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their computers—~but
the external World are

Chapter 6 ° Programming the RCX

troduction, this book is not
many good resources about

prograniming the RCX in p
(often called met/zatromrs)
electronics, and software

about pro

programming languages
articul

ar. However, the n
is such that it comb"

es ofniechanics,
,meaning you cannot discuss a robots mechanics withgetting into the sofiware that controls the elt '

Similarly, you c
annot Write the progr

the robot itself in your mind. This

ai e that explaining
ely poor description. For

skip the topic, we need to lay the foundationsyou to understand the
few code examples contained in the book.

. ' it. We will describe itsarchitecture and then a’
__1V€‘ you a taste of the broad range oflanguages and pro-gramming environments available, fi‘om which you can choose yo 7

focus Will be on two of them in particular: RCX Code, the graphic progran1~ming system supplied with the kit,
language for the RCX.

complete code example, which ismeant to help explain how to ' ~'ell—organized code t
hat is easy to undeiustand and maintain and is designed to familiarize you with the programmingstructures you’ll find later in the book.

What ls the RCX?
The RCX is
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Programming the RCX - Chapter 6

user interface?You write a program on your PC, then transfer it to the RCX

with the help of the IR tower (a device designed to work as a link between the

13C and the RCX), and, finally, the RCX executes it.

To understand how the RCX works, imagine a structure made of multiple

1ayers.At the very bottom is the processor, an Hitachi H8300, which executes the

machine code instructions.The processor cooperates with additional components

that convert signals from the ports into digital data, using chips that provide

memory for data and program storagejust as with most computers, the memory

of the RCX is made up of two types: read—only memory (ROM) and random

access memory (RAM).The content of the ROM cannot be altered or cancelled

in any way, since it is permanently written on the chips, while the data in the

RAM can be replaced or modified. The RAM requires a continuous power supply

in order to retain its content.W1ien the supply breaks, everything gets erased.

Above the processor and circuit layer you find the ROM code.When you

unpack your brand new RCX, there’s already some code stored in its internal

ROM tl1at’s aimed at providing some basic functionality to the RCX: input ports

signal conversion, display and output ports control, and IR communication. If

you are familiar with the architecture of a personal computer, you can compare

this ROM code to the ba.sic input/output system (BIOS), the low—level machine

code which is in charge of booting the computer at startup and interfacing with

the peripherals.

An RCX with just the ROM code is as useless as a personal computer with

-just the BIOS. On top of the ROM code layer the RCX runs thefirmware,

I which, to continue with our comparison to computers, is its operating sy5tem.The

terrri firmware denotes a kind of software the user normally doesrft alter or

. , V change in any way; it’s part of the system and provides standard functionality, as
operating systems do. In RCX, the firmware is not burned into the system like

ROM code, rather it is stored in the internal RAM, and you download it
. L from your PC using the infrared interfaee.The LEGO firmware was copied to

Your PC during the installation of the MINDSTORMS CD—ROM, and trans—

red to your RCX by the setup process.
, The firmware is not the final layer of the system: on top of it there’s your

I tlcode and data.They will be stored in the same RAM where the firmware is,

Elli frorn a logical standpoint they are considered to be placed at a higher level.
<3 explained earlier, you write your code on the PC, then send it to the

p¥CX.throu.gh the infrared interface.The IVIINDSTORMS software on the PC
.6, called RCX Code, translates your program (made of graphical code blocks)

i3.C0mpact form called byzferode. The RCX receives this bytecode via the IR

99

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


100

 
 

Chapter 6 - Programming the RCX

remains supplied just to keep the firmware in existence, and this is the
reason why the RCX will slowly drain the batteries even when switched
off. lf you plan not to use it for more than a few days, we suggest you
remove the batteries to preserve them. Remember that when you need
your RCX again, you will have to reload the firmware.

Let’s summarize the process from the top to the bottom level:

3 You write your program using RCX Code, the MINDSTORMS soft-
ware on the PC side.

H RCX Code ztutomatically translates your program into a compact
format called byzfecode.

Using the IR link between the PC~y'ia the IR tower—~to the RCX,
you transfer the bytecode Version of your program to the RAM of the

H The firmware interprets your bytecode and converts it into machine
code instructions, calling the ROM code routines to perform standard
system operations.

I The RCX processor executes the machine code.
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Programming the RCX ° Chapter 6

devices the ability to be programmed from a PC, with which it communicates

through the “tower,” which in this case is based on radio frequency instead of

infrared transmission. But the similarities end here, and the Cybermaster has more

limitations than the RCX:

I lts three input ports work with passive sensors only.

5 The firmware is in ROM instead of RAl\/I.This means that its not pos—

sible to upgrade it to a newer version. '

E The RAM is much smaller than the one in the RCX and can host only

very short programs.

The Scout, contained in the Robotics Discovery Set, is programmable from

the PC with the same IR tower of the RCX (not included in the set), but fea-

tures a larger display that allows some limited programming, or better said, it

allows you to choose from among various predefined behaviors. it features two

output ports, two input ports (passive sensors only), and one embedded light

sensor. Like for the Cybermaster, the firmware is in ROM and cannot be

upgraded or modified.

Using LEGO RCX Code

RCX Code is the graphical programming tool that LEGO supplies to program

the RCX. If you have installed the MINDSTORMS CD—ROM, followed the

lessons, and tried some projects, you’re probably already familiar with it.

C VRCX Code has been targeted to kids and adults with no programming expe~

rience, and for this reason it is very easy to use.You write a program simply by

T dragging and connecting code blocks into a sequence of instructions, more or less
if ike using actual LEGO bricks.

“There are different kinds of code blocks that correspond to different func~

ns;You can control motors, watch sensors, introduce delays, play sounds, and

pplrect the flow of your code according to the state of sensors, timers, and coun-
€r...7RCX Code also provides a simple way to organize your code into

‘ ourines, groups of instructions that you can call from your main program as if
hieY'W€re a single code block.

_When you think your code is ready to be tested, you download it to the
C!X»lIhrOL1gh the IR toWer.The RCX has five progrzmz slots that can host five

Vptindent programs.V‘Vhen downloading the code, you choose which slot to
iilload to, and with the Prgm push—button on your RCX, you select which
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