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AI (ML)

https://hai.stanford.edu/sites/default/files/2020-09/AI-Definitions-HAI.pdf

The term is coined by Prof.
John McCarthy in 1950s

”The science and
engineering of making
intelligent machines”
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Data visualization

§ “Data Visualization is the creation and 
study of the visual representation of 
data” - wiki
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MTA FARE @ NY City
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Same stats, different graphs
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X Mean: 54.26

Matejka, and Fitzmaurice. Same stats, different graphs: generating datasets with varied appearance and identical statistics 
through simulated annealing. CHI 2017.

Y Mean: 47.83

X SD: 16.76

Y SD: 26.93 Corr. : -0.06
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Douglas C. Engelbart
October 1962

J.C.R. Licklider
March 1960
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Human Users

Three functional roles for AI systems:

§ AI performs functions alongside the human

§ AI performs functions when the human
encounters high cognitive overload

§ AI performs functions in lieu of a human
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Augmenting human intelligence with AI
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§ Perception

§ Attention

§ Memory

§ Language

§ Reasoning

§ Problem-solving

§ Decision-making

§ Creativity Fine-grained image recognition

http://www.weixiushen.com/project/Awesome_FGIA/Awesome_FGIA.html
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Augmenting human intelligence with AI
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§ Perception

§ Attention

§ Memory

§ Language

§ Reasoning

§ Problem-solving

§ Decision-making

§ Creativity Language Translation

https://www.michigandaily.com/statement/google-translate-and-end-language/
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Augmenting human intelligence with AI
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§ Perception

§ Attention

§ Memory

§ Language

§ Reasoning

§ Problem-solving

§ Decision-making

§ Creativity Art Design

https://www.animaapp.com/blog/design/ai-generated-art-for-product-designers/
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Augmenting human intelligence with AI
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§ Perception

§ Attention

§ Memory

§ Language

§ Reasoning

§ Problem-solving

§ Decision-making
§ Creativity Clinical decision support
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Human Users

Three functional roles for AI systems:

§ AI performs functions alongside the human

§ AI performs functions when the human
encounters high cognitive overload

§ AI performs functions in lieu of a human
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https://www.fiercehealthcare.com/practices/nearly-half-u-s-doctors-say-they-
are-anxious-about-using-ai-powered-software-survey

AI is promising, but …
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A general blueprint of Human-AI teaming
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HumanAI System

Intermediate feedback
“What do you think about
the current solution?”

Interaction & Curation
“Can do better by trying … ”

General blueprint for a human-in-the-loop interactive AI system. Image modified from:
https://hai.stanford.edu/news/humans-loop-design-interactive-ai-systems

What is missing?



Dongyu LiuDongyu Liu @ UCDavis

Visualization-powered teaming workflow
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Human

Intermediate feedback
“What do you think about
the current solution”

Interaction & Curation
“Can do better by trying … ”

Visual
Interface

“If we want it to play a positive role in tomorrow’s
world, it must be guided by human concerns”

Feifei Li (Stanford’s Human-Centered AI Institute)

AI System
(Human-Centered)
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Human-AI teaming is essential, when
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AI requires significant human knowledge to enhance its performance -> Ability to learn

Liu, et al., MTV: Visual Analytics for Detecting, Investigating, and Annotating Anomalies 
in Multivariate Time Series, CSCW 2022.
Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract 
Insights from Signals, SIGMOD 2022.

Large Devices
Health Monitoring
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Human-AI teaming is essential, when

19

Decisions being made are high-stakes -> Transparency

AI requires significant human knowledge to enhance its performance

Child Abuse
Hotline Screening

Zytek, Liu, et al., Sibyl: Understanding and Addressing the Usability Challenges 
of Machine Learning In High-Stakes Decision Making, TVCG (VIS’21).

Cheng, Liu, et al., VBridge: Connecting the Dots Between Features and 
Data to Explain Healthcare Models, TVCG (VIS’21).
Best Paper Honorable Mention.

Illness Diagnosis
& Treatment
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Human-AI teaming is essential, when

20

Decisions being made are high-stakes

AI requires significant human knowledge to enhance its performance

Decision-making involves multiple criteria and is heavily influenced by the context -> Steerability

Advertising Campaign Planning Store Operation Optimizing

Liu, et al, SmartAdP: Visual Analytics of Large-scale Taxi 
Trajectories for Selecting Billboard Locations, TVCG (VAST’16).

Liu, et al., TPFlow: Progressive Partition and Multidimensional Pattern Extraction for 
Large-scale Spatio-temporal Data Analysis, TVCG (VAST’18), Best Paper Award.



Sintel

Signal Intelligence

(ability to learn)

Human-AI teaming for
time series data analytics
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https://sintel.dev/

https://sintel.dev/
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Human-in-the-loop workflow to transfer insights into actions in minutes
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Motivation
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Wind turbines

Satellites

Air quality monitors

> 30k signals

How can we effectively
monitor and analyze
anomalies facing such
massive amount of data?
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What is time series anomaly detection?
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§ Given a time series

§ Find , where is a continuous sequence of 

data points over time that show anomalous or unusual behavior. 
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The problem we want to solve
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Time series data

Machine Learning (ML) Models
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The problem we want to solve
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Machine (AI)
challenges:

§ No labeled data

§ No normal baselines

Wind turbines

Satellites

Air quality monitors

AI System



Dongyu LiuDongyu Liu @ UCDavis

The problem we want to solve
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Wind turbines

Satellites

Air quality monitors

Human factors:

§ No ML expertise

§ Need to integrate
domain knowledge

§ No easy way to document
findings

Human

Can AI still be of help in facing these challenges?
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Human-AI teaming workflow
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Extract anomalies from massive 
time series with ML

Select signals and ML results 
to investigate

1 2 Check overview and then pick 
one of interest3

Explore it in detail4Annotate anomalies5
Enhance ML with human 
annotations6

Sintel (SIGMOD’22)

Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Visualization system keeps
collecting user feedback
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Unsupervised anomaly detection

29Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.
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Use Sintel for anomaly detection

30Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.
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Primitives and Pipelines

31Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Collection of Primitives
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What does Sintel achieve?

32Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Integrate domain expertise

Satellite experts:
§ Use zero-order hold to impute missing

values instead of mean

Wind turbine experts:
§ Need domain specific aggregation and

transformation methods (e.g., fft)

pr
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What does Sintel achieve?

33Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

TadGAN

AER

Liu*, Geiger*, et al., TadGAN: Time Series Anomaly Detection Using 
Generative Adversarial Networks, IEEE BigData 2020

Wong, Liu, et al., AER: Auto-Encoder with Regression for Time Series Anomaly 
Detection, IEEE BigData 2022

We now have in total 9 different models integrated:
Develop better models

m
od
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TadGAN
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Liu*, Geiger*, et al., TadGAN: Time Series Anomaly Detection Using Generative Adversarial Networks, IEEE BigData 2020
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Measure the discrepancies
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Measure the discrepancies

37

https://arxiv.org/pdf/1802.04431.pdf

Hundman, K., Constantinou, V., Laporte, C., Colwell, I. and Soderstrom, T., 2018, July. Detecting spacecraft anomalies using lstms and nonparametric dynamic 
thresholding. In Proceedings of the 24th ACM SIGKDD international conference on knowledge discovery & data mining (pp. 387-395).
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AER
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Wong, Liu, et al., AER: Auto-Encoder with Regression for Time Series Anomaly Detection, IEEE BigData 2022
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What does Sintel achieve?

39Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Develop better models § One single call to benchmark algorithms and
know which one is the best



Dongyu LiuDongyu Liu @ UCDavis

What does Sintel achieve?

40Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Develop better models

Comparing against ARIMA whose roots are 
in: Box, George; Jenkins, Gwilym (1970). Time Series Analysis: 
Forecasting and Control

TadGAN achieves the best overall 
improvement with an over 15% improvement.

https://archive.org/details/timeseriesanalys0000boxg
https://archive.org/details/timeseriesanalys0000boxg
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What does Sintel achieve?

41Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Develop better models

The latest and full results can be found here: https://bit.ly/orion-benchmark

https://bit.ly/orion-benchmark
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What does Sintel achieve?

42Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Improve over time
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Human-AI teaming workflow
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Extract anomalies from massive 
time series with ML

Select signals and ML results 
to investigate

1 2 Check overview and then pick 
one of interest3

Explore it in detail4Annotate anomalies5
Enhance ML with human 
annotations6

Sintel (SIGMOD’22)

Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Visualization system keeps
collecting user feedback
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Human-AI teaming workflow
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Extract anomalies from massive 
time series with ML

Select signals and ML results 
to investigate

1 2 Check overview and then pick 
one of interest3

Explore it in detail4Annotate anomalies5
Enhance ML with human 
annotations6

Sintel (SIGMOD’22)

Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

ML MTV (CSCW’22)
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Working with domain experts

45Liu, et al., MTV: Visual Analytics for Detecting, Investigating, and Annotating Anomalies in Multivariate Time Series, CSCW 2022.

§ Collaborated with 9 experts

q 6 from a satellite operations company

q 3 from a renewable energy company

§ Followed an iterative user-centered design process

q 6 design requirements
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Time Representation
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Linear Time
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Linear Time
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Radial Time
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Radial Time

50



Dongyu LiuDongyu Liu @ UCDavis

Grid Time
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Time Representation
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COKE

INTC

REGN

IXIC

2020 March
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Event editing and creation
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Use of the similar segment search function
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System evaluation

60Liu, et al., MTV: Visual Analytics for Detecting, Investigating, and Annotating Anomalies in Multivariate Time Series, CSCW 2022.

§ 6 experts from a satellite operations company
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System evaluation

61Liu, et al., MTV: Visual Analytics for Detecting, Investigating, and Annotating Anomalies in Multivariate Time Series, CSCW 2022.

§ 6 experts from a satellite operations company

§ 25 general users using stock data
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Human-AI teaming workflow

62Liu, et al., MTV: Visual Analytics for Detecting, Investigating, and Annotating Anomalies in Multivariate Time Series, CSCW 2022.

Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.

Need to integrate domain
knowledge to improve performance

Cannot monitor massive signals
without AI to pinpoint suspicious locations

HumanAI System
(Human-Centered)

Able to learn Visual
Interface
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Sintel

63Alnegheimish, Liu, et al., Sintel: A Machine Learning Framework to Extract Insights from Signals, SIGMOD 2022.
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Sintel
Signal Intelligence

Analyze massive time series (signal) data; enable human-in-the-loop
analytics workflow; and transfer insights into actionable decisions.

https://github.com/sintel-dev/Orion

Anomaly Detection
Orion repository metrics (as of 7/20/23)

140
forks

358
unique visitors

in 2 weeks

815
github stars

68K
pip downloads

Project website: https://sintel.dev/
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Some open questions
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• Priority
• Group analysis
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Some open questions
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• Propagate / Predict / Suggest Annotations
• Few shot learning
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Some open questions
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• Is ML necessary?
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Some open questions
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• Is ML necessary?
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Some open questions
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• Actionable decisions
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Data science life cycle
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