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Abstract — This paper introduces the possibility of usin I. INTRODUCTION

pap &
simultaneously both the Microchip MPLAB IDE and the
Lab Center Proteus simulation software. Differences Programming embedded systems usually rely on
between the simulated results and the real world ,100r50e4 Development Environment software, such
behavior are emphasized in terms of timing and . Microchip’s MPLAB IDE (Fig.1). The source code
initialization. Source code debugging (stepping and free . dited. simulated and ntually programmed in the
run modes), assembling and compiling within Proteus 18 .c ited, simulate .an eventually p 'g .

microcontroller using the same application - a step

are discussed. ' {
Keywords: simulation, microcontroller, debug ahead compared with the command line DOS based
versions of earlier assemblers.
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Fig. 1 MPLAB IDE - A Typical Integrated Development System.
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soltware s nol

1RIE

hardware oriented — it is impossible o simulate

Although  evalved. modern

continuous voltage values. currents, and transistors
not to mention [ EDs LCDs. buzzers or motors There
are arcas not covered at all by the DI soltware
RS2321°C, or SPEcommunication. or dificult to use
PWAL soft delavs Pheretore there is a high demand
tor an appropriate simulatton wol in both design and

reachimg embedded sy stems
I PROTEUNSIMUT ATOR

Proteus software offered by Tabeenter Llectronies is o
tor mined analog and  digital
Microchip

solution  allowing

models  tor

simulation.  along  with

midrange microcontroflers

Pro 200 simg Fourier analy ses o evatoate the output fhered signal
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Fig 3 PWM Simulaton Resulis

A software PWN genciator is almost impossible to be
evatuated under MPL AR controb Oncee built, the hex
file is Joaded in the ncrocontolies (g 2) and the
dynanncal behavior may be analyzed with virtaal
instruments (g 3)

Ihe combimation of the two softwane pachages allows
the user 1o design most or even all ot the sehematics
and to edit, debug and venty the software with hntle
or even nooneed tor proton ping. shortening the
overall desiyn time,

A Hardheare nteraction

Bevond pure solware simulation, Proteus ofiers also
hardware interachon A microcontroller model with a
digital sounder may work together in order to generate
audihle sounds Fig

where Proteus VSM s runnmy o smndation o a 1O

4 demanstrates o topreal case
M

program which generates awbho tones i real e The
sounder model ks uo the
RAZ, won converts theay dnto a B Rz dota stream
which is sent o the sound card. On a Pentium 1 or
better PC, the simulated PIC will run fast enough to
generate andio tones in real ume

transitions on ot AL

.

Fag VU s ihe T owic Nabv e

30 Usig cisplay s

Frg S Ui Drgie Nuluplexing

Avariety ot display < is a key teature of the simulator
Fig. 5 introduces the 7 digit display  muluiplexing
schematic, where the real behavior is fairly closed
with the simulated one
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Another usetul teature is the LCD simulation tor the
standard  LMO032  display (fig.6). The simulation
supports both 4 bit and 8 bit modes. while busy flag
can be read on D7, exacty like in the normal use.

C Nerwal ransmission

Serial ransmission may be accomplished either with
the virtual terminol (Fig. 7). ~r usi~g the hardware
interaction implemented in the Compim device. The
virtual terminal allows reading and transmitting data
using standard TTL levels, while the Compim device
reads and writes an existing Com port mothe PC
XONXOF and hardware control may be used and
framing error s signalized through proper indicators

P 6 1 MO T CD sovlation

CHIA X & 2 CH2

Fig 7 RS-232 lransmission

I LIMITATIONS AND ERRORS

MPILAB IDE is a powerful tool which is continuously
improved by Microchip. Some peripherals arc not
supported at all (such as the USART), and others are
only partial simulated (the ADC conversion does nof
change the ADRESH and ADRLESL registers). There
are differences in timing - Timerl has a constant - ps
error compared with the real behavior.

I'roteus simulator has also some errors, for example

the 74L.S148 model is wrong — the {, input does not

trigger the EO nor the GS lines, as it should (Fig.
8). Another drawback is that only single file code can
be source code debugged - there is no possibility (o
Iink files within Proteus. However difficult items such
as banking are accurate simulated there are

programmable warnings for stack under -or overflow,
and incorrect jumping computation.

G tereren

Pig 8 There s no reaction for the 7 mput hine stinubis
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1V. COMBINED ACTION

For educational and design purposes, the best result is
accomplished working using both packages. Changes
in MPLAB source code are reflected in the .hex file
and loaded in background in the Proteus model each
time a new simulation is started (there is no need to
restart the simulator). Working with an ICSP
programmer is a low cost debug solution, suitable for
students; while an ICD2 debugger is a professional
approach at a moderate price, with the advantage of
stepping through the code, breakpoints, real timing,
the Proteus simulation may replace it for most cases.

V. CONCLUSIONS

The combination of the two software packages allows
the user to design most or even all of the schematics

and to edit, debug and verify the software with little
or cven no need for prototyping, shortening the
overall design time.

For teaching purposes, the overall performance is
excellent, the learning curve being dramatically
reduced.
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