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Why Spatiotemporal Analysis?
* Discover some meaningful hidden patterns from a location dataset.

* Fundamental tools for GIS domain experts/users.

* Never expire in the Al age. ©
 Cannot explain the results by many deep learning models. @
 High explainability with spatiotemporal analysis tools. ©

* This 1s a foundation. Al can assist for choosing the correct tools for
analysis.



Spatiotemporal Analysis 1s Slow!

* Many spatiotemporal analysis tools take at least quadratic time complexities.

* Example (Hotspot detection based on spatiotemporal kernel density visualization)
* Resolution X X Y = 1280 X 960
* Timestamps T = 32
* Number of data points n = 1000000
* Time cost is XYTn = 39.3216 trillion ®
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Spatiotemporal Analysis 1s Slow!

* Many software packages are based on naive solutions.
* Cannot be scalable to million-scale datasets.
* Cannot feasibly support real-time applications (even for small-scale datasets).

— @
SuperMap’ @ MapGIS
Fast solution and software are needed for each spatiotemporal analysis tool.
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How to Improve the Efficiency of
Spatiotemporal Analysis Tools?

. Formulate each spatiotemporal analysis tool as a query processing
(computational) problem.

. Understand some mathematical properties of this problem.

. Design data structures and algorithms for this problem and
implement them.

. Establish the software plugin and the webpage function for these
implementations.



Spatiotemporal Kernel Density Visualization
(STKDV)

« Consider a location dataset P =
{(p1, tpl)» (P2, tpz); s (P tpn)} with

S1Ze N.

2" August 2020 6" December 2020 e Color each pixel q with the timestamp t;
based on the spatiotemporal kernel
density function F5(q, t;).
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Spatiotemporal Kernel Density Visualization
(STKDV)

* Some representative spatial and temporal kernel functions that are

used in the spatiotemporal kernel density function F5(q, t;).

_ E (bg) (bt)
:]:'13 (q; ti) — w e Kspace (q; p) ) Ktime (ti' tp)
(p, tp)eP
Kernel K52 (g, p) KO (8, tp)
Unif s if dist(q,p) < bo L if dist(ti, tp) < br
niform o g
0 otherwise 0 otherwise
B chnikoy 1— édist(q, p)? if dist(q,p) < b 1— édist(ti,tp)g if dist(ti,tp) < br
P 0 otherwise 0 otherwise
Quart (1 — ;xdist(q, p)z)2 if dist(q,p) < bs (1- b%dist(ti,tp)z)Q if dist(ti,tp) < b
uartic o T
0 otherwise 0 otherwise




Spatiotemporal Kernel Density Visualization
(STKDV)

* Decompose F5(q, t;) based on
linear algebra operations Wthh
represents it based on SW(tl) (q),
where

Swiey (@ = t - Kypooe (4, P)
(P.tp)EW(ty)

* The time complexity is reduced to
O(XY(T +n)).©
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Spatiotemporal Kernel Density Visualization
(STKDV) e x
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Spatiotemporal Analysis with Rapid System (STARS)
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QGIS plugin: Fast Density Analysis 1o


http://47.107.252.103/

Our Software Package: Fast Density Analysis

e Fast Density Analysis

Plugin ID:3025 @

A fast kernel density visualization plugin for geospatial analytics

~(134) votes

& Download latest

About Details

Search:
Version a QGIS >= QGIS <= A a2 () Date

2.1 = 3200 399.0 808 bojianzhu 202655811H CMT+8 00:48

20 = 300 3990 2663 bojianzhu 2025%12514H CMT+8 01:47

1.7 = 300 399.0 4477 bojianzhu 2025F5H30H CMT+8 11:42

16 = 300 3990 13273 bojianzhu 2023%F74512H GMT+8 1555

15 = 3.00 3990 507 bojianzhu 2023F7H6H CMT+813:14

1.0 = 3.00 399.0 626 bojianzhu 20235F6H28H CMT+8 02:24 !




Our Software Package: Fast Line Density Analysis

o Fast Line Density Analysis

Plugin ID: 3396 @

A fast line density visualization plugin for geospatial analytics

' (M2) votes

& Download latest

About Details

Search:
Version a4 QGIS >= QGIS <= & a 9 Date
13 = 3.00 3990 1942 bojianzhu 2025538208 GMT+8 03:32
1.2 = 300 3990 1694 bojianzhu 2024F6521H GMT+8 1410
1.1 = 3.0.0 3.99.0 564 bojianzhu 2024564520H GMT+8 01:35
1.0 = 3.0.0 399.0 755 bojianzhu 202456817H GMT+8 12:14 12




Future Work

* Develop complexity-reduced algorithms for other spatiotemporal
analysis tools.
* Inverse distance weighting (IDW)
* Kriging
* DBSCAN clustering

* Integrate all these algorithms into a unified QGIS/ArcGIS plugin and
the web-based system STARS.

* Advertise this plugin and STARS.

* Write a book (in Springer Nature) about this topic.
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Our New Book

Nam Chan - Dingming Wu
Mastering the Academic Writing Mindset

Gulde to Crafting Computer apers

In the undergraduate study of computer science, a lecturer only teaches
somethings that are in the literature (m ikely in a open access textbook).
Those knowledges may have been discovered before in several decades ago. A
student is deemed to be good if they have perfectly finished assignments and
have prepared well for their examinations. As an example, those students can
easily get high grades for all fundamental courses (e.g., programming courses,
linear algebra, probability and statistics, data structur
of algorithm
provided in the
students do not need to have creativity (e.g., establish new knowledges) for
obtaining an undergraduate degree. All they need to do is to consolidate their
foundation. However, the most critical transition from undergraduate study to
postgraduate study is to create new knowledges, which advance the state of the
art in the computer science field. Moreover, postgraduate students need to write
papersin a logical way (by telling a great story) so that other reviewers can accept
them. In order to accomplish these two t. students need to change their
mindsets for adapting to this new environment. In this book, we discuss this
main theme in detail for analyzing the common mistakes that are easily made
by new students and show the correct methodology for reading/writing pape:
ith this methodology, we believe that those students who are dedicated to
computer science research can be very productive for publishing top-tier papers.

Except where otherwise noted, this book is licensed under a Creative @
Corrmons Ateintion .0 otamationa Liosnse.Toviewa copy
3

of this license, visit http://creativecommons.org/licenses/by/4.o/.

ISBN 978-981-95-4849-1

9li789819W548491

» springer.com

aspuI bunLIpm d1wapedy ay) buri)sepy

Tsz Nam Chan - Dingming Wu

Mastering the

Academic Writing
Mindset

A Guide to Crafting
Computer Science Papers

A Springer

https://link.springer.com/book/10.1007/978-981-95-4850-7
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