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Chapter 6 - Programming the RCX
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Vour PC during the installation ofthelMINDSTORMS CD—ROM, and trans—

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
PC and the RCX), and, finally, the RCX executes it.

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

memo1y for. data and program storagejust as with mosr 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 modifiedThe RAM requires a continuous power supply
in order to retain its content.When 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 that’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 ofa personal computer, you can compare
this ROM code to the basic 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 withjust the ROM code is as useless as a personal computer with

just the BIOS. On top ofthe ROM code layer the RCX runs the firmware,

- which, to continue with our comparison to computers, is its operating systemThe
.- termfirmtmre denotes a kind of software the user normally doesn't alter or

Changein any w;ay its part of the system and provides Standard functionality, as
‘_ operating systems do. In RCX, the firmware15 nor burned into the system like

the ROM code, rather it is scoredin the internal RAM, and you downloadit
'35me your PC using the inflated interface The LEGO firmware was copied to

erred to your RCX by the setup process
The firmwareis not the final layer ofthe system: on top ofit there’s your

prI'Code and data. They will be storedin the same RANI where the firmwareis,

pip-30m a logical stmdpoint they are considered to be placed at a higher level.
We CXplained earlier, you w1ite your code on the PC, then sendit to the
X through the infrared interface. The MINDSTORMS softwaie on the PC

1d Called RCX Code tianslates your program (made of graphical code blocks)
Compact form called bylcrodt’. The RCX receives this bytecode via the IR
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interface and stores it in its RAM.\Vlren you press the Run button, t
starts I'i'Ifé’lpi'Cf/llg the bytecode he firmwne

and converting its instructions into actions.

 
Let’s summarize the process From tl

1e top to the bottom level:

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

5 RCX Code automatically translates your program into a compact
Format called byreron’e.

5 Using the IR link between the PC—Via the IR towerfito the RCX,
you transfer the bytecode version of your program to the RAM oftheRCX

II The Firmware interprets your bytecode and converts it into machine
code instructions, calling the ROM code routines to perform Standard
system operations.

a

The RCX processor executes the machine code.

Most ofthese steps are hidden to the user, who simply prepares the program
on the PC, downloads it to the RCX, presses the Run button, and watches theprogram execute.

A Small Family of Programmable Bricks
The RCX belongs to a small LEGO famil
appear on the scene was the Cy
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a unit that incorporates two motors,
ut port. It shares with the MINDSTORNIS
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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 Its three input ports work with passive sensors only.

a The firmware is in ROM instead ofRAM. This means that its not pos—
sible to upgrade it to a newer version.

a The RAlVl 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 MINDSTORJVIS CD—ROM, followed the

lessons, and tried some projects, you’re probably already familiar with it.
RCX Code has been targeted to kids and adullts with no programming expe-

rience. and for this reason it is very easy to use. You write a program simply by
‘-"_dragging and connecting rode bloc/es into a sequence ofinstructions more 01 less

like using actual LEGO bricks. ‘

‘fTh'ere are different kinds of code blocks that correspond to different func—

tions: You can control motor,s watch sensors. introduce delays play sounds. and
direct the flow of your code according to the state of sensors timers, and coun—

CF RCX Code also provides a simple way to organize your code into
ubrqrrtz‘nes, groups ofinstructions that you can call from your main program as if

63‘ Were a single code block.

When you think your code is ready to be tested you download it to the
'Xthrough the IR tower The RCX has five program slots that can l1osr five
Pfindent prog1ams When downloading the code, you choose which slot to

anoad to, and with the Prgm push—button on your RCX. you select which
grim to execute
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