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Introduction to Signal Processing



Goal of the Practical

• Intro to signal processing in Python 

• Introduction to IMU data 

• Python Notebook in Colab for data processing 

• Load and organise data 

• Data visualisation 

• Signal processing in Python 

• Learn about the upcoming assignment



Intro to Signal Processing with Python

• You should be already familiar with the following concepts: 

• Analogue and digital signal 

• Nyquist theorem 

• Discrete Fourier transform and Fast Fourier transform 

• Spectrograms 

• Basics of filtering 

• Most common tools for digital signal processing – Python, MATLAB, C++
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Python tools necessary for this practical
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• Need to load: 
• sensor data — could be a CSV, WAV, etc. 
• metadata — typically a CSV

import csv 

with open('data.csv', 'r') as csvfile: 
    data = csv.reader(csvfile) 
    for row in data: 
        print(row)

import pandas as pd 

data = pd.read_csv('data.csv') 
print(data)
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• Display the data and transform it if needed

import pandas as pd 
import numpy as np 
import re

Library for working with regular expressions

Supports and allows complex operations on large, multi-
dimensional matrices

Library for data manipulation and analysis
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• Always a good idea not to work with the data blindly 

• The most straightforward library — 
matplotlib.pyplot

import matplotlib.pyplot as plt 

x = [1, 2, 3, 4, 5] 
y = [2, 4, 6, 8, 10] 
plt.plot(x, y) 
plt.show()
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• Multiple libraries with 
predefined functions

import numpy as np 
from scipy import signal 

# generate a 1kHz sine wave 
fs = 10e3 
f = 1e3 
t = np.linspace(0, 1, fs, endpoint=False) 
x = np.sin(2 * np.pi * f * t)



Inertial Measurement Unit (IMU)

Electronic device that measures and reports…

• specific force / gravity — accelerometer 

• angular rate — gyroscope 

• (sometimes) magnetic field — magnetometer

… to estimate orientation of an object in 3D space



Infinity AI IMU Fitness Dataset

Open Source Synthetic Dataset for Fitness Applications

• Paired video and IMU data  
(9 DoF: angular positions) 

• We’ve extracted a subset of the data 

• 20Hz sampling frequency

[1] https://marketplace.infinity.ai/products/imu-fitness-basic-dataset 



Infinity AI IMU Fitness Dataset

Open Source Synthetic Dataset for Fitness Applications

[1] https://marketplace.infinity.ai/products/imu-fitness-basic-dataset 

• 10 exercises 

• 10 samples each 

• 3 files per sample: 

• CSV 

• JSON 

• MP4



Importing Libraries

import requests 

import zipfile 

import os 

import numpy as np 

import scipy 

import pandas as pd 

import matplotlib.pyplot as plt

Allows to send HTTP requests

Enables work with ZIP archives

Provides a way of using operating system (OS) dependent functionality

SCIentific PYthon, provides functions for stats and signal processing

NUMerical PYthon

Plotting library

Used for working with datasets



Loading data



Data format

There are few problems with Euler angles (XYZ axes):

• Gimbal lock 

• Cannot do smooth interpolation 

• Computationally inefficient 

• Unintuitive for rotations

So instead can use quaternions —  
mathematical representation for 3D rotations. 

Image credit: Mark Hughes



Quaternions

Multiplication tablea + bi + cj + dk
a, b, c, d
i, j, k

— real numbers

— basic quaternions

Basic quaternions can be interpreted as unit-vectors pointing along X, Y and Z.

i2 = j2 = k2 = − 1

Can convert rotation matrices easily to quaternions or Euler angles.



Converting quaternions to Euler angles

Can convert rotation matrices easily to quaternions or Euler angles.



We’ve loaded the data and converted it to a 
form we understand. How do we now start 
to analyse and process it?



Time series visualisation — bicep curls



Time series visualisation — magnitude vector



Time series visualisation

… continued on next slide



Time series visualisation

… continuing from previous slide



Frequency spectrum



Frequency visualisation (via FFT)



Frequency visualisation (via FFT)



Frequency visualisation (via FFT)



Lets make it noisier
• We’re going to add some artificial noise to our very clean synthetic dataset 

• Add a 2Hz wave and a 4Hz wave 

But this data doesn’t mimic that collected in the real world!



More indicative of real world data

Observations 
- Noisy peaks overlaid with the 
signal of interest 
- DC offset in the signal (centred 
around ~0.5)

Artificial noisy signal



• Peaks at 2Hz and 4Hz interfering 
with the signal 

• How can we remove the 
interference and the DC offset? 

FFT (again)



We’ve visualised the data.  
Now lets preprocess it!



• Remove the DC offset first 

• High pass filter 

• From the FFT, we can see that we have peaks of interest 
from ~0.25Hz 

• We need to apply the filter at a lower cutoff than the 
signals of interest 

• Try some frequencies and look at the resulting FFTs

Filtering



High Pass Filter



Apply High Pass Filter



• Now lets remove the 2Hz and 4Hz noise 

• Low pass filter 

• From the FFT, we can see that our maximum peak of 
interest is at ~1Hz 

• We need to apply the filter at a higher cutoff than the 
signals of interest 

• Try some frequencies and look at the resulting FFTs

Filtering



Low Pass Filter



Apply Low Pass Filter



What is this peak? 


Signal after filtering



Dataset analysis — how much variability across samples?



Assignment

• Uploaded on Moodle 

• Due 20 February 

• Audio dataset of heart sounds 

• Preprocessing techniques for IMU can also be used for audio! 

• Feature extraction will differ between IMU and audio


