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Problem Statement:
Hydrocephalus is a neurological disorder characterized by an accumulation of cerebrospinal fluid 

(CSF) in the brain, which leads to increased intracranial pressure. Patients are typically treated with 

implanted shunt valves that help drain excess fluid. However, these valves are prone to 

malfunction, and current methods of monitoring their function—such as neuroimaging or invasive 

pressure sensors—are costly, time-consuming, and incapable of providing continuous, real-time 

feedback. As a result, malfunctions often go undetected until symptoms appear, increasing the risk 

of serious complications.
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Proposed Solution:       Our team is developing a non-invasive, real-time monitoring system that uses acoustic sensors to assess shunt 

valve functionality. The system listens for specific sound patterns generated by valve actuation and uses signal processing to extract 

meaningful features. These features are then analyzed using a machine learning (ML) algorithm capable of detecting anomalies that may 

indicate valve failure. By enabling early and continuous monitoring, this approach could drastically improve patient outcomes and reduce the 

need for emergency interventions. 
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Background & Literature Gap:

Conclusion: Our team has successfully developed a working prototype for a non-invasive acoustic monitoring system capable of 

detecting hydrocephalus valve operation in real time. The system combines cost-effective sensors, signal processing, and lightweight machine 

learning to create a portable and scalable diagnostic tool. With continued refinement, our device could help patients and caregivers detect 

shunt malfunctions early, reducing the need for invasive tests and emergency procedures. 

While acoustic sensing has been explored in biomedical applications such as cardiovascular and joint 

  diagnostics, its use in monitoring implanted hydrocephalus valves remains largely unexplored. Prior research has focused 

    on pressure-based or imaging-based approaches, many of which require surgical implantation or regular 

                 hospital visits. Our project fills this critical gap by applying acoustic sensing technology to a novel 

         and clinically important use case. By capturing valve actuation signatures 

                   externally and non-invasively, our system could offer 

  a safer and more accessible alternative to 

                  existing solutions.

To simulate realistic CSF flow conditions, we 

built an experimental setup using both an 

automatic and manual pump. Trials were 

conducted with various valves and under 

multiple environmental conditions, such as  

foam insulation and open air, to test noise 

rejection. We also tested different microphone 

types, including contact, supercardioid, and 

standard, to evaluate signal clarity and sensor 

placement. Each experimental configuration  

was designed to gather reliable training data 

and assess system performance under diverse 

conditions.

The core architecture of our system begins 

with acoustic sensors that capture 

mechanical sounds from the hydrocephalus 

valve. These signals are amplified and 

filtered through analog circuitry before 

being processed in MATLAB. Signal 

processing techniques such as band-pass 

filtering and Fast Fourier Transform (FFT) 

are used to isolate relevant features. A 

supervised ensemble classification model 

then categorizes the valve’s operation status 

in real time based on extracted features. 

This data pipeline enables continuous, 

automated anomaly detection with minimal 

latency, and is designed for future 

portability and low-power operation.

Across 20+ trials, our system reliably 

captured signals from valve actuation, with 

contact microphones providing clear data. 

After filtering in MATLAB, features were 

extracted and used to train a supervised 

ensemble model. The classifier achieved 

high accuracy, correctly labeling each 1-

second segment into 3 categories: no 

activity, abnormal delay, or normal 

operation. The final model achieved over 

85% accuracy in distinguishing abnormal 

from normal activity, with 100% accuracy in 

identifying inactive segments. This validates 

our real-time, non-invasive approach for 

monitoring valve health. 

System 
Architecture Results:

Experimental Setup:

Figure 1 & 2: Lab Setup

Figure 3: Overlay of acoustic FFT magnitude (blue) 
and pressure data (orange) showing alignment between 
sound events and valve actuation. This confirms 
acoustic signals reliably reflect valve activity timing. 

Figure 4: Confusion matrix showing 
accurate classification of valve states using 
supervised learning. High diagonal values 
confirm the reliability of our acoustic-
based monitoring system.
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