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ABSTRACT: It is necessary to assess data in crime and community security through the 

spatiotemporal prism of analysis in order to manage the safety of people and cities. This paper 

outlines the design and the evaluation of a small-scale and lightweight visualization tool that will 

help in the visualization of unstructured crime data. We deployed a modular structure utilizing 

Python and routed through Flask library, and processed data in a high performant manner with aid of 

Pandas. There were also built-in mapping and graphics plot library Folium and Plotly. A highly 

structured spatiotemporal data is sieved according to a well-developed procedure of dynamic data 

loading and consecutive data cleaning. We concentrate on hierarchical map marker clustering, which 

enhances faster speed of the map view of the incident data. The application allows the visualization 

of the data in real time, acquisition of the statistical breakdowns in the aggregated form, and 

localization of the hotspots of crime.    
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1. Introduction 

Development of open data portal has 

continued to expand immensely in the size of 

open access large scale raw incident data that is 

availed to researchers in open data portal. 

However  what we have observed is that to 

convert such raw tab into useful action oriented 

information special software is necessary that is 

very expensive and complex, usually GIS or a 

tailor made data warehousing solution. This 

technical aspect makes many small 

organizations and independent researchers the 

victim when it comes to the basic crime pattern 

analysis and planning to distributions of 

resources. Our study is based upon the gap in 

the market of a portable open-source 

application that is capable of conducting a 

comprehensive analysis of data in to visual data 

and does not need a persistent database or 

vendor specific desktop processing. 

The purpose behind creating this 

application is that of presenting an application 

that would be universal to all users and requires 

merely a modern internet browser to operate. 

This is a design made to reduce barrier to entry 

which we achieved through moving the 

computation power aspect to a scalable 

server instance. In this application based 

research we also have the following goals: 

1.To develop an architecture that at large is 

very portable and that utilises common Python 

libraries. 

2. To install a high performance data intake 

pipeline that will accept local file uploads as 

well as remote data streams (URL’s). To create 

an adjusting filter that will simultaneously 

enable the choice respectively by spatial 

criteria, time interval and by category. To apply 

visualization methods that in this instance will 

be the use of marker clustering to accomplish. 

relational and scalable large scale data set 

rendering. 

Application Contributions: This we submit 

a completely functioning and tested code 

infrastructure to spatiotemporal examination 
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that also incorporates(Lat, Long) we find 

highly robust to unstructured user information. 

We possess a documented modular architecture 

and also a wonderful platform where future 

development can take place which integration 

of advanced machine learning models of 

predictive policy is a constituent part . 

2. Literature Review 

A. Spatiotemporal Crime Analysis 

The concept behind crime mapping is the 

geographic one that crime is unevenly 

distributed across a particular area and a cycle 

of crime predictability. 

The urban geo-visualization discrimination 

branch output in a form of a dot or a heatmap 

has to deliver the message of the level of 

concentration of crime and the level of density 

of concentration of crime and, in the pre 

determined target area, answer to the purpose 

objectives of urban crime mapping which is the 

main purpose of urban crime maps is to 

visualize crime concentration that is 

complicated by the phenomenon of 

overplotting on dot maps of the cities where 

hundreds of dot markers are lost in the 

overlaps. 

B. Hierarchy Marker Clustering 

To remedy the issue of overplotting and 

enhance the performance of the client side we 

introduce a solution to the given problem and 

that is the use of hierarchical distance based 

clustering. In this we have applied what at a 

distance cannot be resolved in individual points 

we can observe the substitution of individual 

markers with cluster icon through Leaflet.js 

library that we are using in the App through the 

tool Folium. 

C. Server Side Rendering (SSR) Architecture  

Python-Flask Backend leads to a Server-

Side Rendering Paradigm model. The 

computation of data processing, filtering and 

creating charts/maps is done on the server and 

it is the server which processes and tells Jinja2 

templating to create final HTML is done on the 

server and then responds to the client. This 

method is more suitable to data applications as:  

 Computational Offloading: The 

computations of heavy data (Pandas) 

are not performed so much on the client 

but rather on the server.  

 Initial Load Speed: The client does not 

get a crawl which triggers this new 

functional.  

 Security: The data processing logic is 

stored in the server that it shares with 

each client. 

3. System Architecture 

A Presentation Layer (Frontend), an 

Application Layer (Flask), and a Data Layer 

(Pandas). In this we have a single unified 

executable that is defined by the code in 

dashboard_app.py which puts all layers 

together. We have a stateless design which 

means for each user request past sessions do 

not play a role. 

 
Fig. 1. Application flow 

As per Fig.1 : 

A. User input (Form in the Browser) 

The flow starts in the user's browser when they 

fill out the input form that is defined in the 

HTML_TEMPLATE: 

 Data Source: The user can give data by 

either uploading a file (in CSV or 

XLSX format) through the file input 

field or pasting a "Data URL" into the 

text field.  

 Settings & Filters: The user tells the 

program what the names of the 

columns for latitude, longitude, and 

detail type are in their dataset. They can 

set up filters by typing in detail types 
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separated by commas and choosing a 

start and end date for the analysis. 

  Submission: The user clicks the "Run 

Analysis & Generate Dashboard" 

button, which sends the form data to 

the server in a POST request. 

B. Backend flask(Python) 

In the index function, the Flask app handles the 

request: 

 Load Data (pandas DataFrame): The 

app checks to see if a file was uploaded 

or a URL was given. The load_data 

function reads a file into a pandas 

DataFrame if it exists. If not, 

fetch_data_from_url is called to get data 

from the given URL and parse it. 

 Filter Data (by Date, Type, Lat/Lon): If 

the data is loaded correctly, the 

generate_viz function is called. To start, 

it changes the latitude and longitude 

columns to numbers and gets rid of 

rows that don't have all the necessary 

information. Then, it makes a filtered 

DataFrame (df_filtered) by using the 

user's detail type filter and cutting the 

data into pieces based on the start and 

end dates given 

 Generate viz (Plotly Charts, Folium 

Map): The app uses the filtered dataset 

to figure out metrics like the number of 

unique details and the total number of 

incidents. It uses Plotly Express to make 

interactive bar and pie charts that show 

the most common types of incidents. At 

the same time, it uses Folium to make a 

marker cluster map that is centered on 

the average coordinates of the 

filtered_data.  

C. Output of Dashboard (HTML Page) 

Finally, the backend makes the whole 

dashboard. 

The app uses render_template_string to put the 

generated content and the HTML_TEMPLATE 

together. 

The last HTML page that shows up in the 

browser has summary metrics cards, the 

interactive Plotly bar and pie charts, and the 

Folium geographic cluster map. 

4. Methodology 

The program carefully and accurately plans 

and carries out its data-acquisition and data-

protection techniques. This turns unstructured 

and disorganized data into clear and useful 

images. 

A. Protocols for data ingestion and protection 

The system is built on strong security 

features and engineering concepts that can 

safeguard data at a high level and move it 

around. The files that are allowed have a 

rigorous list of file formats (CSV, XLSX), 

which stops harmful code from running. 

Security: The process of getting data from a 

URL uses try/except forms and time-outs to 

stop the servers from lingering or crashing if 

they don't respond or if they get an invalid 

external destination.      

B. Normalizing data and casting types 

After being imported, every file in a panda 

data frame must go through a normalization 

process. This is an important step since the files 

that the user uploads can contain different kinds 

and amounts of valid and invalid data. During 

the normalization stage, latitudes and 

longitudes are changed to floating-point 

numbers. Values that can't be converted are 

changed to NaN, and the errors parameter of 

(pd.to numeric) is set to (coerce). After that, 

rows containing NaN values are removed, 

leaving just the data that is spatially valid. To 

standardize the time, the program automatically 

recognizes columns with dates and changes 

them using the command pd.to-datetime. The 

time series method lets you filter out what you 

need, which is quite useful for spatiotemporal 

analysis. 

C. Algorithms for Visualization 

The visualization engines make two sets of 

HTML strings that constitute the outcome: 

 Folium for geospatial visualization: 

The average model coordinates (Lat, 

Lon) of the filtered   dataset show up in 

the middle of the map. The Folium map 

object is made and then changed into 

an HTML string, which is then put 

directly into the Jinja2 template. 
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 Statistical Visualization (Plotly): Plotly 

is used to make a grouped count of a 

random column, such "Top 10 Crimes." 

The client gets this back, and the 

statistical container gets Plotly objects 

back in JSON format. Plotly.js on the 

client side updates the interactive chart 

with the new JSON format. 

5. Implementation And Result 

A. Implementation at the Code Level 

The generate-viz function is the most 

important part of the application that does 

processing. To make sure that user mistakes are 

handled gracefully, error messages should be 

sent to the front end, and server functions 

should not be stopped, this is done with 

try/except blocks that wrap around important 

tasks like file access and data conversion. You 

can use Tailwind CSS to develop a lightweight 

framework that lets you make a professional, 

responsive user interface without the huge 

expense of a JavaScript library. 

B. How well it works 

The application's most important 

performance metric is response time, especially 

when employing full volumes of data. Scaling 

mostly has to do with using Pandas optimized 

C-based functions to filter data, and it depends 

almost linearly on the size of the dataset. The 

first benchmarks show the following numbers 

for processing: 

 10000 events in 0.15 seconds. 

 100000 events in 0.85 seconds. 

Using MarkerCluster also speeds up 

performance on the client side. This is because 

it only needs fewer than 100 cluster icons on 

the server instead of the 100,000 HTML 

elements that were loaded. 

C. Application Utility 

This created petite-application has a single-

page analysis, which includes: 

 Heatmap: Determine the regions of the 

greatest occurrence of crime. 

 Bar Graph: Showing the frequency of 

every type of incident. 

 Pie Chart: depicting the relative scale of 

all the major categories of crimes. 

 
Fig.2 . Screenshot of features(Interface) 

This fig.2 is our output screen which 

provide  feature like insert input data in form of 

(CSV/XLSL) also we can give input data in 

form of URL(JSON) data, this also allow user 

that they can mark Latitude, Longitude and 

primary column, it also provide filtering 

options(detail type filter, Date filter),at the end 

it has Generate button that generate our 

dashboard and Heatmap on the basic of data 

that is inserted. 

 
Fig. 3. Image of Generated Heatmap clusters 

(zoom out) 

This fig. 3 was showing heatmap that was 

generated by our system, this is max zoom out 

form of heatmap which contain multiple big 

clusters.  

 
Fig. 4 . Heatmap(Zoom in cluster) 
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This fig.4 shows the heatmap that was 

created during zoom in the big clusters ,it also 

contain many small clusters that can also zoom 

in further.   

 
Fig.5. Heatmap (maximum Zoom in) 

Fig. 5 was the max zoom in form of 

heatmap which shows the data points, where 

each data points tell us about crime happened at 

that location. 

6. Conclusion 

The paper has resulted in an open source 

and highly customizable Geospatial Dashboard 

Application that serves crucial roles of data 

ingestion, spatiotemporal filtering, interactive 

visualization, all offered with a small Python 

stack. The process of input validation, data-

vectorization, and marker clustering were 

added to ensure the security of the system and 

make the performance faster, thus resolving all 

the main issues associated with the analysis of 

raw data on a large scale. 

7. Future Work 

Possible research opportunities in the future 

would be: 

 Asynchronous Processing: With the 

help of a task queue (e.g., Celery), the 

application would be able to run data 

files over 500MB without blocking the 

main thread, therefore remaining 

responsive when performing longer 

processing operations. 

 Advanced Geospatial Kernels: Beyond 

discrete clustering kernel density 

estimation are continuous or smoothed 

heatmaps that are used to model an 

actual friction surface, i.e. the 

probability distribution of event 

occurrences of the area of interest. 

 Authentication and Data Persistence: It 

might be possible to add the lightweight 

database (e.g., SQLite) and nominal 

user authentication and store filtered 

datasets or customized map settings, 

turning the application into a less 

temporary tool and into a platform with 

the capacity to perform good analysis. 
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