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Abstract—Outbreaks of forest pests cause large-scale damages,
which lead to significant impact on the ecosystem as well as the
forestry industry. Current methods of monitoring pest outbreaks
involve field, aerial and remote sensing surveys. These methods only
provide partial spatial coverage and can detect outbreaks only after
they have substantially progressed across wide geographic areas.
This paper presents an IoT system for real-time insect infesta-
tion detection using bioacoustic recognition via machine learning
techniques. Specifically, we focus on detecting the Mountain Pine
Beetle (MPB), which is the most destructive insect of mature pines
in western North American forests. We present the design of the
system and describe its various hardware and software components.
Experimental results collected from a prototype implementation of
the system are presented, which show that the system can detect
MPB with 82% accuracy. We also demonstrate the applicability of
our system in other noise monitoring applications, and report our
experimental results on urban noise detection and classification.

I. INTRODUCTION

A. Background and Motivation

Insect pest outbreaks (such as Dendroctonus Erichson,

Coleoptera, and Curculionidae), through mortality and growth

loss of trees, cause a large-scale damage to western North

American forests [1]. Such outbreaks lead to impacts on valuable

services provided by the ecosystem, e.g., supply of timber, water

purification, and storage of carbon. Thus, for forest pest man-

agement planning and modeling purposes, information regarding

the areal extent, location and severity of the insect damage is

of vital importance. While there are nine major insect pests

in Canada, the Dendroctonus ponderosae, a.k.a. Mountain Pine

Beetle (MPB), is the most destructive insect of mature pines

in western North American forests [2]. Specifically, the current

MPB outbreak in Canada started in the province of British

Columbia in 1990s. Since then, the insect has killed an estimated

58% of the total volume of merchantable pine in the province,

and is quickly spreading eastward to other provinces [3].

Currently, pest damage assessment is based on the information

collected using field, aerial [4] and remote sensing surveys [5].

The aerial surveys track disturbance in the forest landscape

over space and time using maps. The aerial maps are sub-

jective, relatively coarse and require more precise surveys for

pest management. Remote sensing is an extension of aerial

survey, with aircrafts or satellites being equipped with sensors

to allow for quantitative analysis of frequency and extent of the

disturbances [6]. Remote sensing has found only limited use in

the field of forest health monitoring due to cost and logistics of

acquiring the data [7]. One of the main shortcomings of current

forest health monitoring approaches is that they are built around

ex post facto detection and mitigation strategy, where the attack

has already taken place in a wide geographic area.

In this work, we investigate the feasibility of using Internet

of Things (IoT) for real-time and low-cost monitoring of forest

health. Our goal is to design and build a Low-Power Long-Range

(LPWAN) system to detect MPB infestation in early stages.

While, we focus on MPB detection, the system can be used for

general forest health monitoring as well as other applications

in Smart City environments such as noise pollution monitoring.

LPWAN technologies offer long-range connectivity for low

power and low rate devices, not provided by legacy technologies

(e.g., cellular and short range technologies). In this work, we use

LoRa [8], one of the leading LPWAN technologies that operates

in the unlicensed ISM band, to provide long-range connectivity

for our field IoT devices. LoRa networks are designed to provide

connectivity for a massive number of IoT devices scattered

over a wide geographic area, with devices communicating over

distances exceeding 10 Km [9], [10]. Such characteristics make

LoRa an ideal solution for remote monitoring applications such

as the MPB detection considered in this work.

B. Related Work

In the following, we briefly review the works on MPB

detection that are most relevant to our work.

Aerial Imaging. Currently, detection of mountain pine beetle

infestation is primarily accomplished through aerial imaging

techniques [11]. An aerial view, whether via satellite imaging

or aerial photography, provides a means to assess and estimate

threat levels of trees by examining the color of the foliage.

Although extremely efficient at red-attack and gray-attack stage

detection, aerial imaging is limited when applied to green-attack

stage detection1. Reliable methods to detect green-attack stage

can be accomplished by physical observations of the trees inner

bark. This would involve going to the trees in question to

sample and test their infestation status. However, the amount

of resources and time required to perform physical observations

at a large scale would be impractical.

Acoustic Sensing. Having the ability to remotely detect trees

undergoing green-attack phase would vastly improve forestry and

environmental agencies capability to react, control, and minimize

MPB infestations [12]. An overview of recent developments in

the field of acoustic tools, techniques and applications for cryptic

1Generally, the foliage fades from green to red to gray following an attack.978-1-5386-4980-0/19/$31.00 c©2019 IEEE



2

insect detection and distribution mapping is presented in [13].

In [14], it is discussed how to use such techniques for farm

pest detection, where the system presented builds upon farm

pest bioacoustic characteristics to develop an ultrasonic sensor

to detect the presence of farm pests.

MPB Bioacoustics. Characterization of MPB bioacoustics is

presented in [15]. The authors observed MPB acoustics during

stress, male-male and male-female interactions, with sounds

attaining significant energy in the ultrasound (peaks at 20, 40

and 60 kHz), but low amplitude of 55 and 47 dB sound pressure

levels. They also observed that signal patterns vary among

contexts primarily in the proportions of chirp types, where chirps

were either simple or interrupted. This work is extended in [16],

where the idea that beetles use acoustic emissions from their host

tree for host selection is tested. A bark beetle species classifier is

introduced in [17], which determines the identity of the signaller

based on the input acoustic signal.

These works on characterizing the bioacoustics of MPB form

the basis of our work, where we use these acoustic characteri-

zations to build and test an IoT system for MPB detection.

C. Our Work

In this work, we describe the design and implementation of

an IoT system based on LoRa LPWAN technology for MPB

biacoutsic sensing and classification. We also report measure-

ment results characterizing the performance of our system.

Specifically, we make the following contributions:

• We design and build an IoT system to address the need

for proactive forest health monitoring. Such a solution is

viable due to recent development of LPWAN technolo-

gies that allow for low-power communication over long

distances, e.g., over 10 km with LoRa. We built a small-

scale LoRa network consisting of an end device equipped

with an ultrasonic microphone, a gateway that receives

compressed sound samples from the end device, and a

backend server that collects and analyzes the samples. The

server uses different classification algorithms to decide if

the received sound samples are generated by a beetle. Our

lab experiments a high degree of accuracy (82% accuracy

over validation samples) can be achieved using a Support

Vector Machine (SVM) classifier.

• We show that the system can be applied not only for

MPB detection, but also for detection and classification

of urban environment noises. Specifically, we modify the

system classifier using an artificial neural network (ANN),

which is trained with various types of urban noises, e.g.,

traffic at busy intersection, quiet office environment, music

at the background . We show that, in the lab experiments,

the system can accurately detect and classify different

types of urban noise with over 90% accuracy for highly

distinguishable samples and over 79% accuracy for more

cryptic sound samples.

One of the key features of our design is the local filtering imple-

mented on the IoT device itself. Specifically, once a noise signal

is detected by the device, it is passed through a simple filter to

(a) Interrupted and simple beetle chirps. (b) Power spectrum of beetle chirps.

Fig. 1: Measured MPB bioacoustics [15].

decide if the captured signal is worth further processing on the

backend server. The local filtering helps substantially reduce the

amount of energy consumed for long-range communication.

D. Paper Organization

An overview of MPB bioacoustic characteristics is presented

in II, followed by a short review of LoRa technology in Sec-

tion III. Our system design is presented in Section IV. Exper-

imental results and their analysis are presented in Section V.

Section VI concludes the paper.

II. MOUNTAIN PINE BEETLE

Mountain Pine Beetle (MPB) is the most destructive insect

of mature pines in western North American forests. Start of the

MPB infestation season ranges, depending on the overall weather

conditions of the year, with warmer years seeing infestation start

as early as the beginning of the spring [18]. MPBs emerge

from their host tree in the search of another suitable tree to

settle in. Female species of MPB burrow into the bark of the

tree to burrow galleries within the bark of the tree, creating an

egg storage place. Meantime male MPBs roam in the search

of potential mate, lured by the pheromones emitted by female

beetles [19]. Eventually, when the mate is found and successfully

courted, female beetle lays the eggs in the created gallery. During

this cycle, MPBs spread species of fungus within the tree,

causing tree to lose its nutrients to the beetles and fungus [20].

Unless tree is able to somehow defend itself from the MPB and

the fungus infestation, it inevitably dies from malnourishment.

A. Infestation Stages

There are three main stages used to categorize pine trees

undergoing MPB infestation: Green-attack, red-attack, and gray-

attack [21]. Green-attack stage is defined as the period where a

tree may still be alive and actively combating beetle infestation

as its leaves are still green in color. If the tree loses against

its attackers, then leaves will remain green for a period of time

until the tree falls into the red-attack stage. In this stage, the tree

has lost against its invaders and the leaves turn red as nutrients

steadily deplete leading into gray-attack phase. The last stage

leaves the tree barren as its leaves have fallen due to the extent

of deterioration already experienced.

B. Acoustic Characteristics

MPB bioacoustics are characterized using spectral, temporal

and amplitude properties. In the measurement study presented

in [15], it is reported that male MPB emitted chirps measured

to be 55.4 and 47.1 dB sound pressure levels for 2 cm and

4 cm sound levels, respectively. In addition, the frequency of the










