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1. Product Definition

Our product, which is designed to detect the position of a sound sources like gun and rifle fire, is a real-time DSP system. It consists of three different parts that  are microphones, microphone pre-amplifiers and computer software. Firstly, system detects the sound signals, which come from sound source, with three different microphones and each microphone will receive the sound wave at different times because they are located at a different distance to the sound source. Since dealing with impulse function is hard in terms of noise and sampling, microphone type and features are crucial for the product. At this stage for efficiency and reliability, directed microphones are needed. Cardioid type microphones, which are more sensitive to sounds arriving from front is the best option. After the sound waves are picked up by microphones, they will be amplified by microphone pre-amplifiers and transmitted to the computer. The received analog data will be converted to digital data by the sound card of the computer which can be thought as an A\D converter. Thus, the software programme C will be able to process the data. To explain the process part more detailed, the location of the sound source is found by the help of a method which evaluates the time difference of the arrival signal to each microphone, which named TDOA(time-difference of arrivals). After obtaining time differences for each microphone pair, the distance will be calculated by the algorithm which is written in C. The estimated error for the distance calculation is 10% and our product will manage to locate sound sources, which are maximum 300 metres away(calculations for intensity loss in 300m is calculated in next section). Furthermore, some type of guns will be detected by the product, which are AK-47, M4, MP5, M4A1, SG552 and UMP. When the location of the source is attained, it will be displayed on the monitor.   
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Figure 1 - Display of result on monitor


To be more specific, location of the sound source and microphones will be shown on the screen. In addition, by the algorithm, which finds the distance between the source and each microphone x, y, z values will be displayed. The angle α will be viewed as well.

Up to now, the procedure of the detection is mentioned. To talk about the usage of the product, it can be said that user will manually start the programme by clicking the icon on desktop. The programme will have an user-friendly interface. There will be an "ignore alarm" option which will be used in case of a false alarm. If user wants to close the programme, s/he will again end it manually.
Relation between range and Intensity of sound:

	Source
	Intensity
	dB
	Multiples of threshold

	Threshold
	1.10-12 W/m2
	0
	100

	Leaf rustle
	1.10-11 W/m2
	10
	101

	Whisper
	1.10-10 W/m2
	20
	102

	Normal conversation
	1.10-6 W/m2
	60
	106

	Heavy traffic on the street
	1.10-5 W/m2
	70
	107

	Vacuum cleaners
	1.10-4 W/m2
	80
	108

	Great orchestra
	6,3.10-3 W/m2
	98
	109.8

	The highest tone of Walkman
	1.10-2 W/m2
	100
	1010

	Rock concert
	1.10-1 W/m2
	110
	1011

	Jet aircraft take off sound
	1.102 W/m2
	140
	1014

	Damage to the eardrum
	1.104 W/m2
	160
	1016





Table 1: Intensity and dB values of different sound sources.

Effective range of a machine gun like AK-47 is 300m. As the voice intensity is inversely proportional with square of the distance in 300m sound will have an intensity of 1/90000 of its start value. We know that AK-47 produce 149dB which makes nearly 1.103 W/m2, after 300m travel this value become 103/90000 which is 1,1.10-2 W/m2. This intensity value is same with the intensity of highest tone of walkman so this proves when we recieve the voice of gunfire we will be able to detect it because it will have enough intensity even after traviling 300m.

2- Hardware Specifications

Our product can be considered as a system therefore it has not a rigid mass, length and weight. Therefore, we can consider these dimensions in terms of used hardware components.
a) Microphone
In our product we are going to use 3 microphones to detect the sound of the gun.  According to our requirements microphones should have a cardioid polar pattern. In addition, because of outdoor usage, firm structure and to reach a reasonable result, high sensitivity were also our criteria. As a result, we decided to use "Behringer XM8500" in our system which have following specifications;

	Type
	Dynamic

	Polar pattern
	Cardioid

	Frequency response
	50-15000 Hz

	Sensitivity
	-70 dBV

	Rated impedance
	150 ohm

	Length
	170 mm

	Weight
	226gr


 


Table 1. Specifications of Behringer XM8500[3] 
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Image 1 - Behringer XM8500[6]

Although this model is a bit expensive with respect to equivalent microphones we have selected it because Behringer is a German origin brand and producing audio equipments for 21 years. In addition Behringer has a worldwide served area.[4],

One of our specification about microphones is a case which provides a resistivity to the weather conditions because they will generally used at outdoor places. This case will be about 2 kg and have dimensions, 15 X 15 X 15 cm. (W X D X H ). Material will be steel and thickness will be chosen to reach proper weight.
b) Connections

There will be 20m distance between the microphones and they will be placed on a straight line. At the output of each  microphone there will be a 21m long cable which provide a path between microphone and processing unit. (Although Microphone #2 is closer to the processing unit with respect to other microphones we are going to use same length of cable to avoid delays which different cable lengths may cause. Extra 19m length cable is going to wind on a reel.)

According to design we are going to use (21m x 3) = 63m length microphone cable between microphones and phantom power supply (Figure 2.) which have following specifications;

	Type
	Elastically Microphone Cable 

	Material / Color
	Polyethy / Red

	Diameter of Conductor
	0.207mm

	Diameter of Cable
	0.599mm

	Tensile Strength
	441 N

	Dimensions
	ø54(Max.) x 170 mm

	Weight
	200m/9kg


Table 2- Specifications of the Microphone Cable
c) Phantom Power Supply
We are going to use 4 channel 48V Phantom Power supply. The exact name of the product that we are going to use is "Audio Technica CP8506 DC Phantom Power Supply". It has 4-channel and 48-volt DC output. It is compatible with any kind of condenser microphone. It is a line-powered device allows the use of remote-powered microphones with systems that do not supply phantom power. Other specifications of device is;
	Number of Channels
	4 

	Regulated Output Voltage
	48V/12V DC

	Short Circuit Output Current
	14 mA per channel

	Residual Output Noise
	-71 dBV

	Frequency Response
	10-25,000 Hz

	AC Input
	115-120V AC (or 220-240V AC*) 50-60 Hz, 6 W max.

	Line Cord
	6 ft. long, 18-gauge, grounded plug

	Dimensions (W x D x H)
	
19.68x 11.43 x 4.44 cm

	Weight
	1.36kg


Table 3. Specifications of Phantom Power Supply
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Image 2 - Audio Technica CP8506 DC Phantom Power Supply[7]

d) Analog to Digital Converter

Destination point of the data taken by microphones is computer. To transfer analog audio data into computer we are planning to use a 16bit, 4 channel, 100Sps  analog to digital converter. We have two alternatives at this point, one of them is implementing such a converter by using AD7606 and AD7709[5] microcontrollers. The other one is, ordering a A/D converter device if we can get approval from our instructors. 
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Figure 2. Detailed Block Diagram of the Circuit
3. Standards


Radiation Factor: The only radiation source is the computer, which will be used to process the data and displays the location of the sound source at the screen by taking microphones as reference. However, as we know from daily life, we do not care too much about the radiation of laptops because this radiation factor is negligible and does not threaten human health. 

Safety Factor: In our system operating voltage is not dangerous for human but to avoid voltage loss, we are going to make a good isolation between the connection points
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