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What is Spatiotemporal K-function-based Analysis?

Dispersed Clustered

• Spatiotemporal K-function counts those data points in 𝑃 (with size 𝑛) that are within the 

spatial threshold 𝜎 and the temporal threshold 𝜏 from each data point (𝐩𝑖 , 𝑡𝐩𝑖).

𝐾𝑃 𝜎, 𝜏 = ෍

(𝐩𝑖,𝑡𝐩𝑖)∈𝑃

෍
(𝐩𝑗,𝑡𝐩𝑗)∈𝑃

𝑗≠𝑖

𝔗 𝑑 𝐩𝑖 , 𝐩𝑗 ≤ 𝜎, 𝑑 𝑡𝐩𝑖 , 𝑡𝐩𝑗 ≤ 𝜏

• Domain experts need to (1) determine 𝑆 spatial thresholds, 𝜎1, 𝜎2, … , 𝜎𝑆, and 𝑇 spatial 

thresholds, 𝜏1, 𝜏2, … , 𝜏𝑇, (2) generate 𝐿 random datasets (with the same size 𝑛), 

𝑅1, 𝑅2, … , 𝑅𝐿, and (3) compute the following spatiotemporal K-function values for each  

(𝜎, 𝜏)-pair: 

 (i)    𝐾𝑃 𝜎, 𝜏  (the green surface) 

 (ii)  ℒ 𝜎, 𝜏 = min 𝐾𝑅1 𝜎, 𝜏 , 𝐾𝑅2 𝜎, 𝜏 , … , 𝐾𝑅𝐿 𝜎, 𝜏  (the red surface)

 (iii) 𝒰 𝜎, 𝜏 = max 𝐾𝑅1 𝜎, 𝜏 , 𝐾𝑅2 𝜎, 𝜏 , … , 𝐾𝑅𝐿 𝜎, 𝜏  (the blue surface)

• Applications:

(i) Obtain the suitable parameters for some models, e.g., clustering/hotspot detection.

(ii) Determine whether the analysis results (e.g., COVID-19 hotspots) are meaningful.
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A Distribution and Aggregation Solution (DNA)

• Representation of K-function by the range query set ℝ𝜎,𝜏(𝐩𝑖 , 𝑡𝐩𝑖) for 

each data point (𝐩𝑖 , 𝑡𝐩𝑖).

𝐾𝑃 𝜎, 𝜏 = ෍

(𝐩𝑖,𝑡𝐩𝑖)∈𝑃

ℝ𝜎,𝜏(𝐩𝑖 , 𝑡𝐩𝑖)

 where

ℝ𝜎,𝜏 𝐩𝑖 , 𝑡𝐩𝑖 = (𝐩𝑗 , 𝑡𝐩𝑗) ∈ 𝑃:
𝑑 𝐩𝑖 , 𝐩𝑗 ≤ 𝜎, 𝑑 𝑡𝐩𝑖 , 𝑡𝐩𝑗 ≤ 𝜏

𝑗 ≠ 𝑖

• The range query set ℝ𝜎𝑆,𝜏𝑇 𝐩𝑖 , 𝑡𝐩𝑖  with the largest spatial threshold 

𝜎𝑆 and the largest temporal threshold 𝜏𝑇 covers the range query set 

ℝ𝜎𝑢,𝜏𝑣 𝐩𝑖 , 𝑡𝐩𝑖  with each 𝜎𝑢, 𝜏𝑣 -threshold pair.

ℝ𝜎𝑢,𝜏𝑣(𝐩𝑖 , 𝑡𝐩𝑖) ⊆ ℝ𝜎𝑆,𝜏𝑇(𝐩𝑖 , 𝑡𝐩𝑖)

• Time Complexity: 𝑂(𝐿𝑛2 + 𝐿𝑆𝑇𝑛) ☺
• Distribution: 𝑂(𝑛 + 𝑆𝑇) for each data point.

• Aggregation: 𝑂(𝑆𝑇) for each data point.
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