thi ;sffgit;;:hga’pterv:

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

58 Chapter 4 » Reading Sensors

Introduction

Motors, through gears and pulleys, provide motion to your robot: they are the
muscles that move jts legs and armis. The time has come to €quIp your creatyre
with sensors, which wil] ACt as 1ts eves, ears, and fingers.

The MINDSTORMS box contains two tvpes of sensors: the foyel, sensor (two
of them) and the light sensor. Tn this chapter, we]] describe their peculiarities, anq
those of the optional sensors that you can buy separately: the rotation sensoy and
the temperature seisor. All these devices have been designed for 4 specific purpose,
but you'll be surprised at thejr versatility and the wide range of situations they
can manage. We will also cover the cases where one type of sensor can enylare
another, which wil] help you replace those that aren’t available. Using a little trick
that takes advantage of the infrared (IR) light on the RCX, you will alo discover
how to turn vour light sensor into 4 sort of radar.

We invite you to keep your MINDSTOR M set by your side while reading
the chapter, so You can play with the req] thing and replicate our experiments.
For the sake of completeness, we[] describe some parts that come from MIND-
STORMS exXpansion sets or TECHNIC sets. Don’t Worry if you don’t have them
now; this won't compromise your chances to build great robots.

Touch Sensor

The touch sensor (Figure 4.1) is probably the simplest and mos¢ Intuitive member
of the LEGO sensor family. Tt works more or less Jike the push button portion of
your doorbell: when YOu press it, a circuit i completed and electricity flows
through it. The RCX is able to detect this Aow, and your program can read the
state of the touch sensor, on or off,

Figure 4.1 The Touch Sensor
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application, as bumpers. Bumpers are a simple way of interacting with the environ-
ment; they allow your robot to detect obstacles when it hits them, and to change
its behavior accordingly.

A bumper typically is a lightweight mobile structure that actually hits the
obstacles and transmits this impact to a touch sensor, closing it.You can mvent
many types of bumpers, but their structure should reflect both the shape of your
robot as well as the shape of the obstacles it will meet in its environment. A very
simple bumper, like the one in Figure 4.2, could be perfectly okay for detecting
walls, but might not work as expected in a room with complex obstacles, like
chairs. In such cases, we suggest you proceed by experimenting. Design a tentative
pumper for your robot and move it around your room at the proper height from

the floor, checking to see if it’s able to detect all the possible collisions. If your
bumper has a large structure, don't take it for granted that it will impact the
obstacle in its optimal position to press the sensor. Our example in Figure 4.2 1s
actually a bad bumper, because when contact occurs, it hardly closes the touch
sensors at the very end of the traverse axle. It’s also a bad bumper because it trans-

mits the entire force of the collision straight to the switch, meaning an extremely
solid bracing would be necessary to keep the sensor mounted on the robot.

Figure 4.2 A Simple Bumper

- Be empirical, try different possible collisions to see if your bumper works
‘Pl‘O’perly in any situation.You can write a very short program that loops forever,
o P‘?Oducing a beep when the sensor closes, and use it to test your bumper.

: When talking of bumpers, people tend to think they should press the switch
1€n an obstacle gets hit. But this is not necessarily true. They could also release
‘WVKCh during a collision. Look at Figure 4.3, the rubber bands keep the
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bumper gently pressed against the sensor: when the front part of the bumper
touches something, the switch gets released.

Figure 4.3 A Normally Closed Bumper

Actually, there are some Important reasons to prefer this kind-of bumper:

D
A

# The impact force doesn’t transfer to the sensors itself. Sensors are a bt
more delicate than standard LEGO bricks and you should avoid
shocking them unnecessarily,

B The rubber bands absorbing the force of the impact preserve not only
your sensor but the whole body of your robot. This is especially impor-

tant when vyour robot i very fast, very heavy, very slow in reacting, or

possesses a combination of these factors.

Bumpers are 4 Very important topic, but touch sensors have an incredible
range of other applications. You can use them like buttong to be pushed manually
when you want 1o inform your RCX of particular event, Can you think of 3
possible cage? Actually, there are Many. For example, you could push a button to
order your R(Cx to “read the value of the light sensor now,” and thus calibrate
readings (we wif] discuss this topic later). Or you could use two buttong to give
feedback to 5 learning robot about its behavior, good or bad. The list could be long.

Another Very common task you'll demand from your switch sensors is position
control You see 4 example of this in Figure 4.4. The rotating head of our robot
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(Figure 4.4a) mounts a switch sensor that closes when the head looks straight
ahead (Figure 4.4b). Your software can rely on timing to rotate the head at some
level (right or left), but it can always drive back the head precisely in the center
simply waiting for the sensor to close. By the way, the cam piece we used in this
example is really useful when working with touch sensors, as its three half-spaced
crossed holes allow you to set the proper distance to close the sensor.

Figure 4.4 Position Control with a Touch Sensor

cam

;11556136 would be many other possible applications in regards to position control.
+ Meet some of them in the third part of this book. What matters here is to
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