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1. SYSTEM NAMES AND PHRASES:

CLOVER: (all caps); The generic nanme of a class of nodul ation
waveforms that use sequential anplitude-shaped tone pul ses
to send data. CLOVER waveforns have a tightly controlled
frequency spectra. The data nodul ation may be forns or
conbi nat i ons of frequency, phase, or anplitude shift
nmodul ation of a tone pulse (FSM PSM or ASM. The nunber
of tone pulses used and specific details of nodulation,
error correction, and other protocol issues are defined as
specific sub-sets of CLOVER, i.e., CLOVER-I, CLOVER-II, etc.
The generic word "CLOVER' may be wused as a shortened
description wthin a docunent if the document otherw se
makes a clear distinction as to which sub-set is discussed.

CLOVER-1: (all caps); The specific sub-set of CLOVER that uses
one tone frequency and has an interference bandwi dth of 100
Hz. CLOVER-I is the waveform described by Ray Petit in his
EX article in July, 1990 QEX

CLOVER-11: (all caps); The specific sub-set of CLOVER that uses
four tone frequencies and has an interference bandwi dth of
500 Hz. CLOVER-Il is the waveformfirst described by Ray
Petit at the ARRL Conmputer Networking Conference in San
Jose, CA in Septenmber, 1991. CLOVER-Il is also the waveform

first inplenented using "SUWER CLOVER' hardware and refined
for use in PCl-4000 hardware.

SUMVER CLOVER: (all caps); The specific hardware platform used
from July, 1991 through Novenber, 1991 to develop the
CLOVER-11 waveform replaced 1/1/92 by PCl-4000 hardware.

PCl -4000: (all caps); The IBMconpatible plug-in card hardware
that will be used as the first product that includes the
CLOVER-11 waveform The PCl-4000 may also be wused to
support ot her nodem waveforns. Related HAL Part Nunbers:

900- 04000: Conpl et e PCl - 4000/ PC- CLOVER pr oduct
I ncl udes:

930- 04000: Assenbl ed PCl -4000 circuit board

970- 04000: Accessories for PCl-4000

870- 04000: PCl - 4000 REFERENCE MANUAL

870- 04001: PC- CLOVER OPERATOR S MANUAL

865- 040yz: PC- CLOVER & Downl oad Software, Vy.z

675-403yz: PCl - 4000 Firmmvare ROM U3, W.z

675-406yz: PCl - 4000 Firmmvare ROM U6, VWy.z



PC-CLOVER, PCC (all caps): The PC based application software
program furnished with the PCl-4000 to provide single-user
control and operation of CLOVER-1| operating in PCl -4000
har dwar e.

Host; Host Conputer: In CLOVER-I1 as inplenented in the PCl-
4000, the "host computer" is the |BMconpatible computer
that contains the PCl-4000 card and runs the application
sof t war e. Avoi d the phrase "host processor"” to refer to
t he 68ECO00 - use "Control Processor".

Control Processor: The 68ECO00 nicroprocessor on the PCl -4000
circuit board.

Digital Signal Processor; DSP (all caps): The DSP56001 digital
signal m croprocessor on the PCl-4000 circuit board.

A/D (all caps): The analog-to-digital converter IC or process in
the PC -4000. Audio input to the PCI-4000 passes through
the 16 bit signma-delta A/ D device.

DA (all caps): The digital-to-analog converter IC or process in
the PCl-4000. Audio output fromthe PC -4000 passes through
the 16-bit D/ A device.

2. CLOVER-I1 MODES:

ARQ Mbde: (ARQ = all caps); The Automatic Repeat reQuest error
correction node of CLOVER-II. ARQis a linked node of
conmuni cati ons between two CLOVER- equi pped stations. Dat a
is transmitted in bursts by each transmitter/receiver
station. This has also been called the "CLOVER dialog
protocol " and the "point-to-point protocol".

CQ Mode: An ARQ node in which a CLOVER-I1 station may initiate a
generic link request call. Receiving stations display "CQ
from[H SCALL]" and are offered the choice to link with the
calling station.

Chat Mode: An ARQ node whi ch supports slow data transfer between
two "keyboard operators”. Al data is transferred via the
CCB's at a rate of 6 bytes per 2.7 seconds. VWhen pre-
buffered transmt data exceeds 255 bytes, ARQ automatically
shifts into an ARQ bl ock node (1-way or 2-way ARQ.

1-\Way ARQ Mode: An ARQ node in which one station sends a |I|arge
vol ume of data. Wien a station's pre-buffered transnit data
exceeds 255 bytes, ARQ shifts into block npde sending
bet ween 226 and 1356 data bytes in each 20 second ARQ bl ock
frane. The other station remains in "Chat Mdde" to pass
commands and ot her "order-wire" type data.



2-V\ay ARQ Mbde: An ARQ node in which both stations send |arge

vol umes of data. Both stations operate in block node,
sending alternate 20 second bl ocks of data. Transition of
either station from"Chat" to "Bl ock” npde is autonatic.

Adaptive ARQ Mdde: The normal ARQ node of operation in which

receive signal quality is exam ned and used to command the
nmodul ation to be used by the sending station. Adaptive ARQ
works in both direction and each direction of the Ilink is
control | ed i ndependently. The effective data throughput of
a 1-\Way ARQ |link varies between 8 and 70 byt es-per-second,
dependi ng upon current propagation conditions.

Manual ARQ Mode; NMAN-ARQ (all caps): An experinental ARQ node in

whi ch wavef orm paraneters are set nmanually be each station.
Manual ARQ waveform nodes are linited to those used in AUTO
ARQ nopde (BPSM through 16P4A; 60% 75% or 90% 255 byte
bl ocks) . The Manual ARQ nodul ati on may be changed while
i nked but the code efficiency may only be adjusted when in
standby (STBY) condition. Mnual ARQ code efficiency is set
via the BIAS conmmand in the Adaptive ARQ nenu of the
Configurati on page (Robust = 60% Normal = 75% Fast = 90%.

FEC Mbde: (FEC = all caps); The node used by CLOVER-1I for one-

way "broadcast" transmi ssion fromone station to one or nore
receiving stations. Although both "ARQ Mdde" and "FEC Mode"
use forms of Forward Error Correction techniques, the term

"FEC' shall be wused to describe this node rather than
"Broadcast"” to parallel current AMIOR/ SITOR usage and to
avoi d the negative amateur connotation of "broadcast". FEC

has also been called the "point-to-nmultipoint” node of
CLOVER.

Listen Mode: The node used by CLOVER-11 receiving stations to

Test

listen to CLOVER ARQ or FEC node transni ssions. Listen Mde
does not require that the listening station be linked to
print an ARQ node transnmission, but full ARQ error
correction is not avail able.

Mode: A node that sets the transmtter PTT l[ine to TX and
outputs a single-tone or four-tone CLOVER waveform but sends
no data. Test node is used to adjust transmitter and
antenna controls and set nmaxi mumtransm tter power output.



3. TRANSM SSI ON FORNAT:

CLOVER Control Block; CCB (all caps): Each CLOVER transm ssion
uses a CLOVER Control Block that to synchronizati on and node
information. Only one CCB is sent per transmitter-ON cycle.
The CCB is always sent using the waveform of 17 byte bl ocks
and 60% error correction efficiency. In ARQ nodes, the CCB
is always sent using BPSM nodul ati on; 2DPSM nodul ation is
used in FEC node. The CCB is followed by one or nore Error
Corrector Blocks (ECB) of data. The CCB has also been
called the "preanble".

Data Fiel d: The error-correction encoded data sent in each
CLOVER-11 transmi ssion. The data field may contain one or
nmore Error Correction Blocks (ECB's). Wien Adaptive ARQ
node is used, waveform paraneters vary to match transm ssion
condi tions. Waveform paraneters are fixed in Mnual ARQ
node and FEC node.

ARQ For mat : ARQ nodes use two transmission formats: (1) CCB
Frames, and (2) Miulti-block Data Frames.

ARQ CCB Frane; The CCB frane is the |lowest |ink-l1evel of the ARQ
protocol and is used for all ARQ mai ntenance activities. A
CCB frame lasts 2.720 seconds and both stations send CCB s
using BPSM nodul ation, 17 byte bl ocks and maxi mum Reed-
Sol onon error correction (60%efficiency). The CCB frane is
al so used for |low rate conmuni cations, passing up to 6 data
bytes in each direction per frame. The CCB frame is shown
i n drawi ng C1557.

ARQ Mul ti-block Data Frame: Milti-block data frames are used to
send large quantities of data in ARQ node. The tine Ilength
of all multi-block ARQ data frames is 19.488 seconds. ARQ
data bl ocks are al ways 255 bytes long. The nodul ation used
for the data bl ocks varies from BPSMto 16P4A. The error
correction efficiency (ECC EFFIC) is determ ned by the ARQ
bias chosen (60% for ROBUST, 75%for NORMAL, or 90% for
FAST). Each data bl ock includes a check sum Bl ocks whose
errors exceed the Reed-Solonon recovery capacity are
sel ectively repeated. Both 1-Way and 2-\Way ARQ node use the
multi-block data format. The Multi-block ARQ format is
shown in draw ng C1558.

FEC Mul ti-block Data Frame: Milti-block data frames are used for
all FEC transm ssions. As shown in drawi ng C1556, each FEC
frame includes (1) a synchronizing sequence bl ock, (2) a CCB
(2DPSM, and (3) 3 to 9 data bl ocks. No- si gnal "gaps”
separate each elenment of the format. Data is sent only via
the data bl ocks and may be sent using 2DPSM through 16P4A
nodul ati on.



4. WAVEFORM The CLOVER-II waveformincludes three variable
paranmeters: (1) FError-correction BLOCK SIZE, (2) Error-
correction Efficiency (ECC EFFI C), and MODULATI ON f or mat .

4.1 Error Correction:

Reed- Sol omon Error Correction; RSEC (all caps): The error
correction algorithmused in the CLOVER-11 waveform

Error Corrector Block; ECB (all caps): The data bl ock defined by
the Reed-Sol onon Error Correction (RSEC) algorithm Error
correction is applied to data bytes within the ECB. A
transm ssion may include one or nore ECB' s.

BLOCK SIZE; BLK SIZE (all caps): The total ECB size in bytes.
The four BLOCK SIZE choices used in CLOVER- Il are 17, 51,
85, and 255 8-bit synbols (bytes). The nunber of characters
avail able for data varies with the ECC EFFI C chosen. BLOCK
SIZE does not include the CCB. ARQ node always uses 255
byte blocks; FEC uses 51, 85, and 255 byte bl ocks. A 17
byte bl ock size is always used for the CCB.

Error Correction Efficiency; ECC EFFIC (all caps): A definition

of the percentage of total RSEC synbols that are available
for transmtting data. In CLOVER-II:

8-Bit Data Bytes per ECB

[ <emmmen- ECC EFFIC -=-----n--- |
BLOCK SIZE  60% 75% 90% 100%
17 bytes 8 10 12 14
51 byt es 28 36 42 48
85 byt es 48 60 74 82

255 byt es 150 188 226 252

Correctable Errors Per Block; CEPB (all caps): The nunber of
character errors that may be corrected by the RSEC without
requiring repeat transm ssions in ARQ node or data loss in
FEC node. In CLOVER-II:

CEPB
Correctabl e Data byte Errors per ECB
[---------- ECC EFFIC ----------- |
BLOCK SI ZE 60% 75% 90% 100%
17 bytes 1 1 0 0
51 bytes 9 5 2 0
85 bytes 16 10 3 0
255 bytes 50 31 12 0



Check- Sum A 16-bit check-sum attached to each ARQ node

4.2

Modu

transmtter burst that triggers ARQ repeat correction when
errors exceed the capacity of the RSEC.

Modul ati on:
ation Channel: One of four audio frequency channels (1, 2,
3, 4) that may be selected for CLOVER-1|l nodul ation. The

avail able center frequencies are: 750 Hz (CH1), 1250 Hz
(CH2), 1750 Hz (CH3), and 2250 Hz (CH4). Both the sending
and receiving stations nust coordinate which nodulation

channel (and radio frequency) is to be used. Channel 4 (Fc
= 2250 Hz) is the default audio channel. Each channel has
an interference bandwi dth of 500 Hz. This has also been
called the "Voice Subchannel" in some descriptions. The
CLOVER-11 tone channel frequencies are:
CHAN 1 CHAN 2 CHAN 3 CHAN 4

Fc 750.0 Hz 1250.0 Hz 1750.0 Hz 2250.0 Hz

F1 562.5 Hz 1062.5 Hz 1562.5 Hz 2062.5 Hz

F2 687.5 Hz 1187.5 Hz 1687.5 Hz 2187.5 Hz

F3 812.5 Hz 1312.5 Hz 1812.5 Hz 2312.5 Hz

F4 937.5 Hz 1437.5 Hz 1937.5 Hz 2437.5 Hz

Bandwi dt h, Interference Bandw dth, Cccupied Bandwi dth: The tota

Tone

bandwi dth required for transm ssion of a CLOVER waveform
This bandwidth is 500 Hz for CLOVER-I1; 100 Hz for CLOVER-I.
CLOVER emission bandwidth is the same for all nodulation
nodes. The HAL definition of a CLOVER waveform bandw dth
shall always be the bandwidth neasured on a spectrum
anal yzer for the audi o nodul ator output points that are 50
dB below the peak level. The generic and unqualified word
"bandwi dt h" rmust be wused carefully since it is wusually
interpreted as the "-3 dB" or "-6 dB" bandw dth; wuse
"interference bandw dth" or "occupi ed bandw dth"

Pul se: The shaped-anplitude pulse at a defined audi o center
frequency used by CLOVER waveforms to send data. The tone
pul se itself nmay be nodulated by changing the phase or
anpl i tude between one tone pulse and its next occurrence.

Dol ph- Chebychev; D-C (all caps): The anplitude-shaping function

applied to each CLOVER-11 tone pulse to produce a conpact
and bandw dth efficient frequency spectra.



Tone Pul se Sequence; TPS (all caps): A repetitive sequence of

tone pulses, each at different center frequencies. The
CLOVER- 1 | waveform uses four tone pulses, spaced in
frequency by 125 Hz and each center frequency at an odd
multiple of 62.5 Hz. The sequence repeats in ascending
frequency order fromthe | owest to highest frequency (i.e.
2062.5 - 2187.5 - 2312.5 - 2437.5 - 2062.5 - etc. for
nmodul ati on channel #4, centered at 2250 Hz. Data is sent by
changi ng the phase or anplitude of each tone pul se between
its sequential transm ssions.

Phase Shift Moddul ation; PSM (all caps): Modulation of a CLOVER

Anpl

t one pul se by changing its phase between sequenti al

transm ssions of that tone pulse. CLOVER-Il uses 4 fornms of

PSM Bi nary Phase Shift Mdul ati on (BPSM, Quad Phase Shift

Modul ation (QPSM, 8-level Phase Shift Mdulation (8PSM,

and 16-1level Phase Shift Mdul ation (16PSM . The term
"Phase Shift Keying" (PSK) is not used to avoid confusion
between w de-bandwi dth PSK nodulation of a cont i nuous
carrier and CLOVER s phase nodul ati on between tone pul ses.

tude Shift Modul ation; ASM (all caps): Modul ation of a
CLOVER tone pulse by changing its anplitude bet ween
sequential transm ssions of that tone pulse. CLOVER- Il uses

two forms of ASM 2-1evel Anplitude Shift Mdul ati on (2ASM,

and four-1level Anplitude Shift Mdul ation (4ASM. The term
"Amplitude Shift Keying" (ASK) is not wused to avoi d
confusion with w de-bandw dt h ASK nodul ati on of a conti nuous
carrier and CLOVER s anplitude nodulation between tone
pul ses.

Frequency Shift Modul ation; FSM (all caps): Data nodul ati on by

alternate OV OFF transm ssion of tone pairs in the CLOVER-I1
4-tone sequence. CLOVER-II supports two forns of FSM 2-
bit FSM (2FSM in which one bit is sent via tones 1 and 3
and the other bit by tones 2 and 4, and Diversity FSM ( DFSM
in which the sane data bit sent using tone pairs 1 and 3 and
pairs 2 and 4 to provide frequency diversity. The term
"Frequency Shift Keying" (FSK) is not wused to avoi d
confusion with w de-bandw dt h FSK nodul ati on of a conti nuous
carrier and CLOVER s OV OFF sel ection of tone pulses wthin
t he sequence.



Modul ati on For mat : CLOVER-1l may wuse up to 11 di fferent
nmodul ation formats. Current inplenentation uses 8 of these
formats (CWID and 2DPSM t hrough 16P4A). The formats are:

1 4 channel pul se OV OFF keyi ng (CWID;, not data)
2 Di versity pul se-frequency-position (DFSM 31. 25 bps)
3 Quad-di versity binary PSM (4DPSM  31. 25 bps)
4 2-channel pul se-frequency-position (FSM 62.5 bps)
5 Dual -di versity binary PSM (2DPSM 62.5 bps)
6 4- channel parallel binary PSM (BPSM 125 bps)
7 4 channel parallel quadrature PSM (QPSM 250 bps)
8 4-channel parallel 8-ary PSM (8PSM 375 bps)
9 4-channel 8PSM plus 2 | evel ASM (8P2ASM 500 bps)
A 4-channel parallel 16-ary PSM (16PSM 500 bps)
B 4- channel 16PSM plus 4 | evel ASM (16P4ASM 750 bps)

CCl R Emi ssi on: The CCIR emssion designator for CLOVER- 1 |
nodul ation is:

500H J2 DEN or 500H J2 BEN

Crest Factor: The peak-to-average ratio of the transmtted e
signal. For CLOVER-1l nodul ation:

Crest Factor <= 2:1 (voltage)
<= 6 dB (power)

5. ARQ MCDE PARAMETERS:

Connect; Connection: The formal |inking of two CLOVER ARQ node
stations by exchange of call-signs and synchronizing data.

NORM Connection; NORM (all caps): The short tine duration
calling node used to establish a prelimnary |ink between
two CLOVER-Il ARQ node stations. A NORM connect provides
early call-sign recognition for control of frequency
scanni ng stations. A formal CLOVER connect sequence
("ROBUST") follows after a NORM connection is nade. The
NORM  connection node wll connect when condi tions
approxi mate the throughput of AMIOR (5-6 characters-per-
second) . This is the normal node to use when |linking two
ARQ stations. This has al so been called the "FAST* and
"Pi ng" connecti on node.

ROBUST Connection; ROBUST (all caps): A connection node that may
be used when transm ssion conditions are very poor. ROBUST
wi | I connect using BPSM nodes at very | ow throughput.

NORM Ret ry: The nunber of connection retries that will be nade
when the NORM connection node is used.

ROBUST Retry: The nunber of connection retries that will be nmade
when the ROBUST connection node is used.



FAIL Retry: The nunber of connection retries that will be nade
when the link fails. |If restored, the connection wll be
the sane type as made originally (NORM or ROBUST).

Di sconnect; END (all caps): The procedure and signal that
di sconnects two CLOVER-11 stations in ARQ node and ends the
link. END is also used in FEC node to signal the conpletion
of that transm ssion.

Nor mal Di sconnect: The standard di sconnect procedure used in ARQ
node that ends the transmi ssion after all previously | oaded
transmt data has been sent and acknow edged in ARQ node.

| mredi at e Di sconnect: A disconnect signal that does not wait for
an acknow edgnent fromthe other station. The inmediate
di sconnect is used to term nate an FEC transm ssion.

Imrediate Stop Transmit; Panic Kill; KILL (all caps): The
transmitter is imediately inhibited wthout conpleting
pendi ng data or sending a disconnect signal. A KILL does

not "cleanly" end an ARQ li nk.

Call Sign: The identifying text string (8 characters maxi num
used to identify and selectively link to each station in ARQ
node.

MYCALL; My (all caps): The call sign of the local station.

H SCALL; H'S (all caps): The call sign of the station being
cal I ed.

SCAN- CONTROL (all caps): The output signal that may be used to
i ndi cate that an ARQ connection has been made; often used to
control frequency-scan circuits; also called SEL-CAL output.
The SCAN- CONTROL signal may be set to CONT (continuous) or
PULSE. In CONT node, the signal is pulled to ground when
the ARQ connection is established and remains in this state
until disconnection. |In PULSE node, the signal is pulsed to
ground at link-up for 0.4 seconds and then remains open
until disconnect at which tine it is again pulsed to ground.

ARQ Frame, ARQ Tine Frane: |In CLOVER ARQ node, the tinme between
the start of a transmitter pulse and the start of the next
transmtter pulse fromthat sane station. This definition
parallels that wused for a "frame" of other ARQ t ype
enm ssions - such as SITOR and AMTOR. The CLOVER- Il ARQ tinme
frane is either 2.784 seconds (CCB-only, "Chat Mbde") or
19. 488 seconds | ong (1-Way or 2-Way bl ock nopdes).

Transmit Burst; TB (all caps): In CLOVER- Il ARQ node, a single
transmtter pulse. A TB includes a preanble and one or nore
error corrector blocks (ECB) of data. The "TB Ilength" is
the time length of the entire transmtter-ON period,
including the CCB and ECB data field.



Adaptive ARQ In CLOVER- Il ARQ node, the process by which the
receiving station neasures signal quality paranmeters of the
received signal and adjusts the format of the transmitting
signal to maxim ze data throughput. The signal quality of
the recei ved signal sets the nodul ati on node transmtted by
the other ARQ station (BPSM through 16P4A). CLOVER- 1 |
adaptive control is dynamic and automatic. Adaptive control
is available only in ARQ node and not in FEC node.

AUTO ARQ Mode; AUTO ARQ (all caps): Sane as "Adaptive Control".

AUTO BIAS; ARQBIAS; (all caps): The control strategy used in
AUTO ARQ node to change waveform paraneters. Three options
are available: (1) FAST, (2) NORM and (3) ROBUST. FAST
BI AS causes CLOVER-I1 to shift waveform nodes quickly and
uses the | owest amount of Reed- Sol onon error correction (ECC

EFFIC = 909%. FAST is nost wuseful when transm ssion
conditions are stable or change slowy. Using ROBUST bias,
CLOVER-11 changes waveform parameters slowy and the maxi mum

error correction is used (ECC EFFIC = 60% . ROBUST is nost
useful when transm ssion conditions are unstable and/or
qui ckly changing. NORM BIAS is the conpromse setting
between FAST and ROBUST and uses 75% Reed-Sol onon error
correction efficiency.

The BIAS option of the Adaptive ARQ nenu on t he
Configuration page of PC-CLOVER sets the bias and therefore
code efficiency for both AUTO ARQ and Manual - ARQ nodes.

AUTOPONER (all caps): A feature of AUTO ARQ node in which the
transmtter power of H' S station is adjusted based on SNR of
the received signal at My station. AUTOPOAER may be set ON
or OFF.

6. PERFORMANCE PARAMETERS:

Base Rate: The raw bits-per-second (BPS) data rate wthin the
CLOVER-11 data field. The base rate is determ ned only by
the nodul ati on waveform chosen and does not include the
effects of error correction overhead or ARQ frane overhead.

Thr oughput; Data Throughput: In CLOVER-Il applications that send
al phanuneric text or other data formatted in 8-bit bytes,
the throughput is a neasure of the quantity of 8-bit data
characters or bytes that are passed per unit time by CLOVER
transmssions in one direction (units = bytes-per-second
(byps)). In ARQ node, the throughput is the nunber of data
bytes transmitted during a transmtter burst (TB) divided by
the ARQ Frame Length in seconds. In FEC node, t he
throughput is the nunber of data bytes transmtted per
second during one FEC transmn ssion.



Channel Throughput: A nmeasure of the two-way performance in ARQ

node. The channel throughput is the total of byt es
transmtted in both directions divided by the ARQ frane
| ength in seconds (units = byt es- per - second (byps).

Thr oughput, Data Throughput, and Channel Throughput are the
sanme i n FEC node.

S/N (all caps): The dB ratio of signal power to noise power in a
gi ven noi se bandw dt h.

Radio SN "Radio S/N' is neasured at the receiver audio output
with noise bandwidth set by the receiver filters; wused to
measure and conpare CLOVER perfornance to ot her data nodes.

CLOVER S/IN, SNR (all caps): CLOVER S/IN (SNR) is neasured after
data detection and processing over a very narrow bandw dth;
used for adaptive control. For the sane signal:

CLOVER S/ N >> Radio S/ N

Frequency O fset; FRQ (all caps): A paraneter output from the
PCl -4000 that indicates the tuning error on the received
signal .

Phase Dispersion; PHS (all caps): A log paraneter output from
the PCl -4000 that indicates the amount of phase dispersion
("jitter™) on the received signal.

MY TX; MIX (all caps): A paraneter output by CLOVER-1I from the
PCl - 4000 that indicates the percentage output power from MY
transmtter when AUTOPONER i s used.

HS TX; HIX (all caps): A paraneter output by CLOVER-I1 fromthe
PCl - 4000 that indicates the percentage output power fromH S
transmtter when AUTOPONER i s used.

Channel Spectra Data: Paraneters output by CLOVER-II from the
PCl - 4000 that indicate received signal spectra. The NARROW
option outputs data in 62.5 Hz increments at ei ght
frequencies wthin the selected audi o channel (#1 through
#4) . The WDE option outputs 20 sets of data in 125 Hz
increnents from500 Hz to 3000 Hz. The anplitude output of
each frequency increnent is in 0.5 dB steps.



CLOVER GLOSSARY
HAL Engi neeri ng Docunment E2000 REV A
10 April 1992

REVI SI ON A CHANGES

Pl ease replace the foll ow ng pages of E2000 REV - with new REV A
pages:

Page Change
0 Revi sion Level (DW5 # E2000 REV A)
1 Revi si on Level
6 Descri pti on of Robust—ennection

Changes to each page are indicated by left margin vertical bars.

Di scussi on:

In current CLOVER-Il software, the "ROBUST" ARQ connection node
uses only frequency shift nodul ation (FSM waveforns (#2 & #4 in
table of Page 6). Wile the data rate of these waveforns is slow
(31.25 or 62.5 bps), FSMcan be used under highly dispersive
i onosphere conditions that would not support use of phase or
anpl i tude shift nodul ati on (PSM ASM wavefornms. FSM nodes do not
i npose stringent frequency or phase stability requirenents.

At present (4/10/92), the ARQ connection node and waveforns
avail able are linked. A NORM connection may use PSM and ASM
nodes (#3, and #5 through B); a ROBUST-connection may use FSM
waveforms (# 2 and #4). It is planned that this |linkage will be
renoved and that AUTOARQwi Il transition freely between FSM and
PSM ASM waveformnms as conditions require; once |linked, the ful
set of waveforns can be used in either connection node.

However, it is also planned to continue to provide two connection
nodes - NORM and ROBUST. These nodes would then set only the
m ni mum signal quality required to establish an ARQIlink. It is
suggested that applications that use frequency scanning may
prefer to use NORM node and not connect at a given frequency if
conditions are very poor or marginal; it is better frequency
managenent to shift to a different frequency on which the data
t hroughput will be higher. ROBUST connection node can be used if
multiple frequency access is not available and data transfer is
requi red even under poor conditions and at slow rates.

Pl ease add this page to the end of E2000 REV A.



CLOVER GLOSSARY
HAL Engi neeri ng Docunent E2000 REV B
20 May 1992

REVI SI ON B CHANGES

The follow ng pages conpletely replace docunent E2000 REV A
Pl ease discard REV A and use the enclosed REV B for all work.

Changes between REV A and REV B are indicated by left nmargin
vertical bars.

Di scussi on:

1. The differences between the CLOVER Control Block (CCB) and
Error Corrector Block (ECB) and the relationship between ECB and
BLOCK size are clarified.

2. The PCl-4000 and PC-CLOVER wi || support 4 rather than 5 audio
channels as indicated in sone sections of REV B. This change
recogni zes the bandw dth and bandpass limtations of currently
avail able HF radio transmtters and receivers.

3. The difference between NORM and ROBUST Connections (see page
6) is only in the quality of signal required at the tine that an
ARQ connection is made. A NORM connection favors a |link that
will support data throughput at or above typi cal AMIOR
performance (5-6 characters-per-second). This is the favored
connection node iif other frequencies may be used, as when
contacting a frequency-scanning station. Wen the ROBUST node is
used, an ARQ connection will be nmade even under poor conditions
when the auto-adaptive data throughput will be very slow. A
ROBUST connection may be used when a |ink must be made regardl ess
of conditions and nore favorable frequencies are not avail able.
Regardl ess of which connection node is used, once I|inked, the
aut o- adaptive ARQ control will adjust waveform paraneters over
the full range of CLOVER-11 capabilities.

NOTE: This is a change in philosophy fromthat described in REV
A revision notes.

4. Various typographical errors are corrected.

Pl ease add this page to the end of E2000 REV B.



CLOVER GLOSSARY
HAL Engi neeri ng Docunment E2000 REV C
31 Cctober 1992

REVI SI ON C CHANGES

The follow ng pages conpletely replace docunent E2000 REV B.
Pl ease discard REV B and use REV C for all work. Changes between
REV B and REV C are indicated by left margin vertical bars.

Di scussi on:

1. Three drawi ngs are added to this docunent. C1556, C1557, and
C1558 show the FEC and ARQ tinme formats used by CLOVER-11.

2. PC CLOVER and PCl -4000 downl oad software will be supplied on
the same distribution diskette. Separate HAL part nunbers for
two di skettes are no | onger required.

3. Descriptions of CQ Mdde, Chat Mde, 1-Way ARQ and 2-VWay ARQ
are added to section 2 (pp 2 & 3).

4. Descriptions of the ARQ CCB, ARQ Multi-block, and FEC fornmats
are added to section 3 (p. 4).

5. FErrors in the Error Correction Efficiency and the Correctable
Data Byte Errors per PCB tables on Page 5 have been corrected.

6. The four CLOVER-I1 nodul ation channels and tone frequencies
of each are presented in a new table on page 6.

7. The factory default nodul ation channel for CLOVER-II is
changed from CHAN 3 @Fc = 1750 Hz (REV B and earlier) to CHAN 4
@ Fc = 2250 Hz. This nakes the CLOVER- Il audio pass band

conpatible wth that required for "high-tone" AMIOR HF Packet,
and RTTY (2125/2295 or 2110/2310 Hz).

8. New definitions for the CLOVER- 11 CCOR Em ssion designator
and nodul ation Crest Factor are included on page 8.

9. ARQ franme tinmes are corrected on page 9.

10. Adaptive ARQ and AUTO BI AS descriptions (p. 10) are revised
11. Throughput is now defined in units of Dbytes-per-second
(byps). Units of characters-per-second (cps) are reserved for
use when data conpression coding is added (pp 10 & 11).

12. Various typographical errors are corrected.

Pl ease add this page to the end of E2000 REV C.



CLOVER GLOSSARY
HAL Engi neeri ng Docunment E2000 REV D
30 Novenber 1992

REVI SI ON D CHANGES

The foll owi ng pages conpletely replace docunents E2000 REV B and
E2000 REV C. Pl ease discard previous versions and use REV D for
all  work. REV C was changed before distribution beyond HAL
staff. Therefore all changes nmade by REV C and REV D are shown
by left margin vertical bars (all changes since REV B)

Di scussi on:

1. Chat node continues until buffered transmt data exceeds 255
bytes, not 32 bytes as reported in REV C (p. 2).

2. The nodul ati on node of Manual ARQ may be changed while
i nked. Code efficiency may be changed only when not |inked.
Code efficiency is via the BIAS option on the Configuration Page
1 of PCCLOVER This bias affects both AUTO and Manual - ARQ
operation. Block is always fixed at 255 bytes for all ARQ nodes

(pp.- 3, 10).

3. Various typographical errors are corrected.

Pl ease add this page to the end of E2000 REV D



