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Abstract—Biological inspired and biomimetism are important research directions in engineering and technology as well in artificial computational methods and algorithms. The paper focuses on biomimetic sonar head, with four degree of freedom. The biomimetism is referred at the level of anatomy (one mouth tow ears) and at the level of functions (one emitter two receivers). By imposing a target point T basic procedures to drive the servomotors are presented, both pseudocode and Matlab programming scripts. Experiments are driven for three classes of targets. To estimate the range to various obstacles, basic procedures for signal emissions and receiving are presented. Experimental records are used for estimations of the distance between sonar head and various positions of targets. At the end of the first set of experiments all necessary functions are valid. Experiments show also some drawbacks of the arrangements of ultrasonic sensors, but this problem will be solved in the near future.
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I. introduction
In a previous paper, referred as the first part, [1], we have been presented the hardware structure of the sonar head, and an analysis and design principles of the main block of the sonar head. This is the second paper on the biomimetic sonar head, made under adbiosonar research project, [2]. The objective of the work is the presents the basic involved procedures, at the pseudocode level mainly, which were used to check the behavior of the new sonar head at the levels of functions and signals.
Fig. 1 presents the cinematic chain of the sonar head. The head has three ultrasonic transducers, one for emitter and two for receivers (left and right). Fig. 2 presents the coordinate systems used in this work. Three coordinate systems are used, one for emitter – the same as of the sonar head – and two for the tow receivers, on left and right side.  The main coordinate system is xOyz with emitter on origin. The coordinates of the emitter are (x,y,z) = (0,0,0). The coordinates of the right receiver are (x,y,z) = (-d, 0, -D). The coordinates of the left receiver are (x,y,z) = (d, 0, -D). The sonar head has four degrees of freedom: servo #0 moves the head around the vertical axis Oy; servo #1 moves the head around Ox axis; servo #4 rotates the right receiver around O’y’ axis; servo #5 rotates the left receiver around O’’y’’ axis.
Section II introduces the specialized micro-controller, SSC-32, made by [3], and the basic pseudocode to drive the servomotors by using it. The control functions of the sonar heads are presented in section III. Section IV considers a short description of the experiments which were carried out. Section V presents and discuss the results from signal processing point of view and, at the end, some conclusions are presented.
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Figure 1.  Sonar head with four degree of freedom
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Figure 2.  The coordinate system for the sonar head
II. Servomotors driving
Pulse-proportional servos are used because provide a precise control for steering using a signal that is easy to transmit and receive. The signal consists of positive going pulses ranging from 0.9 to 2.1 ms (milliseconds) long, repeated 50 times a second (every 20 ms). The servo positions its output shaft in proportion to the width of the pulse.

Table I shows the values of the control parameters fro two different working regimes: normal (range 90o) and extended (180o). The present sonar head has servos #0 and #1 in extended regimes and servos #4 and #5 in normal regimes.

By using the SSC-32 controller servos can move up to 180° of rotation. A position value of 500 corresponds to 0.50 ms pulse, and a position value of 2500 corresponds to a 2.50 ms pulse. A one unit change in position value produces a 1uS (microsecond) change in pulse width. The positioning resolution is 0.09°/unit (180°/2000). From this point forward, the term pulse width and position are the same.
TABLE I.  Control Parameters 
	Normal Range
	Extended Range

	Azimuth
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 [deg]
	Pulse width [ms]
	Position
	Azimuth
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	Pulse width [ms]
	Position

	-
	-
	-
	-90
	0.5
	500

	-45
	0.9
	900
	-45
	0.9
	900

	0
	1.5
	1500
	0
	1.5
	1500

	45
	2.1
	2100
	45
	2.1
	2100

	-
	-
	-
	90
	2.5
	2500


The motion control can be immediate response, speed controlled, timed motion, or a combination. There is a unique "Group Move" command which allows any combination of servos to begin and end motion at the same time, even if the servos have to move different distances. This is a very powerful feature for creating complex trajectories for multi servo based mobile objects. The servo's position or movement can be queried also to provide feedback to the host computer, [3].
The general command for Servo Move is as:
# <ch> P <pw> S <spd> <cr>                    (1)

or

#<ch> P <pw> S <spd> T <time><cr>              (2)
or
# <ch> P <pw>  T <time><cr>                   (3)

where

· <ch>  = Channel number in decimal, 0 - 31.

· <pw> = Pulse width in microseconds, 500 - 2500.

· <spd> = Movement speed in uS per second for one channel. Valid range is 0 to 65535 uS/Sec. (Optional)

· <time> = Time in mS for the entire move, affects all channels, 65535 max. (Optional)

· <cr> = Carriage return character, ASCII 13. (Required to initiate action)

As servo Move example: 
#5 P1600 S750 <cr>                              (4)
which will move the servo on channel 5 to position 1600. It will move from its current position at a rate of 750uS per second until it reaches the imposed posution. 
Another example for servo Move with timing parameters is:
 #5 P1600 T1000 <cr>                              (5)
which will move servo 5 to position 1600. It will take 1 second to complete the move regardless of how far the servo has to travel to reach the destination.
An interesting combination is for group movement as:
#5 P1600 #10 P750 T2500 <cr>                  (6)
when servo 5 moves to position 1600 and servo 10 to position 750. It will take 2.5 seconds to complete the move, even if one servo has farther to travel than another. The servos will both start and stop moving at the same time. This is a very powerful command, [3], and it will be used also in the adbiosonar project. 

The speed for each servo will be calculated according to the following rules:

1. All channels will start and end the move simultaneously.

2. If a speed is specified for a servo, it will not move any faster than the speed specified (but it might move slower if the time command requires).

3. If a time is specified for the move, then the move will take at least the amount of time specified (but might take longer if the speed command requires).

Another group of commands refers to differential values of position. For example

# <ch>PO <offset value><cr>                  (7)
where <offset value> = 100 to -100 in uS, the servo channel will be offset by the amount indicated in offset value. 

Multiple servos may be queried by using query movement rules. More details and examples are available in [3].
III. Control functions
A complete set of examples for control of movement is presented now. The basic static function is used to orient the longitudinal symmetry axis of the ultrasonic emitter and receivers to the point where the target is supposed to be. In active sonar applications this will be synchronized with detection algorithms (in fact with the emitted signals). In the passive sonar applications the orientation is driven by the maximum intensity of the signal received from the environment. 

Let target point denoted by 
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. The pseudocode for target catching is:
FUNCTION TARGET_CATCH


            1: Initial data (arguments): 


                  - Target_Azimuth; Target_Elevation;

                   - Initial positions of all servos:



                     P0_ini = 500; P1_ini = 500;



                     P4_ini = 500; P5_ini = 500;


2: Initializations: 

// all servos are positioned at the middle of the range:


     #0 P P0_ini  #1 P P1_ini 

     #4 P P4_ini  #5 P P5_ini <cr>

3: Positioning:

//Drive emitter and receivers to target:

        #0 P<Target_Azimuth>  
        #1 P<Target_Elevation> 

        #4 P<-Target_azimuth> 
        #5 P<Target_azimuth> T500 <cr>

END FTC.

Fig. 3 presents the context for signal transmission and acquisition. The microcontroller generates a digital signal 
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 at the input of the transmission system. The processed signals are 
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The received signal 
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 has two representations obtained by left and, respectively, right ear: 
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. The signals 
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 are noise or assimilated as noise signals (e.g. quantization errors). The operator “
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” means convolution and it is accepted as long the blocks from the transmission path are linear.
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Figure 3.  Structure of the transmission system
The basic function convolved in signal acquisition is described now. The initial parameters are related to the transmitted impulses. After a delay (most probably application depended) data from the two receiving sensors are stored and then transmitted to a host computer.
FUNCTION TAKE_DATA

                   1: Initial parameters (arguments): 


            - width TX of the impulse x(t);

            - delay D;


        2: Generate x(t);


        3: Transmit s(t);


        4: Wait(D);


        5: Read signals s(t), s1(t) and s2(t). 
END FTD.

All data are transmitted, e.g. via USB or any other available communication port (including wireless), to a personal computer. The numerical values of the emitted and received signals are processed now by specialized software running on PC, often using function under high level programming environments, e.g. Matlab. 
The function for data transmission between the sonar head and PC could be described as
FUNCTION DATACOM

1: Initial parameters (arguments): 


        - Speed;

        - Protocol;


        - Data




2: Open port;



3. Make connection;



4: Data Transmition;



5. Close port;

END DATACOM.

A complete procedure for sonar application will combine the previous considered functions as 
PROCEDURE SONAR_1
      1. TARGET_CATCH();
      2. TAKE_DATA();
      3. DATACOM();
END SONAR_1.

Fig. 4 presents the results of two experiments concerning position control, by imposing a trajectory composed of fixed points and a trajectory composed of points from a grid. In the first case there are five points with coordinates teta and fi in degrees. The last one, i.e. the grid pattern of exploration, will be used in environments exploration and for building of sonar images of the environment for target detection, recognition and navigation of mobile vehicle purposes. As an example the following Matlab script is presented, which makes the autotest of the sonar head before running any arbitrary imposed function.
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Figure 4.  Examples of pattern motion: fixed points and grid

-------Matlab script example------------------------------------
clear all; clc ; clf;

port = 'COM3'; global s

s = serial(port, 'BaudRate', 115200);  fopen(s);

% Initializations ------------------->
position_init = 1500;

str = sprintf('%s\r', '#0 P1500 #1 P1500 #4 P1500 #5 P1500 T2000'); 

fwrite(s, str);

% trajectory generation ------------------->
position = position_init;

pas = 10;

dxm = [-pas: -pas :-600];

dxp = [pas : pas  : 600];

xm1 = dxm + position_init;

xp1 = dxp + position_init - 600;

xp2 = dxp + position_init;

xm2 = dxm + position_init + 600 ;

data = [];

for i = [xm1 xp1 xp2 xm2],

     position = i ;   

     data = [data position];

end;

for channel = [0 1 4 5],

       [state] = f_auto_test(channel, data);

       disp('Channel = '); disp(channel); disp(state); 

       sound(y,Fs); 

  end;

% final position set ------------------->
position_init = 1500;

str = sprintf('%s\r', '#0 P1500 #1 P1500 #4 P1500 …

                     #5 P1500 T2000'); 

fwrite(s, str);

fclose(s);

function [state] = f_auto_test(ch_test,data)

    global s

    for channel = ch_test,

       ch = strcat('#', num2str(channel));

       for i = 1:length(data), 

          data_out = strcat(ch, 'P', num2str(data(i)), 'T1000');

          str = sprintf('%s\r', data_out); fwrite(s, str);

       end;

  end;

  state = 'OK';
--------------------------------------------------------------------
IV. Experiment’s set up 
Fig. 5 presents a sheet with the virtual environment where the basic functions and signals of the sonar head were processed. Basically, the target is positioned in the front of the sonar head and is moved in some different locations. All experiments were conducted in the working laboratory, which can be considered as a closed space. Table II presents the ten considered case studies (from A to J), with various parameters. Fig. 6 shows the used target in the experiment: a vertical cylinder with 5 mm diameter and two flowers, called #1 (ficus) and #2. Each of these targets was placed in different locations, by using the details of Table II. For some cases, the azimuth 
[image: image20.wmf]R

q

 of the right ear was changed to point on the direction of target (cases D and F).
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Figure 5.  
The environment used in experiments
TABLE II.  Parameters of the experimental case studies 
	No.
	Target
	D [m]
	x
[m]
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	Parameters

	A.
	Vertical cylinder
	0.65
	0
	0
	0
	0
	95 mm diameter

	B.
	Vertical cylinder
	0.65
	0.2
	0
	0
	0
	95 mm diameter

	C.
	Vertical cylinder
	0.65
	0.4
	0
	0
	0
	95 mm diameter

	D.
	Vertical cylinder
	0.65
	0.4
	0
	0
	32o
	95 mm diameter

	E.
	Vertical cylinder
	0.65
	0.6
	0
	0
	0
	95 mm diameter

	F.
	Vertical cylinder
	0.65
	0.6
	0
	0
	42o
	95 mm diameter

	G.
	Flower  #1
	0.65
	0
	0
	0
	0
	1m 

wide

	H.
	Flower #2
 90o  rotated
	0.65
	0
	0
	0
	0
	0.3 m wide 

	I.
	Flower #1 

90o  rotated
	0.65
	0
	0
	0
	0
	0.5 m wide

	J.
	Flower #2
	0.65
	0
	0
	0
	0
	0.3 m
wide


The working parameters were: sampling frequency Fs = 1.07 MHz, the number of samples N = 8192, the width of the emitted rectangular window is 96.92 
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 and has four periods of 24.23 
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 (four pulses). The acquisition board has two sincronous channels, one for each of the tow ears, left and right. The distance between emitter and target is estimated by the Direct Correlation Method (DCM), which consists in the estimation of the time moment when the peak value of the cross correlation function between emitted and received signal occurs.
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Figure 6.  The used target in the experiment: cylinder, flower #1 and #2
This is a time domain method and has the widest spreading in practical applications, at least in the first estimation trials. Other considerations and examples are presented in [4], [5], [7], and [8].

V. Results
Fig. 7 presents the received signals for the first two cases. It can be recognizing some echoes, at the middle of the recording window, but also two echoes very close to the moment of emission, in distance about 5-10 cm. This means the echoes are from the sonar head structure and should be removed from the records. All next received signals are with these bad echoes removed.
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Figure 7.  Bad echoes

Fig. 8 presents the received signal for the first four investigated cases, A,B,C and D, which is the cylinder target in various locations in the explored environment. It can be observed that the received signal by the two ears, left and right, are at the same level of amplitude and shape.  Case D corresponds to an orientation of the right ear to the target’s direction. It can be observed that, the right echo arrives before the left echo. 

Fig. 9 presents the received signal for some investigated cases, G, J, I and H. These cases are with flowers as target, in various orientations, as described by the content of Table II. Comparing with the cylinder target it can be observed a big change in the shape of the received echoes, which have many impulses that corresponds to the tree of the plants or flower. 
Cases G and I correspond to a flower (ficus) with a big asymmetry along the x and y directions. In the first case, the ficus has a high width with trees and lives and this corresponds to many echoes. Case I correspond to the same flower but rotated by 90 degree when the width is much smaller. This corresponds to a smaller amplitude and number of received echoes.
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Figure 8.  Received  waveform: cases A, B, C, and D
Cases J and H corresponds to a flower with vertical symmetry, so a rotation around the y axis will not change very much the received pattern. Such case is reflected by the received echoes which do not have a big change in the number, at least.
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Figure 9.  Received  waveform: cases G, J, I, and H
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Figure 10.  Cross correlation between echo and emitted signal; case A.
In order to estimate the distance to target we have been used the correlation function method for time delay estimation. A result is presented in Fig. 10 for the case A, when the distance between emitter and target is 0.65 m. By estimating the maximum value of the cross correlation function between the echo and emitted signal, a value of the index of 3984 is obtained. Then the estimated distance between sonar head and target is 0.6404 m at a speed of sound in air of 344 m/s. The value is quite close the measured one, i.e. 0.65 m. 
The case of the right ear orientation is considered also. Fig. 11 presents the results. The estimated distance to the right ear is D_r =  0.7275 m and the estimated distance by the left ear is D_l = 0.7462, which correspond the reality, i.e. the right ear is closer the target.
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Figure 11.  Cross correlation between echo and emitted signal; case D.
Conclusion

The objective of the work was to present the basic control functions used in the orientation of the sonar head and to analyze the raw signals involved in sonar based applications. Control functions are presented at the level of pseudocode and an example in Matlab script. 
The first set of experiments were conducted well by using distance estimation between the sonar head and some target, of various positions and head orientations. Results are satisfactory and indicate some necessary changes in the structure of the sonar head, e.g. the emitter should be a lower position comparing with the ear’s plan.
Next research effort will be focused to develop pattern recognition algorithms based on statistical decision theory, change the position of the emitter relative to the ears, in the sense that the emitter should be in a lower working plan and to not interact with directivity lobs of the receivers, as it is happening now. More, as another research direction, detection algorithm based on maximization of the received signal should develop based on the dynamic changes of azimuth and elevation of the ears.
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