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Abstract. The pH analysis of cervical mucous plays a significant role in 

providing valuable health insights for women. Accurate measurement of 

this pH metric is crucial for effective tracking and monitoring of reproduc-

tive health. However, current methodologies often present challenges in 

terms of confusion in test strip readings and susceptibility to external factors 

such as light fluctuations. In this study, we propose a robust and simplified 

approach for measuring cervical mucous pH, leveraging the integration of 

Internet of Things (IoT) technology and TinyML. Our setup ensures ac-

curate readings, minimizing ambiguity, and offering a reliable means for 

women to effortlessly monitor their cervical mucous pH. We conducted 

experiments to compare the accuracy of our device with human interpreta-

tion of universal pH strips. The results show our setup demonstrates supe-

rior accuracy compared to laymen’s interpretations of universal pH strips 

with small increments in pH (0.5 pH difference). This methodology em-

powers women to gain deeper insights into their reproductive health, aid-

ing in informed decision-making and improving overall well-being. 
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1 Introduction 

There have been a few attempts at assessing pH via image analysis. Loh et Al. [6] pro-

posed a pH reader that is automated by a mobile phone in 2011, by using Edge detection 

to isolate the pH strip and further performing K-means clustering for classification. Kim 

et Al. [4] improved on this concept by constructing a light box around the pH strip in 

order to render the system less vulnerable to ambient light fluctuations, improving ac-

curacy. Dello et Al. applied the methodology proposed by Kim et Al for pH analysis of 

Beer samples with promising results in 2020 [1]. Da Silva et Al. applied the method to 

water quality analysis in the same year[12]. In 2022, Elsenety et Al. [2] proposed a 

simple and accurate implementation of a mobile phone-based strip reader using a large 

library of pH values with a 0.1 increment. In the same year, Pazzi et Al. approached pH  
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strip reading through RGB index analysis of paper-based analytical devices via an RBG 

sensor [9]. Advancements in machine learning algorithms, particularly regression tech-

niques, provide a promising approach to address the accuracy issues associated with 

pH strips. By effectively mapping the relationships between the RGB values obtained 

from the pH strips and their corresponding pH values, machine learning models can 

enhance the accuracy of pH measurement. Notably, these algorithms can be optimized 

to run efficiently on small commercial microcontrollers, such as the Nodemcu or Ar-

duino, using TinyML libraries, enabling the creation of a standalone device. 

2 Importance of pH measurement in cervical mucous 

Cervical mucous, also known as cervical mucus, is a fluid secreted by the cells of the 

cervix within the female reproductive system. It plays a vital role in the reproductive 

process by facilitating sperm transport, providing lubrication during sexual activity, and 

acting as a protective barrier against pathogens. 

The measurement of the pH of cervical mucous holds significant value and in-

sights for various reasons. One of the prominent applications is its role as an indi-

cator for Bacterial Vaginitis (BV), a common vaginal infection. Normally, the 

vagina maintains a moderately acidic pH level ranging from 3.5 to 4.5[7]. However, 

in cases of BV, the pH of cervical mucous becomes more alkaline, serving as a 

diagnostic marker for the condition [5]. Often, BV is falsely treated using OTC 

antifungal medication. Appropriate diagnosis can lead to correct treatments and 

better patient outcomes [10]. 

Furthermore, the pH of cervical mucous has been linked to unexplained fertility. 

Sperm survivability within the vaginal and cervical canal is influenced by the pH 

value, as an acidic environment can be detrimental to sperm[8]. Therefore, accu-

rately analyzing the pH of cervical mucous becomes crucial for tracking fertility 

and understanding factors affecting sperm viability. 

The regulation of pH in the vaginal environment is controlled by the natural mi-

crobiota of the vagina and hormonal factors [3]. Consequently, analyzing the pH of 

cervical mucous serves as a useful indicator for various aspects of vaginal health. 

Currently, interpreting vaginal pH strips can be challenging, potentially leading 

to inaccuracies in pH measurements. Additionally, a more precise analysis of vag-

inal pH and its variations throughout the menstrual cycle can provide further in-

sights into vaginal health and menstrual cycle patterns. In light of these consider-

ations, we propose the development of a portable and user-friendly Internet of 

Things (IoT) enabled vaginal pH strip reader. This innovative solution aims to 

simplify and enhance the accurate measurement and tracking of vaginal pH, em-

powering women to monitor their vaginal health effectively. The integration of 

IoT technology further enables seamless data tracking and analysis, facilitating 

comprehensive insights into pH variations and their implications. 
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3 Proposed Methodology 

The proposed standalone device encompasses a closed box design that minimizes 

errors in RGB readings by providing a controlled environment. By mitigating the 

impact of fluctuating lighting conditions and ensuring accurate strip centering, the 

device delivers more reliable and precise pH measurements. The basic flow and 

structure of our proposed setup can be seen in Figure 1. 

Fig. 1.  Structure of the proposed setup 

Additionally, leveraging the Internet of Things (IoT) technology, the device can be 

integrated with a user-friendly app interface, offering seamless interaction, data storage, 

and analysis options. This IoT implementation enables users to access pH measure-

ments remotely, track vaginal pH trends, and make informed decisions based on the 

stored data (Fig 2). 

The setup employed for pH sensing is designed with the goal of minimizing 

potential sources of error, such as variations in background light and inconsistent 

distances between the sensor and the pH strip. The setup ensures a dark environ-

ment and a constant distance, which contributes to stabilizing and enhancing the 

accuracy of the readings obtained. 

The TCS3200 sensor, developed by Texas Advanced Optoelectric Solutions, is a 

versatile programmable color light-to-frequency converter utilized in the pH sensing 

device for RBG value reading. This integrated circuit combines configurable silicon 

photodiodes and a current-to-frequency converter on a single monolithic CMOS chip. 

It provides an output in the form of a square wave with a 50 percent duty cycle, where 

the frequency is directly proportional to the intensity of light it detects. 

 

Fig. 2. Synoptic of pH tracking device for cervical mucous tracking 
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A TCS3200 sensor is affixed to the top of the box or enclosure. This placement en-

sures that the sensor is positioned correctly to capture the RGB values of the pH strip 

during the measurement process. Figure 2 represents a general synoptic of our setup 

and data flow mechanism. To develop a reliable machine learning model for pH sens-

ing, it is essential to establish a comprehensive database that correlates the RGB values 

obtained from the TCS3200 sensor with the corresponding pH readings. By directly 

collecting readings using the devised setup, the need for additional calibration, such as 

relying on a given reference sheet, is eliminated. This is crucial as the pH paper’s prop-

erties, such as moisture content, can significantly impact the readings and introduce 

inaccuracies. 

To construct the database, a systematic approach was employed (see Fig 3). Mul-

tiple phosphate and acetate buffers were prepared, covering a pH range from 3.5 

to 7.0 with an increment of 0.5 pH units. This reflects the range of values that 

cervical mucous can be measured as. These buffers served as the reference stand-

ards for the subsequent data collection process. A cotton swab was used to apply a 

small sample of each buffer onto the pH paper. It was ensured that sufficient time 

was allowed for the paper to dry, as variations may arise during the drying process, 

which can affect the measured values. 

  

Fig. 3. A flowchart of the employed data collection methodology 
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The data collection procedure involved taking readings from the TCS3200 sensor 

for a duration of 1.5 minutes. This duration was chosen to account for any fluctua-

tions or changes in the pH paper’s response as it dried. By observing the pH value 

for this extended period, it aimed to capture a more accurate representation of the 

pH within the desired timeframe of 1.5 minutes. 

Once the data collection phase was complete, the obtained dataset underwent a thor-

ough cleaning and processing procedure (Fig.3). This involved removing any outli-

ers or inconsistencies that could introduce noise or bias into the dataset. Addi-

tionally, the data was formatted and transformed as necessary to ensure com-

patibility with the machine learning model being employed. Figure 4. 

 

Fig. 4.  Scatterplot of RGB values measured for each pH 

illustrates the distribution of measured RGB values for each pH. The upward 

streak indicates the drying of the paper, resulting in higher RGB values. 

After dividing the collected dataset into training and testing sets, we employed 

gridSearchCV, a technique for hyperparameter tuning, to identify the optimal parame-

ter values for four different regression models: Decision Tree Regressor, Random For-

est Regressor, Linear Regressor, and XGB Regressor. The evaluation criterion used to 

compare the models was the Root Mean Squared Error (RMSE). 

Figure 5a illustrates a CAD model of the setup, providing a visual representation 

of its components, and 5b shows our implementation using cardboard. The setup 

involves a simple board, depicted in purple, which features an indentation specif-

ically designed to hold the pH strip securely during readings. This ensures that the 

strip remains stationary and avoids any unintended movement that could impact 

the accuracy of the measurements. 
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(a) CAD Model          (b) Cardboard implementation 

Fig. 5. Setup design and implementation 

To facilitate ease of use and streamline the process, the board with the pH strip can 

be conveniently inserted into a slit in a box or enclosure. This allows for efficient 

and straightforward readings to be taken without any additional complexity. Fi-

nally, a wifi based connection was established using Firebase. The measured pH 

values were transmitted to a linked app, where the values were tracked and pre-

sented to the user, as seen in the wireframe in Figure 6. 

 

Fig. 6. Wireframe of App interface with Alert mechanism 

The user was flagged if the measured pH exceeded the normal range of vaginal 

pH, that is 3.5- 5pH. 
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4 Experimental Results 

Table 1. RMSE Values for Different Models 

 

Model RMSE 

Decision Tree Regressor 0.4951 

Random Forest Regressor 0.2372 

Linear Regression 0.9325 

XGB Regressor 0.3966 

 
 

Based on the results obtained as seen in Table 1, the Random Forest Regressor ex-

hibited the lowest RMSE among the four models, indicating superior predictive perfor-

mance. Therefore, we selected the Random Forest Regressor as the most suitable model 

for our pH sensing application. The feature importance graph (Fig 7) shows that the 

model is most sensitive to variation in green values. In the next step, we ported the 

Random Forest Regression model from Python to  

 

Fig. 7. Feature Importance Graph of Random Forest Regression 

Arduino-compatible C code using the micromlgen library from Eloquent Ar-

duino. The Random Forest Regression implementation in Arduino required 

zero bytes of RAM since it hard-codes all the constituent decision trees. However, 

it does utilize as many bytes as the number of classes for storing the votes, which 

is negligible in our case [11]. 
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Table 2. Performance Metrics of Random Forest Regression 

 
 

 
 

 

This allows us to run the regression of the NodeMCU. The Random Forest regres-

sion model achieved an RMSE (Root Mean Squared Error) of 0.1595 and an accuracy 

of 0.97983 was achieved for the model as shown in Table 2. These performance met-

rics, the low RMSE and high accuracy, suggest that the Random Forest regression 

model successfully captures the underlying patterns and relationships between the RGB 

values from the TCS3200 sensor and the corresponding pH readings. This indicates that 

the model is capable of accurately estimating the pH levels based on the provided RGB 

inputs, making it a reliable tool for pH-sensing applications. 

In order to analyse whether our device improved the accuracy of reading test 

strips we asked 3 laymen test subjects to interpret various pH strips from pH 3.5 

to 7.0 with increments of 0.5 pH and provided them with the reference chart. We 

observed a large deviation between the subjects, showing confusion in accurately 

reading universal pH strips with small differences in pH (Table 3). 

Table 3. True and Predicted pH Values for Subjects A, B, and C 

 

True Predicted Subject Subject Subject 

pH pH A B C 

3.5 3.6 4 3.5 4 

4 4 3.5 4.5 3.5 

4.5 4.3 4.5 4 4.5 

5 5.2 5.5 5 5 

5.5 5.5 5 6 6 

6 6.2 6 5.5 5.5 

6.5 6.4 7 6.5 6.5 

7 7 6.5 7 7 

 
 

The subjects have an average error of ±0.3pH compared to the true pH. In contrast, 

our device demonstrated superior accuracy with an average ±0.1pH error compared to 

the true pH. 

 

Metric  V a l u e  

RMSE 0.1595 

Accuracy 0.97983 
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5 Conclusion 

The analysis of the pH of cervical mucous holds substantial potential in offering valu-

able health insights to enhance the well-being of women. The availability of a simple 

and precise method to measure this pH, minimizing confusion in test strip readings, 

would greatly facilitate the monitoring of this essential metric. Our proposed setup, 

designed to provide accurate readings and mitigate the influence of external factors 

such as light fluctuations, establishes a robust framework for obtaining reliable results. 

It achieves greater accuracy than laymen’s readings. By integrating the Internet of 

Things (IoT) technology, we envision that this methodology can be effectively em-

ployed to enable women to effortlessly track their cervical mucous pH levels. 

Such an approach would empower women to gain deeper insights into their re-

productive health, facilitating informed decision-making and contributing to an 

improved quality of life 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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