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Abstract: As per the the Allstate Canada Safe Driving Study report, Toronto was in 69th position in accident rate 

among Canadian cities with an average of 6.45 accidents per 100 cars in 2014-2015. North York and Ajax, the borders 

of Toronto the accident rate was even worse with an average of 7.02 to 7.12 per 100 cars [1]. The higher the accident 

rate, the higher the death rate. By reducing the time lag between the accident and the initiation of medical care, one can 

prevent death or permanent disability. The distance between the accidents zones the emergency room play the vital role 

in reducing the death rate due to accident. As per the report, most of the accidents were at the outskirts of the city rather 

than within the city. But usually the most of the emergency rooms are within the city. In such cases mostly, the 

emergency rooms were far away from the accident zones. The objective of the work is to predict the most suitable place 

for establishing the emergency rooms using machine learning algorithms. Accident zones in Toronto, the dataset was 

taken from Toronto public service data portal and locations of emergency rooms were retrieved from Foursquare API. 

After mapping both the data set, the accident zones near the emergency rooms (which are at the distance of 1 km) are 

removed. Then accident dense area was found using hierarchical dbscan. K nearest neighbor algorithm is used to 

address the outliers. The suitable (core) location for the emergency room was found by taking the mean of each cluster. 

The distance between the core location and the emergency room was found.  The core location with the longest distance 

was considered as the best place for establishing the new emergency room. 

Keywords: Machine learning. Clustering, Hierarchical dbscan algorithm, Classification,   k Nearest 

Neighbor algorithm. 

Introduction: 

 Nowadays death rate due to accidents are increasing day by day and road accidents are 

estimated to be the eighth leading cause of death globally for all age groups, especially for children 

and young people 5–29 years of age. Each year approximately 1.35 million people are killed on road 

accidents. Every day, almost 3,700 people are killed globally in road accidents involving vehicles 

such as cars, buses, motorcycles, bicycles, trucks, or pedestrians. The death rate due to accidents is 

three times higher in low-income countries than in high-income countries. The injuries caused by 

accidents are one of major economic burden in lower economic countries. It is estimated that lower 

and middle income countries will experience approximately $834 billion dollars (in 2010 USD) in 

economic losses from 2015–2030 due to fatal and nonfatal crash injuries [2]. The death rate will be 

reduced if immediate medical care will be provided on time. This would possible if there is any 

emergency room nearby. The Government should establish emergency rooms around accident zones 

to reduce death rate due to road accidents. Thus predicting the ideal location for establishing the 
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emergency room is the main stay of the research. Some of factors to be considered while choosing a 

location to set up an emergency room were the proximity to hospitals, dense of accidents, locality, 

commute time, accessibility and visibility [3]. This project mainly focus on proximity to hospitals 

and dense of accidents. 

Hadi Youzi et al. did a case study optimize on selecting optimal location for hospital in. Kohdasht 

city using GIS integrated approach and hierarchical analytic process in 2015 based on the criteria 

such as land prices, distance from other hospitals, access principle, compatible neighborhood that is 

distance from industrial places,  population density, distance from urban center, network access and 

communication requirements[7]. Christian Stummer et al., integrates hospital plan with multi-

objective decision support on determining location and size of medical departments. The proposed 

two-phase solution using multi-objective Tabu search in the first phase and applying clustering in the 

second phase and explore the solution space until the “best” configuration is determined [8]. 

Muhammet Gul et al., presented a literature review on identify the most suitable hospital location to 

establish a new hospital from the multi-criteria decision-making (MCDM) perspective so that 

entrepreneurs or government to gain advantage. The preferred reporting items for systematic review 

and meta-analysis statement (PRISMA) are used as a reference framework. Based on the review, 

some of the conclusions arrived were Analytic Hierarchy Process (AHP) and GIS-based MCDM 

models plays significant roles in solving this problem, cost, demand, environment, population, 

government, competition in the market, and distance to some important places are considered the 

common selection criteria for location selection. In addition to the MCDM structure, the fuzzy 

structure also used for this purpose [9]. Fatemeh Rahimi et al., in his proposed work conducted 

studies to assess the location of the existing hospitals in Shiraz using the geographical information 

system (GIS) and to select optimal locations for establishing new hospitals in Shiraz [10]. Yishu Zhu 

et al.(2016) implemented a hierarchical location-allocation model, which analyzes the spatial 

distribution of trauma centers and the candidate locations for trauma centers. Ant colony 

optimization technique was used to identify the optimal location. Based on the description of a 

trauma emergency system, optimally locating trauma centers can be considered a hierarchical 

location problem which includes optimizing the locations of low-level and high-level trauma centers 

[11]. 

Yufan Deng et al(2021) developed a model to support location planning in the context of Emergency 

Medical Service(EMS) in Chengdu, one of the largest cities in southwest China with the population 

of 16.5 million. The objective his work is aiming to optimize the EMS centers by adding (upgrading) 

a minimum number of EMS facilities to cover a maximum population. The nearest-neighbor 

algorithm was used to find the shortest travel time based on geographical information system (GIS) 

and genetic algorithm (GA) was applied to determine the optimized locations [12]. 
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Proposed System Methodologies: 

 

Figure 2.1Block diagram of the Architecture 

 

Algorithm:  

Step 1: Identify the locations of accidents zones and the locations of emergency rooms from datasets 

collected from different sources and map the locations of both. 

Step 2: Find the distance between each of the accident zone and its nearest emergency room. 

Step 3: Remove the accident points whose distance is within 1Km from the emergency room, as they 

were already nearby the emergency room. 

Step 4: Using HDBSCAN(“Hierarchical Density-Based Spatial Clustering of Applications with 

Noise”) algorithm form the cluster of accident points. The accident points which were farther from 

the cluster considered as outliers and they are not considered for clustering. Hence considering them 

may deviate the count of actual number of clusters. 

Step 5: The outliers were now mapped into any one of clusters using K-Nearest neighbor algorithm. 

Step 6:  The optimal place for emergency room to be established for each cluster was identified by 

taking the mean of the accident points in each of them. 

Step 7: The distance between the identified location for emergency room and the existing one was 

calculated for each cluster to decide the priority among them. The larger the distance between them, 

the higher the priority. The identified locations which were more than 2Km apart from the existing 

ones were considered as higher priority and chosen for further processing. 

Step 8: Among the several locations with equal priority, only one or two locations was selected 

based on the dense of accidents occurred in that zone. The total number of emergency room to be 

established was depends on the fund allocated. 

 

 

PERIODICO di MINERALOGIA                                                                                                           Volume 91, No. 4, 2022

                                                                                                                                         https://doi.org/10.37896/pd91.4/91446

ISSN: 0369-8963

Page 702



Methodology: 

Data Acquisition: 

 This work was done by make use two datasets. One was the accident locations of Toronto 

and the other was locations of emergency rooms in Toronto. Locations of collisions or accidents that 

happened in Toronto were taken from Toronto public service data portal. It includes the attributes 

like Most accident stats, date and time, visibility, traffic control, neighborhood district, and locations 

in terms of latitude, longitude of the accidents, etc. Locations of Hospitals and Emergency rooms in 

Toronto retrieved using Foursquare API.  

Data cleaning: 

In the accident dataset the attributes of our interest for this work were the latitude and longitude, and 

neighborhood district of the accident. From those attributes the density of accidents in that zone was 

found. From the hospital dataset the latitude and longitude of the hospital, venue name, and type of 

the venue(medical centre, emergency room, etc), venue id, were taken. 

Mapping the two datasets: By mapping the locations of accident zones and the locations of 

emergency room, the view collision map was found. 

Removing the accident points nearby emergency room: The accidents near the hospitals at a 

distance of 1km are removed from the dataset as they can reach the hospitals in time. The distance of 

the locations is calculated using the haversine formula. Haversine formula calculates the distance 

between two points on a sphere when the points are represented using longitudes and latitudes. 

Hence  this work uses geo locations(longitude and latitude), Haversine formula suits well.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

 

Identify accident dense area using HDBSCAN: To find the density of the accident zones, the 

locations of the accidents are grouped together. Grouping is done using HDBSCAN. Advantages of 

this clustering compared to others are i. more suitable for arbitrary shaped clusters, robust to outliers, 

does not required to specify the number of clusters. 

Three hyper parameters considered to arrive at the optimal number of clusters are epsilon, minPoints 

/ cluster size (n) and minimum samples, where Epsilon (ε), a distance measure that will be used to 

locate the points in the neighborhood of any point and minPoints(n) is the minimum number of 

points  clustered together to form a region which is considered to be dense and minimum samples, a 

measure of how conservative the clustering to be. Larger the minimum samples, higher the outliers. 

DBSCAN clustering algorithm results in three categories the data point a core point, border point 

and noise (outlier) point respectively. The point is considered as core, if it has at least n points within 

distance ε from itself and the data point is considered as border, if it is reachable from Core point 
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within the distance ε and the neighborhood contains less than n data points within distance ε, and 

considered as noise, if it has no core points with the distance of ε[6][7].  

HDBSCAN Algorithm: 

• The algorithm proceeds by arbitrarily picking up a point in the dataset and labels them into 

core, border or noise (outlier) and repeat the procedure until all points have been visited. 

• Connect the core points which are in neighborhood and put them in a same cluster. Thus a 

cluster formed with at least one core point, all reachable core points and all reachable border 

points. If there are at least n points within a distance of ‘ε’ to the point then we consider all 

these points to be part of the same cluster. 

• The clusters are then expanded by recursively repeating the neighborhood calculation for 

each neighboring point. Thus, It shapes all the clusters and outliers as well.  

The hierarchical dbscan returns label for each data, which represents the cluster in which the data 

belongs. The label was -1 it the data point was an outlier. 

Addressing outliers: The outliers are not considered during HDBSCAN algorithm. So they are not 

the part of any clusters. k-nearest neighbor’s algorithm is used to make the outliers to become the 

part of the nearest clusters. 

 

Finding the location of emergency room using core latitude and longitude: To find an 

appropriate location for the emergency room, find the mean for each cluster. This is considered as 

the core latitude and longitude of the cluster. Using the core latitude and longitude the address of that 

location was found. This address can be used as an ideal location for setting up an emergency room. 

 

Calculating distance to the nearest medical centre: The distance of the core location and the 

nearest hospital was found. If the distance between them was more than 2Km, only those points were 

considered for further processing. The longer the distance between them, the higher the priority 

while choosing that location. If several locations had equal priority, the number of accidents in that 

zone was considered as additional parameter on deciding the priority. The number of emergency 

rooms to be established depends on the fund allocated.  

 

Results and Discussion 
  

The data about collision or accident locations in Toronto were taken from Toronto public service 

data portal. It includes the attributes like Most accident stats, address of the location such as street 

with ward number and division number, neighborhood district date and time, visibility, traffic 

control, , road condition, accident type, impact type, injury and locations in terms of latitude, 

longitude of the accidents and so on. Data cleaning removes the column with null values and the 

attributes that are not of much interest. After data cleaning, the table consists of impact type, 

neighborhood, district, latitude and longitude of the accident location. Locations of Hospitals and 

Emergency rooms in Toronto retrieved using Foursquare API. It sends back a JSON file from which 

the dataframe was made. Both the locations, the locations where the collisions occurred and the 

locations of emergency rooms in Toronto were mapped in Toronto location map. HDBSCAN 

clustering was done with a minimal sample of 7. If we increase the sample size the cluster becomes 
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conservative and results in more number of outliers. The minimal number points to form a dense 

based cluster were taken as 5. Outliers were mapped into any one of the neighborhood cluster. 

 

 

Figure3.1 Locations of accidents/collisions data set from Toronto public service data portal 

 

Figure 3.2 Collision dataset after data cleaning 

 

Figure 3.3 Locations of collisions mapped in Toronto location map 
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Figure 3.4 Hospitals location data taken from Foursquare API 

Figure 3.5 Hospitals location data as dataframe after preprocessing 

 

Figure 3.6 Mapping hospitals locations along with collisions location in Toronto map 
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Figure 3.7 Mapping after removing all collisions which are in the radius of 1 Km from any hospital 

 

Figure 3.8 Map after clustering collision points based on density using hierarchical DBSCAN 
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Figure 3.9 Map after clustering the outliers using K-Nearest Neighbors 

 

Figure 3.10 Cores points along with their clusters members 
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Figure 3.11 Bar plot showing number of accidents in each clusters and distance from each cluster 

center to the nearest hospital 

By considering the number of accidents in each cluster and also the distance to the hospitals, it can 

be suggested that the cluster with the longest distance and largest number of accidents can be an 

ideal one for establishing the emergency room. 

From the above Bar visualization if we have to select one location then we can choose cluster 14, as 

it has large number of collisions and also the distance to the nearest hospital from the cluster center 

is more than 2 Kilometers. 

Conclusions 

 

Due to the lack of emergency rooms in the outskirts of the city, and small number of emergency 

rooms in the central part of the city with high population density, where there are several accident 

zones. So it is suggested that, in order to access medical facility during emergency in case of 

accidents especially in areas of lacking healthcare centers with high population density, to establish 

emergency rooms. In this paper, we have found the optimal place to set up emergency room by 

considering the number of accident zones and the number of surrounding hospitals and their 

distances from the accident zones using hierarchical clustering dbscan algorithm which is more 

suitable for clustering the accident points. 
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