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Abstract - Bladder dysfunctions, including overactive
bladder (OAB), detrusor underactivity (DU), and
neurogenic bladder disorders, require precise diagnostic
methods for effective treatment. Traditional urodynamic
studies (UDS) rely on invasive catheterization to measure
bladder pressure, which is uncomfortable and unsuitable for
long-term monitoring. This study proposes surface
electromyography (SEMG) as a non-invasive alternative to
assess bladder function by recording detrusor muscle
activity from the lower abdomen and pelvic floor. To
enhance signal quality, adaptive filtering techniques and
convolution-based signal processing are employed,
effectively reducing noise and artifacts. Additionally, a
novel Bladder Vector Hypothesis is introduced, inspired by
ECG vector recording, to analyze multi-electrode spatial
This
approach has the potential to enable non-invasive, real-time
urodynamic assessments, revolutionizing the diagnosis of

contraction patterns for improved diagnostics.

bladder dysfunctions.
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1.INTRODUCTION

Bladder function is regulated by the coordinated activity of
the detrusor muscle and external urethral sphincter, ensuring
proper urine storage and expulsion. Dysfunctions in this
mechanism can lead to urinary retention, incontinence, or
urgency disorders. Traditional urodynamic studies (UDS)
involve invasive catheter insertion to directly measure
bladder pressure, which is uncomfortable and poses risks of
infection and patient discomfort (Krhut et al., 2017).

Surface electromyography (sEMG) offers a non-invasive
alternative by detecting electrical activity in muscles,
including the detrusor and pelvic floor muscles. However,
capturing bladder EMG signals presents several challenges

1. Weak bioelectrical signals: Smooth muscle fibers
generate low-amplitude signals that are difficult to detect.

2. Noise interference: Signals are often contaminated by
abdominal and intestinal movements.

3. Motion artifacts: Breathing and posture changes
introduce additional noise.

This research explores the use of SEMG signal acquisition,
adaptive filtering, and convolution-based signal processing
to extract meaningful bladder contraction patterns.
Furthermore, the Bladder Vector Hypothesis proposes
multi-electrode spatial mapping to analyze contraction
direction and strength, enhancing diagnostic accuracy.

2. Surface EMG for bladder disfunction
2.1 Surface EMG in Urological Assessments

Surface EMG is widely used for pelvic floor studies, but its
application in bladder function remains
underexplored. Key findings

analysis
from existing research
includes that Pelvic floor EMG can indicate urinary
incontinence or sphincter dysfunction (Krhut et al., 2017)
and challenges to capture Detrusor muscle EMG signals
due to signal attenuation and interference.

2.2 Convolution-Based Signal Processing in EMG

Recent studies highlight the effectiveness of convolution-
based techniques, such as convolutive blind source
separation (CBSS), for improving EMG signal extraction
(Zhu & Zhang, 2012). Convolution-based filtering offers
several advantages like, enhanced feature extraction from
weak EMG signals, suppression of motion artifacts and
powerline interference, and improved detection of
contraction onset and relaxation patterns. These techniques
are integrated into the proposed methodology to enhance
bladder EMG signal clarity.

3. Methodology
3.1 EMG Recording Approach
Electrode Placement Strategy:

Electrodes are strategically placed on the lower abdomen
and pelvic floor to capture detrusor muscle activity.
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Signal Processing Pipeline:

The pipeline includes noise reduction, feature extraction,
and pattern analysis.

Hardware Components:
- MyoWare 2.0 EMG Sensor for signal acquisition.

- ESP32 microcontroller for data processing and IoT
integration (Blynk dashboard).

- Multiplexer (74HC4051) for sequential electrode

switching.

- Optional flow sensor for urine flow correlation.

3.2 Filtering Techniques

Passive Filters:

- High-pass filter (10 Hz) to remove motion artifacts.

- Low-pass filter (450 Hz) to suppress high-frequency noise.
- Notch filter (50 Hz) to eliminate powerline interference.
Adaptive Digital Filtering:

- Root Mean Square (RMS) for signal normalization.

- Moving average filter for noise reduction.

- Convolution-based processing to extract contraction
patterns (Zhu & Zhang, 2012).

4. The Bladder Vector Hypothesis
4.1 Concept

Inspired by ECG vector analysis, the Bladder Vector
Hypothesis suggests that multi-electrode EMG recording
around the bladder can create a spatial contraction vector,
enabling deeper analysis of detrusor function.

4.2 Potential Diagnostic Insights

- Overactive Bladder (OAB): Early contraction vector shift
before urine flow.

- Underactive Bladder (UAB): Weak contraction vectors
despite a full bladder.

- Bladder Outlet Obstruction: Strong detrusor contraction
but weak urine flow response.

4.3 Future Exploration with HD-sEMG

High-Density Surface EMG (HD-sEMG) could enhance
spatial resolution, enabling 3D contraction vector mapping
of the bladder (Wu et al., 2015).
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5. CONCLUSIONS

This research proposes a non-invasive EMG-based method
for diagnosing bladder dysfunctions. By recording detrusor
muscle activity using surface EMG, it aims to replace
invasive catheter-based urodynamics in select cases. The
Bladder Vector Hypothesis introduces a multi-directional
contraction mapping approach, which, when combined with
convolution filtering, could improve diagnostic accuracy.
Further clinical validation and HD-sEMG research will be
necessary to determine its practical feasibility.

6. Challenges & Limitations
Despite its potential, this approach faces several challenges:

1. Weak Signal Strength: Detrusor muscle EMG signals are
inherently weak.

2. Electrode
abdominal muscles may interfere.

Cross-Talk: Overlapping signals from

3. Motion Artifacts: Requires advanced filtering to remove
unwanted noise.

4. Clinical Validation: Further studies are needed to
compare this method with standard urodynamics (Krhut et
al., 2017).

6. Future Scope

- Clinical Testing: Pilot studies to compare EMG-based
bladder assessment with traditional urodynamics.

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM50957 |

Page 2


http://www.ijsrem.com/

S 1Y
A
@ﬁy International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue: 06 | June - 2025 SJIF Rating: 8.586 ISSN: 2582-3930
- Machine Learning Integration: Al-based pattern My interests lie in biosignal
recognition for automatic diagnosis. processing, loT-based healthcare

systems, and diagnostic

- HD-sEMG Research: Multi-electrode spatial mapping for
bladder function studies (Wu et al., 2015).

innovation. I am  passionate
about combining embedded
systems with clinical
applications to develop non-
invasive diagnostic tools. His
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