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ABSTRACT

The CLOVER- Il four tone-pulse signal, mnethods of synchronization,
control and data nodes, Reed-Sol onon coder, and transm ssion proto-
col s are descri bed.

| NTRODUCTI ON

In a paper at last year's conferencel | reported results of
some on-the-air testing of a new HF data conmunication system |
have been devel oping over the last few years. These tests verified
ny expectation that the "d overleaf” system woul d provide very
wor t hwhi | e performance inprovenents over any mode in present amateur
use. The original version has been naned "CLOVER-1". It is distin-
gui shed by having data pul ses at one center frequency, practica
channel spacing of 100 Hz, error-corrected throughput of well over
100 bits/second in the best of conditions, and a requirenent for
very high frequency precision in the radios.

In August of last year | teamed up with Bill Henry (K9GWT) of
HAL Communi cations. W decided to pursue devel opnent of a second

version which we nanmed "CLOVER-11." This version has 500 Hz chan-
nel spacing and error-corrected throughput of over 500 bits/second
in the best conditions. It will work with existing synthesized

radi os of recent design. First production units are schedul ed for
delivery by early 1992. A patent application covering both ver-
sions was filed on July 8 of this year.

THE CLOVER-II| "CARRI ER'

The "Carrier" of the CLOVER-11 signal is a sequence of four over-
| appi ng pul ses havi ng snoot hl y-shaped anplitude envel opes and as-
cendi ng center frequencies. Each pulse has a duration of 32 ns

and successive pulses are offset by 8 ns. The pul se envel opes are
Dolph-Chebychev functions. The power spectrum of each pulse is at
| east 50 dB down outside its subchannel width of 125 Hz.  The pul se
at the lowest frequency begins at the frame origin. The pulse 125
Hz higher begins 8 ms after the origﬂn, t he pul se 250 Hz hi gher
begins 16 ns after the origin, and the pulse 375 Hz hi gher begins
24 ms after the origin. The peak-to-average power ratio (crest

factor) of this carrier is only 6 dB.

"Petit, R C (W7GHM), "The 'Coverleaf' Performance-oriented
HF Data Conmunication Systent, ARRL-CRRL 9th Conputer Networking

Conf erence, page 191
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~The CLOVER-II| carrier has been designed for 500 Hz channe
spacings. The spectrum of the CLOVER-I| signal is the same data
or no data, and regardless of the data speed. Four CLOVER-II| sig-
nals can fit into the 2-kHz space now required for the same |eve
of channel isolation with the narrowshift FSK nodes. Fig. 2 shows
measured power spectrum data for CLOVER-11, HF packet, and AMTOR.
As a test | set up one of the prototype CLOVER-II controllers to
report the total power level of an incomng CLOVER-IIl signal in the
lab. Then | noved the transmitter signal up exactly 500 Hz and got
a second neasurenent of the total power in the original receive
channel. There was a 52 4B difference.

One nmay Iogicalby ask, "Why not just stick to one tone pul se
frequency, as you did in CLOVER-I, and speed it up by a factor of
53" CLOVER takes a hint fromCW The duration of a pulse is much
longer than the uncertainties in time-of-arrivals due to multi-
path.  The energy in one CLOVER pulse is concentrated in a very
narrow band. Wen selective fade sets in, all of the pulse nore
or less fades in unison. The very high subchannel isolation per-

mits t he receiver to decode each subchannel independently, recover-
ing data even if a subchannel anplitude is many dB bel ow t hat of
i ts nei ghbors. Conpensation for channel variability (adaptive

equal i zation) is very easy with this arrangenent.
TIME AND FREQUENCY SYNCHRONI ZATI ON

CLOVER is a synchronous data-transm ssion schene. Two |evels

of synchronization are required. "Frame sync" positions the recei-
ve data-sanpling processor to the instant of maximum S/'N of the
four pulses in a frame. "Epoch sync” establishes the boundaries

of Reed- Sol onon codebl ocks. Both forms of sync are obtained during
the link-establishment process and are valid until a link reset
occurs, either for station ID every 10 mnutes or to recover from
a long series of decode failures.

Frane sync is obtained froma 1/2-second observation of the
CLOVER-I| carrier with a signal averaging process applied to the
pul se magnitudes. Epoch sync plus “target” station identification
IS obtained froma crosscorrelation between a byte pattern in which
the target station callsign is enbedded, and the "MycaLL" data of

each receiving station.

CLOVER uses differences in phase between successive pulses in
each subchannel as its primary data-transfer nmechanism At the
hi gher speeds, one of 16 phase |evels nmust be distinguished every
32 I's. frequency offset causing a phase drift of nore than plus
or mnus 1/320f a cycle in 32nms will produce errors. This is
only 1 Hz offset! By observing the phase changes near the maxi mums
of ‘'each of the four pulses in a frame, the CLOVER-I| receivVving
processor determnes the frequency offset between the two stations
and corrects for it. A tuning indicator will show this offset, and
an alarmwill be sent to the apPIication rogramif this offset
exceeds 10 Hz. Later versions of the CLOVER-Il software may make
provision for automatic fine tuning of the receiver. (However, a
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far better alternative, in my opinion, is to nake a stable syn-
t hesi zed radi o which can be phasel ocked to an accurate standard.
I provided diagrams for a sinple single-frequency stabilized radio
| ast year. 2 tinks using stabilized radios at both ends will deliver
better perfornance.)

DATA AND CONTROL MODES

CLOVER-Il has a suite of 7 nodulation nodes. These range from
sl ow and verK robust nodes for the very poor propagation conditions
up through the fast and fragile nodes for the very best band condi -
t1ons.

The first node is actually a set of three. In these nodes,
phase information is not used: only the subchannel anplitudes are
used. Data or control information is sent by omtting two of the
four pulses in a frame. |In the data-sending variant, it is a dual-
dlver5|tY format, 1 bit/frame, 31.25 bits per second. This node
is useful when conditions are so poor that phase-encoded inforna-
tion fails altogether. The other two variants are used for |ink
mai nt enance control signals.

The slowest phase nmode is "Quad Inband Diversity Binary Phase.”
Each of the four pulses in a frame carries the sme data bit. A
smart di versity conbiner in the receiver chooses the channel having
the conbi nation of highest anplitudes and nost nearly ideal phase
differences and reports its data as the best estinmate. The raw data
speed (not error-corrected) is one bit per frane, 31.25 bits per
second. This node has the ability to estimate the channel BER

~ The next four nodes encode data in ghase di fferences only,
using all four pulses. They use 2, 4, 8 and 16 phase |evels,
respectively, for raw data rates of 125, 250, 375, and 500 bits

per second.

The fastest node adds 4 anplitude levels to the 16 phase-
level node to get raw speeds of 750 bhits per second. The incom ng
signal will have to be very strong and the path verK_stabIe. The
receiver AGC will have to be off. I don't expect this node to be
usabl e very often.

REED- SOLOMON CODI NG AND BLOCK FORMAT

CLOVER uses |large block-size Reed-Solonon coding wthout
interleaving. Al processing is done on GF(2E8) using fast trans-
form net hods. The bl ock sizes are 17, 85, and 255 bytes, with
synbol -error correcting capacities of 1 to as many as 1/4 the total
number of symbols in the block. The nunber of data bytes in a bl ock
iI's (approximately) the block |ength mnus tw ce the maxi num nunber
of errors it can correct. Two bytes of every block are reserved

"Petit, R C (W7GHM), “Frequency-Stable Narrowband Transcei v-

er", ARRL-CRRL 9th Conputer Networking Conference, page 195
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for Iink maintenance data. Depending on the nodul ati on node and
bl ock size chosen, transmssion of a single block will take from
about one second to about one m nute.

LI NK- LEVEL PROTOCCLS

Three |ink-1evel protocols are in devel opment. The first is
a point-to-nultipoint somewhat |ike AMTOR FEC. The second is the
“dial og‘ protocol resenbling AMTOR ARQ The file-transfer protocol
is simlar to the dialog protocol except for two features. User
data is sent in only one direction, and single transm ssions may
contain many codebl ocks.

MONI TORI NG
If a CLOVER-I| controller receives a call not directed to it,
or hears a CLOVER-11 signal already on the channel, the controller

automatically goes into nonitor node, although if the user or
application program does not want to receive nonitored text, the
text output can be suppressed. The controller will not transmt
while it is in nonitor node, thus keeping the channel clear for the
session already in progress. Wen a session ends, both controllers
on the closing session transmt a distinctive l-second control
si gnal announcing their relinquishment of the channel. The receipt
of this signal, or a sustained “no carrier detect” condition,, enab-
les transmt states.

| MPLEMENTATI ON

The production version of the CLOVER-I| controller will be an
| B AT conpatible expansion card. Supplied with it will be a ter-
mnal program simlar to HAL'S "pC-AMTOR" for keyboardi ng users.
A "TNC EMULATOR' port on the rear panel wll permt packet BBS
sysops to convert their HF ports to CLOVER-I|l by sinply noving one
RS- 232 cabl e.
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