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Absract - This article describbes a logic
programmable audio swiching matrix developed by
this Center to substitute the old mechanical ones in
some of the Brazilian Navy ships. W ih the purpose
o sw itch audio signals only, thisnew system alowsa
fast, fiendly and easy sw ithing control by an IBM -
PC compatdble computer and a specific FPGA bas=d
hardware.

I.INTRODUCTION

Som e of the Brazilian Navy ships sdll use
anays of mechanical hand-commeanded sw iches,
which arr used t© oconnect each endpomt of
comm unication to a different tranam iter or receiver,
as shown In Figure 1.An endpoint of com m unication
is any device, Jocated anyw here nside the ship, abke
o tranan it and receive signals n the audio spectim
of frequencies, lke TTY (Teltype), M orse devices
and so on.

This kind of equipment is mostly used
during real exercise operations n the sea, when the
enemy team (foe) trdes o lisen t© our wdio
communications. The fast svirhing among the
varous tranan iters and receivers isa w ay t© tum this
listening nto a difficult task, because those sw irhing
techniques not only affect the carder fimquency, but
also the type of the signal m odulation, lke SSB or
DSB.

The changesm ustbe done as fastaspossible
and sim ultaneously am ong all those com m unications
devices. h order to Improve the perfom ance of
operation perform ance, seriously affected by the slow
nature of the hum an mechanical sw itthing, a new
approach was proposed, I which the cunent
m echanical system is substtuted by a com puter and
FPGA JYased one.
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II.PHYSICAL STRUCTURE

Since there is a complex wirlhg sysEm
already assem bled in the Brazilian N avy ships, which
would be hard to 1r=make, the design was stongly
oriented t© oonserve the previous mechanical
stucture.

The current structure is com posed by a 4x10
m atrix of dentical m echanicalm odules, according t©
Figure 1. Each module has 10 swiches and each
sw irh has seven positions (©Off, receivers 1 to 5 and

| : 'I LD
Figure 1 - O riginalM echanical Structure of the
Sw ithing M atrix.
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Therefore, the proposed solution was to
custom ize a printed circuit board PCB) to execute
the function of a unique m odule. Care was tgken in
the desion of the PCB to make i fit exactly n the
m echanical console din ensions, avoiding the need
forany extemalm odifications.

The Figure 2 show s the electronic version of
the system . Each module was substuted for a
program m able logic-based board.
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Figure 2 - Electronic Version of the Sw iching
M atrix.

III.DEVELOPM ENT
The new sysEm was mmplmented wih a
m ixed signal circudt, whose block diagram is shown

I the Figure 3. This block diagram represents only a
board.
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Figure 3 - Block D iagram ofthe Board.

The fimction of each block is explained in
the further item s:

A .AUDD SW ITCHING

Analog mulbdplex devices, 4052 ], were
used to do the audio sw irhing. These devices cause
negligble nterference m the audio signal and are
controlleble by digial signals. The balnoed

goecifications of the 4052 are crtcal for this
application .

The progmmmable logic device albws a
mmote control of the swirhing matrix by the
com puter softw are.

B.DENTIFXATDON CODE

The swvirhing matrix of the chip is
composed by 40 identical boards, which must be
ocorrectly dentified. Th order to avoid possble enors
T the switch selection operation, an identification
code w as In plem ented

The dentification code is a 7-bit num ber,
and =0 itis able to dentify up to 128 differentboards,
m ore than necessary .

This code could be programm ed 1n the logic
device, but this procedure would make the device
progEmm g and sysEm  mantenance more
com plex. Then the proposed solution was to add a
dip-sw itch 1 each board assioning a unigue code for
it

The dip-swiches must receive different
valies pemiting t© use the sme VHDL
programm Ing logic n alldevices.

C.COMMUNIATDN PROTOCOL

A ocommunication pmotoool among the
program m able device and parallel port nterface w as
In plem ented to allow the controlof sw itching.

The signals used t© in plem ent the protocol
were:

- SB (GelectBoard) ndicates that the 8-bitdata In
paallel port is mady and 1epresents the
Hentification code of board;

- ACK_B (Acknow ledgm ent Board) ndicates the
acceptance the SB signal;

- SSP (Selct Switch and Positon) ndicates that
the 8-bit data I the parallel port is rady and
represents the selected sw itch and its position;

- ACK SP (@Acknowldgment Swirh and
Position) indicates that the board accepted the
SSP signal;

-  YACK ({esA cknow ledgm ent) Indicates that the
software accepted both ACK_B and ACK_SP
sionals;

- ERROR Indicates that there w as a parity enor n
the com m unication.
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Figure 4 -Comm unication ProtocolH andshaking .

To start the handshake, the mform ation m ust
be seady in the paraliel port, and the softw are must
gsend a pulsed SB signal.

The board whose identificaion code is
concident o the data in parallel port w ill acospt the
com m unication and then send the ACK B signal to
the com puter. N ote thatA CK_B isnegative logic.

The com puter w ill receive the ACK_B and,
o avoid a possible deadlock, it will send YACK
signal to finish the com m unication.

A fter this identification procedure, the next
Sep is o select one of the 10 switthes and is
position.

The mformation must be seady i the
parallel port agan, and the software must send the
SSP signal.

The sme board will accept the
com m unication, and then send the ACK_SP signalto
the com puter. The selected sw itch w i1l change to the
new positon. Note that ACK_SP is also In negative

Iogic.

The com puterw il receive the ACK_SP, and
then will send YACK signal to finish the
com m unication . The handshake w {l1be com pleted.

D.ERROR DETECTDN

I oder to avold a possble enor i the
comm unication process, a bit of parity was added in
the 8-bitdata com m unication.

If any bit of that byte changes during the
tranam ission, the board is able to detect it and send
the negative Iogic ERROR signal, Figure 5.

Afler parity enor detection, the pmotocol
m ustrebootdue t© the board retum t© send-by m ode.

The tine diagram of Figure 5 simulates a
parity enor. W hen the SB pulse is sent, the 8-bitdaa
on pamlel port is 10001111,. This data has odd
parity, so the logic detects the problem and sends a
pulse of ERROR signal.
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Figure 5 - Parity ExrorD etection.

E.DATA NFORMATDN

Two 8-bi data arr tenanited In each
communication. The fist one mpresents the
Hentfication code, and is stucture is shown n
Fure6.
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Figure 6 - First8-bitD ata Structure.

The second inform ation represents the target
sw irh and is desired position. Its data sucture is
shown n Figure 7.

Three bis are reserved t© select up o eight
positions, and four bis allows selecting up t© 16
sw itches.
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Figure 7 - Second 8-biD ata Structure

F.INTERFACEW ITH NEIGHBOURS BOARDS

Each board has a buffer to drive the board it
belongs. Therefore, the 3-bit Input comm unication
protocol SB, SSP and YACK), 8-bit data and Reset
signals are propagated from a board to its neighbors
w ithout Joss of ntegrity .

The purpose of the OR gate shown in figure
3 was to process the 3-bit output comm unication
potocol ACK B, ACK_SP and ERROR), dealing
wih the lm iations due to the use of only one

parallel port.
G.VHDL PROGRAMM ING
A programmable logic device, M AX 7000,

from Alera family K], was used t© help the
com puter oftw are to control the sw itching rem otely.



The archiecture developed was divided in two
blocks:DATA PATH and CONTROLLER , as shown
T Figure 8.
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Figure 8 - Logic Block D iagram .

Both blocksw ere programmed m VHDL.

A finitesate machine [f] was created t©
Inplem ent the CONTROLLER . The DATA PATH
was divided m four blocks, LATCH, PARITY,
DECODE and COM PARATOR .

A  detailed Dbbdk diagram
programm ed logic is shown in Figure 9.
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Figure 9 - D etailed Architecture of the Programmed
Logic.

The finction of each block is described below :

- LATCH mads the 8bit dam and divide it
according to the data stuctures of Figures 6 and
7;

- PARITY verifies the parity of 8-bit data present
on parallel port nterface;

- COM PARATOR compares the value of the dip
sw irh code and the code sentby the parallel port
o dentify the correctboard;

- SYNC synchronizes the external control signal;

- DECODE 1mceives the 8-bi data code and
decodes itto select the desired sw dtch;

- CONTROLLER contols the com m unication and
sw itch selection.

T additon, the fimction of the each signal is
described 1 the follow Ing item s:

- Reset albws t© menhitalize the programm able
ogic;

- DIP_SW ITCH [6.0] is a 6-bit bus that defines
the dentification code;

- DATA [7.0] r=presents the 8-bit data on parallel
port;

- SW ITCH [B.0] ar the 4-bitbus that contiols the
sw itrh sw iching;

- PARITY mtemalsignal, ndicates a parity enor;

- LATCH and DECODE mtemal signals, enable
the LATCH and DECODE blocks, respectively;

- EQUAL intemal signal hdicates that the 8-bit
data and dip-sw irhes are dentical.

The other signals are used In comm unication
protoaol whose description is explained In section
ITc.

H.SOFTW ARE

The platform used to this first prototype was
htelBased mwnning W indow s 98 operating system .
The sofiware is ObjectO rented and w as developed
Tn Borland Delphi 5 0. Special care was tgken i is
grephic nterface, w hich m ustbe friendly and let fast
hum an ton.
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Figure 10 - G sphics U ser nterface.

For the selection of the tnan iters and
receivers, a com bination of com baboxes, a kind of an
cbect I the obkcted-oriented environm ent, were
used, as shown in Figure 10. Another inportant
feature of the system is possbiliy t© program
ecific  configurations among endponts and

receivers, to use them w henevernecessary .

IV .RESULTS

The results of sinulation are described In
this section. A prototype of the sysem was
mplemented and an auxilaryy cicuiryy was
developed to sin ulate the system on the ship

The mmplementation of the sysem was
divided in the follow Ing tasks:



A DGITAL SMULATDN

Each digial block of blck diagram in
Figure 9 was sin ulted, using the A tera’s M AX plus
T tool, © verify is working. The final sin ulation
reqults are shown In Figure 11.
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Fiure 11 - Sinulation Results.

Obsarwving the Figure 11, the dentification
code is 00000000, ©W ITCH [6.0]). The
comm unication begins when the first pulse of SB
signal is sent. However, the BOARD [6.0] Bus
(00000011;) does not have the same value of
SW ITCH [6.0], what means the software wants t©
communicate wih  another board, whose
dentification code is 00000011;,. Therefors, the
programm ablke logic sets aside the first pulse of the
SB signal.

W ih the ssme code in SW ITCH and
BOARD bus, the logic selects the desired sw itch.

B.LABORATORY TESTS

To help the tests of the assembled system |, it
was developed a ciruit teser based on the
m icrocontroller PIC 16F84, from M icrochip.

The tester creates 10 different set of pulses,
generated by the m icrocontroller, w hich sin ulate the
audio signals. T the panel of the tester; a 10 leds bar
blinks this pulses. The first pulse blink once, the
second tw ice, the third three tim es and g0 on untl the
tenth, thatpulses ten tim es.

As show m figure 12, each pulse tums is
rem ote audio unit led on.
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Fiure 12 - M icrocontroller’s Pulses.

I the panel there are three bar kds, one
denote the audio signals and the tw o other, the signal
sw irhed by two m odules. Each m odule is connected
o the tester. For hnsence, when channel one is
sw itthed t© the third receiver, the Jed one of the bar
Jedsw illblink three tin es. The first five Jeds of audio
signalbar leds are connected ata m odule and the last
five Jeds, connected to the otherm odule.

Audio signals bar led's
T

«Switchid signals bar led's
Figure 13 - Tester Front Panel

V.CONCLUSION

This new pamdigm nhbtoduced wih that
potype Inproves the speed of swirhing, if
compared to the previous mechanical human
sw irhing, and tums that kind of operation more
confident, since the opemtor sslects exactly the
desited tranam iter or receiver wih a few mouse
clicks on the screen.

Besides bringlhg some technology
Independence to the country, updating the m atrix,
tBking advantage of the basic previous mechanic
structure and all its ehted w iring, 1epresents a great
effort n saving the financial navy resources, w ithout
bk of performance, if compard to some
commercial swirthing matrices avaikbble I the
w orldw ide w espons ndustry m arket.

This pmototype, however, schould be
undoubtedly mproved t© comply the m iliary
sendads mquirements for ship equipment. The
majpr changes would be I the ooftwar
comm unication protoool, I order t rduce the
probability of deadlocks, and In the sofiware itself,
w hich m ustbe executed 1 a real-tin e platform ,m ore
wbust than most of the commercial operating
System s.

T hardw are, m nor changes should be done
o in prove the perfomm ance of the prototype, such as
hcluson of a poweron rmwset cicuiry and
m Inin ization of the physical din ensions and energy
consum ption.
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