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Abstract 

The major investments and subsequent progress in sensor technologies have led to mass deployment of 

different types of sensors in many different environments. Most of these sensors generate 

one-dimensional analog signals, which are then digitally processed. The challenge is that the real-world 

sensor signals are often non-Gaussian, non-Markovian and non-stationary. Moreover, the measurements 

can be sparse and across many dimensions, and the underlying data models are non-linear. In many 



scenarios, multiple heterogeneous sensors are combined to create compounded views of the observed 

systems. The processing of sensor signals can be partially distributed to optimally utilize the available 

computing, storage and communication resources. Some applications may also require a real-time 

processing of the streaming data under the maximum latency constraints. This tutorial will discuss the 

recent progress in multi-sensor signal and multivariate time-series data processing. It is crucial to clearly 

formulate the data processing tasks and objectives with appropriate constraints, and to obtain the 

relevant data models before considering the current methods for processing multivariate time-series 

data including anomaly detection, spatial-temporal extrapolation, context learning, Bayesian machine 

learning, adaptive and semi-supervise learning, active learning with automated data labeling, distributed 

learning, learning at scale and other such tasks and methods. 

  

Duration*  

half-day (3 hours) 
* The tutorial can be easily extended into a full-day (2 x 3 hours), if desired. 

 

Importance and timeliness 

The sensors are used very extensively to monitor various systems in engineering as well as in 

biomedicine. The use of multiple heterogeneous sensors is nowadays common in building smart and 

intelligent systems and environments. These new applications bring new requirements for online and 

off-line processing of the streaming multivariate time-series data to fully exploit their spatial-temporal 

dependencies and causal associations. Moreover, the generated sensor signals are often non-Gaussian, 

non-stationary and non-Markovian, and their models are non-linear and may be subject to non-additive 

distortions. This tutorial will cover first the key data acquisition problems including pre-processing of 

multiple interrelated analog sensor signals to aid the subsequent statistical learning (25%), and discuss 

the underlying data models and associated problems (25%) before concentrating on the main topic of 

the tutorial, i.e., the current methods of statistical learning for multivariate time-series data (50%). The 

tutorial will inspire new as well as existing graduate students and other researchers who are looking for 

challenging, real-world research problems in signal processing and machine learning, especially in the 

areas from processing physiological signals in biomedicine to designing real-time intelligent systems and 

the corresponding applications.  

 

Outline and the material to be presented​  

The tutorial will focus on the recent developments in processing multivariate time-series data. It will be 

delivered in the following 3 parts with the most emphasis on the last, third part. 

1.​ Data acquisition (45 min): sampling and decomposition of random signals, variance and 

dimensionality reduction methods, scaling and normalizations, spatial-temporal extrapolations 

2.​ Data modeling (45 min): linear and non-linear high-dimensional models, models for 

non-stationary and/or non-Markovian signals, sparse and graph signals, signal topology and 

geometric interpretation, probabilistic and hierarchical models, structural causal models, model 

selection and dealing with modeling uncertainty 

3.​ Statistical learning (90 min): statistical and causal inference including parameter estimation, 

anomaly and change detection, data fusion, data selection and labeling, unbalanced data 



classes, adaptive semi-supervised learning, online learning, distributed learning, and learning at 

scale 
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