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Early Prediction of 112 Emergency Calls Using Multimodal
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Maintaining a safe society is a fundamental value of the nation, and is the primary purpose of policing. Recently,
a new approach of using artificial intelligence for policing, known as smart policing, has been proposed. While
various studies on smart policing have been discussed, most studies only focus on predicting the hotspot regions
or the number of major crimes. The Republic of Korea has a policing system called the 112 system, and the need
to incorporate smart policing to the 112 system is increasing gradually. However, the current 112 system is
operating less efficiently by deploying the same number of police forces regardless of the number of expected
112 emergency calls. Moreover, studies related to the number of 112 emergency calls are not only insufficient,
but also have limitations in that the number of emergency calls in the past has not been utilized. In this study, we
propose a multimodal stacking model (MSM) that can predict 112 emergency calls by reflecting the temporal
characteristics of the policing data and facilitate interpretation of the important variables. A deep learning-based
recurrent neural network and a gradient boosting model are used together in MSM. The proposed MSM yielded

excellent predictive performance in experiments using
emergency call data.
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Figure 1. The Trend of 112 Emergency Calls in Seoul, Republic of Korea
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Figure 3. Overview of a Gradient Boosting Model
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Table 1. Variables Description
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Data Name

Variable Name

Description

Registration Date

Date of registration for each number of emergency calls

Police Station

Name of the patrol division or police box

Time series

District

The district which the police station is included

police data

Number of Emergency Calls

Number of emergency calls for the registration date

Year Year of the registration date

Month Month of the registration date
Temperature Average temperature

Precipitation Average amount of precipitation
Wind Speed Average wind speed
Weather . . . .

Wind Direction Average wind direction
forecast data

Humidity Average humidity

Amount of Snowfall

Average amount of snow

Total Cloud

Average amount of cloud

National
holiday data

National Holiday

Whether the registration date is a national holiday

Weekend

Whether the registration date is a weekend

Number of
rallies

Number of Rallies

The number of rallies that happened during the registration date

Statistics for
Seoul districts

Area Usage

Percentage of each area usage

Five Major Crimes

Number of five major crimes(Murder, Robbery, Forced harassment, Theft, Violence)

Public Sport Facilities

Number of public sports facilities for each district

Number of Apartment Houses

Number of apartment houses with different sizes

Park

Number of different types of parks

Leisure Welfare Facility for Seniors

Number of different leisure welfare facilities for seniors

Residential Welfare Facility for Seniors

Number of different residential welfare facilities for seniors

Number of Seniors Living Alone

Number of seniors living alone, classified according to income level

Childcare Facility

Number of childcare facilities

Empty Houses

Number of empty houses, classified according to the type of housing

Death Statistics

Number of deaths, classified according to different causes

Water Supply Status

Statistics of water supply for each district

Market

Number of markets, classified according to the market type

Overall Budget

Overall budget for each district

Medical Institution

Number of medical institutions

Public High Schools

Specific statistics related to public high schools

Suicide Rate

The suicide rate per 100,000 people for each district

People with Disabilities

Number of people with disabilities, classified according to different disability
types

Low-income Single Parent Family

Number of single parent families with low income

Registered Population

Number of registered populations

Parking Lot Ratio

Ratio of parking lots

Public Middle Schools

Specific numbers related to public middle schools
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Gradient Boosting

RNN RNN RNN A AL
(GRU) (GRU) (GRU) +ot

Predicted call numbers for N days @ Predicted call numbers for N days

| |
I
Artificial Neural Network
| Final prediction ofcall numbers forNdays |
] ' m
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Figure 4. Overview of the Proposed Multimodal Stacking Model(MSM)
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Figure 5. Overview of the Full GRU Model for the Proposed MSM
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Table 2. Model Performance for ARIMA, SARIMA, Exponential Smoothing, LSTM, and GRU

Exponential

Model Name ARIMA SARIMA Smoothing LSTM GRU
Evaluation Metrics R’ RMSE R’ RMSE R’ RMSE R’ RMSE R’ RMSE
1 Days Later 0.6945 | 113822 | 0.6986 | 11.2990 | 0.7071 | 10.9683 | 0.7263 | 11.4968 | 0.7538 | 10.2289
2 Days Later 0.6634 | 12.0122 | 0.6818 | 11.6442 | 0.6950 | 11.2238 | 0.7145 | 11.6749 | 0.7376 | 10.5706
3 Days Later 0.6580 | 12.1213 | 0.6789 | 11.7063 | 0.6882 | 11.3682 | 0.7141 | 11.6821 | 0.7367 | 10.5824
4 Days Later 0.6615 | 12.0381 | 0.6753 | 11.7657 | 0.6730 | 11.6959 | 0.7155 | 11.6327 | 0.7403 | 10.4566
5 Days Later 0.6726 | 11.8158 | 0.6767 | 11.7294 | 0.6624 | 11.9326 | 0.7183 | 11.5714 | 0.7460 | 10.3494
6 Days Later 0.6859 | 11.5655 | 0.6843 | 11.5853 | 0.6508 | 12.2034 | 0.7226 | 11.5021 | 0.7534 | 10.2183
7 Days Later 0.6839 | 11.6161 | 0.6867 | 11.5354 | 0.6365 | 12.5204 | 0.7196 | 11.5355 | 0.7495 | 10.2808
14 Days Later | 0.6455 | 12.6280 | 0.6543 | 12.1111 | 0.5168 | 14.4201 | 0.7113 | 11.6400 | 0.7355 | 10.4262
30 Days Later | 0.5631 | 14.2259 | 0.6011 | 13.4901 | 03111 | 23.6860 | 0.6782 | 12.1497 | 0.6981 | 11.1128
Total Average 0.6587 | 12.1561 | 0.6709 | 11.8741 | 0.6157 | 13.3354 | 0.7134 | 11.6539 | 0.7390 | 10.4696
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Table 3. Model Performance for CatBoost, Random Forest, and Gradient Boosting

Model Name CatBoost Random Forest Gradient Boosting
Evaluation Metrics R’ RMSE R’ RMSE R’ RMSE
1 Days Later 0.1177 19.1872 0.3604 17.3016 0.4120 16.3849
2 Days Later 0.1125 19.2425 0.3709 16.6654 0.4230 16.1882
3 Days Later 0.1192 19.1842 0.3413 17.5548 0.3948 16.2613
4 Days Later 0.1273 19.0421 0.3369 17.5754 0.4178 16.1108
5 Days Later 0.1170 19.1325 0.3331 17.6539 0.4317 16.0463
6 Days Later 0.1268 19.0353 0.3331 17.6701 0.4211 16.1554
7 Days Later 0.1134 19.1818 0.3319 17.7460 0.4188 16.1763
14 Days Later 0.1133 19.2251 0.3481 16.8887 0.4268 15.8310
30 Days Later 0.1024 20.4468 0.2969 17.7959 0.4288 15.5727
Total Average 0.1166 19.2975 0.3392 17.4280 0.4194 16.0808
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Table 4. Model performance for GRU + CatBoost, GRU + Random Forest and GRU + Gradient Boosting

GRU + Gradient Boosting
Model Name GRU + Random Forest GRU + CatBoost
(MSM, proposed)
Evaluation Metrics R’ RMSE R’ RMSE R’ RMSE
| Days Later 0.7515 10.2489 0.7810 9.4670 0.7913 9.3165
2 Days Later 0.7363 10.5306 0.7649 9.8196 0.7742 9.7021
3 Days Later 0.7275 10.7036 0.7696 9.7208 0.7739 9.7060
4 Days Later 0.7241 10.8667 0.7722 9.6448 0.7787 9.5817
5 Days Later 0.7214 10.7706 0.7689 8.7012 0.7773 9.6001
6 Days Later 0.7332 10.5711 0.7680 9.7272 0.7755 9.6447
7 Days Later 0.7459 10.3246 0.7760 9.5596 0.7813 9.5213
14 Days Later 0.7436 10.0879 0.7590 9.7670 0.7491 9.9673
30 Days Later 0.7025 10.8561 0.7272 10.3947 0.7204 10.5194
Total Average 0.7318 10.5511 0.7652 9.6447 0.7691 9.7288
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Figure 6.

Feature Importance from the Gradient Boosting Models
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