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Today’s Menu

• Near Infrared Sensors

• CdS Cells

• Programming Simple Behaviors
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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.
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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 
a logic 1 or 0 as output. The analog version gives a 
value that is proportional to distance. Typical 
models include GP2D* where 
*={02,120,12,05,15}

> Interface consists of a simple 3 wire connector 
with VCC, GND and Signal 

VCC

Signal

GND

4” 2’ 3’

v
Nearly 

LinearDead 

Space
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Infrared Sensors

• 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.
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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.
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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 µC and always return either “0” or “1.” For digital 

sensors “0” or LOW or 0v or 0  and   “1” or HIGH or 5v or 255

– Analog sensors are connected to the ADC input pins in a µC

– The analog to digital converter (ADC) in the robot board (µC) 

convert the input voltage to a n-bit value, where n is usually 8, 

10, or 12 bits. In the 1935 robots, the Atmega128 chip uses 10 bits.

� The input voltage must be between 0v and 5v (newer µCs use 3.3v)

� For 2 bits: the binary values are 002, 012, 102, 112 (0,1,2,3 in decimal). 

There are 4 total values ∴ a 5v value is represented as 5v÷4=1.25v 

per number (0v for 002, 1.25v for 012, 2.5v for 102 & 3.75v for 112)

� For 8-bits: 0≤value≤255 (28-1); for 10-bits: 0≤value≤1023 (210-1)

� For an 8-bit ADC (2n=8 is 256 symbols) ∴ 0v→0 & 5v→255 (28-1)

� For a 10-bit ADC (210 is 1024 symbols), 0v→0 & 5v→1023 (210-1)
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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
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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
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Simple Behaviors
• Printing

> We’ll assume we’ll have a way to print values to the LCD
– Function lcd_int(integer); prints an integer to the LCD
– Function lcd_string(“string”); prints a constant string to the LCD
– Function lcd_ 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  */
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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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Testing Motors 1
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Testing Motors 1
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Testing Motors 2
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Testing Motors 2
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Testing Motors 2
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CdS Cells

When light shines on a CdS cell, R2

below decreases to a minimum, say 

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 

R2 increases to a maximum value, 

say, 10K so the AD will read 10/57 

Vcc or ≈ 180. We will pick R1 so 

that these values are from 500 - 900 
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Testing IRs
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Testing IRs
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Simple Behaviors

• Obstacle Avoidance
>Read the IRs

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

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

>If 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 Timer1 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)
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Obstacle Avoidance
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Obstacle Avoidance
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Obstacle Avoidance
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Obstacle Avoidance
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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
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CdS & Obstacle Avoidance
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CdS & Obstacle Avoidance
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CdS & Obstacle Avoidance
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Hacked Servo Test
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Hacked Servo Test
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The End!

“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…”


