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Introduction

● Segment of master thesis “High dimensionality in Time-series databases for IoT Systems”, 

written by Nenad Stojkovic and mentored by dr Vladimir Kurbalija

● Time series databases and their usage in Internet of Things systems

● A time series is a set of data sorted by the time of enrollment.

● Time Series Database  is a software system optimized for storing and serving time series 

through linked time-value pairs

● Work with large data sets, and data sets will almost certainly grow larger over time.

● Healthme applications as a support to research



Introduction

● The need to store time series data is not a 

new phenomenon

● American sailor Matthew Fontaine 

Maury realized the value of logs kept by 

sailors

● Maury used them to create instructions 

for creating nautical routes

● Instructions proved to be very successful



Introduction

● The Nuclear Test-Ban Treaty banned nuclear-weapons 

tests in the atmosphere, in outer space, and underwater 

but permitted underground testing 

● Treaty is signed in Moscow on August 5, 1963

● Seismometers would generate seismological time series 

and analysis of this data would require fast algorithms 

for computing

● Cooley–Tukey FFT algorithm

● This algorithm, including its recursive application, was 

invented around 1805 by Carl Friedrich Gauss
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Background

● Time series representation and data dimensionality reduction

● Similarity search is a very important task for time series data processing.

● Similarity between two time series is measured by the Euclidean distance, which can be 

calculated very efficiently.

● The representation of a time series can be defined as follows:

if S is a time series of length n, then the representation of the time series S is a model S' 

with reduced dimensionality n', such that n'<n and S' is approximately equal to S.



Background - Piecewise Aggregate 
Approximation

● Uses the average (mean) value of each segment to represent the corresponding set of 

points, i.e. reduce the dimensionality by the mean values   of segments of equal size.

● The formula used for approximation is:



Background - Piecewise Aggregate 
Approximation

● Can lead to missing important information due to data compression

● Example of two data sets that give the same mean, even though the data are significantly 

different



Background - Perceptively Important Point

● Time series consists of a series of points, and the amplitude of the data has a different 

effect on the shape of the time series

● Data point may contribute to the overall shape of the time series, while another may have 

only a small effect on the time series or may even be discarded

● We are using the vertical distance to calculate the most important point



Background - Perceptively Important Point

● Algorithm should calculate the importance for each 

point in the time series for each iteration

● It needs to identify the point that contributes the 

most to the overall shape of the time series in each 

iteration
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Architecture - healthme system

● System built to support this research

● It’s purpose is to simulate a real IoT system, the way it receives data and how it stores it in 

a time series database

● We will be using the components of this system to  simulate data in time series, storing 

data in the time-oriented InfluxDB database, as well as retrieving data from the database 

and processing it, i.e. dimensionality reduction.

● The system consists of three applications:
○ healthme

○ healtme-users

○ healthme-simulator



Architecture - Deployment

● To automate application deployment 

we are using Docker

● Docker ensures that all developers 

work in the same environment, which 

increases the stability of the application

● Docker is an open source project that 

uses virtualization at the operating 

system level and packages applications 

into packages called containers



Architecture - healthme system

● The system is divided into three 

components and uses a microservice 

architecture.

● System uses Java/Spring and .NET 

technologies

● Communication between healthme-users 

and healthme-simulator is done via 

RabbitMQ

● Kafka is used for communication between 

the devices and the healthme application



Architecture - InfluxDB

● InfluxDB is used to store time series data received from Kafka. Measurements from 

devices

● InfluxDB uses a schema-less design to better 

manage discontinuous data

● Results are uniquely determined by time and tags, 

so there are no ids in the traditional sense

● It is used in areas such as monitoring various 

operations or application metrics, 

as well as monitoring data from sensors of 

the Internet of Things and various real-time analytics.
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Performance

● We carried out four tests and we analyzed the results for both algorithms

● We measured the time required to do the reduction and then calculate the Euclidean 

distance between the calculated and the original time series

● Important to mention that the chosen algorithms have different time complexity. The 

complexity of the PAA algorithm is O(n), and the complexity of the PIP is O(n²).



Performance - Test 0

● Simple controlled case with a smaller number of elements

● An array of 46 elements whose values   are between 0 and 1

● Based on the array taken from the paper “Improvement algorithms of perceptually 

important point identification for time series data mining”, and expanded with 36 

elements of similar or the same values   as in the original array



Performance - Test 0

● In controlled conditions and with a controlled range of values   in the sequence, on a small 

number of elements, the PIP method gives better results



Performance - Test 1

● Works with an array of 20,000 elements whose values   are generated in the range from 0 

to 10,000



Performance - Test 1

● Perceptually important points performance is somewhat surprising, although due to the 

quadratic complexity one could expect that with the increase in the number of elements, 

the time required for execution would increase significantly.



Performance - Test 1

● PAA gives significantly better results than the PIP algorithm

● Time required for execution is significantly less.



Performance - Test 2

● After analyzing previous results, it was decided to conduct another test on 

values   between 36 and 40, as well as to reduce the number of elements in the sequence to 

10000. 

● The goal of this test was to determine the behavior of the algorithms in a smaller range of 

values   compared to the previous tests.



Performance - Test 2

● When we reduced the compression, the Euclidean distance results have become better 

with the PIP algorithm then before, and are very similar to the results with the PAA 

algorithm.



Performance - Test 3

● Test number 2 showed that with a reduction in compression the results of the PIP 

algorithm become much better

● So we decreased the number of important points to 6000

● 10000  elements would be too much, due to the bad performance of the algorithm for 

calculating perceptually important points



Performance - Test 3

● This test shows that PIP algorithm becomes better after the number of points, i.e. 

segments, increases and the rate of compression itself decreases
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Conclusion

● The results we obtained showed that, in the general case, the Piecewise Aggregate 

Approximation is a better choice

● PAA is more efficient from the point of view of the performance of calculating the new 

representation, while the values   obtained from the new sequence are closer to the 

values   of the original sequence

● But we also noticed that in cases where the compression is less than 50%, Perceptually 

important points give very good results
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Future work

● Introduction of an additional statistical feature in the algorithm for calculating PAA, 

which would solve the problem with missing important information due to data 

compression

● Improve the algorithm for calculating the perceptually important point in a way that 

would reduce the influence of "noise" on the calculated points

● Other direction could be to improve the performance of the algorithm for calculating 

important points in the PIP algorithm



The end

Thank you for your attention! 


