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Problem Statement
fough 1s a key early symptom of respiratory infections (COVID-19, influenza, TB), yet continumh |mp|ementation & CQn straints

monitoring outside clinical settings 1s nearly impossible. Cloud-based and mobile apps introduce

unacceptable latency, transmit sensitive audio data, and drain battery, making them unsuitable for E)ughSense 1s a privacy-first, real-time cough detection system deployed entirely on an Arduino Nano 33 BLE \

Sense microcontroller using TinyML and Edgelmpulse - no cloud, no latency, no data transmission.
m On-device inference 1n 1.5s using only 125.7 KB RAM and 234.3 KB Flash.

passive home monitoring.
Our Goal: Deploy a lightweight, privacy-preserving cough detector that runs entirely on an Arduino

@ano 33 BLE Sense - no data ever leaves the device. / m Mel Filterbank Energy (.MFE) features optimiz.ed for microcontroller DSP.
m 3-layer 2D CNN achieving 90.5% accuracy with F1 = (.89.

Data ! SpecAugment + noise augmentation for robust real-world performance.
/Coswara Dataset - Respiratory audio repository: cough, speech, breathing, noise. [IISc Bangalore] h From Constraints to Efficiency
Processing - Cough — positive; Others — non-cough; Standardized audio, removed noisy samples.
Window Size: 1,000 ms with a 200 ms stride Frequency: 16,000 Hz e evice  Model vl . Embedded Model % Gu—
MFE Configuration: 64 filters, 25ms/10ms frame/stride, and 512 FFT points High RAM usage, Tty  aiiededanii. e
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Network Architecture g Model Benchmarking on Arduino Nano 33 BLE Sense

Our optimized MFE + 2D CNN architecture achieves the highest accuracy and F1 score.
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Reshape to MaxPool2D MaxPool2D MaxPool2D 90.0% 0.29 :
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Output Shape: ' Output Shape: Output Shape: KEY METRICS
(rows/2,32,32) (rows/4,16,64) ~ (rows/8,8,64) AETRC VAL
) el ! i N-DEVICE PERFORMANCE (Optimized Model DEPLOYMENT SETUP
Area under ROC Curve (AUC) 0.82 - ¢ O Cl{Optimiz )
Training Pipeline R S 5 S T '; Weighted Average Precision 0.91 .
Training Conﬁguration Key H|gh||ghts | INFERENCING TIME PEAK RAM USAGE i : FLASH USAGE [ % MODEL VERSION : ENGINE
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LN ., “ n ' ; £ ¢ e | Weighted Average F1 Score 0.89
L 5| .X\ e | = | @' | | Loss : Categorical Crossentropy B v Batch Normalization for stability
| -, \f ‘ » Batch Size : 32 . v Dropout for regularization
) (- ) ‘ _‘ « Epochs : 300 | v SpecAugment for robustness . ARDUINO Th timized MFE + 2D CNN hitect
SpacAugnent . o il | . fV\ i o/> | i imize + architecture
(Datﬁugfgzion) Dataset MFE Features  Train / Validation =~ CNN Training Quantization Deployment Real-time Class Weights : {0 (Cough)-Z.O,i v Class weights to improve + & + 5 NANO BLE SENSE @ gdgT i 4 IETCIent @ :Igh <((.))> geal t”_'ne :Op thallibhast d F1
. FreqMasks =2 (max10) (Coswara) (64 Mel Bands) Split (Edge Impulse) (Arduino Nano 33 Inference 1 (Non-Cough)=1.0} cough recall 33 Spioyment HSTERICE Ceuety Erection achieves the'nighest accuracyan SCOJ€.
« Time Masks=2(max5)  Cough vs BLE Sense) (On-Device) (Boost cough recall) v Deployed & runs real-time
+ Time Warp (max 6) Non-Cough * Metrics : Accuracy | on Arduino (TinyML)

+ mask_with_mean = False
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Note: input_length = length of MFE feature vector (multiple of 64). rows = input_length / 64 | M a I n Refe re n c e s
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CoughSense Neural Network Architecture




