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" QC-SF : Québec-Simulated Forest | | Simulation Methodology ' [ Sim-to-real transfer
Québec-Simulated Forest (QC—SF) i< 5 Iarge—scale synthetic This simulation pipeline has been used separately for both train and test sets. Both sets have separate ensemble of models and parameter spaces To create a reference dataset, we conducted a field inventory and a high-density ULS
! to avoid data leakage. Platform noise was not integrated into the simulation, to avoid baking a single noise representation. survey of three 100m2 plots in Québec boreal forest of Montmorency. After down-
airborne LiDAR point cloud dataset of Québec Boreal forest. o | sampling to ALS density, real dataset is composed of 102 clouds for train set, and 42
QC-SF was created to solve the critical lack of labelled i o.gt g Simulation parameters for test set. With this data we trained three PTv3 models from scratch using QC-SF
. | (Sim-only), the real only (Real-only) and a mix of QC-SF and real (Mix). Results below
airborne data for boreal forest. A2 Rj}’ﬁi,'ﬂ:f;ﬁgﬁ" , Flight parameters are inferences of the respective networks on the mixed-species plot clouds we kept as
B mixture of species Sensor parameters test.
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P | . —+ = 3 Metric Sim-only Real-only Mix (Sim+Real)
® ® Tree model library Selected trees | H Eleg)S | : O OA 59 599, 62.57% 78.98 %
® o ) LR e E a SHT N\ mloU 26.33%  46.39% 52.12%
Low vegetation level - | . ;::‘ £ . . .
e Nurmber of ree -3 p T N ARRTER ouan" T dton  7519%
Large-scale Informative Realistic pecles mdure ', | : ; IoU pay 055%  19.79% 20.62%
Plot parameters — | LiDAR simulation | IoUr 0w v 0.36% 42.05 % 31.44%
QC-SF provides around Plots are highly diverse,  Every component used to - Low vegetation voxels (AMAPVox) Plot model . parallel computing 3D Point cloud
1.7 billions fully both in structure and in  generate the virtual forest £ Lo ==
annotated points of a content. The three main is real or backed-up by
virtual boreal forest of parameters are tree previous literature. QC-SF <
Québec region. They were density, species mingling is designed with the Random extraction of :
scanned with a virtual and low vegetation minimal sim-to-real gap 20m by 20m plot
airborne LiDAR flying content. We provide possible. \ Key factors for QC-SF
over 60,000 plots of classical scan information ‘ Real DEY Plot DEM informativeness : the _ o
400m?, equivalent of as well as annotations for ks USRS (%) Simeonly | NSy R
2Akm?2. 3 vision tasks. . para meter vector Space. K Legend : Ground, Balsam Fir, , Low vegetation /
Key factors for QC-SF realism : S, To ensure plot diversity, we
* Ground : 2km? of real LIDAR DEM tiles from LidarBC T designed a 3-dimensional plot 4

1. QC-SF Dataset: Introduced a large-scale synthetic
airborne LiDAR dataset featuring 60,000 fully
annotated plots representing the Eastern Canadian

CO"CIUSion boreal forest.

2. Architecture Benchmark: Identified Point
Transformer v3 as the leading 3D deep learning

/ _ architecture for forestry semantic segmentation.
3. Sim-to-Real Success: Proved that augmenting

parameter space. Each generated
plot occupies a unique position in
this space, defined by its specific
combination of tree density,
species mixture, and understory
vegetation level.

* Trees : model library from Co6té et al. [1] composed of two
species : Black Spruce and Balsam Fir.

e Low vegetation : Procedural generation based of
measurements by Liu et al. [2]

* Intensity : Reflectance values for material properties from our
field measurement and [3,4,5]
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0 T S ‘ A% £ SN T e N limited real-world scans with QC-SF synthetic data
.,-_.‘:«Tl"'efe‘instqr,,;s ;;S@ant(]tl@ diyidga lofs BenCh ma rk increases performance by 6% mloU. y
All models were trained from scratch with the QC-SF train set, using an equivalent data
QC-SF specifications augmentation pipeline. Following table and figures are inferences on QC-SF test set. 4 Contact and References O
 Point cloud density : 50pts/m?2 o
« XYZ coordinates, intensity, number of Method OA mloU  IoUground IoUap  ToUpp  ToUpgy pey (@ Ground truth Code open source on :
returns and return number MinkUnet 93.47% 87.26%  84.12%  89.40%  90.80% 84.70% Top : https://github.com/NanBlanc
* Labels for 3 visions tasks KPConv 93.09% 86.51%  83.79%  89.65%  89.39% 83.21% Biack Sprcer Low *h Olivier Stocker :
1. Species semantic segmentation DGCNN 91.15% 83.20%  80.96%  87.04% 85.12% 79.67% resstarer https://polarsensing.net
2. Individual tree segmentation QC-SF Dataset open source : Pomt Mamba )4.48%  89.23%  85.74%  I147% 91.39%  88.35% )k L s 0SS i 010ty M S Sty 24 s e s i i
3. Wood/Leaf semantic segmentation nttps://ac-sf.org Point Transformer v 95.61% 9L66% _ 9323% _ 9140% 9081%  9120% ™
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