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Abstract: - Due to the sheer rise in vehicle accidents, there 

is an increasing demand for effective early vehicle crash 

detection and alert systems. We propose a vehicle crash 

detection system with sophisticated components such as 

raspberry pi, sensors, apis, web browser automation and 

communication modules to improvise vehicle crash 

detection performance. The existing concept presents 

eXtreme Gradient Boosting, a Machine Learning 

approach for identifying accidents utilizing a set of real-

time data. Working on this method considering single 

dataset such as upstream and downstream averages, 

results in a lower efficiency. While most existing vehicle 

crash detection systems depend on single modal data, our 

proposed vehicle crash detection system uses an ensemble 

machine learning model based on multi modal data such 

as accelerometer, gyroscope, and shock sensor data. In 

order to verify that an accident has happened, a message is 

sent to the user, if the user does not respond to the call 

within 30 seconds, our detection system immediately 

conveys the exact location of the accident occurred to the 

nearest hospital within 82 seconds via voice message. Also 

another voice message enclosing the information about the 

location of the accident along with the hospital name will 

be sent to the trusted person specified by the user. The 

experimental results indicate that the proposed vehicle 

crash detection system performs significantly better than 

single classifiers. With the help of this application, we 

preserve the state of humanity and generate harmony in 

our society. 

 

Keywords - Deep Learning, Machine Learning, 
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1 INTRODUCTION 

 

In recent years, traffic accidents have become 

increasingly common. As shown in figure 1.1 in 2015, 

the global status report on road safety from the World 

Health Organization noted that approximately 1.25 

million people die each year from traffic accidents 

worldwide. Furthermore, accidents indirectly cause 

nonlethal injuries for 20 million to 50 million people, 

and 90% of road traffic accidents occur in low- to 

moderate income countries. Due to the low levels of 

emergency services and medical standards in many low- 

and moderate-income countries, the mortality rate from 

accidents in such countries is significantly higher than 

that in developed countries, and the economic losses 

caused by traffic accidents are extensive.  

Recently, many studies have confirmed that rapid 

emergency rescue responses to crashes result in higher 

survival rates. For example, in China, approximately 

two-thirds of traffic accident victims died in 2016 

because they did not receive timely and effective 

assistance. 

 
 

Figure 1. Rise in Deaths from traffic-related Accidents and Road 
mishaps 

A statistical data of vehicle accidents describing the 

number of deaths and the change in percentage is shown 

in figure 1. Moreover, most of the injured patients died 

either at the accident scene or while in-transit to a 

hospital; these trips averaged approximately 30 minutes. 

The period between an accident occurrence and arrival 

at a medical facility for those who sustained injuries was 

divided into four stages: dispatch time, response time, 

scene time, and transport time. Mortality during these 

four stages was compared in urban and rural settings. 

The statistics indicated that when an accident is detected 

immediately, the response time required for emergency 

services can be greatly reduced, and the survival rate of 

traffic accident victims increases. Additionally, most 

individuals involved in traffic accidents receive 

appropriate assistance from drivers, passengers, or other 

people. However, when a traffic accident occurs in the 

suburbs or the driver is the only person in the vehicle 

and the crash results in loss of consciousness, no one is 

available to notify the proper authorities within the 

„„golden window period‟‟ for medical treatment, and 

this delay reduces the survival rate. 

 

Whenever an accident occurs it is detected by a 

machine learning algorithm by using a shock sensor 

and accelerometer sensor. Once an accident is 

detected the communication process gets started in 

which a voice API sends a voice message to the 

hospitals and to the phone numbers which are 

previously saved with the data such as geological data, 

timestamp, direction of the hit. The shock sensor has a 

threshold value if it breached an alert is sent to the 

driver with an option of accident occurred or accident 

not occurred if the driver does not reply for more than 

a defined time then the algorithm considers it as an 
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accident and initiates to execute the communication 

process. The algorithms achieve an overall true-

positive rate of 68.8% for accident predicted and 

72.2% for correct accident detection. 

 

The high demand of automobiles has also 

increased the traffic hazards and the road accidents. 

Life of the people is under high risk. This is because 

of the lack of best emergency facilities available in 

our country. An automatic alarm device for vehicle 

accidents is introduced in this work. This design is a 

system which can detect accidents in significantly less 

time and sends the basic information to the first aid 

center within a few seconds covering geographical 

coordinates, the time and angle in which a vehicle 

accident had occurred. 

 

2 PROPOSED ARCHITECTURE 

 

We propose a vehicle crash detection system 

with sophisticated components to improvise vehicle 

crash detection performance. While most existing 

vehicle crash detection systems depend on single 

modal data, the proposed vehicle crash detection 

system uses an ensemble deep learning model based 

on multi-modal data. To verify that an accident has 

happened, a message is sent to the user, if the user 

does not respond to the  

 

Figure 2. Smart Accident Detection System Architecture 

 

message within 30 seconds, our detection system 

immediately conveys the exact location of the 

accident occurred to the nearest hospital within 10 

seconds via voice message. Also another voice 

message enclosing the information about the location 

of the accident along with the hospital name will be 

sent to the trusted person specified by the user. The 

experimental results indicate that the proposed 

vehicle crash detection system performs significantly 

better than single classifiers.The architecture diagram 

in figure 2. Illustrates the components of the system. 

The Shock sensor SW-420 combined with 

accelerometer sensor works to initiate the accident 

detection process. The Impact sensor triggered when 

the airbag gets released during an accident, parallel 

shock sensor reads vibration data throughout the body 

of the car to detect vibration caused by the collision. 

Then data from the shock sensor and impact sensor 

is transmitted to Raspberry pi, then the 

Accelerometer ADXL 345 data, to find the direction 

of the accident. The microcontroller is programmed to 

perform the required actions. After the occurrence of 

the accident a prompt is sent to the victim for 

confirmation of incident with the option of declining 

if the victim declines then it is considered as no need 

of medical emergency and the process terminates, if 

the victim doesn‟t declines within certain seconds the 

geological data from the GPS module NEO 6M the 

accident details is sent to the Hospital and Relatives 

using the preinstalled WiFi via voice message - Voice 

Messaging API. 

 

 Extreme gradient boosting – XGBoost 

  

XGBoost is an optimized distributed 

gradient boosting library designed to be highly 

efficient, flexible and portable. It implements machine 

learning algorithms under the Gradient Boosting 

framework. XGBoost provides a parallel tree boosting 

also known as GBDT, GBM that solves many data 

science problems in a fast and accurate way. 

 
Figure 3. Work Flow of XGBoost Algorithm 

 

Gradient boosting is a type of machine 

learning boosting. It relies on the intuition that the 

best possible next model, when combined with 

previous models, minimizes the overall prediction 

error. The key idea is to set the target outcomes 

for this next model in order to minimize the error. The 

weak learners in gradient boosting for classification 

are regression trees, and each regression tree 

transfers an input data point to one of its leafs, 

which carries a continuous score. XGBoost 

combines a convex loss function based on the 

difference between the predicted and target outputs 

with a penalty term for model complexity to minimize 

a regularized L1 and L2 objective function. The 

training process is repeated iteratively, with new 

trees being added that forecast the residuals or errors 
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of previous trees, which are then integrated with 

previous trees to provide the final prediction. 

Gradient boosting gets its name from the fact that it 

uses a gradient descent approach to minimize loss 

when adding new models. A brief illustration on how 

gradient tree boosting works is depicted in figure 3. 

 

 

Algorithm: 

 

Input: Training set a differentiable loss function (𝑦, 

𝐹(𝑥)), number of iterations M. 

1. Initialize the model with a constant value:  

----  (1)  

 

In Eq 1, (𝑦i,γ) is the loss function  

 

2. For m = 1 to M. 

 

i) Calculate the Similarity Score:  

The similarity score of each current root node is 

calculated. The current root node is split into left and 

right nodes using this score, i.e., each data in the left 

node have the same similarity score. Similarly, for the 

right node. 

 

ii) Calculate the Gain:  

The Gain for each node is calculated using. There are 

two criteria for this split up. If the gain is greater than 

zero, the node will split. If the gain is lesser than zero, 

break the loop. 

 

iii) Residuals are Objective loss Function calculated at 

each step.  

Compute so-called pseudo-residuals: 

 -------

(2) 

 

In Eq 2, 𝐹𝑚−1(𝑥) denotes , similarity score of the 

previous node. For each iteration new set of residuals is 

calculated using previous residual values,  

(i.e) 

𝑁𝑒𝑤 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠 = 𝑂𝑙𝑑 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠 + ρΣ 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠 -------(3) 

where ρ is the learning rate. 

 

iv) Compute Gain as a Objective function: 

 ---

-----(4) 

v) Fit a base learner (e.g. tree) ℎ (𝑥) to pseudo-residuals, 

i.e. train it using the training set.  

vi) Compute multiplier γm by solving the following one-

dimensional optimisation problem: 

 ------ 

(5) 

 

In Eq 5, γ𝑚 is the L1 Regularization Value.  

 

 

 

vii) Update the model: 

---------(6) 

 

3. Output 𝐹(𝑥). 

With Eq 6, the Resultant Formula for XGBoost is ,  

  

where α𝑖 and 𝑟𝑖 are the regularization parameters and 

residuals computed with 𝑖𝑡ℎ  tree respectfully, and is a 

ℎ 𝑖 function that is trained to predict residuals, 𝑟𝑖 using 

X for the 𝑖th tree. 

 

3 EXPERIMENTAL RESULTS 

 

Figure 4. Circuit Connections 

 

The accelerometer sensor transmits data via the 

I2C and SPI interfaces. The raspberry pi is interfaced 

by ADXL345 by connecting the accelerometer's SDA 

and SCL pins to the raspberry pi's GPIO2 and GPIO3 

pins respectively as shown in the figure 4. Since the 

accelerometer sensor operates on 3.3 volts, the VCC 

pin is linked to the Raspberry Pi's physical Pin 1 and 

the ground pin is attached to the Raspberry Pi's 

Physical Pin 6. The Vibration sensor SW-420 is a 
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high sensitivity non-directional vibration sensor that 

operates on 5 volts, so the VCC pin is connected to 

the Raspberry Pi's physical Pin 2, the ground pin is 

connected to the Raspberry Pi's Physical Pin 9, and the 

Digital Output pin is connected to the Raspberry Pi's 

GPIO17. The Digital output pin of another vibration 

sensor is connected to the Raspberry Pi's GPIO27. 

These sensors are fitted to the front and rear positions 

of the vehicle. The GPS module is used to retrieve 

the current location and is powered by 5 volts, 

therefore the VCC pin is linked to the Raspberry Pi's 

physical pin 4, the ground pin is attached to the 

Raspberry Pi's physical pin 14, and the TX pin is 

connected to the Raspberry Pi's GPIO18. 

 

 

3.1 IMPLEMENTATION 

 

i. USER DETAIL 

 

The first step is to use the command line 

interface to obtain user information such as name, 

phone number, and trusted person phone number, as 

shown in figure 5. These details are necessary to 

initiate the Detection System.  

 

 
 

Figure 5. User Details 

 

ii. ACCIDENT DETECTION 

The shock sensor value varies when the car is 

crashed. It starts the detection phase, in which the 

accelerometer value is dynamically obtained using the 

accelerometer sensor, as shown in figure 6, and it 

returns gyroscope and accelerometer values in the x,y, 

and z planes. These data are predicted using the 

Xgboost algorithm, which returns an outcome of 

Accident i.e.., along with which side of the vehicle the 

collision happened or Not. 
 

 
Figure 6. Fetching Accelerometer Data Dynamically 

 

iii. ACCIDENT VERIFICATION 

For example, if a user unintentionally crashes his or 

her car, it is not deemed an accident. As a result, we 

must confirm whether the accident happened. We do 

this by making a voice call to that user; if the user 

answers the call, it is not a major issue. If the user 

does not answer the phone, a serious accident has 

occurred, which triggers the hospital detection phase 

as shown in     figure 7. 

 
 

Figure 7. Confirmation of Accident 

 

iv. IDENTIFYING LOCATION OF ACCIDENT 

The GPS module is used to determine the latitude and 

longitude coordinates of the accident once it has been 

validated. We can get the pincode of that specific 

location using Selenium, as shown in figure 8 and  

figure 9. 

 
 

Figure 8. Fetching Location of Accident Spot 

 
 

Figure 9. Map Image Pointing to Accident Location 

 

v. FINDING NEAREST HOSPITAL 

In the mysql database, there is a list of hospital data that 

has been predefined. As shown in figure 10, specific 

hospitals that have pincode are fetched from the 

database using the user's location pin-code. The nearest 

hospital to the accident location is then found from the 

list of hospitals using the Euclidean Distance formula as 

shown in figure 11. 
 

 
Figure 10. Hospital Database List 

 

 

 
 

Figure 11. Selected Nearest Hospital 
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vi. NOTIFY HOSPITAL 

A voice call is dispatched to the designated hospital 

using twilo's voice API, as shown in figure 12. The text 

format of the audio call contains information regarding 

the accident's location, such as lat long coordinates. 

 

 
 

Figure 12. Passing Information to Hospital via Voice Call 
 

vii. NOTIFY TRUSTED PERSON 

As demonstrated in figure 13, a message is sent to the 

trusted person using twilo's message API. As 

illustrated in figure 14, the message format contains 

information regarding his or her relative's accident as 

well as the hospital to which the person has been 

admitted. 

 
Figure 13. Passing Information to Trusted Person via Voice Call 

 

 
 

Figure 14. Passing Information to Trusted Person via Text Message 

 

3.2 RESULTS 

 

Dataset 

 
 

 

Figure15. Dataset in CSV format 
 

 

 

 

 

Summary of XGBoost Model 

 
Figure 16. Summary of Model 

 

Accuracy Score 

accuracy = sklearn.metrics.accuracy_score(y_test, 

XGBoostmodel.predict(X_test)) 

 

 
Figure 17. Accuracy Score determined by using 

XGBoost model 
 

 

Loss function value: 

rmse = 

math.sqrt(sklearn.metrics.mean_squared_error(y_test,X

GBo ostmodel.predict(X_test)) 

 
 

Figure 18. Loss Function Error Value 

 

Time For Detection Phase 

 
 

Figure 19. Time Interval for Detection Phase 
 

Time For Alert Phase 

 

 

 
Figure 20.  Time Interval for Alert Phase 

 

Invoking I2C Connection Establishment 

 
Figure 21. InterIntegratedCircuit Connection 

Establishment 
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Figure 22. Checking I2C Connection 

 

4 CONCLUSION 

In recent years Artificial Intelligence 

and Machine Learning have been growing 

rapidly. Many useful applications have 

emerged with AI and ML concepts. Automatic 

accident detection became a very important 

topic in traffic management systems. 

Detection of accidents will avoid future 

accidents and will help authorities to make 

road segments available for traffic again. The 

proposed system deals with the accident alert 

detection and alerting. Raspberry Pi is the 

heart of the system which helps in transferring 

the message to different devices in the system. 

Vibration sensor will be activated when the 

accident occurs and the accelerometer sensor 

detects the position of the accident using a 

machine learning algorithm then information 

is transferred to the hospital through the GSM 

module. The Hospital name will be alerted to 

the Trusted person..Let this effective 

algorithm make our travel journey smooth and 

hassle-less while we enjoy it. 
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