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1. Introduction


Our product `MicroDetector` is a real-time security system, which is designed to detect the position of a sound sources, like gun and rifle fire, which generates impulsive sound signals (in a short time with infinitely high amplitude). System consists of two different parts; they  are hardware and software. Initially, microphones detect the sound signals, which come from sound source. Each microphone will detect sound by small amounts of delay because each microphone is located at different positions with respect to source. 


Since dealing with impulse function is hard in terms of noise and sampling, microphone type and features are crucial for the product. To obtain more efficient system we are going to use Behringer XM8500 Dynamic and Cardioid Microphone. Properties and specifications will be mentioned in the following parts. After the sound waves are picked up by microphones, they will be transmitted to the microphone pre amplifier which implemented by us. Transmission operation will be performed by using microphone cables, Balanced Emek Microphone Cable EK.206a. Then sound card of the computer perform A/D conversion. These steps also mentioned in the following sections. After that analog signals are ready to manipulated by software part of the product which is no longer analog.

2-Hardware Design

a- Microphones

We are going to detect sound signals by using 3 amount of  `Behringer XM8500 Dynamic Cardioid Microphones.` Our microphones should have a satisfactory performance and also should be durable because of outdoor usage.

First take the the performance of the microphone,

Behringer XM8500;

· Is a dynamic microphone which does not need external power, so setting up the system is not hard.

· Is a cardioid microphone, so minimizes rear noise that is not desired.(Figure 1)
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Figure 1. Polar Pattern of a Cardioid Microphone[1]
· Includes Integrated spherical wind and pop noise filter.(To avoid wind noise sponge sheath used at the top of microphone)

· Has low impedance 150 Ohms (Effects of it will be mentioned in part c.)
· Has sufficient sensitivity - 70 dBV/Pa (Improve performance in long distances)
Secondly take durability of the microphone,

Behringer XM8500,

· Is a dynamic microphone, these kind of microphones more enduring than other types. Therefore suitable for outdoor usage.

· Microphones are going have a steel case with dimensions 15x15x25cm (DxWxH) and 2mm thickness of steel going to be used. (Figure 2.) 1m3 steel is approximately 7800kg so case will be about 3kg (volume of used material is 390cm3 = 0.00039m3). In addition, 2 holes which have 4cm (to put microphone) and 1cm (for microphone cable) diameters will exist. Duty of this case is avoid microphone from weather conditions;

· 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. Working temperature range -20 - 40 C
· Case is waterproofed and have sealing plug in two holes. (On the top and side)
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Figure 2. Illustration of Case
b- Connection Equipment

Microphone cables used to connect microphones to computer. Therefore it directly effects the performance of the systems. In our system we are going to use `Balanced Emek Microphone Cable EK.206a`. It includes 2 conductor inside each have 0.22mm2 crossectional area. Cable’s diameter is 0.6mm
In such systems Length of the cables should be as much as short to best transmission. In microdetector each microphone will have 20mt. long cables. To compansate negative effects of this long cables we are going to use EK.206a because of the following specifications.[2]

	Physical Properties;

	Weight of the cable
	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


c- A/D Converter

Audio signals coming from microphones transmitted to the computer by using microphone cables used in part b. These audio signal coming from microphones are analog (amplitude of signal is voltage values) so converting these signals into digital form required before operate. To do this conversion,  sound cards of computer going to used.

Onboard laptop sound cards are able to detect, in other words hear, minimum 10mV signal level. Minimum signal level of Behringer XM8500 is 0.9mV which cannot be detected by onboard laptop soundcards. To overcome this problem a microphone pre amplifier (part d.) used, after amplifying weak signal about 35dB it can be detectable by sound card of computer.

For an effective relation between sound card and microphones, impedance values of both sides are important. Since high loading impedance cause loading effect and signal loss impedance of the loading side (microphones) should be smaller than sound card’s impedance. Impedance of Behringer XM8500 microphone is 150 Ohms and impedance of on board sound cards between 600- 1500 Ohms. Since 600Ohms > 150 Ohms, impedance values does not cause a negative effect.  

Behringer XM8500 is a professional microphone so XLR male and female jacks used to perform connection of these microphones. Since these jacks are different than daily used 3.5mm mini plug microphones (Figure 3.) a suitable connection is going to provided. 1 and 3 numbered inputs (Figure 4.) should be connected `Sleeve` and  2 numbered input should be connected `Tip` (Figure 3.)
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Figure 3. Segments of 3.5mm Miniplug[3]
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Figure 4. Numbers of XLR Jack Input[3]
d- Microphone Pre Amplifier

As mentioned in part c. a microphone pre amplifier will amplify input signal before sound card. It is obvious that created noise is directly proportional to the amplification amount. Therefore an amplifier which approximately have 35dB gain used. It means 20log(Vout/Vin)=35db Where Vout/Vin=56.2.This preamplifier implemented on a pcb which includes XLR I/O Jacks.
3. System Block Diagram
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Figure 5 . Block Diagram


As it can be seen in the block diagram above, microphones, which are represented as Behringer XM8500, receive acoustic waves and transmit data via microphone pre amplifier block to the main system block which includes computer sound card and PC itself. In the main block, sound card makes analog to digital conversion so that data can be processed by the PC. After that, target location is displayed on the monitor for the user. For instance, when a sudden threat occurs our system will detect the hostile's exact position by using the information of time difference of arrivals of the gun fire sound to each microphone.

4- Software Flowchart
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Figure 6.  Software Flowchart


After all the way that signals travel in our block diagram it finally goes into a process in software part. Our software finds the location of sound source 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). TDOA is an estimation for locating sound sources and “is based on the evaluating the delay of arrival of the sound wavefront between a given microphone pair. A set of delays for chosen microphone pairs is computed, and the source geometry is derived from these pairs.”[4] “TDOA should not be confused with Time of Arrival or TOA. Even though a TDOA call flow would look virtually the same as a TOA call flow, there is a difference in how the location is calculated. TDOA and TOA are similar, but there is a difference. TOA differs in the fact that it uses the absolute time of arrival at a certain base station rather than the difference between two stations. The distance can be directly calculated from the time of arrival because signals travel with a known velocity.”[5] Since our system do not get information about time of arrival from sound waves, it is not possible to use easier estimation method TOA rather than the TDOA. Moreover, after computing the TDOAs software uses some algorithms to estimate the location of the sound source. The diagram blocks and parts of software flow chart will be explained in next section.
5 - 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 Micro Detector 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 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. 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.

6- Product Tree
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Figure 10. Product Tree

7- Parts of the MicroDetector

	Stock Number
	Description
	Quantitty

	1100001
	MicroDetector
	1

	1100002
	Microphone Case
	3

	1100003
	Pre Amplifier
	3

	1100004
	PC: Sony Vaio-VGN-FW5ZTF
	1

	1100005
	Sound Card
	1

	1100006
	Metal Case
	3


	1100007
	Microphones: BehringerXM8500
	3


Table 1. Items of the product
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