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Smart Mosquito Monitor through 3D Printing and Machine
Learning

Abstract

Climate change has intensified the global threat of mosquito-borne diseases, necessitating
innovative solutions for public health. In Taiwan, dengue fever, primarily spread by
mosquito proliferation, is a significant concern. To address this, we developed a 3D-
printed mosquito trap with a three-layer structure: a bait layer to attract gravid female
mosquitoes, a sticky layer to trap them, and a protective cover to prevent debris from
entering. These traps are cost-effective, easy to produce, and require no external power,
making them suitable for deployment in regions with limited resources.

Daily mosquito data from school-based monitoring stations, combined with
environmental data such as temperature, humidity, and precipitation, were used to train a
hybrid SARIMA and Random Forest model. The SARIMA model captures seasonal and
long-term trends, while the Random Forest model deals with complex, non-linear
relationships between mosquito density and environmental variables. This hybrid
approach not only forecasts mosquito population dynamics accurately but also provides
insights into ecological patterns. Additionally, an infrared sensor system was developed
to detect mosquito activity in real time, providing precise data on mosquito movements
and densities, enhancing monitoring capabilities.

To evaluate the impacts of global warming, we simulated future mosquito density trends
under various climate scenarios. Results showed a convergence between rising
temperatures and increased mosquito density; however, the positive correlation persists,
highlighting the potential harmful effects of climate change. These findings underscore
the need for proactive mosquito control strategies to mitigate health risks as global
temperatures rise. A Flask web-based platform was also developed to visualize mosquito
density predictions in real time, enabling policymakers and public health authorities to
make informed decisions and devise better disease prevention strategies.

This research aligns with the United Nations’ Sustainable Development Goals,
particularly SDG 3 (Good Health and Well-Being) and SDG 13 (Climate Action). It
demonstrates the potential of integrating 3D printing, machine learning, real-time sensing,
and web technologies to develop scalable solutions for combating mosquito-borne
diseases. By addressing environmental factors and leveraging advanced tools, this study
provides a robust foundation for future innovations in public health, disease prevention,
and epidemiology.
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Mosquito Density Predictions
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PAIRED SAMPLES T-TEST

A

Test 1 Test 2

&+t ~ BC¥ T Test (ZKJF:voxco)
2. FMIGE SR SR H AR

{BE —JE fiEfia% (Null Hypothesis) Ho : FEEIFHEL R B FRHNEN #7252 - The
model's predictions are not significantly better than the naive forecast. [ffj < E. 78]
V2 o BITEORIR AR B 5 29 AH E] (S8 0Y 0.78) o HFHERAM T -

Model Error Naive Null hypothesis
0.064761 0.67
0.084927 0.66
-0.24249 0.92
0.364601 1.47
0.412035 1.47
-0.44919 0.22
-0.09049 0.22
-0.20049 0.22
-0.23461 0.22

P Ll &kl A Diebold-Mariano Test (DM Test) < Diebold-Mariano Test (DM
Test) s&—fH [T A el m (E TR MR RE R4 E T 7774 » Rl 28 F I IR T 9 15
BT o HAZ0 B e @i i (E SR TR 2 R A4 s T B = R -

d \ -
DM = ——— ,d P R=
Var(d)
n

5% DM Test Statistic = -2.207 > pvalue =0.027 - [RIEFA(EESE 0.05 FZE/KAETR
B4R E R - RIS AIERIBEA FHIRE ST - RERBE N R E TGS R -
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Our Hybrid LSTM
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Mosquito Foraging Pattern
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