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1 Executive summary 

This deliverable provides an update on the design and fabrication details of devices for aquatic 

contaminant preconcentration and the immuno-SAW sensor, with description of operation and initial 

validation data from lab testing (Task 1.1, 1.2 &1.6) 

Task 1.1 involves the development of a sampling unit that will enable extraction and pre-concentration 

of analytes from seawater. The sample preparation for free organic analytes will include a number of 

filtering steps: filtering of particulates from coarse to fine, followed by a 0.45 μm filter to remove all 

biomass.  

 Task 1.2 focuses on the design and fabrication of a device for immuno-SAW sensing. The primary 

objective is to develop a portable device to establish a complete and efficient workflow for on-site 

organic contaminant water testing. This integrated approach aims to streamline and enhance the 

accessibility of water quality monitoring. 

Task 1.6 focuses on the development of Smartphone apps for device operation. It involves the 

development of the smartphone application to operate the hand-held, real-time platforms. The 

parameters of the application will be fully adjustable by the user. 

This is the public deliverable for the above-mentioned tasks. More detail is provided in the periodic 

review report. 

 

2 Figures and Tables 

Figure 

number 

Legend Page 

number 

Figure 1 1st Revision of the PCB. Attempt Failed. 9 

Figure 2 (A) Clock Generation Module: It creates the signal that passes through the 

SAW Sensor (B) Processor (Arduino R4 Wifi) responsible for the scheduling 

of the device operations and the transmission of the results to the user. 

9 

Figure 3 

 

(A) Low Pass Filter Module: Filters the output of the clock generation 

module. (B) RF Gain/Phase Module: Measures the Amplitude and Phase 

difference between a reference signal and the output signal of the SAW 

sensor. (C) Digital Attenuator Module: Attenuates the reference signal. (D) 

ADC Module: This module gathers the results from picture B and sends 

them to the Processor. 

10 

Figure 4 

 

Figure 4. VNA (Vector-Network Analyzer) Block Diagram. The highlighted 

modules indicate those that have already undergone testing. 
11 
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Figure 5 

 

Figure 5. (A) Control Panel of the Application: The user can 

connect/disconnect wired/wirelessly the Device, change measurement 

mode and frequency, adjust the attenuation level of the reference signal 

and choose SAW Sensor type (B) Chart Panel of the Application: The user 

can view the Chart Data Realtime and add timestamped notes. 

12 

Table 1 Table 1. Bill of Materials (Main integrated Chips and Materials) used for 
this device. 

11 

 

3 Acronyms & Abbreviations 

Term Description 

SAW Surface Acoustic Waves 

RF Radio Frequency 

ADC Analog to Digital Converter 

PCB Printed Circuit Board 

LED Light Emitting Diode 

LPF Low Pass Filter 

VNA Vector Network Analyzer 

UI User Interface 

USB Universal Serial Bus 

JSX JavaScript XML 

CSS Cascading Style Sheets 

APIs Application Programming Interface 

BLE Bluetooth Low Energy 

HTTPs Hypertext Transfer Protocol Secure 

CSVs Comma Separated Values 
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4 Introduction 

The scope of this deliverable is to provide an update on the progress under Tasks 1.1, 1.2 and 1.6 of 

WP 1 in the AquaBioSens project, focused on the design and fabrication of devices for contaminant 

preconcentration and immuno-SAW sensing. The SAW device that we designed and fabricated aims, 

along with its controller app, to provide the whole workflow for organic contaminant water testing. 

The performance of the devices and the assays will be tested and optimised using spiked water 

samples where the contaminant will be added to water (using both synthetic and real seawater and 

fresh water).  

This deliverable will: 

▪ Outline the progress made towards design and fabrication of the contaminant 

preconcentration device.  

▪ Outline the progress made towards design and fabrication of the SAW device.  

▪ Outline the progress made towards the design of the SAW device controller app. 

▪ Outline the next steps towards the completion of the WP tasks. 

 

5 Relation to other tasks and deliverables 

This deliverable is related to the following other AquaBioSens tasks and deliverables: 

Table 1. D1.1 Input from other tasks and deliverables 

Deliverable Due Date Input for D1.1 

N/A N/A None. 

 

 

Table 2. D1.1 Output for other tasks and deliverables 

Deliverable Due Date Output from D1.1 

D2.3 M30 Optimization of sample-to-result protocol including 
preconcentration and analysis, using simulated samples with spiked 
target molecules in artificial and real water samples. (Task 2.5) 

 

6 Progress – Task 1.1 

This task is advancing the development of a sampling unit that combines sequential filtration and 

automated preconcentration to prepare seawater samples for analysis of organic contaminants. 
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Filtration system. A multi-step filtration module has been designed and assembled, able to operate in 

both continuous and batch modes. The process removes coarse and fine particulates before passing 

the sample through a 0.45 μm filter, ensuring that biomass is excluded and only dissolved compounds 

remain. This reduces interferences and protects sensitive downstream systems. The unit has been 

optimised for largely automated operation, including backwashing, cleaning, sample collection, and 

scheduled sleep–wake cycles. Flexibility is built in through adjustable tubing, optional debris filters, 

and programmable settings. Initial results show excellent performance in lowering turbidity to levels 

required for sensor protection. 

Preconcentration system. In parallel, a proof-of-concept preconcentration module has been 

developed using solid phase extraction (SPE). The prototype integrates three main components: (i) a 

cartridge selection and connection mechanism that automates attachment and exchange of SPE 

cartridges; (ii) a syringe pump that delivers solvents with controlled precision; and (iii) a flow regulation 

system that ensures efficient analyte retention and elution. Together, these features support 

automated recovery of target compounds, reducing manual intervention and improving analytical 

throughput. The prototype has been successfully constructed and is undergoing optimisation. 

7 Progress – Task 1.2  

7.1 Principle of operation of SAW device (FORTH) 

In WP1, Task 1.2 stated the development of a device used for SAW measurement of antibody-based 

assays. The description included the use of an optional heating/cooling thermoblock for performing 

assays that require treating the samples. After careful consideration, the development and inclusion 

of this module will be aborted. 

The operational principle of this device's hardware involves a pump that drives the solution through a 

microfluidic needle onto the surface of the SAW sensor (Surface Acoustic Wave). Simultaneously, the 

clock generation unit produces a frequency sweep from 120 MHz to 122 MHz (as configured by the 

user) to find the resonant frequency of the Sensor. A lowpass filter conditions the output signal, 

matching it to 50 Ohms while suppressing harmonics (240,360MHz, etc) and spurious signals. An RF 

splitter then divides the signal, directing one path to the SAW sensor and the other through a digital 

programmable attenuator to ensure both signals are within the same dynamic range before reaching 

the RF gain/phase measurement module. This module outputs three signals—Magnitude, Phase, and 

Reference—which are digitized by an Analog to Digital Converter (ADC) and transmitted to the 

microprocessor. At each frequency step, the signal undergoes this processing chain, converting it into 

digital Magnitude and Phase values. These values are then relayed to a computer (via wired 

connection) or an Android tablet (wirelessly). A slightly modified process is used for the 153 MHz 

sensor, where the key difference lies in the multiplexing of the four channels. 

During the initial phase of device development, two primary options were considered: ordering PCBs 

(Printed Circuit Board) and components based on the existing design or initiating a new design from 

scratch. The first option proved unfeasible due to the obsolescence and market unavailability of most 

components specified in the original design. Consequently, a comprehensive redesign initiative was 

approved, incorporating significant improvements. The primary objectives of this new design are to 
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enhance user-friendliness and robustness. Furthermore, the selection of higher-quality components 

enables quicker and more detailed frequency sweeps. The device will support real-time wired and 

wireless measurement acquisition. Its portability is ensured by the integration of a 1350mAh 

rechargeable battery, eliminating the need for a bulky external power supply. 

1st Revision 

 

Figure 1. 1st Generation of the PCB. Attempt Failed.  

Initially, a PCB was designed (Figure 1) and fabricated to interface with a SAW Sensor for acquiring 

Magnitude and Phase measurements. Following multiple tests and PCB assemblies, it was determined 

that while power and computer connectivity functioned as expected, the device lacked robustness. 

2nd Generation 

For the second revision, a modular approach was adopted, designing and fabricating multiple 

dedicated PCBs, each performing a single or few functions. This design decision aimed to simplify the 

troubleshooting process. A more robust microcontroller was selected, facilitating easier integration 

with these sub-modules. The Arduino code for the remaining modules is complete. The functionality 

of the Arduino code (sequence of functions) has been verified using a web user interface (compatible 

with Android, Mac, and Windows) via both USB (Android Web UI doesnt support USB) and Bluetooth 

connectivity. 

 

Figure 2. (A) Clock Generation Module: It creates the signal that passes through the SAW Sensor (B) 

Processor (Arduino R4 Wifi) responsible for the scheduling of the device operations and the 

transmission of the results to the user. 
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Processing unit: The Arduino R4 WiFi microcontroller (Figure 2A) serves as the device's central 

processing unit. It integrates an ESP32 module for robust Wi-Fi and Bluetooth connectivity and 

features a distinctive 12x8 LED matrix for direct on-board visual prototyping (Probably will not be used 

as it disrupts the main operations of the microcontroller-cannot run parallel). 

Clock Generation Module: This module (Figure 2B) is responsible for generating the frequencies 

required as input for the SAW Device. Spectrum analysis, performed using an HP 4195A 

Network/Spectrum Analyzer, revealed that the module consistently produces harmonics regardless of 

its internal configuration. This necessitates the integration of a Low Pass Filter. 

 

Figure 3. (A) Low Pass Filter Module: Filters the output of the clock generation module. (B) RF 

Gain/Phase Module: Measures the Amplitude and Phase difference between a reference signal and 

the output signal of the SAW sensor. (C) Digital Attenuator Module: Attenuates the reference signal. 

(D) ADC Module: This module gathers the results from picture B and transmits them to the Processor. 

Low Pass Filter (LPF) Module: Responsible for filtering out harmonics generated by the clock unit, this 

module (Figure 3A) implements a conventional 5th-order Butterworth Low Pass filter with a Shunt-

First topology. Its cutoff frequency is set at 190 MHz. 

Digital Attenuator Module: This module (Figure 3B) controls the attenuation level of the clock signal. 

RF Gain/Phase Measurement Module: This module (Figure 3C) is designed to receive two input signals 

and precisely quantify their difference in terms of both Phase and Magnitude. 

Analog-to-Digital Converter (ADC) Module: This module (Figure 3D) is responsible for acquiring 

Magnitude and Phase signals and converting them into digital values comprehensible to the 

microprocessor. 
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Figure 4. VNA (Vector-Network Analyzer) Block Diagram. The highlighted modules indicate those 

that have already undergone testing. 

1 Table 1. Bill of Materials (Main integrated Chips and Materials) used for this device. 

Bill of Materials 

Battery: Polymer Lithium-Ion Battery 3.7V/ 1350mAh 

Battery Management Module: TP4056 Module 

Step Up Voltage Module: DC-DC Converter Step-Up 5-
28V 2A - MT3608 

Processor: Arduino R4 Wifi 

Bluetooth Module: ESP32-S3 Wifi/BLE Module or HM-10 

Clock Generation Module: SI5351 

Attenuator-Splitter Module: HMC1122 

RF Gain/Phase Measurement Module: AD8302 

ADC: ADS1220 

 

8 Progress – Task 1.6 Web App 

8.1 Description 

Real-time visualization and plotting of SAW measurement data are crucial for effective device 

operation and analysis. To address this, a comprehensive Web User Interface (UI) was developed to 

acquire and display measurements from the device via both USB (Windows, macOS, Linux) and 

Bluetooth (Windows, macOS, Linux, Android). 

The decision to develop a Web UI over a native Android application was driven by the significant 

reduction in development time and the ability to maintain a consistent user experience across all 

supported platforms. 

Technical Stack: The application is built using the React Framework, leveraging JSX syntax for 

component development. Styling is managed with Tailwind CSS, and visual enhancements are provided 

by Lucide React. For real-time data visualization, the Chart.js JavaScript charting library is integrated. 

Connectivity & APIs: Two key Web APIs facilitate device communication: 



P a g e  | 12 

 

© 2024 AquaBioSens Horizon Europe | HORIZON-CL6-2023-ZEROPOLLUTION-01-6| 101135432 

• Web Serial API: Enables direct communication between the web application and serial devices 

(USB). Unfortunately, Android doesnt currently support the Serial connection in this API. 

• Web Bluetooth API: Allows communication with Bluetooth Low Energy (BLE) devices, such as 

the HM-10 module or the ESP32-S3 module on the Arduino R4 Wi-Fi microcontroller. 

The use of both APIs necessitates a secure Browse context (HTTPS) for proper functionality. 

Data Handling: The application processes comma-separated values (CSVs) received from the Arduino 

(via USB and Bluetooth), parsing them to extract relevant measurement information. 

Deployment & Accessibility: Currently, the application is not publicly hosted on a web server. It 

operates within a local network, accessible by all connected devices. 

8.2 Features of the App 

 

Figure 5. (A) Control Panel of the Application: The user can connect/disconnect wired/wirelessly 

the Device, change measurement mode and frequency, adjust the attenuation level of the 

reference signal and choose SAW Sensor type (B) Chart Panel of the Application: The user can 

view the Chart Data Realtime and add timestamped notes. 

Key features of the application include: 

 

1. Data Export: A one-click feature to transform all received data into a CSV file for download. 

2. Real-time Display: A dedicated tile showcasing the current measurement value. 

3. Measurement Control Panel: Allows adjustment of measurement mode, frequency, step, and 

clock signal attenuation. 

4. Sensor Selection: A control panel for selecting the connected sensor type (120MHz or 153MHz). 

5. Experiment Annotation: A feature enabling users to add notes or timestamps to the measurement 

log during experiments (e.g., recording when PBS was added to the sensor surface). 

6. Real-time Plotting: Live graphs displaying Magnitude and Phase measurements (currently in mV, 

with future association to dB). 

7. Data Table: A scrollable table presenting all received data in CSV format. 
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8.3 Current Limitations 

• The application does not yet support the acquisition of data from four channels simultaneously. 

• The Disconnect USB Button doesn’t work properly. 

• The chart/graph isn’t yet scrollable/zoomable. 

 

8.4 Next Steps 

Following successful inter-module connectivity verification, development will transition to an STM32-

Nucleo Board. A successful transition to this platform will enable the development of the final device 

using a smaller, integrated STM32 processor. 

The prototype, along with its controller app, is on track to be ready in 3-4 months. We will then conduct 

thorough testing of the device-application interface (Tasks 1.2 & 1.6). The final step involves laboratory 

experiments with real or synthetic samples to validate the complete workflow (Task 2.5). This task  

should start in month 19 and end in month 30. 

9 Conclusions 

The filtration and preconcentration modules represent significant progress towards a reliable platform 

for sample preconcentration in aquatic environments. The filtration system is operational and 

validated, while the preconcentration unit has reached proof-of-concept stage. The next phase will 

focus on further testing, refinement, and integration of both modules into a scalable sampling solution. 

Significant progress has also been made on the SAW contaminant/toxin testing device, with the core 

components successfully redesigned and fabricated for a more portable and robust system. The 

majority of individual modules have been tested, and their interconnectivity has been verified. The 

final stages involve a full-scale test of the device-application interface and validation of the complete 

workflow using spiked water samples. 

A complementary web-based UI was developed to provide real-time operation and data visualization. 

Built on the React framework, the UI supports multiple operating systems via Web Serial and Web 

Bluetooth APIs, ensuring a consistent user experience. Key features include live data plotting, 

customizable controls, and data export. This tool is a crucial part of the project, with ongoing 

improvements planned for multi-channel support and enhanced chart interactivity. 

 

 


