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Thèses 

Sanchiz Nathan. Correction radiométrique et recalage de nuages de points pour la 
reconstruction tridimensionnelle d'œuvres du patrimoine culturel. Amiens (France) : 
Université de Picardie Jules Verne, 2021. 123 p.  

https://hal.archives-ouvertes.fr/tel-03307700/document  

(auteur) Pour la numérisation d'œuvres du patrimoine à moyenne et grande échelle, un 
scanner LiDAR (Light Detection And Ranging) est généralement utilisé. Celui-ci crée une 
carte de distances (un nuage de points 3D) sur une sphère autour de la position de mesure. De 
nombreuses mesures sont faites dans la zone autour de l'objet à numériser pour capturer la 
scène sous différents points de vue d'acquisition. La principale difficulté de la reconstruction 
d'un modèle tri-dimensionnel à partir des nuages de points acquis, est l'étape dite de recalage. 
Celle-ci consiste à identifier les transformations géométriques permettant le regroupement des 
nuages dans un même repère. Pour ce faire, il est nécessaire d'identifier des correspondances 
entre les zones communes des nuages. Etape difficile qui concentre les efforts de la 
communauté de recherche. Nous abordons ce problème en utilisant une information 
secondairement acquise par le LiDAR, l'intensité, comme élément discriminant. Cette 
information est, par sa nature, insensible aux illuminations externes et liée à la réflectance des 
matériaux scannés. Cependant, l'intensité est peu utilisable en pratique. Sa dépendance aux 
paramètres géométriques de mesure et aux traitements internes de l'appareil, la rend fortement 
liée au point de vue de la mesure. Dans ce travail de recherche, nous proposons différentes 
méthodes de correction et de calibration radiométriques qui permettent, sous certaines 
conditions, de rendre l'intensité indépendante du point de vue et de la convertir sur une échelle 
linéaire. Dans un deuxième temps, nous étudions l'utilisation de cette information dans un 
processus de recalage. Les résultats montrent que l'intensité corrigée ou calibrée améliore 
l'identification de correspondances d'un nuage à l'autre. 

 

Babahajiani Pouria. Geometric computer vision: omnidirectional visual and remotely sensed 
data analysis. Tampere (Finlande) : Tampere University, 2021. 147 p.  

https://trepo.tuni.fi/handle/10024/131379  

(auteur) Information about the surrounding environment perceived by the human eye is one of 
the most important cues enabled by sight. The scientific community has put a great effort 
throughout time to develop methods for scene acquisition and scene understanding using 
computer vision techniques. The goal of this thesis is to study geometry in computer vision 
and its applications. In computer vision, geometry describes the topological structure of the 
environment. Specifically, it concerns measures such as shape, volume, depth, pose, disparity, 

https://hal.archives-ouvertes.fr/tel-03307700/document
http://dx.doi.org/10.1016/j.jag.2020.102060
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motion, and optical flow, all of which are essential cues in scene acquisition and 
understanding. This thesis focuses on two primary objectives. The first is to assess the 
feasibility of creating semantic models of urban areas and public spaces using geometrical 
features coming from LiDAR sensors. The second objective is to develop a practical Virtual 
Reality (VR) video representation that supports 6-Degrees-of-Freedom (DoF) head motion 
parallax using geometric computer vision and machine learning. The thesis’s first contribution 
is the proposal of semantic segmentation of the 3D LiDAR point cloud and its applications. 
The ever-growing demand for reliable mapping data, especially in urban environments, has 
motivated mobile mapping systems’ development. These systems acquire high precision data 
and, in particular 3D LiDAR point clouds and optical images. A large amount of data and 
their diversity make data processing a complex task. A complete urban map data processing 
pipeline has been developed, which annotates 3D LiDAR points with semantic labels. The 
proposed method is made efficient by combining fast rule-based processing for building and 
street surface segmentation and super-voxel-based feature extraction and classification for the 
remaining map elements (cars, pedestrians, trees, and traffic signs). Based on the experiments, 
the rule-based processing stage provides substantial improvement not only in computational 
time but also in classification accuracy. Furthermore, two back ends are developed for 
semantically labeled data that exemplify two important applications: (1) 3D high definition 
urban map that reconstructs a realistic 3D model using input labeled point cloud, and (2) 
semantic segmentation of 2D street view images. The second contribution of the thesis is the 
development of a practical, fast, and robust method to create high-resolution Depth-
Augmented Stereo Panoramas (DASP) from a 360-degree VR camera. A novel and complete 
optical flow-based pipeline is developed, which provides stereo 360-views of a real-world 
scene with DASP. The system consists of a texture and depth panorama for each eye. A bi-
directional flow estimation network is explicitly designed for stitching and stereo depth 
estimation, which yields state-of-the-art results with a limited run-time budget. The proposed 
architecture explicitly leverages geometry by getting both optical flow ground-truths. 
Building architectures that use this knowledge simplifies the learning problem. Moreover, a 6-
DoF testbed for immersive content quality assessment is proposed. Modern machine learning 
techniques have been used to design the proposed architectures addressing many core 
computer vision problems by exploiting the enriched information coming from 3D scene 
structures. The architectures proposed in this thesis are practical systems that impact today’s 
technologies, including autonomous vehicles, virtual reality, augmented reality, robots, and 
smart-city infrastructures. 

 

Articles 

Snow Steve. « Digitizing for the Future ». xyHt, vol 2021 n° 12 (December 2021)  

https://www.xyht.com/spatial-itgis/digitizing-for-the-future/  

(éditeur) Street-level imagery and GIS technologies are turning Philadelphia into one smart 
city. Every year since 2017, city employees in partnership with experts from Cyclomedia 

https://www.geoconnexion.com/publication-articles/a-valuable-model
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Technology have mapped about 2,800 miles of Philadelphia streets. They captured 360-
degree views every 15 feet at street level of high-resolution imagery using light detection and 
ranging (lidar) technology. 

 

Peyréga Mathieu. « Le Mont-Blanc mesuré au LiDAR héliporté ». XYZ, n° 169 (décembre 
2021), pp 33 - 40.  

(Auteur) Nous présentons une mesure de l’altitude du sommet du mont Blanc et du volume de 
sa calotte par méthode LiDAR héliporté de très haute densité. Cette méthode alternative aux 
expéditions d’alpinistes et aux techniques topographiques classiques permet une mesure de 
précision équivalente. Le bilan d’incertitude est présenté et rappelle que la source d’erreur 
principale est la propagation troposphérique, commune à la méthode GNSS terrestre mise en 
œuvre depuis une vingtaine d’années pour le suivi de ce sommet emblématique. Cette mesure 
réalisée à une quinzaine de jours d’intervalle de l’expédition traditionnelle permet également 
de donner une indication sur la stabilité à court terme des valeurs calculées. 

 

Joinville Olivier de, Bouad Nicolas, Tadjian Nicolas, et al. « Relevés d’obstacles à la 
navigation aérienne au service de l’information aéronautique ». XYZ, n° 169 (décembre 
2021), pp 25 - 32.  

(auteur) Le Service d’information aéronautique (SIA) est un service de la DGAC (Direction 
générale de l’aviation civile) qui publie et exploite des données aéronautiques dont 
notamment les obstacles à la navigation aérienne. Il existe trois types d’obstacles : les 
obstacles TOD (Terrain and Obstacle Data) exigés par l’OACI1 (Annexe 15), les relevés 
d’obstacles pour la conception de procédures de vol aux instruments et les ONA (Obstacles à 
la navigation aérienne) qui sont publiés sur le site du SIA (https://www.sia.aviation-
civile.gouv.fr). Les deux premiers types d’obstacles sont relevés par deux sociétés qui ont été 
sélectionnées sur un appel d’offres public, cette procédure est récurrente afin de remettre en 
concurrence les prestataires. Les derniers obstacles (ONA) sont recueillis par le SIA auprès 
d’informateurs aéronautiques régionaux. Le contrôle qualité des obstacles est sous-traité par 
GEOFIT Group, société spécialisée en création et gestion de bases de données géospatiales. 
Cet article a pour but de présenter les techniques d’acquisition de ces obstacles (restitution 3D 
et mesures topométriques) et de contrôles (en grande partie automatisés). 

 

Krisanski Sean, Taskhiri Mohammad Sadegh, Gonzalez Aracil Susana, et al. « Forest 
structural complexity tool: An open source, fully-automated tool for measuring forest 
point clouds ». Remote sensing, vol 13 n° 22 (November-2 2021), n° 4677.  

https://doi.org/10.3390/rs13224677 

http://dx.doi.org/10.1186/s40663-020-00245-0
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(auteur) Forest mensuration remains critical in managing our forests sustainably, however, 
capturing such measurements remains costly, time-consuming and provides minimal amounts 
of information such as diameter at breast height (DBH), location, and height. Plot scale 
remote sensing techniques show great promise in extracting detailed forest measurements 
rapidly and cheaply, however, they have been held back from large-scale implementation due 
to the complex and time-consuming workflows required to utilize them. This work is focused 
on describing and evaluating an approach to create a robust, sensor-agnostic and fully 
automated forest point cloud measurement tool called the Forest Structural Complexity Tool 
(FSCT). The performance of FSCT is evaluated using 49 forest plots of terrestrial laser 
scanned (TLS) point clouds and 7022 destructively sampled manual diameter measurements 
of the stems. FSCT was able to match 5141 of the reference diameter measurements fully 
automatically with mean, median and root mean squared errors (RMSE) of 0.032 m, 0.02 m, 
and 0.103 m respectively. A video demonstration is also provided to qualitatively demonstrate 
the diversity of point cloud datasets that the tool is capable of measuring. FSCT is provided as 
open source, with the goal of enabling plot scale remote sensing techniques to replace most 
structural forest mensuration in research and industry. Future work on this project will seek to 
make incremental improvements to this methodology to further improve the reliability and 
accuracy of this tool in most high-resolution forest point clouds. 

 

Zhang He, Bauters Marijn, Boeckx Pascal, et al. « Mapping canopy heights in dense 
tropical forests using low-cost UAV-derived photogrammetric point clouds and machine 
learning approaches ». Remote sensing, vol 13 n° 18 (September-2 2021), n° 3777.  

https://doi.org/10.3390/rs13183777 

(auteur) Tropical forests are a key component of the global carbon cycle and climate change 
mitigation. Field- or LiDAR-based approaches enable reliable measurements of the structure 
and above-ground biomass (AGB) of tropical forests. Data derived from digital aerial 
photogrammetry (DAP) on the unmanned aerial vehicle (UAV) platform offer several 
advantages over field- and LiDAR-based approaches in terms of scale and efficiency, and 
DAP has been presented as a viable and economical alternative in boreal or deciduous forests. 
However, detecting with DAP the ground in dense tropical forests, which is required for the 
estimation of canopy height, is currently considered highly challenging. To address this issue, 
we present a generally applicable method that is based on machine learning methods to 
identify the forest floor in DAP-derived point clouds of dense tropical forests. We capitalize 
on the DAP-derived high-resolution vertical forest structure to inform ground detection. We 
conducted UAV-DAP surveys combined with field inventories in the tropical forest of the 
Congo Basin. Using airborne LiDAR (ALS) for ground truthing, we present a canopy height 
model (CHM) generation workflow that constitutes the detection, classification and 
interpolation of ground points using a combination of local minima filters, supervised 
machine learning algorithms and TIN densification for classifying ground points using 
spectral and geometrical features from the UAV-based 3D data. We demonstrate that our 
DAP-based method provides estimates of tree heights that are identical to LiDAR-based 

http://dx.doi.org/10.3390/rs13010095
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approaches (conservatively estimated NSE = 0.88, RMSE = 1.6 m). An external validation 
shows that our method is capable of providing accurate and precise estimates of tree heights 
and AGB in dense tropical forests (DAP vs. field inventories of old forest: r2 = 0.913, RMSE 
= 31.93 Mg ha−1). Overall, this study demonstrates that the application of cheap and easily 
deployable UAV-DAP platforms can be deployed without expert knowledge to generate 
biophysical information and advance the study and monitoring of dense tropical forests. 

 

Fan Hongchao, Wang Yuefeng, Gong Jianya. « Layout graph model for semantic façade 
reconstruction using laser point clouds ». Geo-spatial Information Science, vol 24 n° 3 
(October 2021), pp 403 - 421.  

https://doi.org/10.1080/10095020.2021.1922316 

(auteur) Building façades can feature different patterns depending on the architectural style, 
functionality, and size of the buildings; therefore, reconstructing these façades can be 
complicated. In particular, when semantic façades are reconstructed from point cloud data, 
uneven point density and noise make it difficult to accurately determine the façade structure. 
When investigating façade layouts, Gestalt principles can be applied to cluster visually similar 
floors and façade elements, allowing for a more intuitive interpretation of façade structures. 
We propose a novel model for describing façade structures, namely the layout graph model, 
which involves a compound graph with two structure levels. In the proposed model, similar 
façade elements such as windows are first grouped into clusters. A down-layout graph is then 
formed using this cluster as a node and by combining intra- and inter-cluster spacings as the 
edges. Second, a top-layout graph is formed by clustering similar floors. By extracting 
relevant parameters from this model, we transform semantic façade reconstruction to an 
optimization strategy using simulated annealing coupled with Gibbs sampling. Multiple 
façade point cloud data with different features were selected from three datasets to verify the 
effectiveness of this method. The experimental results show that the proposed method 
achieves an average accuracy of 86.35%. Owing to its flexibility, the proposed layout graph 
model can deal with different types of façades and qualities of point cloud data, enabling a 
more robust and accurate reconstruction of façade models. 

 

Moisan Emmanuel, Heinkelé Christophe, Foucher Philippe, et al. « Combining 
photogrammetric and bathymetric data to build a 3D model of a canal tunnel ». 
Photogrammetric record, Vol 36 n° 175 (September 2021), pp 202 - 223.  

https://doi.org/10.1111/phor.12379 

(auteur) This paper introduces an original method for modelling in 3D the full tube (both vault 
and canal) of navigable tunnels using data acquired dynamically from a boat. The recording 
system is composed of cameras that provide images of the vault and a multibeam echo 
sounder that acquires 3D profiles underwater. Reconstructing partially submerged structures, 
in a confined environment where no global positioning system signal is available, is 

https://trepo.tuni.fi/handle/10024/131379
https://doi.org/10.1111/phor.12379
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challenging. The method exploits the capabilities of photogrammetry, not only to reconstruct 
the tunnel vault, but also to estimate the trajectory of the vessel, which is necessary to 
rearrange sonar profiles and form the 3D model of the canal. The comparison of a model 
reconstructed from in situ dynamic acquisitions with a reference one, obtained from static 
laser and sonar acquisitions, shows that the accuracy is of the order of a centimetre for the 
vault, while it is decimetric for underwater features. 

 

Iqbal Irfan A., Osborn Jon, Stone Christine, et al. « A comparison of ALS and dense 
photogrammetric point clouds for individual tree detection in radiata pine plantations ». 
Remote sensing, vol 13 n° 17 (September-1 2021), n° 3536.  

https://doi.org/10.3390/rs13173536 

(auteur) Digital aerial photogrammetry (DAP) has emerged as a potentially cost-effective 
alternative to airborne laser scanning (ALS) for forest inventory methods that employ point 
cloud data. Forest inventory derived from DAP using area-based methods has been shown to 
achieve accuracy similar to that of ALS data. At the tree level, individual tree detection (ITD) 
algorithms have been developed to detect and/or delineate individual trees either from ALS 
point cloud data or from ALS- or DAP-based canopy height models. An examination of the 
application of ITDs to DAP-based point clouds has not yet been reported. In this research, we 
evaluate the suitability of DAP-based point clouds for individual tree detection in the Pinus 
radiata plantation. Two ITD algorithms designed to work with point cloud data are applied to 
dense point clouds generated from small- and medium-format photography and to an ALS 
point cloud. Performance of the two ITD algorithms, the influence of stand structure on tree 
detection rates, and the relationship between tree detection rates and canopy structural metrics 
are investigated. Overall, we show that there is a good agreement between ALS- and DAP-
based ITD results (proportion of false negatives for ALS, SFP, and MFP was always lower 
than 29.6%, 25.3%, and 28.6%, respectively, whereas, the proportion of false positives for 
ALS, SFP, and MFP was always lower than 39.4%, 30.7%, and 33.7%, respectively). 
Differences between small- and medium-format DAP results were minor (for SFP and MFP, 
differences between recall, precision, and F-score were always less than 0.08, 0.03, and 0.05, 
respectively), suggesting that DAP point cloud data is robust for ITD. Our results show that 
among all the canopy structural metrics, the number of trees per hectare has the greatest 
influence on the tree detection rates. 

 

Ørka Hans Ole, Hansen Endre H., Dalponte Michele, Gobakken Terje, Naesset Erik. « Large-
area inventory of species composition using airborne laser scanning and hyperspectral 
data ». Silva fennica, vol 55 n° 4 (September 2021), n° 10244.  

https://doi.org/10.14214/sf.10244 

(auteur) Tree species composition is an essential attribute in stand-level forest management 
inventories and remotely sensed data might be useful for its estimation. Previous studies on 

https://www.xyht.com/spatial-itgis/digitizing-for-the-future/
http://dx.doi.org/10.1186/s40663-020-00274-9
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this topic have had several operational drawbacks, e.g., performance studied at a small scale 
and at a single tree-level with large fieldwork costs. The current study presents the results 
from a large-area inventory providing species composition following an operational area-
based approach. The study utilizes a combination of airborne laser scanning and hyperspectral 
data and 97 field sample plots of 250 m2 collected over 350 km2 of productive forest in 
Norway. The results show that, with the availability of hyperspectral data, species-specific 
volume proportions can be provided in operational forest management inventories with 
acceptable results in 90% of the cases at the plot level. Dominant species were classified with 
an overall accuracy of 91% and a kappa-value of 0.73. Species-specific volumes were 
estimated with relative root mean square differences of 34%, 87%, and 102% for Norway 
spruce (Picea abies (L.) Karst.), Scots pine (Pinus sylvestris L.), and deciduous species, 
respectively. A novel tree-based approach for selecting pixels improved the results compared 
to a traditional approach based on the normalized difference vegetation index. 

 

Anonyme. « Shining light on danger ». GEO: Geoconnexion international, Vol 20 n° 5 
(Autumn 2021), pp 41 - 42.  

(éditeur) A project at the University of Bayreuth is using laser scanners to support rockfall 
detection in the Alps, as glaciers retreat. 

 

Pitkänen Timo P, Piri Tuula, Lehtonen Aleski, Peltoniemi Mikko. « Detecting structural 
changes induced by Heterobasidion root rot on Scots pines using terrestrial laser 
scanning ». Forest ecology and management, vol 492 (15 July 2021), n° 119239.  

https://doi.org/10.1016/j.foreco.2021.119239 

(auteur) Root rot, caused by the decay fungus Heterobasidion annosum, damages both below- 
and above-ground parts of Scots pines (Pinus Sylvestris L.). The diseased pines are often first 
characterized by deteriorated crowns and they will eventually be killed by the infection, but 
the process is gradual and difficult to be observed before the symptoms are severe. We tested 
the applicability of point cloud data produced by terrestrial laser scanning (TLS) for 
quantifying the structural differences between the healthy and the diseased trees. This 
approach was applied in a mature pine stand in southern Finland, which was known to be 
infected by H. annosum. We first scanned the stand using TLS, and thereafter felled the trees 
for detailed inspection and classification of the infection status. From the TLS point cloud, we 
estimated i) crosscut areas within the lowest 1 m of the stem, identifying potential 
deformations initiated by the fungus, ii) degree of crown deterioration, often providing the 
first visual signs of the infection at the level of individual trees, and iii) crown occupancy and 
open space around the trees, prone to be altered by the mycelial spread of the fungus between 
the adjacent trees. The results indicate that differences in both stem dimensions and crown 
deterioration can be detected between the healthy and the diseased trees. The diseased trees 
were found to have a more swollen butt, but no irregularities in circularity of the crosscuts 

https://doi.org/10.1016/j.foreco.2021.119239
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were detected. In terms of vertical point distribution, the diseased trees had point 
accumulations at substantially greater heights, reflecting easier penetration of laser beams and 
sparsity of the crown. Regarding to crown occupancy, the diseased trees had more open space 
around their crowns, but difference to the healthy trees was not statistically significant. 
According to a simple prediction test based on the calculated features, up to 85% 
classification accuracy of the infection status was reached. This study is the first indication 
that TLS can successfully be applied for detecting structural changes of Scots pines connected 
to Heterobasidion root rot. Our results also show evidence that H. annosum causes butt 
swelling, which has rarely been reported as a symptom for Scots pines. 

 

Guinard Stéphane, Riant Jean-Philippe, Michelin Jean-Christophe, Costa d’Aguiar Sofia. « 
Fast weakly supervised detection of railway-related infrastructures in lidar acquisitions 
». ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, 
vol V-2-2021 (July 2021), pp 27 - 34.  

http://dx.doi.org/10.5194/isprs-annals-V-2-2021-27-2021 

(auteur) Railroad environments are peculiar, as they combine dense urban areas, along with 
rural parts. They also display a very specific spatial organization. In order to monitor a 
railway network a at country scale, LiDAR sensors can be equipped on a running train, 
performing a full acquisition of the network. Then most processing steps are manually done. 
In this paper, we propose to improve performances and production flow by creating a 
classification of the acquired data. However, there exists no public benchmark, and little work 
on LiDAR data classification in railroad environments. Thus, we propose a weakly supervised 
method for the pointwise classification of such data. We show that our method can be 
improved by using the l0-cut pursuit algorithm and regularize the noisy pointwise 
classification on the produced segmentation. As production is envisaged in our context, we 
designed our implementation such that it is computationally efficient. We evaluate our results 
against a manual classification, and show that our method can reach a FScore of 0.96 with just 
a few samples of each class. 

 

Takahashi Genki, Masuda H. « Roadside tree extraction and diameter estimation with 
MMS lidar by using point-cloud image ». ISPRS Annals of the Photogrammetry, Remote 
Sensing and Spatial Information Sciences, vol V-2-2021 (July 2021), pp 67 - 74.  

http://dx.doi.org/10.5194/isprs-annals-V-2-2021-67-2021 

(auteur) Efficient management of roadside trees for local governments is important. Mobile 
Mapping System (MMS) equipped with a high-density LiDAR scanner has the possibility to 
be applied to estimate DBH of roadside trees using point clouds. In this study, we propose a 
method for detecting roadside trees and estimating their DBHs automatically from MMS 
point clouds. In our method, point clouds captured using the MMS are mapped on a 2D image 
plane, and they are converted into a wireframe model by connecting adjacent points. Then, 

https://doi.org/10.1080/10095020.2021.1922316
http://dx.doi.org/10.5194/isprs-annals-V-2-2021-67-2021
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geometric features are calculated for each point in the wireframe model. Tree points are 
detected using a machine learning technique. The DBH of each tree is calculated using 
vertically aligned circles extracted from the wireframe model. Our method allows robustly 
calculating the DBH even if there is a hump at breast height. We evaluated our method using 
actual MMS data measured in an urban area in Tokyo. Our method achieved a high extraction 
performance of 100 percent of precision and 95.1 percent of recall for 102 roadside trees. The 
average accuracy of the DBH was 2.0 cm. These results indicate that our method is useful for 
the efficient management of roadside trees. 

 

Goebbels Steffen. « 3D reconstruction of bridges from airborne laser scanning data and 
cadastral footprints ». Journal of Geovisualization and Spatial Analysis, vol 5 n° 1 (June 
2021), n° 10.  

https://doi.org/10.1007/s41651-021-00076-9 

(auteur) The given paper describes a method for automatic 3D reconstruction of bridges from 
cadastral footprints and airborne laser scanning point clouds. The reconstructed bridges are 
used to enrich 3D city models. Unlike roofs, decks of bridges are typically smooth without 
ridge lines or step edges. Therefore, established methods for roof reconstruction are not 
suitable for bridges. The standard description language for semantic city models is CityGML. 
This specification of the Open Geospatial Consortium assumes that surfaces are composed of 
planar polygons. The approximation of smooth decks by planar polygons is achieved by using 
a medial axis tree. Instead of the medial axis of the footprint, a modified medial axis is 
computed that does not consider counter bearing edges. The resulting tree represents 
centerline connections between all counter bearing edges and, in conjunction with filtered 
height values of a point cloud, serves as the basis for approximation with polygons. In 
addition to modeling decks, superstructures such as pylons and cables are also derived from 
the point cloud. For this purpose, planes carrying many superstructure points are detected 
using the Random Sampling Consensus Algorithm (RANSAC). Images are generated by 
projecting points onto these planes. Then, image processing methods are used to find 
connected contours that are extruded to form 3D objects. The presented method was 
successfully applied to all bridges of two German cities as well as to large bridges built over 
the Rhine River. 

 

Nguyen Van-Tho, Constant Thiéry, Colin Francis. « An innovative and automated method 
for characterizing wood defects on trunk surfaces using high-density 3D terrestrial 
LiDAR data ». Annals of Forest Science [en ligne], vol 78 n° 2 (June 2021), Article 32.  

https://doi.org/10.1007/s13595-020-01022-3 

(Auteur) We designed a novel method allowing to automatically detect and measure defects 
on the surface of trunks including branches, branch scars, and epicormics from terrestrial 
LiDAR data by using only high-density 3D information. We could automatically detect and 

https://doi.org/10.3390/rs13224677
http://www.set-revue.fr/sites/default/files/articles/pdf/set-revue-foret-montagne-teledetection.pdf
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measure the defects with a diameter as small as 0.5 cm on either oak (Quercus petraea (Matt.) 
Liebl.) or beech (Fagus sylvatica L.) trees that display either rough or smooth bark. Context : 
Ground-based light detection and ranging (LiDAR) technology describes standing trees with a 
high level of detail. This provides an opportunity to assess standing tree quality and to use this 
information in forest inventory. Assuming the availability of a very high level of detail, we 
could extract information about the surface defects, mainly inherited from past ramification 
and having a strong impact on wood quality. Aims : Within the general framework of the 
development of a computing method able to detect, identify, and quantify the defects on the 
trunk surface described from 3D data produced by a terrestrial LiDAR, this study focuses on 
the relevance of the whole process for two tree species with contrasted bark roughness 
(Quercus petraea (Matt.) Liebl. and Fagus sylvatica L.) in terms of detection, identification of 
the defects, and comparison with measurements performed manually on the bark surface. 
Methods : First, a segmentation algorithm detected singularities on the trunk surface. Next, a 
Random Forests machine learning algorithm identified the most probable defect type and 
allowed the elimination of false detections. Finally, we estimated the position, horizontal, and 
vertical dimensions of each defect from 3D data, and we compared them to those observed 
directly on the trunk by an operator. Results : The defects were detected and classified with a 
high accuracy with an average F1 score (harmonic mean of precision and recall) of 0.74. 
There were differences in computed and observed defect areas, but a much closer agreement 
for the number of defects. Conclusion : The information about the defects present on the trunk 
surface measured from terrestrial LiDAR data can be used in an automated procedure for 
grading standing trees or roundwoods. 

 

Kranjec Nina, Triglav Cekada Mihaela, Kobal Milan. « Predicting tree species based on the 
geometry and density of aerial laser scanning point cloud of treetops ». Geodetski vestnik, 
vol 65 n° 2 (June - August 2021), pp 234 - 259.  

https://doi.org/10.15292/geodetski-vestnik.2021.02.234-259 

(auteur) Based on the laser point clouds of 240 individual trees that were also identified in the 
field, we developed decision trees to distinguish deciduous and coniferous trees and 
individual tree species: Picea abies, Larix decidua, Pinus sylvestris, Fagus sylvatica, Acer 
pseudoplatanus, Fraxinus excelsior. The volume of the upper part of the tree crown (height of 
3 m) and the average intensity of the laser reflections were used as explanatory variables. 
There were four aerial laser datasets: May 2012, September 2012, March 2013 and July 2015. 
We found that the combination of the volume and the average intensity of the first three laser 
datasets was the most reliable for predicting the selected tree species (60% model 
performance). A slightly poorer model performance was obtained if only the average intensity 
of the first three datasets was used (54% model performance). The worst model performance 
was given by the intensities (31 % model performance) or the volumes (21 % model 
performance) of dataset 4, which represents the national laser scanning of Slovenia (LSS). 
The best performing was the deciduous and coniferous separation, which achieved 75% and 
95% success based on the test data (combination of volume and average intensity of the first 

http://dx.doi.org/10.15292/geodetski-vestnik.2021.02.234-259
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three laser datasets). Using only the LSS intensities, deciduous and coniferous trees could be 
separated with 81% success. 

 

Alshawabkeh Yahya, Baik Ahmad, Miky Yehia. « Integration of laser scanner and 
photogrammetry for heritage BIM enhancement ». ISPRS International journal of geo-
information, vol 10 n° 5 (May 2021), n° 316.  

https://doi.org/10.3390/ijgi10050316 

(auteur) Digital 3D capture and reliable reproduction of architectural features is the first and 
most difficult step towards defining a heritage BIM. Three-dimensional digital survey 
technologies, such as TLS and photogrammetry, enable experts to scan buildings with a new 
level of detail. Challenges in the tracing of parametric objects in a TLS point cloud include 
the reconstruction of occluded parts, measurement of uncertainties relevant to surface 
reflectivity, and edge detection and location. In addition to image-based techniques being 
considered cost effective, highly flexible, and efficient in producing a high-quality 3D 
textured model, they also provide a better interpretation of surface linear characteristics. This 
article addresses an architecture survey workflow using photogrammetry and TLS to optimize 
a point cloud that is sufficient for a reliable HBIM. Fusion-based workflows were proposed 
during the recording of two heritage sites—the Matbouli House Museum in Historic Jeddah, a 
UNESCO World Heritage Site; and Asfan Castle. In the Matbouli House Museum building, 
which is rich with complex architectural features, multi-sensor recording was implemented at 
different resolutions and levels of detail. The TLS data were used to reconstruct the basic 
shape of the main structural elements, while the imagery’s superior radiometric data and 
accessibility were effectively used to enhance the TLS point clouds for improving the 
geometry, data interpretation, and parametric tracing of irregular objects in the facade. 
Furthermore, in the workflow that is considered to be the ragged terrain of the Castle of 
Asfan, here, the TLS point cloud was supplemented with UAV data in the upper building 
zones where the shadow data originated. Both datasets were registered using an ICP algorithm 
to scale the photogrammetric data and define their actual position in the construction system. 
The hybrid scans were imported and processed in the BIM environment. The building 
components were segmented and classified into regular and irregular surfaces, in order to 
perform detailed building information modeling of the architectural elements. The proposed 
workflows demonstrated an appropriate performance in terms of reliable and complete BIM 
mapping in the complex structures. 

 

Peerbhay Kabir, Mutanga Onisimo, Lottering Romano, et al. « Improving the unsupervised 
mapping of riparian bugweed in commercial forest plantations using hyperspectral data 
and LiDAR ». Geocarto international, vol 36 n° 4 (01/03/2021), pp 465 - 480.  

https://doi.org/10.1080/10106049.2019.1614101 

https://doi.org/10.3390/rs13173536
https://doi.org/10.14214/sf.10244
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(auteur) Accurate spatial information on the location of invasive alien plants (IAPs) in 
riparian environments is critical to fulfilling a comprehensive weed management regime. This 
study aimed to automatically map the occurrence of riparian bugweed (Solanum mauritianum) 
using airborne AISA Eagle hyperspectral data (393 nm–994 nm) in conjunction with LiDAR 
derived height. Utilising an unsupervised random forest (RF) classification approach and 
Anselin local Moran’s I clustering, results indicate that the integration of LiDAR with 
minimum noise fraction (MNF) produce the best detection rate (DR) of 88%, the lowest false 
positive rate (FPR) of 7.14% and an overall mapping accuracy of 83% for riparian bugweed. 
In comparison, utilising the original hyperspectral wavebands with and without LiDAR 
produced lower DRs and higher FPRs with overall accuracies of 79% and 68% respectively. 
This research demonstrates the potential of combining spectral information with LiDAR to 
accurately map IAPs using an automated unsupervised RF anomaly detection framework. 

 

Colucci Elisabetta, Xing Xufeng, Kokla M., et al. « Ontology-based semantic 
conceptualisation of historical built heritage to generate parametric structured models from 
point clouds ». Applied sciences, vol 11 n° 6 (March 2021), n° 2813.  

https://doi.org/10.3390/app11062813 

(auteur) Nowadays, cultural and historical built heritage can be more effectively preserved, 
valorised and documented using advanced geospatial technologies. In such a context, there is 
a major issue concerning the automation of the process and the extraction of useful 
information from a huge amount of spatial information acquired by means of advanced survey 
techniques (i.e., highly detailed LiDAR point clouds). In particular, in the case of historical 
built heritage (HBH) there are very few effective efforts. Therefore, in this paper, the focus is 
on establishing the connections between semantic and geometrical information in order to 
generate a parametric, structured model from point clouds using ontology as an effective 
approach for the formal conceptualisation of application domains. Hence, in this paper, an 
ontological schema is proposed to structure HBH representations, starting with international 
standards, vocabularies, and ontologies (CityGML-Geography Markup Language, 
International Committee for Documentation conceptual reference model (CIDOC-CRM), 
Industry Foundation Classes (IFC), Getty Art and Architecture Thesaurus (AAT), as well as 
reasoning about morphology of historical centres by analysis of real case studies) to represent 
the built and architecture domain. The validation of such schema is carried out by means of its 
use to guide the segmentation of a LiDAR point cloud from a castle, which is later used to 
generate parametric geometries to be used in a historical building information model (HBIM). 

 

Lucks Lucas, Klingbeil Lasse, Plümer Lutz, Dehbi Youness. « Improving trajectory 
estimation using 3D city models and kinematic point clouds ». Transactions in GIS, Vol 
25 n° 1 (February 2021), pp 238 - 260.  

https://doi.org/10.1111/tgis.12719 

https://doi.org/10.3390/rs13183777
http://dx.doi.org/10.5194/isprs-annals-V-2-2021-27-2021
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(Auteur) Accurate and robust positioning of vehicles in urban environments is of high 
importance for autonomous driving or mobile mapping. In mobile mapping systems, a 
simultaneous mapping of the environment using laser scanning and an accurate positioning 
using global navigation satellite systems are targeted. This requirement is often not 
guaranteed in shadowed cities where global navigation satellite system signals are usually 
disturbed, weak or even unavailable. We propose a novel approach which incorporates prior 
knowledge (i.e., a 3D city model of the environment) and improves the trajectory. The 
recorded point cloud is matched with the semantic city model using a point‐to‐plane iterative 
closest point method. A pre‐classification step enables an informed sampling of appropriate 
matching points. Random forest is used as classifier to discriminate between facade and 
remaining points. Local inconsistencies are tackled by a segmentwise partitioning of the point 
cloud where an interpolation guarantees a seamless transition between the segments. The 
general applicability of the method implemented is demonstrated on an inner‐city data set 
recorded with a mobile mapping system. 

 

Fabris Massimo. « Monitoring the coastal changes of the Po river delta (Northern Italy) 
since 1911 using archival cartography, multi-temporal aerial photogrammetry and 
LiDAR data: implications for coastline changes in 2100 A.D. » Remote sensing, Vol 13 n° 
3 (February 2021), n° 529.  

https://doi.org/10.3390/rs13030529 

(auteur) Interaction between land subsidence and sea level rise (SLR) increases the hazard in 
coastal areas, mainly for deltas, characterized by flat topography and with great social, 
ecological, and economic value. Coastal areas need continuous monitoring as a support for 
human intervention to reduce the hazard. Po River Delta (PRD, northern Italy) in the past was 
affected by high values of artificial land subsidence: even if at low rates, anthropogenic 
settlements are currently still in progress and produce an increase of hydraulic risk due to the 
loss of surface elevation both of ground and levees. Many authors have provided scenarios for 
the next decades with increased flooding in densely populated areas. In this work, a 
contribution to the understanding future scenarios based on the morphological changes that 
occurred in the last century on the PRD coastal area is provided: planimetric variations are 
reconstructed using two archival cartographies (1911 and 1924), 12 multi-temporal high-
resolution aerial photogrammetric surveys (1933, 1944, 1949, 1955, 1962, 1969, 1977, 1983, 
1990, 1999, 2008, and 2014), and four LiDAR (light detection and ranging) datasets (acquired 
in 2006, 2009, 2012, and 2018): obtained results, in terms of emerged surfaces variations, are 
linked to the available land subsidence rates (provided by leveling, GPS—global positioning 
system, and SAR—synthetic aperture radar data) and to the expected SLR values, to perform 
scenarios of the area by 2100: results of this work will be useful to mitigate the hazard by 
increasing defense systems and preventing the risk of widespread flooding. 

 

http://dx.doi.org/10.3390/rs13030529
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Merkle Dominik, Frey Carsten, Reiterer Alexander. « Fusion of ground penetrating radar 
and laser scanning for infrastructure mapping ». Journal of applied geodesy, vol 15 n° 1 
(January 2021), pp 31 - 45.  

https://doi.org/10.1515/jag-2020-0004 

(auteur) Mobile mapping vehicles, equipped with cameras, laser scanners (in this paper 
referred to as light detection and ranging, LiDAR), and positioning systems are limited to 
acquiring surface data. However, in this paper, a method to fuse both LiDAR and 3D ground 
penetrating radar (GPR) data into consistent georeferenced point clouds is presented, allowing 
imaging both the surface and subsurface. Objects such as pipes, cables, and wall structures are 
made visible as point clouds by thresholding the GPR signal’s Hilbert envelope. The results 
are verified with existing utility maps. Varying soil conditions, clutter, and noise complicate a 
fully automatized approach. Topographic correction of the GPR data, by using the LiDAR 
data, ensures a consistent ground height. Moreover, this work shows that the LiDAR point 
cloud, as a reference, increases the interpretability of GPR data and allows measuring 
distances between above ground and subsurface structures. 

 

Li Yuan, Bo Wu. « Relation-constrained 3D reconstruction of buildings in metropolitan 
areas from photogrammetric point clouds ». Remote sensing, vol 13 n° 1 (January 2021), 
n° 13.  

https://doi.org/10.3390/rs13010129 

(auteur) The complexity and variety of buildings and the defects of point cloud data are the 
main challenges faced by 3D urban reconstruction from point clouds, especially in 
metropolitan areas. In this paper, we developed a method that embeds multiple relations into a 
procedural modelling process for the automatic 3D reconstruction of buildings from 
photogrammetric point clouds. First, a hybrid tree of constructive solid geometry and 
boundary representation (CSG-BRep) was built to decompose the building bounding space 
into multiple polyhedral cells based on geometric-relation constraints. The cells that 
approximate the shapes of buildings were then selected based on topological-relation 
constraints and geometric building models were generated using a reconstructing CSG-BRep 
tree. Finally, different parts of buildings were retrieved from the CSG-BRep trees, and 
specific surface types were recognized to convert the building models into the City 
Geography Markup Language (CityGML) format. The point clouds of 105 buildings in a 
metropolitan area in Hong Kong were used to evaluate the performance of the proposed 
method. Compared with two existing methods, the proposed method performed the best in 
terms of robustness, regularity, and topological correctness. The CityGML building models 
enriched with semantic information were also compared with the manually digitized ground 
truth, and the high level of consistency between the results suggested that the produced 
models will be useful in smart city applications.  

 

http://dx.doi.org/10.3390/ijgi10050316
http://dx.doi.org/10.1080/10106049.2019.1614101
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Grottoli Edoardo, Biausque Mélanie, Rogers David, et al. « Structure-from-motion-derived 
digital surface models from historical aerial photographs: A new 3D application for 
coastal dune monitoring ». Remote sensing, vol 13 n° 1 (January 2021), n° 95.  

https://doi.org/10.3390/rs13010095 

(auteur) Recent advances in structure-from-motion (SfM) techniques have proliferated the use 
of unmanned aerial vehicles (UAVs) in the monitoring of coastal landform changes, 
particularly when applied in the reconstruction of 3D surface models from historical aerial 
photographs. Here, we explore a number of depth map filtering and point cloud cleaning 
methods using the commercial software Agisoft Metashape Pro to determine the optimal 
methodology to build reliable digital surface models (DSMs). Twelve different aerial 
photography-derived DSMs are validated and compared against light detection and ranging 
(LiDAR)- and UAV-derived DSMs of a vegetated coastal dune system that has undergone 
several decades of coastline retreat. The different studied methods showed an average vertical 
error (root mean square error, RMSE) of approximately 1 m, with the best method resulting in 
an error value of 0.93 m. In our case, the best method resulted from the removal of confidence 
values in the range of 0–3 from the dense point cloud (DPC), with no filter applied to the 
depth maps. Differences among the methods examined were associated with the 
reconstruction of the dune slipface. The application of the modern SfM methodology to the 
analysis of historical aerial (vertical) photography is a novel (and reliable) new approach that 
can be used to better quantify coastal dune volume changes. DSMs derived from suitable 
historical aerial photographs, therefore, represent dependable sources of 3D data that can be 
used to better analyse long-term geomorphic changes in coastal dune areas that have 
undergone retreat. 

 

Kadhim Israa, Abed Fanar M. « The potential of LiDAR and UAV-photogrammetric data 
analysis to interpret archaeological sites: A case study of Chun Castle in South-West 
England ». ISPRS International journal of geo-information, vol 10 n° 1 (January 2021), n° 
41.  

https://doi.org/10.3390/ijgi10010041 

(auteur) With the increasing demands to use remote sensing approaches, such as aerial 
photography, satellite imagery, and LiDAR in archaeological applications, there is still a 
limited number of studies assessing the differences between remote sensing methods in 
extracting new archaeological finds. Therefore, this work aims to critically compare two types 
of fine-scale remotely sensed data: LiDAR and an Unmanned Aerial Vehicle (UAV) derived 
Structure from Motion (SfM) photogrammetry. To achieve this, aerial imagery and airborne 
LiDAR datasets of Chun Castle were acquired, processed, analyzed, and interpreted. Chun 
Castle is one of the most remarkable ancient sites in Cornwall County (Southwest England) 
that had not been surveyed and explored by non-destructive techniques. The work outlines the 
approaches that were applied to the remotely sensed data to reveal potential remains: 
Visualization methods (e.g., hillshade and slope raster images), ISODATA clustering, and 

http://dx.doi.org/10.1007/s13595-020-01022-3
http://dx.doi.org/10.1515/jag-2020-0004
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Support Vector Machine (SVM) algorithms. The results display various archaeological 
remains within the study site that have been successfully identified. Applying multiple 
methods and algorithms have successfully improved our understanding of spatial attributes 
within the landscape. The outcomes demonstrate how raster derivable from inexpensive 
approaches can be used to identify archaeological remains and hidden monuments, which 
have the possibility to revolutionize archaeological understanding. 

 

Debray Alexis, Damianos Dimitrios. « A valuable model ? » GEO: Geoconnexion 
international, vol 20 n° 1 (January - February 2021), pp 29 - 31.  

https://www.geoconnexion.com/publication-articles/a-valuable-model  

 (éditeur) Will the topographic industry be a model for the LiDAR industry? The invention of 
the 3D real-time LiDAR 15 years ago has disrupted the LiDAR industry and interactions with 
the topographic domain have emerged. Alexis Debray and Dimitrios Damianos (from Yole 
Développement) look at how one sector could follow the other. 

 

Lafleur Maxime, Mugner Elliot, Keyetieu-Nlowe Rabine, Seube Nicolas. « Du drone LiDAR 
à un nuage de points précis et exact : une chaîne de traitement LiDAR adaptée et quasi 
automatique ». XYZ, n° 165 (décembre 2020), pp 25 -32.  

(Auteur) Le levé LiDAR présenté dans cet article a été effectué dans le cadre d’une mission 
d’évaluation de la chaîne de traitement mdInfinity, appliquée à des données acquises par un 
système drone LiDAR Microdrones. Les différents outils qui constituent cette chaîne de 
traitement ont été développés et intégrés sur la plateforme de traitement mdInfinity dans une 
version particulièrement adaptée au système de levé utilisé pour cette mission. Le site utilisé 
pour cette évaluation est le barrage de Labrioulette (Haute-Garonne), infrastructure située sur 
la Garonne et exploitée par EDF. Cette zone contient de nombreux éléments sur lesquels la 
précision et l’exactitude des données LiDAR est primordiale afin d’obtenir un nuage de point 
exploitable ; notamment la complexité structurelle du barrage (figure 1), les zones sous 
couvert végétal dense, l’aire de transformation électrique, etc. Pour cette raison, en plus de 
confirmer la bonne interopérabilité des systèmes LiDAR Microdrones avec les outils de 
traitement mdInfinity, nous avons tiré profit de cette acquisition pour évaluer les 
performances de nos algorithmes. 

 

Heinonen Hannu, Teufelsbauer Harald. « Going to the finnish line ». GEO: Geoconnexion 
international, vol 19 n° 6 (October 2020), pp 36 - 37.  

(éditeur) Traditional surveying methods have resulted in a roads database full of errors in 
Finland. Authors report on test to determine whether mobile laser scanning can provide more 
reliable and accurate data. 

https://doi.org/10.1007/s41651-021-00076-9
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Wang Yongjun, Jiang Tengping, Liu Jing, et al. « Hierarchical instance recognition of 
individual roadside trees in environmentally complex urban areas from UAV laser 
scanning point clouds ». ISPRS International journal of geo-information, vol 9 n° 10 
(October 2020), 26 p.  

https://doi.org/10.3390/ijgi9100595 

(auteur) Individual tree segmentation is essential for many applications in city management 
and urban ecology. Light Detection and Ranging (LiDAR) system acquires accurate point 
clouds in a fast and environmentally-friendly manner, which enables single tree detection. 
However, the large number of object categories and occlusion from nearby objects in complex 
environment pose great challenges in urban tree inventory, resulting in omission or 
commission errors. Therefore, this paper addresses these challenges and increases the 
accuracy of individual tree segmentation by proposing an automated method for instance 
recognition urban roadside trees. The proposed algorithm was implemented of unmanned 
aerial vehicles laser scanning (UAV-LS) data. First, an improved filtering algorithm was 
developed to identify ground and non-ground points. Second, we extracted tree-like objects 
via labeling on non-ground points using a deep learning model with a few smaller 
modifications. Unlike only concentrating on the global features in previous method, the 
proposed method revises a pointwise semantic learning network to capture both the global and 
local information at multiple scales, significantly avoiding the information loss in local 
neighborhoods and reducing useless convolutional computations. Afterwards, the semantic 
representation is fed into a graph-structured optimization model, which obtains globally 
optimal classification results by constructing a weighted indirect graph and solving the 
optimization problem with graph-cuts. The segmented tree points were extracted and 
consolidated through a series of operations, and they were finally recognized by combining 
graph embedding learning with a structure-aware loss function and a supervoxel-based 
normalized cut segmentation method. Experimental results on two public datasets 
demonstrated that our framework achieved better performance in terms of classification 
accuracy and recognition ratio of tree. 

 

Qian Chuang, Zhang Hongjuan, Li Wenzhuo, et al. « A LiDAR aiding ambiguity resolution 
method using fuzzy one-to-many feature matching ». Journal of geodesy, vol 94 n° 10 
(October 2020), 18 p.  

https://doi.org/10.1007/s00190-020-01426-z 

(auteur) Despite the high-precision performance of GNSS real-time kinematic (RTK) in many 
cases, large noises in pseudo-range measurements or harsh signal environments still impact 
float ambiguity estimation in kinematic localization, which leads to ambiguity-fixed failure 
and worse positioning results. To improve RTK ambiguity resolution (AR) performance 
further, multi-sensor fusion technique is a feasible option. Light detection and ranging 

http://dx.doi.org/10.3390/app11062813
http://dx.doi.org/10.1111/tgis.12719
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(LiDAR)-based localization is a good complementary method to GNSS. Tight integration of 
GNSS RTK and LiDAR adds new information to satellite measurements, thus improving float 
ambiguity estimation and then improving integer AR. In this work, a LiDAR aiding single-
frequency single-epoch GPS + BDS RTK was proposed and investigated by theoretical 
analysis and performance assessment. Considering LiDAR-based localization failure because 
of ambiguous and repetitive landmarks, a fuzzy one-to-many feature-matching method was 
proposed to find a series of sequences including all possible relative positions to landmarks. 
Then, the standard RTK method was tightly combined with the possible positions from each 
sequence to find the most accurate position estimation. Experimental results proved the 
superiority of our method over the standard RTK method in all aspects of success rate, fixed 
rate and positioning accuracy. In specific, our method achieved centimeter-level position 
accuracy with 100% fixed rate in the urban environment, while the standard GPS + BDS RTK 
obtained decimeter-level accuracy with 26.84% fixed rate. In the high occlusion environment, 
our method had centimeter-level accuracy with a fixed rate of 96.31%, comparing a meter-
level accuracy and a fixed rate of 7.65% of standard GPS + BDS RTK method. 

 

Davison Sophie, Donoghue Daniel N.M., Galiatsatos Nikolaos. « The effect of leaf-on and 
leaf-off forest canopy conditions on LiDAR derived estimations of forest structural 
diversity ». International journal of applied Earth observation and geoinformation, vol 92 
(October 2020), n° 102160.  

https://doi.org/10.1016/j.jag.2020.102160 

(auteur) Forest structural diversity metrics describing diversity in tree size and crown shape 
within forest stands can be used as indicators of biodiversity. These diversity metrics can be 
generated using airborne laser scanning (LiDAR) data to provide a rapid and cost effective 
alternative to ground-based inspection. Measures of tree height derived from LiDAR can be 
significantly affected by the canopy conditions at the time of data collection, in particular 
whether the canopy is under leaf-on or leaf-off conditions, but there have been no studies of 
the effects on structural diversity metrics. The aim of this research is to assess whether leaf-
on/leaf-off changes in canopy conditions during LiDAR data collection affect the accuracy of 
calculated forest structural diversity metrics. We undertook a quantitative analysis of LiDAR 
ground detection and return height, and return height diversity from two airborne laser 
scanning surveys collected under leaf-on and leaf-off conditions to assess initial dataset 
differences. LiDAR data were then regressed against field-derived tree size diversity 
measurements using diversity metrics from each LiDAR dataset in isolation and, where 
appropriate, a mixture of the two. Models utilising leaf-off LiDAR diversity variables 
described DBH diversity, crown length diversity and crown width diversity more successfully 
than leaf-on (leaf-on models resulted in R² values of 0.66, 0.38 and 0.16, respectively, and 
leaf-off models 0.67, 0.37 and 0.23, respectively). When LiDAR datasets were combined into 
one model to describe tree height diversity and DBH diversity the models described 75% and 
69% of the variance (R² of 0.75 for tree height diversity and 0.69 for DBH diversity). The 
results suggest that tree height diversity models derived from airborne LiDAR, collected (and 

http://dx.doi.org/10.1016/j.jag.2020.102160
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where appropriate combined) under any seasonal conditions, can be used to differentiate 
between simple single and diverse multiple storey forest structure with confidence. 

 

Murtiyoso Arnadi. « Relevé 3D et classification de nuages de points de patrimoine bâti ». 
XYZ, n° 164 (septembre 2020)  

(auteur) La documentation du patrimoine bâti a beaucoup évolué ces dernières années grâce 
au développement de nouveaux capteurs 3D et de nouvelles techniques de relevé 3D. Les 
données 3D contribuent à la création d'archives fiables et tangibles des sites et des monuments 
historiques. Vu l'importance des données 3D dans la documentation du patrimoine bâti, le 
contrôle de qualité est un aspect primordial qui devrait être abordé avant d'entreprendre le 
traitement du nuage de points. L'étude est ainsi divisée en deux parties. La première partie 
concerne principalement l'acquisition et le contrôle de qualité des données. Un point 
important sera l'intégration de la photogrammétrie et de la lasergrammétrie dans le contexte 
de la documentation d'un site historique à différentes échelles. La deuxième partie de l'article 
va aborder le traitement de nuages de points, plus particulièrement la segmentation et la 
classification de nuages de points. L'aspect échelles de notre approche est importante, car 
dans beaucoup de cas, un bâtiment remarquable se situe dans un quartier historique qui 
nécessite une segmentation échelles. En combinant ces deux parties, nous avons considéré 
l'ensemble du processus allant de l'acquisition de données 3D jusqu'à la segmentation et la 
classification en entités à plusieurs échelles. 

 

Chen Jike, Jin Shuanggen, Du Peijun. « Roles of horizontal and vertical tree canopy 
structure in mitigating daytime and nighttime urban heat island effects ». International 
journal of applied Earth observation and geoinformation, vol 89 (July 2020), n° 102060.  

https://doi.org/10.1016/j.jag.2020.102060 

 (auteur) The urban heat island (UHI) is increasingly recognized as a serious, worldwide 
problem because of urbanization and climate change. Urban vegetation is capable of 
alleviating UHI and improving urban environment by shading together with 
evapotranspiration. While the impacts of abundance and spatial configuration of vegetation on 
land surface temperature (LST) have been widely examined, very little attention has been paid 
to the role of vertical structure of vegetation in regulating LST. In this study, we investigated 
the relationships between horizontal/vertical structure characteristics of urban tree canopy and 
LST as well as diurnal divergence in Nanjing City, China, with the help of high resolution 
vegetation map, Light Detection and Ranging (LiDAR) data and various statistical analysis 
methods. The results indicated that composition, configuration and vertical structure of tree 
canopy were all significantly related to both daytime LST and nighttime LST. Tree canopy 
showed stronger influence on LST during the day than at night. Note that the contribution of 
composition of tree canopy to explaining spatial heterogeneity of LST, regardless of day and 
night, was the highest, followed by vertical structure and configuration. Combining 
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composition, configuration and vertical structure of tree canopy can take advantage of their 
respective advantages, and best explain variation in both daytime LST and nighttime LST. As 
for the independent importance of factors affecting spatial variation of LST, percent cover of 
tree canopy (PLAND), mean tree canopy height (TH_Mean), amplitude of tree canopy height 
(TA) and patch cohesion index (COHESION) were the most influential during the day, while 
the most important variables were PLAND, maximum height of tree canopy (TH_Max), 
variance of tree canopy height (TH_SD) and COHESION at night. This research extends our 
understanding of the impacts of urban trees on the UHI effect from the horizontal to three-
dimensional space. In addition, it may offer sustainable and effective strategies for urban 
designers and planners to cope with increasing temperature. 

 

Saarela Svetlana, Wästlund André, Hölmstrom Emma, et al. « Mapping aboveground 
biomass and its prediction uncertainty using LiDAR and field data, accounting for tree-
level allometric and LiDAR model errors ». Forest ecosystems, vol 7 (2020), n° 43.  

https://doi.org/10.1186/s40663-020-00245-0 

(auteur) Background: The increasing availability of remotely sensed data has recently 
challenged the traditional way of performing forest inventories, and induced an interest in 
model-based inference. Like traditional design-based inference, model-based inference allows 
for regional estimates of totals and means, but in addition for wall-to-wall mapping of forest 
characteristics. Recently Light Detection and Ranging (LiDAR)-based maps of forest 
attributes have been developed in many countries and been well received by users due to their 
accurate spatial representation of forest resources. However, the correspondence between 
such mapping and model-based inference is seldom appreciated. In this study, we applied 
hierarchical model-based inference to produce aboveground biomass maps as well as maps of 
the corresponding prediction uncertainties with the same spatial resolution. Further, an 
estimator of mean biomass at regional level, and its uncertainty, was developed to 
demonstrate how mapping and regional level assessment can be combined within the 
framework of model-based inference. Results: Through a new version of hierarchical model-
based estimation, allowing models to be nonlinear, we accounted for uncertainties in both the 
individual tree-level biomass models and the models linking plot level biomass predictions 
with LiDAR metrics. In a 5005 km2 large study area in south-central Sweden the predicted 
aboveground biomass at the level of 18 m ×18 m map units was found to range between 9 and 
447 Mg ·ha−1. The corresponding root mean square errors ranged between 10 and 162 Mg 
·ha−1. For the entire study region, the mean aboveground biomass was 55 Mg ·ha−1 and the 
corresponding relative root mean square error 8%. At this level 75% of the mean square error 
was due to the uncertainty associated with tree-level models. Conclusions: Through the 
proposed method it is possible to link mapping and estimation within the framework of 
model-based inference. Uncertainties in both tree-level biomass models and models linking 
plot level biomass with LiDAR data are accounted for, both for the uncertainty maps and the 
overall estimates. The development of hierarchical model-based inference to handle nonlinear 
models was an important prerequisite for the study. 

http://dx.doi.org/10.3390/rs13010129
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Schumacher Johannes, Hauglin Marius, Astrup Rasmus, et al. « Mapping forest age using 
National Forest Inventory, airborne laser scanning, and Sentinel-2 data ». Forest 
ecosystems, vol 7 (2020), n° 60.  

https://doi.org/10.1186/s40663-020-00274-9 

(auteur) Background: The age of forest stands is critical information for forest management 
and conservation, for example for growth modelling, timing of management activities and 
harvesting, or decisions about protection areas. However, area-wide information about forest 
stand age often does not exist. In this study, we developed regression models for large-scale 
area-wide prediction of age in Norwegian forests. For model development we used more than 
4800 plots of the Norwegian National Forest Inventory (NFI) distributed over Norway 
between latitudes 58° and 65° N in an 18.2 Mha study area. Predictor variables were based on 
airborne laser scanning (ALS), Sentinel-2, and existing public map data. We performed model 
validation on an independent data set consisting of 63 spruce stands with known age. Results: 
The best modelling strategy was to fit independent linear regression models to each observed 
site index (SI) level and using a SI prediction map in the application of the models. The most 
important predictor variable was an upper percentile of the ALS heights, and root mean 
squared errors (RMSEs) ranged between 3 and 31 years (6% to 26%) for SI-specific models, 
and 21 years (25%) on average. Mean deviance (MD) ranged between − 1 and 3 years. The 
models improved with increasing SI and the RMSEs were largest for low SI stands older than 
100 years. Using a mapped SI, which is required for practical applications, RMSE and MD on 
plot level ranged from 19 to 56 years (29% to 53%), and 5 to 37 years (5% to 31%), 
respectively. For the validation stands, the RMSE and MD were 12 (22%) and 2 years (3%), 
respectively. Conclusions: Tree height estimated from airborne laser scanning and predicted 
site index were the most important variables in the models describing age. Overall, we 
obtained good results, especially for stands with high SI. The models could be considered for 
practical applications, although we see considerable potential for improvements if better SI 
maps were available. 

 

Brunner Julien. « Modélisation d'une maquette sur la base de données LiDAR et 
intégration d'un projet 3D = Gestaltung eines Modells auf der Grundlage von LiDAR-
Daten und Integration eines 3D-Projekts = Modellizzazione di una maquette in base ai 
dati LiDAR e all'integrazione di un progetto 3D ». Géomatique suisse, vol 118 n° 6 (juin 
2020), pp 180 - 187.  

(auteur) Le centre d'équilibre du Valais est connu. Il a été calculé dans les années 2000 par un 
technicien de la région, avec l'appui de Swisstopo. Situé en pleine forêt, proche de St-Luc, ce 
point est représenté par un totem, orné du drapeau valaisan. L'AVECEV® a pour projet la 
valorisation de ce lieu en construisant une passerelle gravitant autour du centre. [...] Le travail 
présenté ici va donc se concentrer sur la restitution des arbres, avec pour seule base un relevé 

http://dx.doi.org/10.3390/ijgi9100595
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LiDAR® et créer toutes les analyses qui permettront de définir si les objectifs sont atteints ou 
non. 

 

Monnet Jean-Matthieu, Paccard Pierre, Riond Catherine. « La télédétection aéroportée pour 
la gestion des territoires forestiers de montagne ». Sciences, eaux & territoires, n° 33 (avril 
2020), pp 64 - 69.  

http://www.set-revue.fr/sites/default/files/articles/pdf/set-revue-foret-montagne-
teledetection.pdf  

(Auteur) Le Programme national de la forêt et du bois 2016-2026 affiche comme objectif 
« d’augmenter les prélèvements de bois en France tout en assurant le renouvellement de la 
forêt ». Les forêts de montagne qui représentent environ un quart de la surface forestière 
pourraient contribuer de manière significative à cet objectif. Les contraintes d’accès et de 
topographie rendent cependant difficile la gestion de ces forêts. En s’appuyant sur la 
technologie Lidar aéroporté, il est désormais possible de cartographier à haute résolution, sur 
des territoires de la taille d’un parc naturel régional, les caractéristiques forestières (ressource, 
accessibilité) intéressant les gestionnaires. La généralisation de l’outil pose cependant des 
questions de coût d’acquisition des données et de droit de leur diffusion auprès des acteurs de 
la filière. 

 

Walters Richard, Zupan Hajna Nadja. « 3D laser scanning of the natural caves: Example of 
Škocjanske jame ». Geodetski vestnik, Vol 64 n° 1 (March - May 2020), 15 p.  

https://doi.org/10.15292/geodetski-vestnik.2020.01.89-103 

(auteur) In this article, we present issues arising from Terrestrial Laser Scanning of large 
natural caves using the example of Škocjan Caves, a UNESCO World Heritage Site. 
Regarding pre-existing tachymetric survey of the passages and volumes calculated from them, 
the scanning of such a large cave was an even bigger challenge for the team. The cave of 
almost 6 km long passages with dimensions approx. 30 m x 40 m and max. heights up to 145 
m, was scanned from 370 stations. Process of surveying the cave, involves establishing 
scanner positions through the cave, where scans will overlap, in a progressive route and once 
back on the surface, collecting, cleaning and stitching the scans into a point cloud 3D model. 
A total of 8.3 billion points were captured and 2,600 high-resolution photos taken. With 
Reigl’s RiSCAN Pro software, a point cloud model was registered and then exported to 
Hexagon’s 3D Reshaper to create a full surface model from which all measurements and 
calculations were made. Additionally, data acquisition using a camera on an unmanned 
airborne vehicle was used. By photogrammetric approach, digital terrain model of a surface 
was built and then tied to the cave model within 3D Reshaper. The resulting high resolution - 
point cloud model may be used for various purposes such as: volume calculations, detection 
of geological and speleogenetical features, etc. With a volume of 2.55 million cubic metres, 

http://dx.doi.org/10.1007/s00190-020-01426-z
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Martel’s Chamber is confirmed to be the 11th largest cave chamber in the world at the 
moment. 
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