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	In this article theoretical, numerical and experimental results are presented for a mobile robot. The system starts on the emission of a strong sound, like an applause, and the direction and speed of the vehicle is controlled by an external pulsed light source (PWM signal). The simulation is performed in Matlab-Simulink; electrical circuits and the experiment are shown in detail.
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1. INTRODUCTION

Due to the constant advancement of technology and the extensive development of automated control systems, have developed numerous ways to control devices through external physical quantities. The introduction of improve techniques allows to obtain advanced and able patterns to perform more complex task [1]. Some of these task in the field of robotics, include wheeled mobile robot navigation problems which have attracted the attention of researchers, because it is the basis of robot motion, on which, control motion automated systems are developed. In order to solve this problems, have been proposed to design complex models, including issues such as acquisition and processing sensor data [2].

In terms of motion control, one major problem is the development of how a robot can pass well and robust trajectory in different environments; but under the situation in which existing environmental information such as map and GPS cannot be used, it is necessary getting the vehicle robot to work based on the environmental information [3]. When a wheeled mobile robot is navigating in an unknown environment, it relies on sensors to recognize the outside world and then estimate the state of the robot itself to achieve the task of autonomous navigation. Commonly used sensors include the ultrasound, the laser range finder (LRF), vision sensor, light sensors among others [4].

A vehicle turned on by sound and directed by light source, can be defined as the coupling of mechanics and electronics technologies; with the implementation of transformation variables, which basically allows vehicle movement once it have detected light and sound signals and it have transformed in electric pulses [5], [6].
The technology for recognizing the location or direction of a sound-sound by using a microphone have been developed greatly until now. The technique for detecting the location and direction of a sound-source is called as the location recognition of a sound- source. In order to use the sound-source, it is required to have at least more than two sound-source obtaining devices or microphones [7], [8].

The paper is organized as follows: Section 2 describes the proposed system. Section 3 shows the description of the mathematical model of the system. Section 4 presents the numerical results. Section 5 experimental results and finally, Section 6 presents the conclusions.


2. PROPOSED SYSTEM

The system consists an omnidirectional microphone, 2 photoresistors, 4 DC motors, lithium battery () and electrical and electronic circuits; forming a circuit of two stages as shown in Figure 1. 


[image: ]

Figure 1. Proposed system
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Figure 2. First stage: polarizer microphone circuit and vehicle turn on control
The first stage include a circuit for polarizing the microphone, which amplifies the signal captured by the microphone until a voltage level such that excite the thyristor and drive current through the same signal continuously as shown in Figure 2.

The second stage that only works if it have excited the thyristor; is comprised of two circuits that turn on or off the vehicle’s motors through two photoresistors; so only when the photoresistor has captured the light signal, turn on the motor it controls. Each photoresistor is controlling both wheels on one side of the vehicle; so if is excited only one of the photoresistors, the vehicle will turn toward the light source. The microphone captures the external signal, amplifying it through the polarizer inverter circuit (since the transistor  inverts the signal voltage ), and this amplified signal drives the thyristor SCR  that enables turned on vehicle.


3. MATHEMATICAL MODEL

Equation (1) is obtained from Figure 2, where  is a column vector  in the binary space, where the logic level “1” denotes a voltage greater than zero and less than , and logic level “0” denotes a voltage around zero [9]. Thus  is also a column vector whose values indicate the base current values of the transistor , in the saturation or cutting region respectively with the order of the components of .

+                                           (1)

To obtain the equation (1) it is necessary to analyze the system’s behavior in the following situations:
(1) no current through the capacitor . 
(2) high signal frequency (Figure 6).

The above conditions are satisfied because the sound captured by microphone (applause) is a high frequency signal, so while this sound is not generated, the base current  is too small. The equation (2) shows the possible values for the amplified and inverted voltage of the microphone signal, in cut and saturation region, which depends directly on , which is the current gain in the collector relative to the base current . 

	(2)

By making a similar analysis for capacitor  it follows that: 
		(3)

 Thereby the current in the gate of the thyristor  can be calculated as shown in equation (4), where the difference  inverts the signal again due to the pull-up resistor . 
		(4)
 The current through the anode of the thyristor   can be calculated using the equation (5); obtained from the two-transistors model, where  and  are leakage currents of the model’s transistors;  and  are collector’s current gains relative to the emitter’s current of each. 
		(5)
 However, for practical purposes are considered negligible leakage currents, leaving the anode current of the thyristor as the product of a gain equivalent “” with the gate’s flow of the thyristor , as shown in equation (6). 
		(6)
 Thereby, the anode’s voltage  (equation (7)) of the thyristor  , which turns on or off the vehicle is finally obtained. 
		(7)
 The Figure (3) shows the second stage of the system, which corresponds to the controller on and off of the vehicle’s motors. This circuit is controlled by the circuit of the first stage (Figure (2)), thereby which only work when there is a difference of appreciable potential between  y , which occurs only after that the microphone has captured a loud sound (applause, Figure (6)). 
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Figure 3. Effects of selecting different switching under dynamic condition Second stage: control turn on-off motor circuit.


                                                                (8)
 The equations (8), (9), (10) and (11); are easily obtained from Figure (2), in order to calculate the current through the motor at the time of have excited the photoresistor with a external light source. 

		(9)
 
		(10)
 
		(11)
 The motor speed is directly dependent from the current of the supply system. 

4. SIMULATION

The overall function system can be summarized in a truth Table as shown in the Table (1); the circuit is only turned on after sensing a sound of high intensity (applause), and the movement of motors is controlled by the sensed light intensity.   
Table 1. System Truth Table
	Applause
	Light
	System
	       Motor

	0
	
	0
	0

	1
	0
	1
	0

	1
	1
	1
	1



The signals sensed by the electret microphone, which is amplified by a polarizer circuit, transmitting a inverted signal with higher voltage; was simulated using Matlab-Simulink interface as shown in Figure (4).
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Figure 4. Simulation in Matlab-Simulink

The outcome of the simulation is shown in Figure (5), where the highest peaks are each sound amplification high external current (applause) sensed by the Simulink’s microphone; where the amplitude reaches is about , enough to excite the thyristor and turn on the system.
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Figure 5. Amplified and inverted simulated signal


5. EXPERIMENTAL RESULTS

All results were obtained using the values of resistors and capacitors as shown in Table (2).

Table 2. Parameters for simulation and experiment
	Symbol
	Name
	Value

	
	Supply voltage
	

	
	Microphone’s resistor pull-up
	

	
	Microphone’s polarization base resistor
	

	
	High impedance polarization resistor to 
	

	
	High impedance polarization resistor to ground
	

	
	Transistor collector resistor 
	

	
	Pull-up resistor amplified signal
	

	
	Thyristor base resistor 
	

	
	Thyristor base resistor 

	

	
	Pull-up resistor, photoresistor
	

	
	Transistor base resistor 
	

	
	Transistor colector resistor 
	

	
	Capacitor microphone polarization
	

	
	Polarization capacitor, amplified signal
	



5.1.  First stage: circuit of the control turning on and off vehicle.
The circuit of Figure (3), amplifies and inverts the signal sensed by the microphone, being more sensitive to sounds of higher intensity (Figure (6)); the amplification reaches an amplitude of . The highest peaks correspond to each sound’s amplification (applause) generated externally, where can see it have a very short period, thus they are high frequency signals.


[image: ]

Figure 6. Amplified and inverted signal by the polarizer circuit for the microphone

In Figure (7) can observe the behavior of the thyristor, when the system is off (there has been no detection of sound), when it is turned on (it has detected a sound) and when abruptly the anode’s voltage is connected to grounded. thereby, the anode’s voltage when the system is off is , so the current flowing through the anode is too small allowing the system to remain off and it is impossible that the LDR (photoresistor) turn on the motor. Moreover, when the system is on (has been detected sound), the voltage is , allowing a appreciable current flow through the thyristor’s anode, feeding the motor circuit controlled by the LDR. 
[image: ]

Figure 7. The anode voltage of the thyristor when there has been no sound (is off) and when the system is on

Finally, when the anode voltage of the thyristor is connected to ground, the current flow is stopped; whereby the system returns to its initial state to , that is, the system is off.

5.2.  Second stage: control turning on and off of the motor circuit.

In the Table (3) motor’s voltage values are shown, when the LDR detects light or not; similarly the Table (4) shows the voltages of the photoresistor when the light signal is detected or not.

This stage of instrumentation is very sensitive to changes in light intensity, as shown in the Table (4), the voltage needed to turn the motor on the photoresistor is only .   

Table 3. Motor voltage
	Light
	Voltage

	
	

	
	



5.3.  Vehicle.

In Figures (8) and (9) the vehicle with the implemented circuits is observed, where the electret microphone is projecting towards the top, while the LDRs are forward, allowing the vehicle to always move toward the light source. 
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Figure 8. Vehicle with the implemented circuits
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Figure 9. Vehicle ON


6. CONCLUSIONS

The system implements two types of sensors to control basic functions of a vehicle, the ignition and start movement of the motors; being sensitive to high intensity signals, such as a loud noise or light from a common light bulb, the sensitivity can be adjusted simply by varying the values of the pull-up resistors of each sensor. 
The circuit consumes less than  of current, with the  motors moving at full speed, therefore is a low power system that can easily be powered by lithium battery. 

Vehicle speed can be controlled with a PWM signal from the external light falling on the LDR sensors (pulsed light), which is a future goal.
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