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= Trees play key role in urban and natural ecosystems
= Carbon sequestration, climate regulation, reducing soil erosion, habitat for

native and predator species, plantation, hydrology, ...
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= Need for mapping, modelling and managing individual trees in different

environments
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Al methods

General workflow
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Tree crown segmentation at MWLR

Developed algorithm to segment
individual crowns from aerial LiDAR

Advanced Remote Sensing of Aotearoa
(ARSA)

Improved region-growing algorithm
from canopy height models
Applications:

* region-wide analyses

» species detection

= Landslide risk
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Al-based tree crown mapping

= High-resolution RGB aerial imagery
» Finer detail of crown polygons and better detection rate
= (Can be applied everywhere in NZ, no LiDAR needed

= NZ-Singapore Data Science Programme on Al tree research
(MBIE Catalyst funded)
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http://www.landcareresearch.co.nz/nzsg-datascience
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AI methods for
object detection +
Instance segmentation

1. Input 2. Extract region
proposals (~2k)

image

Girshick, R, Donahue, J.,, Darrell, T., & Malik, J.
(2014). Rich feature hierarchies for accurate
object detection and semantic segmentation.
In Proceedings of the IEEE conference on
computer vision and pattern recognition (pp.
580-587).

R-CNN: Regions with CNN features

warped region

persan 0.82

CNNN,

3. Compute
CNN features

A .
4. Classify
regions

©Kevin Qe 2606
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AI methods for
object detection +
Instance segmentation

He, K., Gkioxari, G., Dollar, P., & Girshick, R.
(2017). Mask r-cnn. In Proceedings of the IFFF
international conference on computer vision (pp.
2961-2969).

RolAlign

Mask R-CNN
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AI methods for
object detection +
Instance segmentation

Redmon, J., Divvala, S., Girshick, R., & Farhadi, A.
(2016). You only look once: Unified, real-time
object detection. In Proceedings of the IFFE
conference on computer vision and pattern
recognition (pp. 779-788).

He, K., Gkioxari, G., Dollar, P, & Girshick, R.
(2017). Mask r-cnn. In Proceedings of the IFFE
international conference on computer vision (pp.
2961-2969).

S x S grid on input

Final detections




Zhao, H., Morgenroth, J., Pearse, G., &
Schindler, J. (2023). A Systematic Review
of Individual Tree Crown Detection and
Delineation with Convolutional Neural
Networks (CNN).  Current  Forestry
Reports, 1-22.

Fu, W., Xue, B., Zhang, M. and Schindler,
J. (2023) February. Evolving U-Nets
Using Genetic Programming for Tree
Crown Segmentation. In Image and
Vision Computing: 37th International
Conference, IVCNZ 2022, Auckland, New
Zealand, November 24-25, 2022,
Revised Selected Papers (pp. 188-201).
Cham: Springer Nature Switzerland.

Xu, B., Bi, Y., Xue, B., Schindler, J., Martin,
B. and Zhang, M. (2022) December.
Automatically Designing U-Nets Using A
Genetic  Algorithm for Tree Image
Segmentation. In 2022 IEEE Symposium
Series on Computational Intelligence
(SSCI) (pp. 626-633). IEEE.

N Springer Link ‘.‘)

Home » Current Forestry Reports > Article

Remote Sensing (J Suarez, Section Editor) | Open Access | Published: 05 April 2023

A Systematic Review of Individual Tree Crown Detection
and Delineation with Convolutional Neural Networks

(CNN)

Haotian Zhao & Justin Morgenroth, Grant Pearse & Jan Schindler

Current Forestry Reports (2023) | Cite this article

632 Accesses ‘ 6 Altmetric ‘ Metrics

Abstract

Purpose of Review

Crown detection and measurement at the individual tree level provide detailed information for
accurate forest management. To efficiently acquire such information, approaches to conduct
individual tree detection and crown delineation (ITDCD) using remotely sensed data have

been proposed. In recent years, deep learning, specifically convolutional neural networks


https://link.springer.com/article/10.1007/s40725-023-00184-3

Deep learning workflow Image stack Label file Rasterization & tiling ")

for segmentation of into one HDF5 file
remote sensing imagery IR VER :

Prediction Accuracy assessment
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Tree canopy segmentation from RGB imagery




Tree object detection in RGB aerial imagery at 10cm

T
]
o
<
w
n
W
o
w
P~
<
)
o
z
<
3
I
<
=
z
pr
T
2
<
<
<
z
<
=

/2023

19/05




Tree object detection high-quality Mask R-CNN polygons (slow, large file)
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Tree object detection bounding boxes from Mask R-CNN and YOLO (fast, small file) O
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Tree object detection circles from Mask R-CNN and YOLO (fast, large file)
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3D Tree Instance Segmentation using Mask R-CNN crown predictions
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Interactive tree map of Wellington City O

wtree.landcareresearch.co.nz

O Manaaki Whenua We"ington Urban Tree Explorer Experimental MAP ABOUT PRIVACY )

Landcare Research
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© OpenStreetMap contributors. © LINZ CC BY 4.0 ® Imagery Basemap contributors & Wellington City Council.



https://wtree.landcareresearch.co.nz

Native forest case study: tree segmentation from RGB aerial imagery at 30 cm
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t30cm

imagery a

tree segmentation from RGB aerial

ive forest case study
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Native forest case study: tree

segmentation from RGB aerial imagery at 30 cm
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tree segmentation from RGB drone imagery at 2 cm

forest case study
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tree segmentation from RGB drone imagery at 2 cm

forest case study
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Tree species mapping in
pastoral hill-country

Smarter Targeting for Erosion Control (STEC) ‘. ,

https://www.landcareresearch.co.nz/discover-our-research/land/

erosion-and-sediment/smarter-targeting-of-erosion-control/

SSENF’rc-dl‘ct&stices Subscribe  Submit a paper  Browse Rankings Blog » Contact

@ This iz a preprint article, it offers immediate access but has not been peer reviewed.

= \dd Paper to My Library

Contrasting Physical and Statistical Landslide
Susceptibility Models at the Scale of Tndividual Trees:
Implications for Land Management

54 Pages - Posted: & Feb 2023

ptions b ign il ere ere has been little quan
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https://papers.ssrn.com/sol3/papers.cfm?abstract id=4347971



https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4347971
https://www.landcareresearch.co.nz/discover-our-research/land/erosion-and-sediment/smarter-targeting-of-erosion-control/
https://www.landcareresearch.co.nz/discover-our-research/land/erosion-and-sediment/smarter-targeting-of-erosion-control/

Tree species mapping in
pastoral hill-country

Farm boundary
- Landslide scar
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Tree species mapping in
pastoral hill-country

O

Land cover data base NZ 2018
High Producing Exotic Grassland

@8 Gorse and/or Broom
Manuka and/or Kanuka

@8 Deciduous Hardwoods
@ Indigenous Forest
Exotic Forest

>z

Meters
| | |
250 500 1,000



Tree species mapping in
pastoral hill-country

Tree class

Coniferous
@ Kanuka
Poplar/Willow
@8 Eucalyptus
Acacia
@8 Other natives

. W N
b A 0 250 500 1,000




Tree species mapping in
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What's next?

urban rural native forests

Species Mapping

Combining of data sets

University collaborations

3D Point Clouds
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Thank you

schindlerj@landcareresearch.co.nz
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