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This document will deal strictly with base communicator {(BACOHM or
E.C.) protocols. Commands passing between the Apple and Topo are
covered in a saparate document.

All messagess are sent over the IR link in packets. The packet

format is one bit every 255 usec, starting with 3 on's and 1 off
{the "start sequence'"!, then characters coded as 8 data bits {(LBE

first) Followsd by 1 parity bit - odd paritv. This gives &
start sequence time of 1.5 msec, & character timeg of 2.3 msec and
& packet time of Z20.0 meec. A high bit is a 5 usec IR pulse, a
low bit is rno IR pulse sent. All packets in the system are
always * 8 characters, exp=2ct for short ACK s which are oniy &
single character. The 8 characters in the packet are ordered as
ol lows:

, «hit;y proc#, omd#, dyd,d,d, cksum .
dyd,d,d " are 4 characters of dataj;y ch# is the channel number to
indicaterwhich device should receive the messagei proc# is  the
on—board - process numberi omd# is the command For  the given
processs:  and  chsum is the twos complement of the sum of all the
pravious characters.

( , 4 {
All . pscketizing. .retries,. .and IR errmor handling is_bandlied by .
the H.D. .
{ b {
I8 Timing Soeos
L {
Faor timing purposes, "nacket start" docwrs an the first bit  of
the start sequence. "Facket end” ochurs at the parity bit  for ¢
L the last bytes btransmitted.
-tFacket end to packet start "dead time": = 2 msec minilmum .
\ ¢
~Facket end to response packet start = G0 msmec maximum
i : _—— S {
- —FacHel end o saywhaty sUart =TSO WRETT L T
fis implemented, packet end to saywhat? start is actually &0 msec.
Blao, if the B.C. receives a valid start ssguence and a valid ch# C
\ (which aiso indicates the length of the forthocoming message)
beftore the 60 msec timeout, then the B.C. will wait until the
_ mrpected end of the message before sending a saywhat? - even if ¢
- tite total wait time exceeds the &0 msec timeout time. -
\ i ¢
L
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ACEC.ACEL, and Baywhat Protocol

Every message received by any given Topo {except for public
chamnels), is acknowledged by an ACED or an ACKL. These must
alternate to inswe valid transmissions. The MBE of the channel#
being transmitted by the B.C. indicates whether Topo should send
an ACED or ACKLI - O means ACKO, 1 means ACKL. Similarly, the
return ACK ig dndicated by the MSBE of the returning channeld.
The B.C. is reguired Lo keep track of the current ACKO/ACKEL
status for each private channel.

A walid ACK should be received by theH.C. within S0 ms of the
end of the message being sent. I+ mo ACK is received within that
time, or & garbled transmission or the wrong ACK 1s  detected,
then a "saywhat?" command (sse CONFIGURE BACOM) is given, telling
the Topo to repeat its last ACK. Receiving the correct ACK means
to continue normally, i.e. the original message has been
corirectly handied. Receiving the wrong ACK means the original
message was mishandled and should be resent. Receiving nothing
or a garbled reply should prompt another "saywhat?". After 5 or
morse  saywhat’s withoult & valid reply, the appropriste QUERY
errar +lag (Topa not responding) is set while the saywhat’™s
continue. The error flag will only be reset aftter the message is
eventually receivaed, or by doing a RESTART ERACOM.

I¥ Topo, is ever unable to determine the answer to a status
reguest wibthin the ACKE timeout time, it simply sends the
apprnprhét@ ATE with no message. The Apple may then deal with
the error of "message not received". This timeout handler could
change with future product revisions.

When Topo sends - s message to the H.C. { generally a status
reguested by the @pple), the format is: . .
- lorng ACK _B.C._channel. & —

C

C

5 — e e —r———— — —

0O {dont care:
O {don®t carel
dec,cd,d.
chsum.

For a short ACK, the nessage is a single character, simply!
short ADK B.C. channel # ’

I Carrier

A carrier signal tells all Topos i+ they go out of range of  the
E.C. The B.C. is reguired to send out some command at least once

evary 200 n&saecs. It 'nl commafAtd Tas Deen Sent arier 2od mEsens Nas
elapsed, ths EBE.C. sends out a dummy carrigr message (ses
CONFIGURE REALCOM) . Any Topo which hears no valid commands  for
1.28 esconds will PARK ( abort the cwrent motiom command and
+lush the motion command gueune ).

%



A1l data in the system, whether on the Apple o- onboard Topo,

consists of full B8-bkit words. There is & problem, however, in
that most serial cards deal with 7-bit ASCII, and also  trap
certain control codes. To avoid this, all data sent betwesn the

Apple and H.0. will be broken up into 4-bit nibbles, sent thraugh
the serial card, and then reassemhled. (The full 8-bits are sent
over the IR.) The 4-bit nibbles &sre gncoded as ASCII O-9 and A-
. For example. data 10100011 would be sent as &3 (hex 41, hex
33). A letter G {(hex 47) would he sent as 47 (hex 34, hex 37).
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Handshaking commands between the Apple and B.C. are not broken up
ints nibbles. A1}l  commands and responses are  standard ASCIIT
characters, excluding O0-F and excluding &1l control codes. The
actual range of values is hew SO-TF.

ABlthough, the baud rates are setablie on both the serial card and
the H.C.; the standard configuration is: 2600 baud, no parity, 1
start hi;{5 8 data bits, and 1 stop it.

( v C
Apple/B.C. Handshabking
C A partial handshaking system 1s used between the Apple and the BE. ¢
e C. _Befores_sending_any_message or command_to the B.C.,_ _the _Apple
: should first send a (
( BUERY (ASCII ). :
The B.O. muast respond with one of several answers to indicate
. readiness to receive Lhe message. The required response time is |
( within & ms + 1 character time {(dependent on the baud ratel. B
(This protocel will run at 2800 baud,! which gives a character
C time of 1 ms.) The possible responses are: .
\
Bit & - BUSY ~ fApple mey nolt send more data yet
2 - MEBGAGE WATTING {(from Topo to Apple) ¢
C 1 — ERROR - Tope not responding L
O — ERRIR — invalid message from Apple to B.C.
. all off - READY - OF to send (
N o
The response is & single character, where the indicated hit 1is
active. The fowr high-order bits are always 1110, so responses .
N are EO-EF  (ASCII Jowsrcase blank,a,b...m.r.0). Thus MESSARGE
WAITING is 11100100, or hex E4, and RBUBY is 11101000 or hex EB .
C Tha E.C. may interrupt & lono message coming in by sending  an L
\ ¢
N 4
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may be used in the futurs as & response identifier, or fo- other
information.

RESTART BACOM  (ABLIT X)) cancels the current packet being ¢
attempted and resets all fouwr GUERY status flags. Channel
settings and other parameters are not affected. ' €

GET BACOM REVISION (ASCIT V) causaess the B.C.  to return two don®t
care bytes. then four bytes {(irn nibbles) of the EB.LC."s version C
number and prom numbsr, .. (0,0, V.V, F.F). Each byte has valuss

0-39, The First byte is integral version, the second is
fractional versieon, i.®. 1.800, 2Z2.035, 99.99 . The third and C
fouwrth bytes are integral and fractional  prom  numbers. The

initial release will bDe 1.00,

in the middle of a message the only legal B.C. commands are QUERY ¢
and RESTART BACOM, otheérwise just data and END-OF-MESSABE ( after -
READY has heen received.) In fact, whenever an INTERRUFT or RUSY
has been received., thp only legal commands are RBUERY and RESTART C
BACOM. ‘

Fo- coﬁ?igur@ Facket. Takes (chi#, public tiag) in nibbles. C
& - Buery bacom. Returnsg BEO0-EF {(four status bits).

R - gelt last Fesponse., Retwns (0,0, d,d,d,d) in nibbles.

2 -~ Gtart message. . C

- inta}rUpt character to host.
V- getﬂPacﬁm revVision., Retwns (O, 0,V.V,P.FP) in nibbles. C
X~ restart bacom. :
Y - configure bacom. Takes (HD ch#, short ACKE, carrier chify,
carrier procd#, carrisr cmd#, sayvwhat proci#, saywhat omdi
in nibhlies. . . C

Hit 3 — BUSY -~ Gpple may mot send more data yet .
2 - MESS&GEE WAITING {(from Topo to Spple?l (
1 - ERROR — Topo rmot responding!

O - ERRORT= invdlid meéessage from Apple to B.C. .
f - READY -~ O to send €

Real-time Joystick Congiderstions ¢

Since the packets are relatively short (20 ms per packebt, plus a

&t
&L characier neEssage =t Jalil Daad gnv@E‘iﬁ?ﬁﬁﬁj“ﬂﬁ?ﬁ?ﬁﬁﬁﬁﬁﬁf‘?ﬁﬁﬂ?‘L“
for real-time Jjovetichk response.  Since shorlt ACE s teke onily
ancther 4 ms  (plus compptation time), it may well work  with
AGK s, too. The typical contiguration will be to use & public C
channel s as Lo dignore any MESSSEQE @rrors.  since we are bheltter
off simply sending the newsst command, instead.
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