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Spatio-temporal EventsBackground

Events naturally come with time and location.

Earthquake Covid-19 Traffic congestion

Conflict CheckinBrain activity
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Why we model spatio-temporal events?

时空事件随机性强，时空关联复杂度高，但其建模价值高、意义大 

时空事件序列建模能有效预测未来事件，揭示其内在时空关联。

Background

Understanding

Study the mechanisms that 
give rise to the dynamics of 
the recurrence of events

Controlling

Design intervention and 
control measures to steer 
the dynamics of events to 
desirable outcomes

Predicting 

Predict the dynamics of 
events in the future based 
on event history
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Event modeling: point processes

Discrete events localized in continuous time and space are 

usually modeled by point processes.

Background

Point process in 1D
(Temporal Point Process)

A point process in time.

(𝑡1, 𝑥1)

(𝑡2, 𝑥2)

𝒕

𝒙𝒍𝒏𝒈

𝒙𝒍𝒂𝒕

Point process in 3D
(Spatio-temporal Point Process)

A point process in space and time.
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Event modeling: temporal point processes (TPP)Background

• Conditional Intensity function

• Density

• Likelihoodity

𝑓∗ 𝑡 = 𝜆∗ 𝑡 𝑒
− 𝑡𝑖−1׬

𝑡
𝜆∗ 𝜏 𝑑𝜏
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From TPP to STPP 

• A STPP is uniquely defined by its conditional intensity 𝝀 𝒕, 𝒙 𝑯𝒕

➢ the rate of event occurrence given the history 𝐻𝑡

• Likelihood

➢ xx

Background
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From TPP to STPP 

Keep in mind when specifying the distribution 𝒇∗

✓ Closed-form likelihood : the likelihood should be computed 

in closed form for efficient model training. 

✓ Closed-form sampling : Can we draw samples from 𝒇∗

analytically?

✓ Flexibility : Does the given parametrization of 𝒇∗ allow us to 

approximate any distribution?

Background
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Complex spatial and temporal correlations

Challenges

Spatial

Temporal 
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The spatial and temporal interaction patterns have high variations 

in urban environment.

Challenges
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Neural Spatio-temporal Point Process, NIPS 2020

Related Work Neural STPP

Simplify
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Related Work Neural STPP

Continuous normalizing flow

Neural Spatio-temporal Point Process, NIPS 2020

Neural ODE

Limitation: require assumptions on the spatio-temporal dependence
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Spatial distribution

• Normalizing flows

➢ Get flexible distribution by transforming a simple density

➢ 𝑝 𝜏 = 𝑝0(𝑓𝜃
−1 𝜏 )

𝑑

𝑑𝜏
𝑓𝜃
−1(𝜏)

➢ Invertible

• Mixture distribution

➢ Convex combination of simple densities

➢ 𝑝 𝜏 = σ𝑘 𝜋𝑘𝑝0(𝜏|𝜃𝑘)

Related Work

They both require a certain structure in the functional approximators.
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Trade off

Flexibility Computation cost

Related Work
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Trade off

Flexibility Computation cost

Related Work

We expect the model:

✓ Update based on new events

✓ Easy to train and sample

✓ Use powerful neural networks freely
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Joint spatio-temporal distributionOur Solution

Temporal 
distribution

Spatial
distribution

Intensity

History Encoder

Event sequence

Conditionally independent models

Kernel methods

Temporal 
distribution

Spatial 
distribution

Spatio-temporal diffusion model

History Encoder

Proposed model

Event sequence



16

From complex to simpleOur Solution

Step 1 Step 2 Step K-1 Step K

…

Joint distribution: 
difficult to learn

K subtasks: learn a simple distribution

Task

Simple subtasks

Complex task
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Diffusion ModelOur Solution

• DDPM [𝟏]

[1] Ho, Jonathan, Ajay Jain, and Pieter Abbeel. "Denoising diffusion probabilistic models." NIPS 2020.

Diffusion process：

Denoising process：

Training loss: 
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Why diffusion model is feasible?Our Solution

Complex function

Complex curves can be sufficiently 
fitted with piecewise linear function.

Complex distribution

Minor changes can be sufficiently 
modeled by Gaussian distributions.

Similar

idea
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Spatio-temporal Diffusion Point ProcessesOur Solution

Spatio-temporal Self-att Encoder
Learn history representation

Spatio-temporal Diffusion Model
Learn ST joint distribution

Condition
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Spatio-temporal Diffusion Point ProcessesOur Solution

• Diffusion

• Separately diffuse on the 

spatial and temporal domains

• Denoise

• Conditionally independent at the 
current step

• Dependent on the predicted 
values from the last step

𝜏𝑘−1 𝑠𝑘−1

𝜏𝑘 𝑠𝑘

Interstep:
interaction 

𝜏𝑘−1

Last step 𝜏𝑘, 𝑠𝑘

𝑠𝑘−1
Current step:
independent 
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Spatio-temporal Diffusion Point ProcessesOur Solution

• Parametrization of the denoising network

Spatio-temporal 

Co-attention
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Spatio-temporal Diffusion Point ProcessesOur Solution

• Comparison on important properties
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Datasets and MetricsExperiments

• Datasets

• Continuous-space

• Real-world: Earthquake, 

Citybikes, Covid19, Human 

mobility

• Synthetic: Pinewheel, 

HawkesGMM

• Discrete-space

• Taxi-NYC

• Crime-Atlanta

• Evaluation metrics

• Log-likelihood 

• Prediction error

• Temporal: MAE, RMSE

• Spatial: Euclidean distance, 

Accuracy
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Overall performanceExperiments

• Likelihood
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Overall performanceExperiments

• Event prediction
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Analysis of spatio-temporal interdependenceExperiments

• Comparison on important properties

Spatio-temporal 

dependent

Spatio-temporal 

independent

Different spatio-

temporal relationships
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Impact of diffusion stepsExperiments

• The number of total steps K is a crucial hyperparameter

With the increase of diffusion steps, the denoising network approximates more minimal 

changes between steps. 

Accuracy & Efficiency
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Visualization of denoising processesExperiments

• DSTPP is able to learn the generative process of distributions



清华大学电子工程系城市科学与计算研究中心

北京清鹏智能科技有限公司

认知世界，洞悉未来Thanks for listening !

https://github.com/tsinghua-fib-lab/Spatio-
temporal-Diffusion-Point-Processes

Lab Info: http://fi.ee.tsinghua.edu.cn

Contact: liyong07@tsinghua.edu.cn

https://github.com/tsinghua-fib-lab/Spatio-temporal-Diffusion-Point-Processes
https://github.com/tsinghua-fib-lab/Spatio-temporal-Diffusion-Point-Processes
http://fi.ee.tsinghua.edu.cn/
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