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FUNCTION

The Robot Maodel 800 15 a romplete communications
terminal for transmission and reception of Baudot,
ASCH and Marse eodes, In addition. the Madel 200 will
transmit an alphanumerie display via Slow Sean
Television

The heart of the Maodel B 35 an 8085 micraenmputer.
This microcomputer consists of the SO microprocessor
supparted by 6144 bytes of read anly memory (ROM),
2048 hytes of video display memary, 512 bytes of ran-
dom access memory (RAML 7 parallel input nutput
parts (1:00, 1 serial [0 port and 2 15:-hit timers. In
addition to the microcomputer, the Model ROO contains
an RTTY FSK (frequency shift keved) demodulator, o
sine wave synthesizer and a video display generator,
Other than the actual demodulation of the RTTY FSK
and Marae signals and the genecation of the 72 claconc
ter hy 24 line display, all functions are performed by
software in the microcnmputer

Recewved RTTY and Morse signals are fed to the Maodel
A0 demodulator where they are filtered, conditionel
and made compatible with the componentsin the micro
computer. They are then input to the microcnmputer
where they are decoded and displayed Characters 1o be

transmitted are read from the kevhoard hy the micre-
computer. They are then converted into their corres-
ponding codes and transmitted. In the Morge mnde,
transmission takes the formofl keying the CW cireyits of
the users transmtter. [nthe RTTY and SSTV modes the
suenals take the form of pudio tones formed by the sine
wave synthesizer for transmission thru the audso circui
tey of atransmitter.

Characters, reecived and transmitted, as well as al)
status nformation is displayed by the 72 charncter by
21 line video display generator. Additionnlly, in the
SSTV mode, it provides o graphic display of the slow
sean mnage beang trimsmitted  The video display gener.
Aor provides a composite viden output for use with o
conventinnal closed circuit tedevision (CCTVY momitor
Vertival sy nn prulaes G thiedisplay geoezator ol wet
ax an anterupt to the microcomputer for software svn-
chronization purposes and for SSTV timing.

The following RTTY speeds and vodes are supparted by
the Model 800 o ligted in Table A1 The WM figure
leted s that which s refereed to by the industry and in
some mstances may be inconsistent with the remaining
data

CODE LINIT START STOP TOTAL

TYPE WPA  BALID LENGTH  UNITS PULSE PULSE LENGTH
Baudot 60 455 22 0ms 5 220ms  330ms 165 Oms
Baudot 66 500 20 Oms 5 200ms 30 0ms 150 Oms
Baudot 75 56 8 17 6ms 5 176ms  264ms 132 Oms
Baudot 100 7an 13 6ms 5 135ms  203ms  101.3ms
Baudot 132 1000 10 0ms 5 100ms 15 0ms 750ms
Ascil 100 1on 9 1ms 8 Gtms  182ms 100 Ims

Table A-1

RTTY CODE AND SPEED STANDARDS
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Tronsmission and reception of WY signnls in the
Madel 800 is vin a series of keved electronic pulses.
These pulses take the form of a serinl stremm of binary
digits called bits, each bit consisting of either a binary
“1"or mark, or a binary 0" or space. Each character as
it is transmitted is preceeded by a space pulse called a
start bit. This start bitaids in the svnchronization of the
tronsmitter and receiver, The start bit s followed by
vither a 5 bit code in the case of Baudot or B bits in Ascii.
Each code consists of a series of mark and space bits
that uniquely define a character. The extra bits i the
Ascii code allew for the lower case alphahet and some
additional punctuation not available in the Baudot
core. Folinwing the 5 or 8 bit eode is a mark pulse called
the stop bit The stop bit signifies the end of the charac-
ter Any gap between the end of one charneter and the
start of the next is filled with a continuous stream af
mark pulses.

For ease of transmission the mark and space pulses are
converted to andin tones. The mark pulse kevs ane tone,
and the space another, The mark and space tanes can
then he directly fed into the nudio input of setransmitter
for transmisgion and can be received from the aedio
output of the recesver. This greatly stimplifies the instal-
Lation of the Model 800 as it equivalent to adding an
addational microphone imd spenker o vour stiation.

The difference hetween the mark and space tones s
referved to as the “shift.” There are three such shifls
commonly in use These are 170, 450 and 850 Hz shift
170 and 850 Hz shift are commuonly used by simateur
radho aperitors and the 425 Hz shaft typically used by
commercial stations. The Model 800 has a st of filters,
ealled diseriminators, for reception of both 70 and 850
Hz shitt. The £25 Hz commeranl shift ean be recerved
using the Bol Hz shift diseriminator by a process known
as “strnddle tuning™ The signal to be received 1s taned
such that it falls in between the 850 Hz mark and space
frequencies and is straddhng the midpoint of the 860 Hz
shift. The Model 800 however, only transgmits 170 Hz
and 850 Hz shift signals,

The standard Model 800 uses the AR standard for the
frequency of the mark and spacetones. This standard is
called “low-tone”. The Model 800 uses the common
American VHI.-FM RTTY tone standard referred to as
“high tone™, Tahle A-2 lists the mark and space frequen-
cies employed for hoth the “low - tone” and "high-tone”
frequency standards.

Low-Tone Pairs:
170 Hz SHIFT - 1275 Mz MARK, 1445 Hz SPACE
850 Hz SHIFT - 1275 Hz MARK, 2125 Hz SPACE
High-Tone Pairs:
170 Hz SHIFT - 2125 Hz MARK, 22956 Hz SPACE
850 Hz SHIFT - 2125 Mz MARK, 2975 Hz SPACE

Table A-2
LOW-TONE AND HIGH-TONE FREQUENCY
STANDARDS

The exigtence of the twe frequeney standard s gaves riae
to an apparent compatibility problem. This problem
exists on VHF-FM where the actual andio tone s trans-
mitted and tuning will not change the pitch of the
received tones. However, the incompatibility does not
exist on the HF bands, Here the AFSK signal s trans-
mitted via a single sidehand transmitter with the car-
rier and opposite sideband suppressed. This results in
an RF signal that shifts an amount equal to the AFSK
shift used. On reception the single sideband receiver
reingerts acarrier soas vou tuneacross the RTTY signal
vou can change the piteh of the received audio tones to
any frequency desired.

The lowtone standard came into existence dupe to the
limited awdio bandwith of single sideband equipment.
In some equipment the bandpass has been limited to
that which is just necessary for normal speech (approxy
mately 1002400 Hzy The low-tones fnll nearly in the
middle of this audio bandpass, whereas the high-tones
are quite near the edge and are often attenuated if not
climinated entirely s in the ense of the 850 Hz space
tone (2975 Hz). Straddle tuning of the 425 Hz commer:
cial RITY can be difficull if not impossible in some
instapces with high tones,

Reveption of Morse code in the Maodel 80 is accmmp-
lished by using the HTTY 170 Hz shift mark filter in
vonjunction with some software provessing. The soft
ware algorithm tracks the incoming code over the runge
of 4t 99 words per minute (WEPNY The received eode
spevdd s chsplayed in the status line and s computed
according to formuola A-1. The Morse transmit timing is
also related to this formula

Speed (WEM) = 12000 Dot Tie 1ms) 1AL

Slow scan televigsion generation is o software function
in the Maodel 800, The SSTV bmagee 1= continuously dis-
played by the viden display peneratorin real time allow-
ing for easy composition. The only auxibinry hardware
used in this mede 1s the sine wave synthesizer cirentey
for frequency madulation. Actunl slow sean tramsmis:
sion takes the form of an sudio FM signal that deviates
between 1500 Hz (black) and 2100 Hz twhite). Slow scan
synchronization pulses are at 1200 Hz Standards for
SSTV tining are slightly different for 30 Hz countries
than those for &0 Hz, The Madel %00 will support either
one of these standards as gpecified at time of purehase,
Table A2 lists the SSTV timing for both 60 Bz and S0 iz
units.

60 Hz 50 Hz
Line Time 66.6ms 60.0ms
Frama Time 853 77
Horz Sync Time 6 1ms 6 1ms
Vert Sync Time 66 6ms 60.0ms
Table A-3

60 Hz and 50 Hz SSTV Timing
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BLOCK DIAGRAM

An averview of the internal aperation of the Model 500 is
shown in Figures B-1 and B2 For clarity the block
diagram is divided into twa sections, Figure 111, the
digital section and Figure B2, the analog section. The
digital section can be subdivided as the microcomputer
and video display sections, the microcomputer being
shown in the top halfof Figure B-1 and the video display
an the lower half.

DIGITAL SECTION (Figure B-1)

The heart of the microcamputer section is the central
processing unit (CPU) as shown in Block 1.1t executes
the preprogrammed instructions contained in the read
only memory {ROM) of Block 3. The preprogrammer
instructions called snfliware, perform the operational
functions of the Maodel 800 such as the decoding of the
Marse nnd RTTY charactera nfler they nre demadu
lated, transmitting characters ta be sent, reading the
keyhaard for character entries, controlling the video
display, ete.

Random access memory tRAMI 15 used for temporiary
starnge and for the buffering of incoming and outgoing
mformation. The RAM ix found in Blocks 5 and 6 as well
as input/output chanpels (1 O) and the twa L8 bit pro-
grammable interval timers

The inputsoutput channels or ports, are vsed to inter
face the microcomputer to other hardware maodules in
the Model 800, The input output function in Block 5 is
dedicated to interfacing the microcomputer Lo the key-
hoard. This allows the microcomputer 1o sean the keys
for entry and subsequent decoding of kevboard entries
as shown in Black 5o Theinput autput section of Block
f 15 used to interface the analog demodulator, tuning
indicator, sidetone n=cillator, sine wive synthesizer wnd
various solid state switches.

The two 14-bit timers of Blocks 5 and 6 provide almost
all of the timing functions within the micrneomputer.
The timer in Block & is typically used as the USART
(universal synernnous: AsyRCronons receiver/transmits
ter) clock for the reception of demodulated RTTY =ig-
nalsor as a programmable frequency souree for the sine
wave synthesizer. The timer in Block 6 15 tied to an
Interrupt line on the CPUTand allows for the acrarate
timing and control of some of the more dynamic soft-
ware rountines, such as Morse receive and transinit
speed control, RTTY transmit baud rate generation and
S8TV pixel and sync pulse timing.

All information between devices in the microcomputer
is transferred over information buses. There are three
such buses in the Model 800 micracomputer, an address
bus for the selection nf devices. n dnta bus for the
transfer of information hetween deviess and o control
bus for the orderly transfer of information and issuance
of addresses on their reapective huses

The video display memory, shown as Block 14, is a 2048
byte random access memory. The entire 2048 by tes can
I necessed by the microcomputer through the data bus
contraller and the address multiplexer, Blocks 8 and 111
respectively. The bus controller agsures that the micro.
computer does not access the memory at the game time
as the videa digplay generator thereby eliminating die-
turbances on the video display. The conflict is avoided
by only allowing the microcomputer to access the
memory during video display syne times. The address
multiplexer switches hetween the microcamputer
niddress bus and the video display addressing eircuits so
that only one set of addresses are present at any one
tirne to the video display memory. Agan the addresses
are only switched at sync times to avend display
interfercnce.

The diplay swze of 21 lines of 72 characters vields a total
dhisplay of 1728 charncters. Video display memory is
arranged such that the first 1728 hytes of the total 20048
are those that store the characters to be displaved.
These characters are stored in ASCIH code (American
Standard Code for Information Interchange) with on
added bit, the most sigmificant bat, toindicate the video
polarity of the displayed charncter. Characters can be
dhsplnved as a mateix of white dotg on a black back-
ground or as black dots on a white background as die-
tated by the video polarity bit. The remaining 320 bytes
at the end of the vides display memory are never dis
plaved and therefore are available for temporary star
age and information bufferning

The video display generation is contenlled hy the hori-
zontal and vertieal timing generators shown as Blocks
Heand 1 respectively. Both generators are directly ref-
crenced to the system clock, o crystal controlled fre
nquency source, to assure display stability, The iming
generntors provade horizantal and vertical synchron
zation and blanking signals as well as addresses for
accessing the video display memory.

The horizontal and vertical addresses are routed to the
linear address generator where they nre processed for
proper control of the display memory, The hinear
address generator, Block 12, must address the display
memory ennsistent with a horizontal ragter sean format
of character display. This format is illustrated in figure
133, Each sean hine forms one line of a character row,
enach character row containing 72 characters. A totnl of
S aean lines are required to complete one row of charac-
ters. The hinear address generator must therefore
sequentinlly generate the address of each of the 72 char-
acters in the row as the raster is scanned from left to
right. Upon completion of the scan line the linear
address generator must repeat this sequence, agnin
starting with the address of the first character in the
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row The sequence is repeated atatad of 9times, complet-
ing the character row. [nstend of starting with the
address of the first character of the completed row, the
address generator will eontinue on to the address of the
first character of the next character row. This procedure
1 carried out for all 24 character raws of the display for
each frame of the viden display. A microcomputer
londed base register is examined at the beginning of the
videa frame and is used as the starting address of the
first character row displaved. This allows for easy hard-
ware serolling of the display information.

As the display memory is being addressed its datn is
presented to the character generator, as illustrated in
Block 15, The character generator is a 20148 hyte read
anly memory progriommed with the dot patterns repre-
senting each character. This dot pattern takes the form
af a7 hy 9dot matrix as shown in Figure 135 The actual
form af storage in the ROM allows one hivte, or B bits, for
every line of dots in the character. Sinee nnly 7 bils are
required to gtore one line, the 8th bt is discarded. Each
choracter s comprised of 9 lines of dots and therefore
requires 1 9 hyte hloek of storage in the ROM

The chararter data from the display memory acts ps an
address to the ROM . to select the actual 9 byte hlock of
dots representing the character to be displaved. Signals
from the vertical timing genvrator also net as addresses
ta select the proper line of dots, ar hyte, in the 9 byte
bloek t be displaved. The selected line of dots appears
at the output of the character generator ROM and is
then loaded ints s shift register, Block 16 The shilt
register, Inaded with the 7 dots, shifts them out senally,
Adotat a time as viden information. On completion, the
shift regrester anee again is loaded with a line of dots
representing one hine of the next character to be dis-
plaved. This sequence is repeated for every line of every
character in the display.

The resulting viden information entput by the shift reg-
ister is combined with honzontal and vertieal syne and
blanking signals n the video combiner. as shown in
blaek 17, The composite video output of the combiner is
an EIA RS270 compatible signal supplying 1.4 V pp
videa into n 75 ohm load. Figure O35 illustrates the
characteristics of the video output. Horizontal and verti-
cal timing specifications for 60 Hz and 50 Hz units are
found in Table B-1.

60Mz 50 Mz
Line Time 63 86us 63 86us
Line Freg 15660H2 15660H 2
Frame Time 16 67ms 19.99ms
Frame Freq 60 00Hz 50 03Hz
Lines/Frame 261 33
Horz Sync 5 00us 5 D0us
Horz Blanking 18 7Bus 18 78us
Vert Sync 574 7us 574 7us
Vert Blanking 2 B7ms 6 19m=

Table B-1

60 Hz and 50 Hz Video Timing

ANALOG SECTION (Figure B-2)
WITY and Morge awdio signals enter the Maodel 800
through the input fevel contrnl. The input level control
allows continuous attenuation of the input audio to pro.
vide for limiterless reception in the RTTY mades and to
control threshold detection of the Morse signal Follow-
ing the input level control, the signal enters into o high-
pass filter, as shown in Block 1. The high-pass filter
suppresses lawer frequency signals that may interfere
with the signal of interest by capturing the limiter,

Afler passing through the high-pass filter the audiao
stgnal may take one or two paths, In the 170 Hz shift
mle the signal deviates sueh a smuall percentage of the
typreal receiver’s handwideh that additional filtering
abave the frequeney of interest is also helpful, therefore
A dow pass filter i also provided :n thes mode, as shown
in Block 2. This has the effect of o bandpass filter con.
tered airound the 170 Hz shift signal and in effect elimi
nates troublesome signals that may have been passed
by the recoiver's hroad bandwidth. However, the &0 Hz
space signal is so close 1o the apper frequeney limit of
the receiver handwidth that further filtering would
accomplish hittle Therefore, in the 850 Hz mode, the
suirnal is ronted direetly 1o the limiter stape, Block 1

The Beniter s o high gain amphifier that increases the
mput signisl o known level in preparation for demodu-
It The limited signal s passed on to the mark and
space disertmiators, as ilustrated in Blocks 4a
through 4d, The discriminators separate the mark and
space <irnals by passing the tone of interest and sup-
pressing the other. The output of each dizscriminator i
ferl to the tuning indicator, ax shown in Rlock 5 The
tuning indieator i controlled by the microcomputer and
processes the mark and space signals for display as the
on sereen tuning har. The output of ench discriminator
also feeds o full wave rectilier to detect the mark and
space pulses. The foll wave rectifiers are gshown in
Blocks 6 and 6b. The mark is detected as a positive
voltage and the spnce ns a negative voltage. The mark
and spaee voltages are then combined and filtered in the
low-pass filter shown tn Block 7 The low pass filter
removes the high frequeney earrier component of the
mark and space signals and vields a bipolar base-band
sugnal contaning only mark and space information.

The base-band mark and space information is corrected
such that the positive and negative excursions are of
equal amplitude. This function is accomplished by the
automatic threshold computer shown in Block & The
action of the automatic threshold computer helps eor
rect amphitude distortion due to selective fading. The
correeted base boand information is presented to the
slicer, Block 9. The silcer. an open loop amplifier,
squares up the distorted but amplitude corrected pulses
and conditions them for TTL Clransistor Transistor
Logic) compatibility. Onee ‘7T compatible, the signal
1 input to the serial channel of the microcomputer for
decoding and display.
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