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1 Abstract
Understanding rainforest habitats is made difficult by accessibility, density of foliage, and
coverage; yet it is vital for ecologist and conservationists to understand the variety and diversity
of these ecosystems. In this paper we demonstrate a low cost pipeline for obtaining high
resolution aerial imagery using a small unmanned aerial vehicle (UAV). Second we show how
advances in deep learning enable processing the imagery to obtain highly accurate population
counts of trees that is extendable to multiple species. Specifically we demonstrate the ability to
detect 98% of visible Cohune Palm trees and 96% of deciduous trees who had visibly lost their
foliage in a 8.73km^2 of rainforest. By using these trees, we identify key habitat

characteristics of this forest not realized previously.

2 Introduction
Tropical rainforests worldwide are negatively impacted from a variety of human-caused
threats (Wright, 2010) including deforestation and climate change. However, our ability to study
these rainforests can be impeded by problems ranging from their physical inaccessibility to
cloud-covered remote sensing data (i.e. Landsat imagery). One solution to these problems is
the use of Unmanned Aerial Vehicles (UAV). UAVs have been used successfully in
conservation (Wich, 2015), and for determining complex forest characteristics such as biomass
from Structure from Motion (SfM) imagery (Ota et al., 2015).
Automated tree detection and crown delineations is an active field of study in both the
satellite and UAVs domains using passive mediums such as high resolution imagery (Pouliot
2002) and with hyperspectral cameras (Zhang 2012). Recently Light Detection and Ranging
(LIDAR) has been growing in popularity for its ability to discriminate in three dimensional space
(Zhen 2016). Both hyperspectral and LIDAR are costly and drastically reduce the range of UAV
due to heavy weight making them an unattractive choice for many conservationists. On the
other hand small flying wing UAVs that are nearly end to end autonomous are increasingly
being equipped with high resolution cameras with flight durations upwards of one hour. These
platforms present researchers without significant budgets the ability to acquire huge amounts of
very high resolution data.
An intelligent method for analyzing this data is needed that is able to handle both the
density and diversity of trees present in rainforest canopies. Deep convolutional neural networks
(CNN) have been extremely successful in classification tasks with fine-grained classes
(Krizhevsky 2012), (Szegedy 2015). For example a deep CNN was shown to make medical
diagnosis between malignant and benign skin cancer on par with seasoned dermatologists
(Esteva 2016). There has been significant research on adapting CNNs for the challenging task

