
MOBILE TREE HEALTH MONITORING SYSTEM: DETECTION AND 
TREE HEALTH RECONGITION ACOUSTIC TOOL (DE-THREAT)

OCTOBER 2022



1 

The drought and temperature effects of climate change pose a significant and growing 
threat to forest health and wood resources and will drive pest insect communities to regions 
with little or no historical precedence. Invasive insect pests pose a current and growing 
negative economic impact that will be exacerbated by a warming planet. The number of 
invasive termite species has increased by 64% since 1969 [Evans et al. 2013] and their current 
worldwide economic damage represents $40 billion annually, with $22 billion spent on control 
and repair [Rust & Su 2012]. In the United States alone, their annual impact is estimated at 
$2-11 billion [Lenz et al. 2013, Su 2002]. Moreover, by 2050 the range of the 13 most invasive 
termite species is expected to expand significantly [Buckowski and Bertelsmeier 2016] 
representing a continued and growing economic drag.

The emerald ash borer, detected in the USA less than 20 years ago, has spread to 35 States, 
and is now in States bordering Arizona (California and Colorado) [USDA APHIS EAB 2022 
Report]. The mortality rate for untreated ash border infestations is 99.8%; however early 
detection and remediation typically results in good prognosis. The emerald ash borer has 
killed 90% of all ash trees where it now exists, has already killed tens of millions of trees, and 
threatens to kill most of the 8.7 billion ash trees throughout North America. It can also kill 
Olive trees and now threatens the California olive production (~94,000 tons of olives) valued 
at $72.9 million dollars. Subsequently, the impact on ash in North American forests will be 
devastating. This is just one example of the potential threats that wood-infesting insects 
pose for Arizona. Clearly improvements in early pest detection will be critical in the coming 
years, and investments in those technologies that can mitigate the costs of infestations will be 
commercially viable now and into the future. 

The economic and societal impacts of other woodboring insects on forests are significant 
as well. Throughout Arizona, drought and high temperatures have caused significant 
tree mortality, exacerbated by the exploitation of water stress by bark beetles. Stands of 
dead trees increase wildland fire severity, exacerbate suppression costs, impact post-fire 
watersheds, lead to local ecosystem collapse, and cause extensive negative impacts on local 
and regional communities. When properly managed, trees provide a range of ecosystem 
services to society, including water and soil conservation, improved air quality, and habitats 
for wildlife and game, in addition to economically valuable wood products. Public and private 
land managers need practical tools and mitigation methods that can help protect tree and 
timber resources and make them more resilient to increasing threats, including drought and 
beetle infestations.

Early detection is the best approach to prevent the establishment of wood-infesting 
insects and reducing their impacts and spread in Arizona’s forests, urban areas, and built 
environments. In forests, early drought stress detection is crucial for restoring plant 
productivity, ensuring recovery, and providing vital information to prevent mortality. In 
wood structures, early and targeted detection drastically reduces treatment and structural 
repair costs. Fortunately, wood-boring insects can be detected in trees and wood structures 
using instrumentation that captures and interprets sounds emitted by the insects (see Fig. 
1) when they are consuming wood tissue and communicating with each other. In addition, 
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P R O P O S A L  S U M M A RY

similar acoustic sensing equipment sensitive to subtle changes in water movement and 
cavitation within plants is widely used in agriculture but not yet utilized in tree care or forest 
management. With new acoustic-electronic sensors (such as piezoelectric elements), the 
development of machine learning, and wireless networking technologies, the use of low-cost, 
wireless, and mobile acoustic detection devices becomes possible for land managers. Such 
devices could be used as a universal tool to protect trees by addressing multiple threats–
giving landowners and managers the ability to detect and mitigate problems before it is too 
late, improving tree survival and growth. Furthermore, the acousto-electronic technology 
underlying the device also has the potential to deter or drive out infestations.

Our overall aim is the development and production of mobile woodboring insect monitoring 
systems for managers and private citizens to monitor trees or wood framed structures – 
allowing for early insect detection (such as the Emerald Ash borer, bark beetles, or termites), 
and improved water usage efficiency by detecting drought stress. This aim aligns with our 
team’s provisional patent System and Method for Detecting and Monitoring Wood-Boring 
Pests (U.S. Provisional Application No. 63/375,375). This technology will be used as a 
diagnostic and screening tool for early detection of high priority emerging invasive species 
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in trees and wood products. This technology can also help assess the impacts or risks from 
native/invasive insects, address destructive pests of understudied ecosystems (such as pinyon 
pine/juniper) and improve the efficient use of lawn watering systems.

While there has been previous work on the science and technology of detection of insect 
chewing and stridulation (signaling) sounds [Rigakis et al. 2021], current solutions are 
expensive ($1,300 us dollars each; Insectronics) and highly invasive (i.e., very large probe 
that damages the tree). We believe that the cost and invasiveness of the current solution is 
owed to the transduction technology. Our approach uses a more sophisticated transduction 
element design that is less damaging to trees, will optimize the manufacturing process 
to reduce cost, and is a more comprehensive approach to the health of trees and wood 
structures through the integration of actuation for deterrence and smart sonar for water 
stress monitoring.

P R O P O S A L  A D VA N TA G E S

An interdisciplinary and coordinated approach to develop and promote tree survival and  
the preservation of wood is required to protect these resources in drought-stricken Arizona.
The technology proposed here (Figure 2) will enable monitoring and protection of both 
individual trees and, through sampling techniques, tree stands. It will serve both forest 
managers (such as for national and state forests) as well as managers of city parks and 
recreational facilities, 
where the focus can be on 
individual trees with high 
value to society. Finally, 
by using distributed and 
networked computation, 
the technology can be 
used to protect complex 
wood-framed structures—
including homes and 
commercial buildings, 
barns/sheds, decks, and 
fences—from termites and 
other wood-boring insects. 

This project supports the 
development of a critical 
tool for landowners and 
resource managers, 
providing a solution to 
critical environmental and 
economic challenges facing 
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S C O P E  O F  W O R K

Arizona, and aiding land-management efforts to protect trees and wood resources across the 
globe. It also provides outstanding interdisciplinary educational and research opportunities 
for undergraduate and graduate students, preparing them for careers with natural resource 
management agencies, research laboratories, and environmental and engineering consulting 
firms. PIs will help transition the products of this proposal to commercial production and 
provide workshops to train stakeholders and landowners how to use the device.

Given the large potential feature set of this device (infestation monitoring, sound source 
localization, tree health monitoring, local environmental monitoring, etc.) we have developed 
a three-phase work plan that allows for sequential development of extended capabilities. 
The initial system prototype will be developed in Phase 1 and refined in two subsequent 
phases (Fig. 3). The prototype will incorporate the fundamental system features such as 
acoustic transduction, data collection, energy management, physical packaging, and binary 
infestation decision (presence/absence) algorithms. Phase 2 will focus on developing signal 
processing algorithms and software to extend Phase 1 capabilities to species identification, 
tree health monitoring, and infestation deterrence/disruption. Phase 3 will focus on system 
refinement, dissemination of results, and preparing a Phase I SBIR/STTR funding proposal 
for commercialization of the technology. The task list associated with each program research 
phase is shown in Table 1.

Year 1 
Year 1 of this project will focus on the acoustic detection of pests and abnormalities within 
wood resources, culminating in a prototype smart device. This acoustic-electronic smart 
sensor will attach to trees or wood products and collect acoustic data from within them, 
analyze that data, generate data for detection of insect activity, and present this data for both 
research/management actions (such as removal of a branch) and further analysis. The key 
tasks that make up this effort include transducer design, electronic circuit design, software 
architecture and coding, power systems design, and the design of weatherproof packaging. 
Data access for analysis and visualization in the phase will be purposely rudimentary—relying 
on data storage in nonvolatile memory cards and serial data transmission—to minimize risk 
and enable us to focus on the precision and accuracy of detection of insect presence. Shafer 
is an expert in the engineering of piezoelectric devices, Hofstetter has expertise in insect 
acoustics, ecology and behavior, as well as forest pathology, and Flikkema has expertise in 
the digital processing and analysis of acoustic signals and the development of intelligent 
wireless and Internet of Things (IoT) devices. The Electrical and computer engineering (GECE) 
students will focus on analog signal conditioning circuit design and embedded system 
hardware and firmware developments. The Mechanical Engineering (GME, UME) students 
will develop optimized transducer designs for in-vivo acoustic sensing, signal processing 
algorithms, and physical system design. The project manager will help manage resources, 
funding, stakeholder interactions and outreach, and dissemination of materials including 
organization of workshops and training sessions.
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Year 2  
Building on the prototype system developed in Year 1, Year 2 of this project will focus 
on three aims: (1) classification of sensed sounds to determine the insect species, (2) the 
transmission of acoustic signals into trees and wood tissues to deter insects, and (3) the 
development of active sonar technology for monitoring of water content in tree xylem and 
phloem to detect drought stress and infer overall tree functioning and health. Classification 
of the species invading a tree will enable managers to determine the optimum method for 
removing the insect(s) and maximizing the probability of tree survival and continued growth.  
Here, we will use modern machine 
learning techniques that enable 
initial screening on the low-power 
tree sensors backed by further 
analysis using cloud infrastructure. 

For deterrence, we will transition 
to practice the IP developed by 
Hofstetter (Hofstetter et al. 2014, 
Hofstetter et al. 2016) to use the 
smart device to generate signals 
that drive insects out of the tree 
or make the tree unattractive to 
them. In this task, we will optimize 
piezoelectric transducer design 
for transmission of acoustic 
signals along with development 
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Year 3 
Year 3 of the project will focus on (1) refining and optimizing water content and water stress 
estimation, (2) wireless networking of devices, and (3) commercialization of the technology. 
We anticipate that accurate estimation of water content will require optimization of the 
entire acoustic transmission/reception system, including determining and adapting to the 
water transport structure of each individual tree. Wireless networking is currently undergoing 
fundamental changes with continuing innovation in technologies and protocols including LoRA 
and 5G cellular. The wireless networking technology that we select and integrate will enable 
device/cloud interaction that supports a human user interface for visualization and further 
analysis of sensed data. Our goal is a layered interface that allows both initial screening (e.g., 
using a mobile phone) and in-depth analysis at the user’s desktop/laptop computer. We will 
also build on the foundational technology developed in Years 1 and 2 to develop solutions for 
protection (monitoring and deterrence) of wood products and structures. Due to the highly 
diverse designs and scales of wood-framed buildings, our approach will integrate spatially-
distributed sensing and intelligence to support installation in new structures and retrofitting 
of existing buildings. In addition, field testing will continue as we integrate more functionality. 
Finally, our team will work with NAU and ABOR to commercialize and  produce the DE-
THREAT technology and deliver it to stakeholders.

of electronic circuitry for high-voltage activation of piezoelectric devices. For drought stress 
and tree health monitoring, we will develop an intelligent sonar technology that couples 
piezoelectric acoustic actuators with the sensors from Year 1 to infer water content. We will 
develop pulsed acoustic radar signals and techniques for the analysis of the received signals 
that reveal signal variations (bulk transmission time through the tree tissue and/or frequency-
selective attenuation) correlated with water content. In parallel, we will conduct increasingly 
rigorous field tests of the prototype device while incorporating the new capabilities. Note 
that software development is a continuous, cyclic process; our team has strong experience in 
the software development/test/release cycle.

Deliverables
The year-by-year program deliverables for this research are delineated below. 

Year 1 Deliverables 
1. Prototype smart device for infestation detection including: 

a. Infestation detection signal processing algorithm and software
b. Transducer design
c. Power system (energy supply) design
d. Packaging 

2. Outreach publication on detection device operation and use

Year 2 Deliverables
1.  Infestation classification (identification of insect species) signal processing  
       algorithm and software
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2. Infestation deterrence and water stress monitoring (smart sonar) prototype designs 

a. Actuator design, including power system
b. Design of actuation signals
c. Design of receiver signal processing algorithms and software 

3. Extensive field testing and 1st workshop to work with stakeholders and receive feedback 

4. MS thesis publications 

Year 3 Deliverables 

1. Wireless networking of smart devices – hardware and software
2. Refinement of deterrence and water stress monitoring algorithms and software
3. Evolution of technology for protection (monitoring and deterrence)  
    of wood products and structures
4. Field testing; user testing
5. Dissemination through publications and workshops, user feedback
6. Promote product for commercialization and deliver to stakeholders
7. Completion of MS degrees and MS thesis publications 
 
Team Members  

PI: Dr. Richard Hofstetter, Professor of Forest Entomology, NAU-Flagstaff 

Co-PI: Dr. Paul Flikkema, Professor of Electrical and Computer Engineering, NAU-Flagstaff 

Co-PI: Dr. Michael Shafer, Associate Professor of Mechanical Engineering, NAU-Flagstaff 

Budget: 3-Year budget $815,186
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