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1. Introduction 

1.1. Background 

The purpose of this project is to design a wave height data collector to monitor the water 

disruption on the River Thames due to the increased traffic during the construction of the 

Thames Tideway project. The Thames Tideway project is an initiative to improve the quality 

of the water of the River Thames by increasing the capacity of the London sewage system. It 

is a seven-year project with five years of construction of the underground sewer line. For 

construction in Central London, a tunnel excavation machine is lowered at the Kirtling Street 

site near Nine Elms where the excavated material is removed and loaded onto 1500-ton 

barges that transport the material out of the city via the River Thames.  

 

The construction and high traffic of these large barges is the main issue revolving around this 

project. The high traffic on the water causes more wave wash and disruption, which effects 

the residential boating communities and the river ecology. This wave monitoring project was 

created through the UCL Engineering Exchange and is intended to develop a device that will 

measure wave profiles on the River Thames and thus monitor the water traffic. There are 

existing technologies that can measure wave heights; however, such devices are normally 

used at sea, are high in cost or are not readily available on the market today. 

 

The wave measurement device developed in this project is called a wave wire, which is a 

device with vertical wires that are partly submerged through the surface of the water. The 

wire acts as a capacitor which is attached to an electrical circuit to charge and discharge. The 

wires are normally insulated with a polymer coating that acts as the dielectric of the capacitor. 

As shown in Figure 1 below, the two “plates” of the capacitor are the actual conductive wire 
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Figure 1. Wave wire capacitor concept diagram. The surface area of T
Q6e inner conducT
Qive 
core of T
Q6e capacitive wire (rig6t) is T
Q6e area of one capacitor plate and T
Q6e surface area of 
T
Q6e insulation material T
Q6at is su
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1.4. Report Structure 

The structure of the following technical report is comprised of a literature review detailing the 

wave wire technology, capacitance measurements, effects of wave wash on the river ecology 

and basics of wave dynamics. A discussion of the design criteria and prototype development, 
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The ca
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Figure 2. Voltage response on an RC circuit with respect to time in units of the number of 
time constants. At time t = τ, the voltage always equals 36.8% of the initial voltage. 

The time constant of the system can be useful when evaluating the response of a system. 

Using Equation 5 during discharge of the capacitor, when time, t, equals the time constant, 

the voltage across the capacitor is equivalent to 36.8% of the initial voltage of the system 

(Alexander, 2013). For an RC circuit with a set voltage and resistance but with an unknown or 

varying capacitance, like the wave wire method, the time to reach 36.8% of the initial voltage 

can be measured and then divided by the resistance of the circuit to obtain the capacitance. 

As the capacitance changes with the waves, the time constant and steepness of the voltage 

response curve shown in Figure 2 will change. 
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in 0.66 and 2.08 m shoreline shift respectively. This wash not only causes displacement of 

nurseries, but also causes sudden increased currents that interfere with the natural swimming 

patterns of fish (Kucera-Hirzinger, 2009).  

 

Additional harm to aquatic animals can occur through suspended solids and silt in the water 

caused by the stirring of bank floor sediment by wash and drawdown. Increased suspended 

silt in inhabited aquatic environments causes clogging of respiratory structures, reduction in 

feeding rates, disruption in mating and spawning behaviour as well as a decrease in fish 

hatching rates (Mosisch, 1998). 

 

The University of the Aegean conducted a study of the wave wash generation of conventional 

and high-speed ferries for coastal waters. In this study, wave height and duration was 

recorded as ferries passed a nearby beach into port. The study concluded that the high-speed 

vessel produced wash with significantly higher amplitudes and energy than that of 

conventional speed ferries as well as that expected to be generated from the wind wave 

regime of the area. The largest wave generated was approximately 0.74 m in amplitude where 
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2. Design Criteria 

 

The development of the initial concept of this wave wire device stemmed from the project 

brief, the outlined project objectives in the introduction as well as the previous technology 

deployments referenced in the literature review. Through the initial research of this 

technology, the following design criteria was outlined as shown in Table 1. 

Table 1. List of design criteria. 

Design Criterion Notes 

Measuring accuracy Design a system to measure wave height with <10% error or 
6 mm to the actual wave height from the water surface. 

Self-calibration with 
temperature and salinity 

Develop a design that includes temperature and salinity 
calibration. 

Affordability Minimise the overall cost of the device while balancing 
accuracy capabilities. 

Marine environment 
suitable 

Select materials that will withstand the harsh marine 
environments for long durations of time. 

High measuring rate Select electronic components that will allow a suitable 
measuring rate to capture wave profiles. 

Low power consumption Incorporate components with low power consumption, as 
the device will be battery powered. 

Compact Reduce the spatial volume of the device; considering the 
various deployment locations such as residential piers, 
marinas, and wildlife reserves.  

Manufacturability Ensure e
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3. Design and Prototyping 

 

The wave wire full-scale prototype developed for functional validation is displayed below 

alongside the original computer-aided design (CAD) model in Figures 3a and 3b. The device 

stands approximately 1 m tall, 0.35 m long and 0.25 m wide. During the development of the 

full-scale prototype, a small-
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Table 2. Prototype components and materials list. 

 Item Use/Description Supplier 
H

ar
d

w
ar

e 
Aluminium 

6082-
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affordability. The aluminium frame is assembled out of 5 meters of this angle extrusion and 

fastened with 8M nuts and bolts. 

 

The frame geometry was designed as a slim profile to reduce dragging forces induced by the 

movement of water. The upper and lower portions of the frame are in a cross configuration 

to mount the capacitive wires equidistant from the central grounding wire and to reduce the 

materials needed for functionality. The detailed drawing and dimensions of the prototype can 

be found in the appendix. 

 

3.1.2. The Wires 

The capacitive wires are multi-stranded, copper wires insulated by a PVC polymer coating. The 

inner copper core is approximately 0.83 mm in diameter and the PVC outer diameter is 

2.38mm. The PVC insulating material of the wire has a dielectric constant of 3.2. Using 

Equatiool.104 4 841.68ul7

and

E.2
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Figure 5. Wave wire electronic system schematic. The Arduino Mega is the master device that 

communicates with the PCap, MMA8451 accelerometer and micro SD module via I2C 
communication. 

3.2.1. Capacitance Measurement 

The data generation system selected is the PCap02a evaluation board (PCap) which is a printed 

evaluation board centred around a capacitance-to-digital-converter (CDC) chip. This 

evaluation board was selected due to its high measurement rate capabilities, low power 

consumption, and high measurement resolution. The PCapF4 12 Tf
1 0 0 1 351.19 548.23 Tm
0.267 0.329 0.416 rg
0.267 0.329 0.416 R5.416 rg7(n-5(i)51.19 54800000
1 0 0lTm
0 e)-2fd 
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must be 0 to 376 pf. Using Equation 1, an acceptable range for the PVC insulated wires was 

calculated to be 0 to 306 pf. 

 

3.2.2.
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4. Experiment and Testing Setup 

 

The experimental efforts of this project can be divided into three separate sections: field 

measurements, laboratory experiments and field testing. Each section will discuss in detail the 

purpose of efforts and testing set up. 

 

4.1. Field Measurements
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Following static testing of the large-scale prototype, dynamic wave tests were run in the wave 

generation tank. The wave generation system is a 20 m long tank with oscillating paddles that 

generate the waves at one end of the tank and a beach that absorbs the waves at the end of 

the tank so minimal wave reflection is made at the end of the tank. The system was set to 

generate simple sinusoidal waves with variation in amplitude and frequency for each run. The 

ranges of amplitude and frequency were 3, 4 and 6 cm amplitudes and 0.6, 1 and 1.4 Hz. These 

ranges were selected based on the typical frequency range of vessel wash waves (0.2 to 1 Hz) 

and the capabilities of the wave generation tank system (Tan, 2012). The PCap was used to 

measure and log the capacitance during the dynamic tests, and an HD GoPro camera was used 

to record each run. A ruler was attached to the glass wall of the wave tank, so the actual wave 

heights could be referenced by the video recording during the evaluation of the test capacitive 

data. 

 

4.3. Field Tests 

After the completion and evaluation of the laboratory tests, the prototype was tested twice 

on the River Thames at Oyster Wharf Pier in west London for final prototype testing including 

capacitance, acceleration and temperature measurements. The prototype was mounted to 

the floating pier so wave height measurements could be taken with the rise and fall of the 

tide. The device faced the open river to prevent obstacles from disrupting  

 

 

waves 
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5. Results 
 

5.1. Laboratory Experiment Results 

5.1.1. Small-Scale Prototype Testing 

The initial testing of the small-scale prototype resulted in a purely linear capacitance trend 

with respect to submerged wire depth. The prototype was measured using both an RLC meter 

and the PCap which both responded with linear trends but 
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measurements can be calibrated and directly translated regardless of the accuracy relative to 

the theoretical equation.  

 

The first salinity variation test was conducted over the range of salinity, 0.5 ppt to 5 ppt, 

measured on the R
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by approximately 5.56% on average. The y-intercepts of the trendline equations have m
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capacitance measurements into wave heights using the calibration curves in Figure 9 and 

comparing the measurements to the data from the video footage. A breakdown of the 1 Hz 

run results can be seen below in Figure 10. 

 

Figure 10. Dynamic functional test results, full-scale prototype. 1Hz wave Generation. (a) 
Complete run - 60 second, 35 second of waves. (b) Relative zero shift – 15 to 60 second 

period. (c) Stabilised waves – 35 to 45 second period. (d) Stabilised waves, wire 2 only – 35 to 
45 second period. Results show an average percent error of 8.89% for the three wires. 
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5.2. Field Test Results 

The field tests on the River Thames were simple functional tests to examine if the device shows 
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                                     (b)                                                                            (c) 

Figure 11. River test 1 results section. Three vessels passing at 340, 780 and 810 second 
marks. (a) Full test. (b) Focus of Vessel 1 wash. (c) Focus of Vessels 2 and 3 wash. 

 

The second test on the river was completely “hands-free”, meaning the SD card was inserted 

into the system, the power was connected and the measurements were logged. The following 

data in Figure 12 was collected when two vessels passed. The first vessel was a tour boat (30 

m) and the wash reached the pier at approximately one minute. The second vessel was a slow-

moving houseboat (20 m) and the wash event occurred at 3.5 minutes. Both events are 

highlighted in Figure 12. 
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                                        (b)                                                                                (c) 

Figure 12
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The relatively high percentage errors averaging at 34.64% for the 1.6 Hz run could be caused 
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Figure 15. 
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7. Business Plan 
 

7.1. Market Size 
The primary purpose of this project is to 



4 4  focus would be to sell the wave wire device in the consumer market through boating equipment stores and online retail sites. Collaboration with the government to set wash regulations would also be included in the future efforts to decrease effects on the environment and provide 
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The main changes in the future cost structure are shown in bold text in the table. While the 

PCap shows promising functionality, it has unnecessary capabilities for a functioning wave 

wire product. For the capacitance computation, a self-printed electronics board would be 

developed around a CDC chip, around £5. The rest of the cost allotted to the CDC chip includes 

manufacturing and circuitry components. The aluminium frame requires increased structural 

strength for long-term deployment. This results in a projected cost of £180 with the 

assumption of a 10% discount from economies of scale. The future implementation of the 

water depth meter and security cameras have been detailed in the discussion section, but are 

projected to cost £120 and £50 respectively. The resultant projected cost for the future design 

is within the 50% margin goal at approximately £490. 

 

7.4. Financing 
The funding strategy for this venture would begin with an application for a government grant. 

If awarded, a grant would ideally provide funding for the development of the first wave wire 

product for at least one year and open communication with the government to implement 

new regulations for river areas in the UK. Some available grants available include the European 

Maritime and Fisheries Fund (EMFF) and the business innovation fund. The EMFF, established 

in January 2016, has a budget of €92.1 million to provide funding for initiatives through 2020 

that improve coastal sustainability, the health and safety of fishing vessels and ports and 

landing sites (Gov, 2016). The wave wire monitoring device could aid in the health and safety 

of fishing ports and berthing zones. The business innovation fund is a competitive fund where 

a business or organisation can receive funding between £25,000 and £10 million (Gov, 2017). 

Additional funding options would preferably involve a business angel with connections in the 

boating and marina industries to increase awareness of the product. 
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CAD Drawings 
Wave Wire Prototype Drawings 
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Front Isometric View                                 Back Isometric View 
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Top Isometric View 
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Prototype Photos 
                 Overview Photo                                                 Top Prototype View 

                   
 

                      Wire Tightening System                   Water Tight Container and Wire Connections 
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New Frame Design and Bill of Materials (Via Maytec Software) 
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Arduino Code 
 

#include <Wire.h> 

#include <Adafruit_MMA8451.h> 

#include <Adafruit_Sensor.h> 

#include <SD.h> 

#include <SPI.h> 

unsigned long time; 

File myFile; 

  

Adafruit_MMA8451 mma = Adafruit_MMA8451(); 

#define ADDRESS 0x28 

 

int s = 0; 

int x = 0; 

float y = 0.0000; 

int pinCS = 53; // Pin 10 on Arduino Uno 

 

void setup() { 

 

 Serial.begin(9600); 

 pinMode(pinCS, OUTPUT); 

 

 

  if (SD.begin())    // SD Card Initialization 

  { 

    Serial.println("SD card is ready to use."); 

  } else 

  { 

    Serial.println("SD card initialization failed"); 

    return; 

  } 

 

//----------------------
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  Wire.write(0x40); 

  Wire.write(0x06); 

 Wire.endTransmission(); 
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Wire.beginTransmission(ADDRESS); 

  Wire.write(0x40); 

  Wire.write(0x0C); 

 Wire.endTransmission(); 

 

 Wire.requestFrom(ADDRESS, requ

http://arduinolearning.com/code/arduino-mma8451-accelerometer.php
http://howtomechatronics.com/tutorials/arduino/arduino-sd-card-data-logging-excel-tutorial/
http://howtomechatronics.com/tutorials/arduino/arduino-sd-card-data-logging-excel-tutorial/
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Test Setup Photos 

 

Small Scale Prototype Tests Setup (including initial functional tests, salinity variation tests, 
and temperature variation tests) 

      
 

Large Scale Prototype Tests (including Static and Dynamic tests in the wave generation tank) 
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River Tests Setup 
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Dynamic Wave Test Additional Results (0.6 Hz and 1.6 Hz Results) 
0.6 Hz Wave Test Curves 

 
Dynamic functional test results of full-scale prototype. 0.6Hz, 4cm Amplitude Generation. (a) Complete run - 60 
seconds, 42 seconds of waves. (b) Relative zero shift – 15 to 60 second period. (c) Stabilised waves –28 t
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1.6 Hz Wave Test Curves 

 
Dynamic functional test results of full-scale prototype. 1.6Hz, 4cm Amplitude Generation. (a) Complete run - 60 
seconds, 32 seconds of waves. (b) Relative zero shift – 25 to 60 second period. (c) Stabilised waves – 41 to 51 
second period. (d) Stabilis
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Accelerometer Data 

 
This data displays that between time 0 and 150 seconds, upward acceleration averaged 
higher than the downward acceleration. Between 150 and 325 seconds, negative 
acceleration averaged higher. After the 325 second mark, the positive acceleration average 
higher steadily drifting the displacement readings to about 20,000cm. This plot shows the 
complication of using accelerometers to track actual displacement and the fluctuations that 
can occur. Other test data shows similar or worse results, i.e. exponential drift instead of 
steady drift. The calculations used to find displacement from accelerations are equivalent to 
an integration, where the change in velocity from each previous acceleration data point was 
calculated with the sample rate time period. The displacement was also calculated this way 
with the previous velocity data point and the sample rate time period. The equations for 
these calculations are: 

𝑣1 = 𝑣0 + 𝑎0𝑡 

𝑦1 = 𝑦0 + 𝑣0𝑡 

 

Where: 

v1, is the instantaneous velocity 

v0, is the initial velocity or previous data point velocity 

a0, is the initial acceleration or previous data point acceleration 

y1, is the instantaneous position 

y0, is the initial position or previous data point position 
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River Thames Temperature and Salinity Measurement Data 
 

Oyster Pier (West London), Tide In, 1.6.2017, 19:00-21:30 

 
 

Oyster Pier (West London), Tide Out, 15.6.2017, 19:00-21:30 

 
 

Blackfriars Bridge, Tide In, 19.7.2017, 8:45-10:45 
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