Integrating Low-Cost Sensor Data and Satellite Imagery Using Machine Duke
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Background Data Sources & Methodology

RF-CNN-LCN Workflow for High-Resolution PM . Mapping

INPUT DATA

* Planet Satellite Images (3m resolution)
» Meteorological Variables (T, RH, SLP)
» Ground-based PM,. measurements

/@eorological Data\ziellite Imagery

RANDOM FOREST (RF) CONVOLUTIONAL NEURAL NETWORK (CNN)

. - @ : * Input: Meteorological data * Input: Satellite imagery (3m)
PlanetScope imagery of Ulaanbaatar, showing dense winter haze layers . Predicts: Baseline PM.. « Predicts: PM, . residuals

(Jan 20235) « Spatial resolution: City-wide e Spatial resolution: 300m

Ulaanbaatar, Mongolia, experiences some of the \%:e"ne Predicﬁoyéidua, o rediction
world’s highest wintertime fine particulate matter

(PM, -, particles <2.5 pm) concentrations. This Is

.. : : : « Combine RF baseline + CNN residuals
primarily attributed to coal combustion in ger + Output: Daily 300m PM.. maps
districts under stagnant atmospheric conditions. \

. . ocal Enhancement ethod Features
Exposure to PM, . contributes to respiratory and
cardiovascular diseases, affecting the most LOCAL CONTRAST NORMALIZATION (LCN)
» Dual-branch RF-CNN architecture

vulnerable populations. * Compute Jocal mean and standard deviation - Local contrast normalization P T e B cs: Ges was 1984 |0 ,
* Normalize: g(x,y) = [f(x,y) - u(x,y)] / 6(x.y) » Multi-scale feature extraction This map shows approximate ger locations in Ulaanbaatar, Mongolia
* Enhance local contrast patterns S Ul e rEEr el

Objectives Final Processing '4 Implications

MODEL FUSION

KEY INNOVATIONS

. . . FINAL OUTPUT . . .
° Combine satellite imagery, surface PM2.5 ) High-resolution exposure mapping enables
» Temporal averaging across N days

measurements, and meteorological data using + High-resolution PM__ hotspot map o 9 Identification of pollution hotspots at sub-
a Random Forest-CNN joint model.  S90x500 m Spafial resolution B kilometer scale

e Detect wintertime PM,, - hotspots at the R i = & Policy applications support targeted
neighborhood scale across the city. & Interventions in ger districts with elevated PM,, .

M- _EBi-LED AIR QUALITY SENSOR . »
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e Provide a rapid, scalable, satellite-based

approach for fine-scale mapping in heavily o i Bl Model generalizability: adaptable for other

polluted megacities. Outdoor air quality monitor (PurpleAir sensor) and traditional megacities with limited monitoring networks
Mongolian coal-burning stove
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