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What is a heatmap?
Heatmap is a common tool to visualize dense and sparse areas in location-based data.



What is a heatmap?
Heatmap is a common tool to visualize dense and sparse areas in location-based data.

How to generate a heatmap?
Kernel Density Visualization (KDV), a 
method that estimates density across 
space.
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The STKDV at each pixel          is computed as follows:

Spatiotemporal Kernel Density Visualization (STKDV)

CHALLENGE

Example:
• The resolution size (� × �): 1280 × 960
• The number of timestamps (�): 32
• The total number of data points (�): 1.83 million 
• The total cost is: 71.96 trillion operations 



Overview of Existing Solution : SWS

Only those data points  �,  ��  in � ��  can 
contribute to ℱ� �, �� .

Efficiently update from �� �� 
 �  �  to 

�� ��+1 
 �  � .

The time complexity of SWS 
is � �� � + �  .
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SWS:



Overview of Existing Solution : PREFIX

First maintain the prefix-matrix with 
respect to all X×Y pixels for each end 
point in the time axis. 
Once they have all prefix-matrices, they 
then evaluate each �� �� 

 �  �  based on 
the following equation and compute 
ℱ� �, ��  for all pixels q.

PREFIX:

The time complexity of PREFIX 
is � ��� +  �� .



Weakness of Existing Solution : PREFIX

In big data scenarios, the data size 

is very large, resulting in high time 
complexity for these methods.

n



The Challenge of STKDV: n

Many points in real-world datasets are very close in both space and time. 
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The Challenge of COMP: ϵ
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The Challenge of COMP: ϵ



The Challenge of COMP: ϵ



   Exact:

Approximation:

Combine COMP with SWS and PREFIX

COMP: does not modify the core STKDV algorithm (only reduces data size). 

COMPSWS COMPPREFIX



By combining COMP 
with the existing 
methods, our 
experimental results 
verify that COMPSWS and 
COMPPREFIX can achieve 
speedups of 4.1x to 
677.16x and 1.45x to 
143.52x compared with 
SWS and PREFIX, 
respectively, without 
degrading the 
visualization results.

Combine COMP with SWS and PREFIX



Future Work

• Investigate the extension of block compression to 
additional geospatial analysis methods, including the K-
function and inverse distance weighted interpolation.

• Develop Python and R packages based on the COMP 
method to support efficient spatiotemporal kernel 
density visualization.

• Develop a QGIS/ArcGIS plugin based on the COMP 
method to facilitate practical applications in geospatial 
analysis.



Thanks.


