuracy of the reconstructed
products, ensuring reliable alignment with real-world coordinate systems [17].

Recent advances in deep learning have significantly improved automatic plant
identification, particularly through Convolutional Neural Networks (CNNs) and
transformer-based models trained on large-scale image datasets. [16] has pre-
sented a method using plant images extracted from orthophotos created by spe-
cialized photometric instruments with certain results. However, single-time im-
agery often fails to capture phenological variations such as seasonal leaf color
changes, flowering stages, or canopy density differences. The study by [11], con-
ducted in a botanical garden in Pakistan, applies Machine Learning for seasonal
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plant recognition. Nevertheless, dataset expansion is challenging in large, dense
forest areas, and variations in lighting conditions and aerial sensors can affect
identification accuracy and performance.

3 Methodology

To ensure that the entire workflow from data acquisition to plant identifica-
tion and can be reused across multiple experiments, we propose a comprehen-
sive framework: GeoIdTree that includes data acquisition from the study area,
orthomosaic-based forest map generation, orthophoto mapping, tree labeling and
preprocessing, and plant identification. The overall workflow of the proposed
framework is illustrated in Fig. 1.

Fig. 1. Key components of GeoIdTree framework

The data acquisition stage, described in Section 3.1, provides detailed infor-
mation about the implementation of UAV flight missions, including flight sched-
ules and the characteristics of the collected datasets. Section 3.2 presents the pro-
cess of generating forest maps using photogrammetric techniques to reconstruct
high-resolution orthomosaic images from UAV imagery. To improve spatial con-
sistency among reconstructed maps, a morphological transformation approach




