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1- System Specifications:
· Detection Range : Gun and rifle sounds within a 200m radius semi circle
· Detection of weapon types: System can detect the position of a wide range of weapon type such as; AK-47, MP5, M4A1, SG552, UMP, M4
· Operating voltage: System does not need power supply except computer.
· Precision: 20-30cm according to the distance and sound signal

· Operating weather conditions: -20 to 40 C. Includes rain, snow and wind.
· Total System Weight (Includes all components except computer): 17kg
· Dimensions: Depend on the area that system used.
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Figure 1. Detection Range Illustration
2-Equipment Specifications
a- Detection (Behringer XM8500)
· Working principe: Dynamic microphone (does not need external power) 
· Polar Pattern: Cardioid 
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Figure 2. Polar Pattern of a Cardioid Microphone[1]
· Filter: Integrated spherical wind and pop noise filter.

· Impedance: 150 Ohms 
· Sensitivity: - 70 dBV/Pa 
· Working temperature range: -20 - 40 C (See part b)

b- Steel Case
· Dimensions: 15x15x25cm (DxWxH) Thickness: 2mm
· Weight: 3kg (volume of used material is 390cm3 = 0.00039m3 , 1m3 steel is 7800kg). 
· Duty: In high winds it keeps microphone stable. In cold, empty space in the case filled with cotton to create temperature difference  around 10 C degrees. 
· Additional Properties: Case is waterproofed and have sealing plug in two holes. (On the top and side)
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Figure 3. Illustration of Case
c- Transmission (Emek Cable Ek.206a)
	Physical Properties;

	Weight :
	48.0 kg / km (4.8kg/100m)

	Min. bending radius:
	 

5 x diameter of cable = 3cm (Flexible for outdoor usage)


	 

	Rubber Cable Sheath:
	-20 - 40 C working temperature range of cable

	
	 
	 

	Electrical Properties;
	 
	 

	 
	 
	 

	Conductor  Resistance:
	< 85 Ohm / km     (<1.7 Ohm for 20m it is negligible)

	Conductor Capacitance:
	66 pF / meter


	 

	
	

	Singal Loss;
	 
	 

	100 kHz
	< 1 dB/100 meter    (<0.2dB  pre amplifier will compensate this loss)

	1 MHz
	< 1.6 dB/100 meter (<0.32dB pre amplifier will compensate this loss)



	Insulator Resistance:
	> 100 MOhm x km


d- Conversion (Sound Card Creative Sound Blaster X-Fi Go)
Signal Noise Ratio: : ≥96dB

Interface: USB 2.0

Recording: ≤ 24-bit/96kHz

Filter: 20KHz Low-pass filter
Input: Microphone Input (1/8" mini jack)

e- Amplification 
Input: 0.9mv (audio signal coming from microphones)

Output:18mV (input of the sound card)
Bandwidth: Equal to microphones’ bandwidth

Gain: 26dB
Amount : 3 (1 for each microphone)
3- Software Procedures and Features (PC)
The computer software component of the MicroDetector system will have several major procedures and features, including:

· Program Start

· Detection

· Detection Alert

· Ignoring the Alert

· Real time display of Target

· Information about Target

· User Interface

Program Start: Opening of MicroDetector program is very easy for a normal user, to open the MicroDetector.exe file and run the program user just double click on the icon shown at Figure 7.
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Figure7. Desktop of the PC
Detection: If one of the microphones receive an impulsive signal, the program will start to compare the signals that recieved by all of the microphones, by making this process our product will compute the time difference of arrival of sound waves to distinct microphones so that program can detect the sound sources’ position. Detection will be displayed on the screen as a detection alert window that warns the user.
Detection Alert: As it can be seen from the flowchart, if microphones receive an impulsive signal, it will be perceived as there is an existing target and by using our software algorithm user will get an detection alert.

Ignoring Alert: After user got a detection alert, s/he will be able to ignore the warning(shown in Figure 8) because there can be a possibility that current target may be known. To make this statement more clear, an example can be given. For instance, assume that our product is used at border posts and it is known that the displayed target is our ally so that we use ignoring alert button to cancel the operation.
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Figure 8. Cancel option
Real Time Display of Target: User gets an detection alert and decides whether it will be ignored or not. If “show the target” is chosen, then a representative position of the target, according to microphone positions, will be displayed by the algorithm which is written in programming language C(shown in Figure 9).

Information About Target: Target display screen provides all of the information that is needed to determine the exact position of the target such as; distances “x, y, z”  between target and microphones, and the angle of incidence “α” according to the center-microphone(microphone2).(Figure 9 shows the display screen of the program)
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Figure 9. Display of result on monitor

User Interface: As shown in Figure 9, there is a button on target display screen to convert the units in to meter, yard, and feet respectively. By just clicking one time on it will be enough to change the unit. The purpose of putting this feature is to ensure the clearness of the target distance for soldiers of different nations since each nation use a different base measurement unit. Moreover, when the user wants to exit from the program, it is enough to click the “Close” button on the right-bottom corner of the screen. This is a very user-friendly interface we included only necessary buttons that can be understood by every person even if they do not have an experience about computer programs.
4- System Block Diagram
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Figure 5 . Block Diagram
5- Software Flowchart
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Figure 6.  Software Flowchart
6- Product Tree
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Figure 7. Product Tree
7-Subassembly Trees
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Figure 8. Subassembly Tree for Microphone Case
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Figure 9. Subassembly Tree for Connection
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Figure 10. Subassembly Tree for Amplifier
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