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Abstract— With the advance of science and technology, there are more and more vehicles on the road, emergency vehicles such as ambulances are having a hard time bypassing busy lane. This paper proposed an ambulance siren tracking system based on SOM algorithm. By using Self-Organizing Map (SOM) technique, the location and the direction of the ambulance siren can be tracked. Later, the support vector machine technique was used to classify the sound of ambulance siren. In order to improve classification of ambulance siren, some preprocessing steps were used, such as a band-pass filter, namely, the 700 Hz as the lower and 1800 Hz as the upper cutoff frequencies. For this system, we developed a mobile application named Siren Tracking system with Emergency Support (STES) to allow users to track ambulance siren, for drivers on the road.  In order to examine the system performance, we subject the system on some real-time scenarios, using St John Ambulance sirens. Based on the experimental results, the system is shown to be able to reliably localize the location of the ambulance car.
I. Introduction
In every rescue operation, ambulances have can only afford to have minimum delay when travelling to any nearby hospitals. These days, vehicles have good sound insulation and driver may find it hard to hear sounds from the outside vehicle. About 20 percent of patients who need emergency treatment fail to reach the hospital in time due to traffic jam [1]. This shows the importance of alerting the driver, especially for vehicles with good sound insulation or loud interior noise.  Emergency siren tracking system can help to improve the driver awareness on the ambulance. The traffic monitoring system with emergency support was proposed which aim to (1) identify the ambulances emergency siren, deploy unsupervised learning Self-Organizing Map (SOM) to localized the ambulance siren, and (3) alert the road user’s when an ambulance is approaching nearby.

II. Siren Tracking system with Emergency Support  
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Fig.1.  STES Framework
For data acquisition, the St John Ambulance siren is used as the source. Four distance sirens were collected to train the system, being 0, 25, 50, 75 meters, respectively. The collected sirens will be pre-processed include applying a band pass filter with 700 Hz and 1800 Hz range. Later, the extracted features are being divided into temporal and spectral features. Spectral features include Mel-Frequency Cepstral Coefficients (MFCC) and Linear Prediction Coefficient (LPC). The temporal feature include is skewness, kurtosis, root mean square, and zero crossing rate. The SVM classifier was trained using MFCC to detect the presence of ambulance sirens. Then, siren features were normalized, and the neuron weights were initialized with random numbers with the size of competition layer being 15x15. The trained SOM model was then used to localize the distance of the ambulance siren. The resulting information and the vehicle GPS location will be uploaded to the cloud server whereby the mobile application (with a map) shall receive an alert notification and display the alert hotspot on a map.
III. Experimental Results
Experiments are conducted to simulate real-world situation. In this experiment, two samples were collected: ambulance approach and ambulance left. The vehicle is in stationary state, and only the ambulance was moving. The process and experimental results are shown in Fig. 2 and Table 1.
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Fig.2.  Process of ambulance moving toward vehicle.

TABLE I.  Result of ambulance moving toward vehicle
	Time 
	Result

	0:00:00 ~ 0:00:04
	No Siren Detected

	0:00:02 ~ 0:00:14
	75m 

	0:00:16 ~ 0:00:26
	50m 

	0:00:28
	25m

	0:00:30
	50m

	0:00:32 ~ 0:00:40
	25m

	0:00:42 ~ 0:00:50
	0m


Conclusion
In this paper, we proposed a framework to localize ambulance siren and set up a siren tracking system, named STES, using the SOM model. The system can localize the ambulance siren accurately according to preliminary results. 
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