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Explorer-16 (3)
Part 3: Speaking Thermometer, 
CF card simulation and Crypto Puzzle
Jan Buiting & Luc Lemmens, in cooperation with Microchip Technology and Labcenter Electronics

More advanced (but still 100% 
free) simulation this month 

with a VSM model for media storage card devices added to our PIC24F system (all virtual, of course). To 
cap it all, solve a CF card crypto puzzle and win fantastic prizes sponsored by Microchip and Labcenter. 
But let’s fi rst revert to last month’s Speaking Thermometer project.

Last month’s Speaking Thermometer is 
not just a simulation you can run using 
three main components: (1) Labcenter’s 
Proteus VSM, (2) Microchip Technolo-
gy’s MPLAB (both from your Explorer-
16 CD-ROM) and (3) Elektor’s archive 
fi le called Demo2.zip. All components, 
by the way, are free, the CD-ROM hav-
ing come as a gift with the full print 
run of our January 2007 issue.

If you haven’t done so already, please 
do run the January 
2007 ‘Demo1’ simu-
lation of the Explor-
er-16 board itself. 
In the virtual envi-
ronment created by 
Proteus VSM, press 
buttons and click away on other con-
trols to your heart’s content and see 
how the system responds with its vari-
ous indicators.

‘Demo2’ from the February 2007 issue 
is funnier to see… and hear in actual 
use! Particularly if you simulate tem-
perature variations and manage to cre-
ate your own voice fi les.
The aim of these simulations is to 

teach you how both simple and com-
plex PIC24F MCU software can be 
created and debugged to the high-
est possible level in combination 
with hardware devices like sensors 
and voice output (how’s that for an 
actuator device). The hardware/soft-
ware interaction can be put through 
its paces in VSM/MPLAB without 
having real components cluttering 
your desk or even appearing on the 
boss’ Project Purchasing sheets. If 

you need still stronger encourage-
ment: with simulation your PC does 
most of the design work for you, sav-
ing time and money compared to 
working with hardware components 
to achieve a design goal.

While awe stricken with the power of 
the simulations and the degree of inte-
gration between the Labcenter and Mi-
crochip Technology products, let’s not 

forget that the Speaking Thermometer 
design can be made to work in hard-
ware too. For this, all you need to know 
is how to program the PIC24F PIM on 
the Explorer-16 demo board that’s part 
of our Explorer-16 Value Pack.

Speaking Thermometer
The following is described to help you 
become acquainted with the hard-
ware contained in the Explorer-16 Val-

ue Pack. Extensive 
product descrip-
tions, user manu-
als and software 
installation guides 
being supplied on 
CD-ROMs in the 

Pack (take your time to read it all, it’s 
worth the effort), we can concentrate 
on our specifi c requirements. An up to 
speed description is given assuming of 
course that you are reasonably conver-
sant with PCs.

1. Plug the Audio PICtail board into the 
PICtail bus connector on the Explorer-
16 board. Check that the PIC24F PIM is 
fi tted on the demo board.

the simulations teach you how both simple and complex 
PIC24F MCU software can be created and debugged
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2. Plug the PICkit 2 module onto the 
6-way pinheader on the Explorer-16 
board observing that the LEDs are 
at the side of the Audio PICtail Plus 
board (see note supplied with Explor-
er-16 Value Pack).

3. Apply power to the Explorer-16 
board (9-15 VDC at about 300 mA).

4. Install the software that comes with 
the PICkit 2 from your Explorer-16 
Value Pack. Check that version 2.0 or 
higher is available as earlier versions 
do not have support for the PIC24F 
MCU series. If necessary, updates can 
be downloaded from the Explorer-16 
project page on the Elektor website.

5. Plug the USB lead from PICkit 2 into 
a free USB outlet on your PC. Install 
the device by responding to the usu-
al prompts and windows that appear. 
PICkit 2 will be automatically recog-
nised from then on.

6. Run the PICkit 2 software (a shortcut 
will be available on your desktop). The 
program will report: ‘PICkit2 found’, 
and, importantly, ‘PIC Device found’ (in 
this case, the PIC24FJ128GA010 on the 
demo board).

7. Now click File → Import hex → Demo2.
hex. You may need to Browse your sys-
tem if you can’t remember where you put 
the .hex fi le (see part 2). 

Once the fi le has been found and se-
lected, the PICkit 2 program says ‘Hex 
fi le successfully imported’ and you’ll 
see the usual controls for a program-
mer like Write, Verify, Read, Erase. 
There is no need to activate either of 
the ‘VDD Target’ boxes.

8. Now click on Write and the hex fi le 
is sent off to the PIC24F target device 
on the demo board (Figure 1). The red 
LED in the PICkit 2 module will fl ash 
to indicate the system is busy. Wait for 
the process to complete.

9. Remove power from the demo board, 
wait a few seconds and power on 
again. The Speaking Thermometer will 
start and you will hear the “degrees 
Celsius” message from the mini loud-
speaker on the Audio PICtail board. In 
some cases, the reset button has to be 
pressed to launch the application.

10. The current temperature can be re-
quested by pressing pushbutton S4 on 
the demo board.

Figure 1. PICKit 2 has successfully loaded the hex object code fi le for the Speaking Thermometer and is ready to transfer it to the 
PIC24F target device via the plug-on pod.

Explorer-16 project highlights
•• Economic and educational gateway to 16-bit microcontroller 

technology and simulation

•• Explorer-16 Value Pack supplied at unbeatable price

•• Free Proteus VSM, MPLAB IDE and MPLAB C30 supplied on 
CD-ROM

•• Free simulation project fi les with instalments

•• Explorer-16 demo board accommodates PIC24F/H and dsPIC33

•• PICkit 2 suitable for PIC baseline / midrange / 18F / 24F/ 
dsPIC33 (updates available)

•• PIC24F and dsPIC33 PIM modules available for standalone 
applications

•• Written and supported by experts at Microchip Technology, 
Labcenter and Elektor

•• Crypto Competition

•• Interactive support through project page 
and forum on Elektor website
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For better sound reproduction, connect 
a set of powered PC loudspeakers to 
the jack on the Audio PICtail board.

TC1047
So where is the temperature sensor? 
Although not shown on last month’s 
arrowed fl oorplan of the Explorer-16 
demo board, it is actually near the PIM, 
see Figure 2. The tiny TC1047 device 
proves the simplicity of connecting 
sensors to a PIC24F MCU. The TC1047 
datasheet is worth examining for your 
own projects hence it is available from 
the Explorer-16 project page.

Put your fingertip on the three-pin 
SMD for about fi ve seconds and press 
S4 again.

An educational gadget
The Speaking Thermometer may look 
trivial but has a lot of potential for 
some really advanced programming 
in C. A code snippet of the program is 
shown in Figure 3. How about these 
challenges:

1. change the program to start speak-
ing automatically when a tempera-
ture change of more than half a degree 
C is detected. Ditto, make an alarm 
sound when a certain temperature is 
reached.

2. create your own voice fi les. A tuto-
rial on how to do this will be available 
from the Free Downloads Area on the 
Explorer-16 project page. You will fi nd 
that this requires extra storage memo-
ry and the section below on CF cards 
will prove useful.

As you rise to these challenges you 
will be making extensive use the C30 
compiler, Proteus VSM and the MPLAB 
environment. Remember, everything 
can be simulated, boosting confi dence 
that the real thing will work spot-on. 
There is a lot to experiment with — let 
us know how you get on and post your 
fi ndings in our online Forum.

Onwards with media storage cards
Now, let’s move on to working with 
media storage cards using the PIC24F 
MCU and the Microchip Media Storage 
Library.
The virtual hardware for this part of 
the article is supplied and designed to 
be used with the demonstration ver-

Figure 2. TC1047 temperature sensor on the Explorer-16 demo board. It is fully supported by the system software
and easily addressed in C.

Figure 3. Extract of the C source code written for the Speaking Thermometer.
Here, the ADC is read and the temperature  translated to speech.

Figure 4. Directory table on a (virtual) Compact Flash card. 
The location 0x7A00 applies just to this sample image produced using UltraEdit.
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sion of Proteus VSM supplied on the 
Explorer-16 CD that came with your 
January 2007 issue. 
The design consists of a PIC24F, a simu-
lated compact Flash card and an RS232 
terminal. This is broadly equivalent to 
plugging in the Compact Flash PICtail 
plus card into the Explorer-16 demo 
board, and then attaching an RS232 ter-
minal or terminal emulator to UART2 – 
in real life.
Also supplied is an 
example project, 
DEMO3.MCW, 
which makes use 
of the Microchip 
Media Storage Li-
brary. This library provides a simple 
fi le I/O API and implements an FAT16 
storage structure on the media card. 
The Media Storage Library can work 
with both Compact Flash and SD/MMC 
cards, although in this article we shall 
be using it with Compact Flash only.
Useful background information on 

Compact Flash (CF) cards and the 
FAT16 format may be found in Refer-
ences [1], [2] and [3]. Things you need 
to know about these media include

• the fact that a CF card is run in ATA 
mode whereas an  SD card is run in 
MMC mode;
• the Sector organisation of an ATA 
drive;

• the need for a fi ling system;
• the basics of FAT16 – directory ta-
bles etc.;
• the file CFIMAGE.BIN is a binary 
dump of the drive sectors.

Figure 4 shows a hex dump of the di-
rectory table at 7A00h. A lot of clues 

on how the system is implemented in 
software can be obtained from it. Note 
that the exact location of the directory 
table will vary according to the size of 
a CF card.

Talking to the card in C
Provided you are reasonably conversant 
with the C programming language, you 

can review the fi le 
FileIO.c contained 
in Demo3.zip for 
each of the func-
tions listed above. 
This will tell you 
how the various 

technical requirements for CF cards 
could be implemented for our PIC24F 
system. It should be noted that the Me-
dia Storage Library is still in the devel-
opment phase at Microchip and the rel-
evant disclaimers should be observed. 
Although Labcenter and Microchip have 
worked closely together to be able to of-

CSI Miami needs help 

COMPACT FLASH 
CRYPTO COMPETITION
The compact Flash image (cfi mage.bin) used in this month’s Proteus VSM simula-
tion was actually taken from a real CF card that belonged to a secret agent. It 
contains fi le a called ‘SECRET.DAT’ which in turn contains contact details lead-
ing to a limited source of free Microchip ICD2 debuggers and Proteus VSM 
software.

The fi rst three readers of each of the four main language editions of 
Elektor (12 prizes in total) able to extract the information contained 
in the fi le and follow the instructions therein will be able to ob-
tain a free ICD2 debugger and a copy of Proteus VSM for the 
PIC24FJ128GA010.*

Of course, the fi le ‘SECRET.DAT’ has been scrambled, but the 
secret agent was careless and left another fi le on the CF card 
that may prove helpful in cracking the code. All the infor-
mation you need to perform a simple forensic examina-
tion of the card image has been supplied in this article, 
and you should not need to use any specialist knowl-
edge of cryptography.

Via the Message Area on the Explorer-16 project 
page we may or may not post some clues to 
cracking the code and getting at the informa-
tion leading to the prizes. Have fun!

Competition not open to employees of Microchip Technology, 
Labcenter Electronics and Segment b.v., its business partners 
and/or associated publishing houses.

the secret agent was careless and left another fi le on 

the CF card that may prove helpful in cracking the code
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fer you this exclusive fi rst, you must be 
aware that the fi rmware is by no means 
a fi nished product.

This month’s simulation
As before, the archive fi le you’ll need to 
run this month’s free simulation can be 
found on the Explorer-16 project page. 
Look for Demo3.zip in the Free Down-
loads Area. Download, store and open 
it as the previous two simulations in 
this series.

a time. The simulation is shown run-
ning in Figure 5.

Next month
We will close off the series by turning 
the Speaking Thermometer into a mul-
ti-lingual device. This will nicely com-
bine the methods of creating  your own 
voice fi les from scratch and fi le stor-
age on CF cards — with different cards 
used for each language.

(060280-III)
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Project news, free downloads & updates for 
this are available from the Explorer-16 project 
page at
www.elektor-electronics.co.uk/explorer-16

and the ‘Explorer-16’ topic on the Forum at
www.elektor-electronics.co.uk/
default.aspx?tabid=29&view=topics& 
forumid=22

The code in the main fi le DEMO3.C 
allows you to choose a fi lename and 
then type some text to be stored in 
it. Filenames must be 8.3 format be-
cause it is a FAT16 storage system. 
The text entry mode can be ended 
by pressing Ctrl-Z. Once the fi le has 
been closed and ‘written’ to the CF 
card, the program re-opens the fi le 
and displays it on the terminal. The 
program uses some simple buffering 
so that data is written to and read 
from the storage device 512 bytes at 

Figure 5. The CF card simulation again proves the sheer power and versatility of VSM combined with MPLAB.

Explorer-16 Value Pack
Elektor’s Explorer-16 Value Pack consists of four components 
packaged together in a single box:

1. Explorer-16 Demo Board

2. PIC Kit 2 Starter Kit

3. Audio PICtail Plus daughterboard

4. MPLAB C30 20% Discount Voucher

The pack is available  for £ 122.90 (€ 179.00 / US$ 232.50) from the 
Elektor SHOP, see www.elektor-electronics.co.uk or the SHOP pages in this issue.

Labcenter Electronics have listed several Proteus VSM offers for Elektor readers 
following the Explorer-16 article series. 
Have a look at www.labcenter.co.uk/products/elektoroffer.htm. 


