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Near-Infrared Sensors
* Infrared (IR) Sensors

> Near-infrared proximity sensors are called IRs for short. These devices are
insensitive to the long infrared wavelengths detected by pyro-electric sensors,
instead being sensitive in the range just below visible light, often around the
880 nanometer (nm) wavelength. The human eye cannot see this light, but
charge coupled (CCD) cameras (e.g., camcorders) are sensitive to it. An
infrared emitter detector pair can be built from a Sharp detector and a simple
IR LED (available from Radio Shack).

> The Sharp detector responds to a modulated carrier signal (rapidly turning on
and off the transmitter) of 40 KHz emitted by the IR LED. This means that the
would be user of this detector must blink the LED in a certain pattern such that
the detector will respond. This modulated carrier protocol increases the signal-
to-noise ratio—the source of the light can easily be detected from varying
background illumination even if the actual amount of modulated light is very

small.

University of Florida, EGN 1935 — File 04
©Drs. A. A. Arroyo & E. M. Schwartz

University of Florida, EGN 1935: ECE Adventures — File 4 1
© Drs. Arroyo & Schwartz



14-Oct-14—3:18 PM IRs, Simple Behaviors

EGN1935: ECE (Ad)Ventures
Infrared Sensors

* Infrared (IR) Sensors

> IR sensors are available in Analog and Digital

versions from Sharp for approximately the same =
price, $8-$16. They are packaged with an IR LED |
and a photo-receiver in the same circuit. The =
digital version detects up to about 16cm and gives : siig
a logic 1 or 0 as output. The analog version gives a L R S
value that is proportional to distance. Typical e
models include GP2D* where 2
*={02,120,12,05,15}
> Interface consists of a simple 3 wire connector 7
with V., GND and Signal -
Connector Plug v y
GND Nearly
Signal Dead — Linear
Space
- Vee f f f
o &Aoo & £ M. Shwarts 47 2 3 3
EGN1935: ECE (Ad)Ventures
Infrared Sensors
e Infrared (IR) Sensors
>Sharp cans are not as readily available as they once
were, but one can still find them in eBay and Tower
Hobbies. They cost about $3 each.
Infrared Light Modulation...
Sharp GP1US2
‘ | ‘ | | r sensor
Electrical Signal Demodulation
U A A Ao & M. S 4
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Infrared Sensors

* Infrared (IR) Sensors
>MIL has published a document with instructions to hack a
Sharp can to obtain an analog detector yielding values in an
A/D pin between 80 and 140. Thus, together with a $0.50 IR
LED, a ranging sensor can be constructed for under $5.

Divide-by-50
Counter

— N
6811 E clock 390 Modulated
2 MHz 40 KHz ///M

Enable

IR light

cmitter
. i Brightness

Modulation Ctrl Control

(100 or 125 Hz)
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Sensors

* Sensor Types: Two basic types Analog & Digital.

— Digital sensors are intended to be plugged into the digital ports
(pins) of a uC and always return either “0” or “1.” For digital
sensors “0” or LOW or Ov or 0 and “1” or HIGH or 5v or 255

— Analog sensors are connected to the ADC input pins in a pC

— The analog to digital converter (ADC) in the robot board (nC)
convert the input voltage to a n-bit value, where # is usually 8,
10, or 12 bits. In the 1935 robots, the Atmegal28 chip uses 10 bits.

= The input voltage must be between Ov and 5v (newer uCs use 3.3v)

= For 2 bits: the binary values are 00,, 01,, 10,, 11, (0,1,2,3 in decimal).
There are 4 total values -- a Sv value is represented as S5v+4=1.25v
per number (Ov for 00,, 1.25v for 01,, 2.5v for 10, & 3.75v for 11,)

» For 8-bits: 0<value<255 (28-1); for 10-bits: 0<value<1023 (2'°-1)

» For an 8-bit ADC (2778 is 256 symbols) = 0v—0 & 5v—255 (28-1)

» For a 10-bit ADC (210 is 1024 symbols), 0v—0 & 5v—1023 (2'°-1)
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Simple Behaviors

* Simple Behavior Software
Surprisingly simple behaviors can be accomplished with the
sensors and hardware we have seen in class.

* Motors

> We'll assume the existence of a motor(m,s) function where

argument m ={0 or 1} for the left or the right motor, respectively,
and argument s = speed, which is a value between -100 to +100,
as a percent of full speed.

motor(0,100) means move the left motor 100% forward
motor(1,-100) means move the right motor 100% backward
motor(0,0) means stop the left motor

> Alternatively, we could create functions: forward, reverse, left,
right and speed which yield equivalent functionality.

> init_motor( ) turns on the PWM system

University of Florida, EGN 1935 - File 04
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Simple Behaviors
« ADC

>We'll assume the existence of an analog(c) routine
where c is an integer representing the available channel

in the A/D system.
—analog(0) returns the 10-bit integer value in ADC channel 0
—init_analog( ) turns on the ADC system

* Timing
>We'll assume a timing routine to gives us a desired

delay, delay(tms) where tms is an integer value

representing time in ms (1/1000 of a second)
—delay (500) wait 500 ms (1/2 a second) before continuing

University of Florida, EGN 1935 — File 04 8
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. Simple Behaviors
* Printing
> We'll assume we'll have a way to print values to the LCD

— Function led_int(integer); prints an integer to the LCD
— Function lcd_string(“string”); prints a constant string to the LCD
— Function led_ clear(); clears the LCD
— Function lcd_row(0 or 1); determines which line to write on the LCD
— Function init_lcd(); initializes the LCD system

* Conditionals
> We will also assume we have a way to test a condition (usually a
sensor value) and issue an actuator command which might
change depending on the condition. This is analogous to an if

statement in a high-level language.
if (left ir >125) /* If the Left IR indicates we are close */
speedr =-100; /* to an obstacle, turn right */

University of Florida, EGN 1935 - File 04 9
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Simple Behaviors

» Testing the sensors

>We should always test the values of the sensors and
actuators (motors) under software control to verify the
correct operation of our sensory systems under run-time
conditions

>For IRs and CdS cells, we should connect them into the
AD system and display the values sensed on the LCD.
We need to find out what is the value in the AD
corresponding to too close.

>For motors and servos, we should verify correct
operation & measure timing for various maneuvers.
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Fle Edt Wiew Settings
DE@d(9 > B AR D R
M T P
2 * B
* Title: EGN-1935 Motor Test 1 r
4 * Programwer: A. Antonic Arroye T
S * Date: February 16, 2011 r
6 * Version: 1.0 *
7 * -
8 * Description:
9 * The robot will wait 5 seconds and then turns on hoth motors, -
10 * <the left motor forward, the right motor in reverse r
[l A R EERREE AR ATRETERARARARAARTARREAINIRARATITRTATAFIARTRITIRETAZRIARTRT]
12
13 /#8FRrasaasanasnesassanassar Ipoludes *FAAAATEEREsTaRaRRTRERERERRRRRA)
14 #include "AAA.h"
15
16 /#HF R E AR AR AR SRR AARAAIS PrOTOTYPES PRAA R ERR AR AR R AR AT
17
1§/ rrrrrrrarrartrrrraratatatr Glohals TTTATATIIEEIEIEITITTTETTITTIITIETIEL)
19
20 int main(veid) {
21 int j=0, value=MiX_SPEED:
2z
23 iniv_system(); // inivialize Ports A, C, E
24 init_motor(): /7 initialize FPFC PWM on Timer 1
25 init_led(); // set led in 4 bit mode, 2-line wode, with bhlinking cursor
26
27 14 1234567890ABCDEF
28 lod_string{"EGN-1935 Robots "); // Heading line 1 for LCD
29 lod_row({1};
30 7 1234567890 ABCDEF
31 led_string("Motor Test 17): // Heading line 2 for LCD
32
i = // Delay a few seconds ~Ss v
University of Florida, EGN 1935 —
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Testing Motors 1

\Arroyo\EGN-1935\Spring 201 1\GN Robot\Motor_Test_1\Motist1.c - Notepad?2

File Edk Wiew Settings 7

Dead B A ERe | DR

34 delay (5000) ; -~

s

3% led clear():

7 s 1234567890ABCDEF

3 lcd_string("Left/Right Motor”):

39

40 for (j = 0: j < 100; j++){ // finice loop

41 wotor (LEFT_MOTOR, value):

42 motor (RIGHT_MOTOR, -value) ;

43

44 // Update LCD Panel

45 led_row(l);

46 led_string{"L:");

47 led ine (value):

48 led_string(” R:"):

49 led_int(-value) :

50 led string(” )

51 led_int(3);

sz

53 // complement pin PAO-PAl and write back

54 if (PINA & 0xD1) {PORTA=PINASOXFE; PORTA=PINA|0x02;}

55 else (PORTA=PINAEOxFD; PORTA=PINA|Ox01;)

s6

57 // Delay about ~100ms

58 delay(100]):

59

60 ¥ // end for loop

61

62 wotor (LEFT_MOTOR, 0): // Stop the lsft wotor

63 motor (RIGHT MOTOR,0); // Stop the right motor

64 return 0;

65} // end main

66 v
University of Florida, EGN 1935 -|
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File Edt YView Settings 7

DEad R A6 eq B K

AR rtasa st A nana s a s AR T AR TR AT AR AR AR AR RRTRRRRRTIRTIRTIRRIIRRIAR =
2 *

3 * Title: EGN-1935 Motor Test 2 ®
4 * Progrmmwer: A. Antonio Arroyo "
5 * Date: February 16, 2011 ®
6 * Version: 1.0 "
F =
8 * Description:

9 * The robot will wait 5 seconds and them turns on hoth motors, =
10 * the right motor forward, the left motor in re se *

11 * The speed is obtained from a pot input Connect.

17 /5T 35T TIATTAATIAATIANTAS PrOLOLYPES FITAATEAATARETARETRIRTRTR AT AT

18 void sensor_module ()

20 /FEFTETRATIANLLATINATLAXNLAS Globals TAETTARTIATISREIIRSTATITEARRERRR/]

21 int pot = O; // walue for the potentiomemter on ADC A3

22

23 int wain(void) (

24 long 3=0;

25 int speedr, speedl, value;

26

27 init_system(); // initialize Ports A, C, E

28 init_motor({); // initialize FPFC PWM on Timer 1

29 init_led(): // set led in 4 bit mode, 2-line mode, with blinking cursor

30 init_snalogi); // initialize ADC System Analog Channels A0-i3

3

32 74 1234567890ABCDEF

33 led_string ("EGN-1935 Robots ") : // Heading line 1 for LCD v
University of Florida, EGN 1935 - File -
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File Edt Yiew Settings 7

DO d L N E = A

34 led row(l): ~

35 1t 1234567890ABCDEF

36 led_string("Motor Test 2"); // Heading line z for LCD

37

38 // Delay a fev seconds ~Ss

39 delay(5000):

40

41

42 led clear ()

43 /1 1234567890ABCDEF

44 led_string("Varying Speed”);

45

46 for(j=0; 3<100; j++) { // finite loop

47 sensor_module() ;

48 value = pot;

49 value = NIN(value,1000) / 10:

50 speedl = value;

51 speedr = -value;

52 motor (LEFT_MOTOR, speedl):

53 motor (RIGHT MOTOR, speedr) ;

54

o5 // Display values on the LCD

6 led_clear();

57 led_string{"ADC3:");

58 led_int (pot) :

59 led_row(1):

] led_string(” L:"):

61 led_int (speedl)

62 led_string(” R:")

63 led_int (speeds) ;

64 led_string(” ");

65 led_int (1) ;

6 led_string(” "); v
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Testing Motors 2

B C:\Arroyo\EGN-1935\Spring 2011\EGN Robot\Motor_Test_2\Mottst2.c - Notepad?

File Edit View Settings ?

DEad Y B AdEeQ | @ R

&7 A
68 /{ complement pin PAO-PA1 and write back

69 if (PINA & Ox01) {PORTA=PINALOxFE; PORTA=PINA|Ox0Z:}

70 else {PORTA=PINALOxFD; PORTA=PINA|Ox01:}

71

72 /{ Delay ahout ~500ms

73 delay (500 ;

74

75 } // end for loop

76

77 motor (LEFT_MOTOR, 0): // Stop the Left MNotor

78 motor (RIGHT_MOTOR, 0) : // Stop the Right Motor

79 return O;

80} // main

81

82 void sensor_module() { // Collect input sensor data

83 // lir = analog(0):

84 // cir = analog(l):

85 // rir = analog(2):

86 pot = analog(3);

87 }

88 v
Ln 55 : 88 Col 34 Sel0 2.43KB ANST CR+LF INS  CfC++ Source Code
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vee When light shines on a CdS cell, R,
below decreases to a minimum, say
47k Resistor 1K, causing the AD value to
decrease to 1/48 Vcc or = 21
When a small amount of light
shines on the CdS cell, the value of
R, increases to a maximum value,
say, 10K so the AD will read 10/57
— Vce or = 180. We will pick R, so
that these values are from 500 - 900

R1

Signal = Vee x

R2
R1+R2

R2 Resistive Anaclg Sensor

University of Florida, EGN 1935 — File 04 16
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EGN1935: ECE (Ad)Ventures
Testing IRs

DEQd R A6 eQ DR

B . .
3 1935 IRs & Cds Test .
4 A. Antonio Arroyo .
H Feb: ry 16, 2011 -
6 1.0 *
7 . .
8 scription: *

9 * The robot will lays the IRs & Cds *

10 * inpuc sensor
11
12
13/2stsersansrarsansssrernrsas [noludes FHETEErTTIIREEITITRTEIIRRRTELRS)

16 /2srreraassssraastasattas Prototypes TREITTIIIIRIITITIEITITIIIEITIETL

17 void sensor_module () :

18

19 frsmrsraaas srrrrzzssrreasaas Globals *T

20int lir, cir, rir, cds:

21

22 int main(veid} ¢

23 long 3=0;

24

- init_system(): // lize Pores A, C, E

2 init_motor(}; // lize FPFC PUM on Timer 1

27 init_ledi); in 4 bit mode, Z-line mode, with blinking cursor

28 init_analog(): // initialize ADC System Analog Channels AO-A3

F-]

30 /"t 1234567

a1 led_string ("EGN-1S // Heading line 1 for LCD

2 led_row(1):

k<] 17 12345

H led_string("IR & Heading line 2 for LCD

s

3% // Delay a fev seconds ~Ss3

37 delay (5000) ; v
University of Florida, EGN 1935 - File
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DE@d s R NS (beq D B

» ~

3 for (3 = 0; j < 100; 3++) { // finite loop

0 sensor_module () ;

41

42 // Display sensor values from ADC AO-k3

43 led clear():

4 "o 123

4 led_string("L ¢ R

6 led_int(3):

47 led_row(1):

48 led_ine(lir) ;

49 led_string(” "

s0 led_ine (e1r)

51 led_string(” "

52 led_int(rir)

s3 led_steing(” ©

54 led_int (cds) ;

ss led_string(” "):

6

s7 // complement pin PAO-PAL and vrite back

58 if (PINA & Ox01) {PORTA=PINASOXFE; PORTA=PINA|Ox02:)

59 else (PORTA=PINASOxFD; PORTA=PINA|Ox01;}

&0

61 I a

62 delay (100) ;

63

64 ) // end for loop

65 return 0;

66 ) // wain

67

68 void sensor_module{) { // Collect input sensor data

6 lir = analog{0);

70 cir = analog(l):

7 rir = analogi2):

72 cds = analog(3);

)

74 v
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Simple Behaviors

* Obstacle Avoidance

>Read the IRs

>1If the left IR is “too close” reverse the right motor

>1If the right IR is “too close” reverse the left motor

>1If the center IR is “too close” back up 500ms &
random turn

>To get a uniform random number take the low order bit
of the 16-bit Timerl counting register (TCNT1). If it is
0 turn one way, else turn the other way. Take the
remainder of TNCT1%1023 and use it as the amount
of ms to turn (a minimum of 500ms)

University of Florida, EGN 1935 - File 04 9
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Obstacle Avoidance

BUegRRYIRRR

gRe

R4
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EGN1935: ECE (Ad)Ventures
Obstacle Avoidance

B C:\Arroyo\EGN-1935\Spring 2011\EGN Robot\Obstacle_Avoid\Obsavoid.c - Notepad2

Fie [0y view Settings ?
DE@d sl s (Eeq B R
37 led_string("Cbstacle Avoid"): // Heading line z for LCD ~
33
3 // Delay a few seconds ~Ss
40 delay(5000);
491
42 for () = 0; 3 < 200; j4+) ( // finite loop
43 sensor_module() :
44
45 //  Display Sensor Values on Line 0
46 led_clear():
47 led_ine [1ir) :
48 led_string (" "):
43 led_int (eir) :
50 lod_string(” ");
51 led_int (rir) :
52 led_string(” ")
53 led_int (eds):
54 led_scring (" ")
55
56 if (lir > THRESHOLD) er Right
57 speedr = -MAX_SPEED;
58 else
58 speedr = MAX_SPEED; // Go straight
60
61 if (rir > THRESHOLD) /{ Veer Left
62 speedl = -MAX_SPEED:
63 else
64 speedl = MAX _SPEED; // Go straight
65
66 wotor (LEFT_MOTOR, speedl):
67 motor (RIGHT_MOTOR, speedr):
]
69 // Display the {Left,Right) Motor Speed on Line 1
70 led_row(1):
7 led_int (speedl):
72 led_string(” ") ~
University of Florida, EGN 1935 - File =
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Mrroyo\EGN-1935\Spring 201 1\EGN Robot\Obstacle_Avoid\0bsavoi
File Edt View Settings 7

DEad % d @ tdlegeaq oK &

73 led_int (speedr) : A
74 led_string(” "};

7S

76 if (cir > THRESHOLD) ( // Frontal Collision Avoidance
77 // Backup Robot for 0.5s

78 motor (LEFT_MOTOR, -MAX_SPEED);

79 motor (RIGHT MOTOR, -MAX_SPEED) ;

20 delay(S00) ;

81 turn(); // Make a random turn based on TCNTL

82 } // end Frontal Collision Avoidance

83

8t // cowplement pin PAO-PAL and write hack

£ if (PINA & Ox01) (PORTA=PINASOxFE; PORTA=PIMA|0x02:}
8 else (PORTA=PINAOXFD; PORTA=PINA|Ox01:)

&7

8 Delay about ~35ms

89 delay(35):

0

91 } // end for loop

92 wotor (RIGHT_MOTOR,0); // Stop the Right Motor

93 wotor (LEFT_MOTOR, 0); // Stop the Lefr Notor

94 return 0;

953 // main

%

97 void turn(veid) {
98

99 * Function: Will turn in & random direction for a "randon” amount of

N
100 = time, dictated by the fast changing lower hits in ms =
101 * Returns: None -
102 * .
103 * Inputs *
104 * Parameters: None .
05 * Global, None -
106 * Registers: TCNT "
107 * Qutputs *
. 108 * Parsme : Hone % v
University of Florida, EGN 1935 — File
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EGN1935: ECE (Ad)Ventures

Obstacle Avoidance

DEad LB A (@ D
109 -~
o *
m -
m -
s
s dnt 3:
115 unsigned rand:
116
117 rend = TCNT1:
18
119 if (rand ¢ 0x0001) {
120 /*curn lef?/
121 motor (RIGHT_HOTOR, MAX_SPEED):
122 wotor (LEFT_MOTOR, -MAX_SPEED):
123 )
121 else ¢
128 motor (RIGHT_HOTOR, -MAX_SPEED) ;
127 motor (LEFT_HOTOR, MAX_SPEED);
128 }
129
130 j=(rand % 1024);
131 if(3>500)
12 7/ Delay for 3>500ms
133 delay(3):
134
135 else
13 // Delay ~500
137 delay(500) ;
13
139 ) /#++%*End Function turn #5%++
sor_module() { // Collect input sensor data
analog(0)
143 cir = analog{l);
144 rir = analog(z):
145 cds = analogi(3):;
146) v
University of Florida, EGN 1935 - File 0
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Behaviors

* Multiple Behaviors

>When multiple behaviors co-exist and the potential is
there for contradictory values being sent to an actuator
(motor), some sort of arbitration must take place to
insure that the software does not generate “spikes.”

> A simple arbitrator uses a sensor, such as a switch, or
resistive sensor to determine which behavior has
control

>No behavior should ever control the motors directly

>Let us add CdS control to Obstacle Avoidance

University of Florida, EGN 1935 — File 04 24
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9 =
10 =
n =

15
16

0

<]

2g8BRBYRY

gY8E28R

* Description: *
The
It will ten check the IRs and decide whe
If the Cds sensor does not detect enough
B T AR AR EETIINETTTIEEETIEEETrISEEETITRRERREY/

4 /#Fssananssnanannsnansertnts Tnoludes *HARssstetantstamanssansassnans

L7 /R AR AAREERINS PrOLOTYpES FRETEEEREEEEEATEEESERREEERLRLE
18 void turn():
19 void sensor_module():

2] /REETATEEEERATEEEAARAEERAALS Globals TRETEARETEEEAREEATRESTARAREEEARAE)

2zint lir, cir, rir, cds;

24 int main(void] (
long 3=0;
int speedr, speedl:

init_system():
init_lcd(); /7 set lcd in 4 bit wode, 2-1i
init_motor () :
init_analog () :

Y7

led_string(
led_rowil):

/

led_string(

IRs, Simple Behaviors

EGN1935: ECE (Ad)Ventures
CdS & Obstacle

voldance

robot will wait § second

and then mov

ard & read IRs "
\eE tO turn or not *
ight, the robot will stop *

// initialize Ports A, C, E

e mode, with cursor on and set to blink

lize Timer 1 PFC PUK
// Initialize ADC : Ports AD-A3

4567890ABCDEF
N-1935 Robots ",

// Heading line 1 for LCD

1234567890ABCDEF
Obs. Avoid"):

// Heading line 2 for LCD

©Drs. A. A. Arroyo & E. M. Schwartz|
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39 // Delay a few -~

0 delay(5000) ;

41

4z for (3 = 0; j < 200; j++#) { // Finite Loop

43 sensor_module ()

a4

4 Displa 0

% lca_clear () :

a7 led_int(lir);

4 lcd_string(” "):

49 led_int (cir):

50 led_string(" "):

s1 led_int (rix);

52 led_string(” "):

53 lecd_int (cds) ;

54 lcd_string(” "):

55

56 if (cds > CDS_THRESHOLD) { // Stop the motors if too dark

s7 speedl=0

58 speedr=0;

59 ) end Stop the motors if too dark

60

61 else ( 1 Collision Avoidance

62 if (lir > THRESHOLD) // Veer Right

63 speedr = -MAX_SPEED;

64 else

& speedr = MAX_SPEED; // Go straight

64

67 if (rir > THRESHOLD) 2 eft

68 speedl = -MAX_SPEE|

69 else

70 speedl = MAX SPEED; // Go straight

7 ) // end Normal Collision Avoidance

72

73 motor (LEFT_MOTOR, speedl)

74 motor (RIGHT_MOTOR, speedr) :

7S

7% // Display the (Left,Right} Motor Speed on Line 1 v
Ln1:153 Col1 Sel0 4.75K8 ANSI CRHLF INS  CJC4+ Source Code
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B C:\Arroyo\EGN-1935\Spring 2011\EGN Robot\Obstacle_Avoidance CDSYObscds.c - Notepad2
File Edt View Settings 7
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7 led_row(i): A
7 led_int (speedl):

7 led_string(” "):

&0 led_int (speedr) :

81 led_string(” ");

82

& if (cir > THRESHOLD) { // Frontal Collision Avoidance

84 // Backup Robot

] motor (LEFT_HOTOR, -MAX_SPEED):

£ wotor [RIGHT_MOTOR, -MAX_SPEED) :

a7 delay (500 ;

8 turn(); // Hake a adom turn based on TCNT1

8 } // end Frontal Collision Avoidance

90

a1 / complement pin PAO-PA1 and vrite back

92 if (PINA & 0x01) (PORTA=PINASOXFE; PORTA=PINA|O0x0Z:)

<] else (PORTA=PINASOXFD: PORTA=PINA|Ox01:)

94

9% // Delay sbout ~3Sms

9 delay (35)

97

9%

@ } // end for loop

100 motor (RIGHT_MOTOR,0); // Stop the Right Motor

101 motor (LEFT_MOTOR, 0): // Stop the Left Notor

102 return 0;

103) // wain

104

105 void turniveid) {

106 .

107 Will turn in a random tion for a "random” an

108 = dictated by the fast changing lower bits in ms "
109 * Returns "
1o * *
11 * Inpu *
112 * Parameters: None v
113 * Globals None *
114 * Registers: TCNT " v
Ln52:153 Col2s selo 4.75KB ANST CRHF INS | CJC++ Source Code.
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115 * Outputs * A
123 unsigned rand;

124 rand = TCNT1:

125

126 if (rand & 0x0001) {

127 /*turn lefr=/

128 motor (RIGHT_MOTOR, MAX_SPEED);

129 wotor (LEFT_NOTOR, -MAX_SPEED):

130 H

131 else {

132 /*turn right®,

133 motor (RIGHT_MOTOR, -MAX_SPEED);

134 motor (LEFT_MOTOR, MAX_SPEED) ;

135 b

136

137 j=(rand % 512); / Take the remainder of TNCT1 {0 < rem <
13 1£(3>500)

139 / Delay 3>500ms

140 delay(3);

141 else

142 // Delay ~500m

143 delay(500):

144

145 ) *rr=*End Function turn *=r*e

146

147 void sensor_module() ( // Collect input sensor data

148 lir = analog(0):

149 cir = analog(l):

150 rir = analog(2);

151 cds = analog(3):

152 ) ~
Ln 911153 Col46 Sel0 4.75 KB ANt CR#LF INS  C{C++ Source Code
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17 int main(void) {

long i = 0;

19 int value=1500;
20 init_system();
21 init_lcd()/
22 init_motor ();
23 12
24 led_string ("
25 led_row (1) ;
26 y
27 lcd_string (" -
Ln54:54 Col10 Seld 220K8 ANSI CR+LF INS _ C/C++ Source Code
University of Florida, EGN 1935 - File 04 29
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28 // I ~5s o
29
30 led_clear():
31 lcd_string ("
32 for (value = 500; walue < 250 value=value+50) {
33 OCR1A = valu
34 OCR1B = 3000 - value;
3s OCR1C = value;
36// D
37 lcd_row(l);
38 lcd_int(value);
39 lcd_string(™ "):
40 lcd_int (3000 - value);
a1 led_string ("
42// Delay a few 28 to
43 delay (2000)
44 back
45 if (PINA & 0x0l) ({PORTA=PINA&LOXFE; PORTA=PINA|O0x02;}
46 else {PORTA=PINA&OxFD; PORTA=PINA|O0x01;
il B
48 1
49
50
51 //
52 PORTA=PINA|0x03;
53 return 0;
sa} // :na-.:l =
Lni}Sﬂ Col10 Sel0 2.20 KB ANSE CR+LF INS C/C++ Source Code
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“Learning is an important part of autonomy. A system is
autonomous to the extent that its behaviour is determined by its
immediate inputs and past experience, rather by its designer’s.
Agents are usually designed for a class of environments, where
each member of the class is consistent with what the designer
knows about what the real environment might hold in store for the
agent. Truly autonomous systems should be able to operate
successfully in any environment, given sufficient time to adapt.
The system’s internal knowledge structures should therefore be
constructible, in principle, from its experience of the world...”

The End!
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