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ABSTRACT 
This paper presents a set of software tools for interrogating 

and processing time series data. The functionality of this toolset 
will be demonstrated using data from a specific deployment 
involving multiple sensors deployed for a specific time period. 

The approach was developed initially for Datawell 
Waverider MKII/MKII buoys [1] and expanded to include data 
from acoustic devices in this case Nortek AWACs. Tools of this 
nature are important to address a specific lack of features in the 
sensor manufacturers own tools. It also helps to develop 
standard approaches for dealing with anomalous data from 
sensors. 

These software tools build upon an effective modern 
interpreted programming language in this case Python which 
has access to high performance low level libraries. This paper 
demonstrates the use of these tools applied to a sensor network 
based on the North West coast of Scotland as described in [2,3]. 

Examples can be seen of computationally complex data 
being easily calculated for monthly averages. Analysis down to 
a wave by wave basis will also be demonstrated form the same 
source dataset. The tools make use of a flexible data structure 
called a DataFrame which supports mixed data types, 
hierarchical and time indexing and is also integrated with 
modern plotting libraries. This allows sub second querying and 
the ability for dynamic plotting of large datasets. 

By using modern compression techniques and file formats 
it is possible to process datasets which are larger than memory 
datasets without the need for a traditional relational database. 

The software library shall be of use to a wide variety of 
industry involved in offshore engineering along with any 
scientists interested in the coastal environment. 

 
INTRODUCTION 
Once data has been recovered from deployed sensors, it can be 
challenging to transform the data into a common format which 
allows easy comparative time based analysis. The toolbox 
discussed here provides a means to import that data into a time 
indexed data format that offers power option for further 
processing. 
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 The development of the toolbox hebtools[4] emerged 
initially from the need to process live Waverider buoy data in 
near real time and to provide accurate statistics from that data. 
Using the wave statistics file[5] produced by the RFBuoy 
receiving software it was clear that there were occasional spikes 
that were statistically unlikely. During investigating this issue 
further a method for filtering individual waves by going back to 
the raw data began to be developed in consultation with 
engineers from Datawell.   
  
 To enable accurate analysis of the buoy data it was 
necessary to timestamp incoming records as accurately as 
possible by making use of the starting timestamp from the 
filename, frequency of output and the number of records written 
to the text file. Through the use of the DataFrame data format 
which is part of pandas[6] a powerful data analysis library a 
time based index was created which is used to time stamp 
individual records to sub second accuracy. 
 
ARCHITECTURE 
 
The toolbox was developed on both Windows XP/7 and Ubuntu 
12.04. The dependencies of the hebtools can be provided by the 
Anaconda Python distribution from Continuum Analytics[7] a 
full list of dependencies with versions is available on the 
repository homepage[5]. 
 

 
Figure 1: High level package structure of hebtools 
 
 
The code has been structured into sensor specific packages as 
can be seen in Figure 1. There is a certain amount of 
commonality between the data processing for the different 
sensors and this has been extracted out into the common 
package. 
 
ANALYSIS 
hebtools provides a number of functions for calculating 
statistics from the raw datasets which facilitates comparison 
with the established statistics available from the processed 
outputs of the sensors manufacturers’ software. 
 
The recommended approach for analyzing the resulting datasets 
from hebtools is in IPython[8] which is an enhanced interface to 
the Python language and one of its most useful features is the 

ability to create web browser based notebooks. These 
notebooks enable the combination of code and output in one 
document, they are a good method of demonstrating the 
capabilities of a toolbox and if you wish to share the output of 
your analysis it can be shared in a variety of text formats via the 
nbconvert library. The method of analysis described above has 
been used in the production of the datasets for a number of 
papers including [9,10]. 
 
Providing the underlying code, data and library dependencies 
are available these notebooks add the ability to reproduce the 
outputs shown relatively easily. As the notebook is a web 
application this allows powerful inline interactive plotting via 
JavaScript through libraries like mpld3 which provides an 
interactive graphical backend to the powerful matplotlib library 
which offers a MATLAB like plotting experience. 
 
One demonstration of output made possible through hebtools is 
show in Figure 2 below where a comparison of directional 
spectra based on vertical displacement data for one buoy across 
12 months is shown. This approach gives an indication of how 
power spectral density is spread across frequencies during 
various months of the year. These spectra were produced using 
Welch’s method as implemented in the scipy signal package. 
 
 

 
Figure 2: Monthly Averaged Spectra from buoy 3 in 2012 
 

 
Figure 3: Wave height during an extreme storm 
 
In Figure 3 above we can see data from the same set as was 
shown in Figure 2 but in this case we have concentrated on a 
five minute period during February 2013. The blue line shows a 
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wave height approaching 22.5 metres during the peak of a 
storm, the red line show a comparison between the heave ( 
vertical displacement ) signal and the standard deviation of that 
signal over a 30 minute period. During this period the heave 
signal never exceeds 4 multiples of its standard deviation which 
can be considered a statistical upper bound in relation to linear 
wave theory. 
 
The two different plots in Figures 2 and 3 highlight the 
versatility of the toolbox and its surrounding libraries. An 
example of another repository which is complementary to 
hebtools that has been recently developed is Waverider-to-
DIWASP  which provides an easy interface  to the process of 
bulk importing the raw buoy data into the MATLAB toolbox 
DIWASP, this toolbox has proved useful for analyzing the 
spectral output over time and comparing it with the spectral 
output from the wave buoy itself and Datawell’s own W@ves21 
software. The hebtools package has been used as a mean of pre-
filtering datasets for this new package. 
 

STORAGE 
The toolbox makes use of hdf5 a hierarchical data format which 
is widely used in domains dealing with very large data sets. This 
functionality is available through the PyTables[11] library and 
since version 2.2 of PyTables there is ability to use the high 
performance compression library which allows efficient use of 
disk storage while providing very fast access to data.  
 
The pandas library also has the ability to export to MATLAB’s 
mat format although as the DataFrame format doesn’t exist in 
MATLAB some of the querying advantages and metadata of the 
source format are lost. 

CONCLUSIONS 
 

The hebtools package provides a number of tools for working 
with data from the sensors specified above and has been 
developed and openly licensed in a way which allows it to be 
extensible to other sensor data formats. 
 
Through the use of the pandas library and its DataFrame format 
it is possible to utilise the powerful Scientific Python software 
stack. The DataFrame format has been inspired by the 
equivalent data frame structure in R and with that should be 
relatively intuitive to users that are coming from that 
background while also providing some basic interoperability 
with MATLAB’s mat format. 
 
hebtools has already been used in coordination with existing 
spectral toolbox libraries [12,13] and as described above 
provides a means of pre-filtering datasets and reproducing 
modified and time shifted raw files. 
 

Further work required in this package is related to improving 
the filtering process to ensure all records relating to a suspicious 
wave can be removed simply and improving the documentation 
to enable the package to be more accessible to potential users.  
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