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Summary

Eurofix is a combination of Differential GPS and Loran-C, in which DGPS corrections are
transmitted to a user via additional phase modulation of the Loran-C signal. The nature of the
Loran-C signal structure only allows for very small bit rates. Despite these small bit rates,
position accuracies of 8 to 20 meter in the horizontal plane (95 %) can be achieved by utilising
atomic frequency references that are already present in Loran-C transmitters. The
specifications, set in the Federal Radio navigation Plan for Harbour Approaches (1992) can be
met. Using Eurofix, the user has a low-cost, accurate positioning system at his disposal with an
improved integrity and availability, compared to standard GPS or standard Loran-C.

The phase modulation mentioned above consists of advancing and delaying individual Loran-C
bursts alternately with an amount in the order of 1 us. By using balanced coding, the
modulation will hardly be noticed by a conventional receiver. A slightly modified Loran-C
receiver will be able to detect those individual burst shifts and will be able to decode the DGPS
data.

Various modulation methods are feasible. The performance (data rate and bit-error probability)
of each of these methods is discussed. This facilitates choosing an optimum in the trade-offs
between data rate and bit-error probability, between number of error control bits and effective
and between data link performance and "nuisance" for the conventional Loran-C user.
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1. Introduction

Integrated navigation is a topic of great
interest at the moment and the years to
come. International borders disappear at a
quick rate and people have become more
mobile. This generates larger flows of
traffic on the already overcrowded
infrastructures. The growing traffic load
can be fed into channels by utilising the
achievements of modern technology in the
field of radio navigation systems.

Safety and integrity play an important role
in the development of (new) radio
navigation systems: people entrust their
lives to those systems. That is why
demands on radio navigation systems have
become more stringent. Authorities oblige
large vessels for instance to have at least
two independent navigation systems
aboard. Integration of radio navigation
systems opens ways to a larger accuracy
and a larger integrity by combining the
strong points of 2 or more systems.

At the Delft University of Technology,
department of Electrical Engineering,
research is done on the integration of
Loran-C and GPS wunder the name
EUROFIX. In the Eurofix proposal the
Loran-C system is not only used for
navigation, but also for data transmission.
This data transmission feature will be used
to transmit DGPS data from a DGPS
reference station to a mobile user. With a
slightly modified Loran-C receiver, the user
will have DGPS information at his disposal,
which offers him a greater accuracy (10 to
20 meter) and a greater integrity. In this
way, DGPS corrections are available in a
large part of Europe at minimal user cost.

A preliminary Eurofix system has already
been proposed at several occasions. But
because there are a lot of new transmitters
planned in Europe, it is important to
convince the authorities to consider to
implement  Eurofix in these new
transmitters. For that reason some haste

was imperative, and just for that reason it
was decided to create a Eurofix test set-up.
One part of my graduation work was to
modify a Dynamic Dual-Chain Loran-C
simulator, to make it possible to transmit
Eurofix data in its preliminary form [11].
Together with a modified receiver it is then
possible to show that Eurofix can work
basically.

The datalink that is constituted in the
Eurofix proposal hasn't been the subject of
a thorough investigation. It is merely based
on the ideas of the Clarinet Pilgrim system
of the US Navy, in which the 6 last bursts
of a group of eight of a station are
somewhat shifted with respect to each
other. Using different shift patterns, data
can be transmitted. The other part of my
graduation work was to investigate this
data link and to find an answer to the
following questions: can the modulation
principle be improved, what data-rates can
be achieved, what bit-error rates can we
expect and what can we do about bit
errors, and how will Eurofix affect
conventional users?

The report in front of you describes the
second part of my graduation work: the
analysis of the properties of the Eurofix
data link.



2. Introduction to Eurofix

As mentioned in the introduction, Eurofix
is a combination of Loran-C and GPS. Why
this combination offers additional value to a
user, and how this is done, will be
explained in this section.

2.1 Differential GPS

The Global Positioning System (GPS) is a
satellite-based radio navigation and
positioning system, that is being operated
by the United States' Department of
Defence. This systems offers authorised
users accuracies of 10 to 20 meter (95
percentile level). Civilian users will have
access to a less accurate system: 100
meters. This worse accuracy is due to,
among others, the deliberate disturbances,
called Selective Availability, that the US
Department of Defence introduces into the
"civilian signal".

However, these inaccuracies can be
diminished for a great deal with Differential
GPS: a GPS receiver at an exactly known
location can calculate the error that is
introduced by S.A. When a mobile user
compensates his own GPS-position for this
error, he will have a better accuracy. The
ultimate mobile user DGPS accuracy
depends on the age of the compensation
message, because S A. varies in time and
on distance to the reference station
(because the common S.A. error
decorrelates in space). The only problem is:
how to supply a mobile user this correction
information? For this, a data
communication link is needed. The
International Association of Lighthouse
Authorities has proposed to let radio
beacons transmit DGPS data. In Eurofix,
Loran-C can constitute such a data link.
Although nothing has been decided yet on
the physical data link, the data that should
be transmitted is already standardised by
the Radio Technical Commission for

Maritime Services (RTCM). This DGPS
standard is known as SC-104.

2.2 The Eurofix solution

The Eurofix concept integrates
Navstar/GPS with Loran-C. Differential
GPS corrections are phase coded onto the
Loran-C signals. This can be done quite
easily and cheaply. The data rates that can
be established vary from 10 to 25 bits per
second, however, Beekhuis [10] showed
that, even with such a low data rate, a very
good DGPS performance can be achieved
(better than the specifications of the
Federal Radio navigation Plan for Harbour
Approaches), at the cost of using atomic
references in the DGPS reference station.
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Figure 2.1
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From a safety point of view, a lot of might want to have both a GPS- and a Loran-C receiver at
their disposal. They only need a slightly modified Loran-C receiver to have Differential GPS
corrections at their disposal as well. The Eurofix receiver concept can be described on the basis
of the following figure:

loran-C data

EUROFIX
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Figure 2.2

The Eurofix Loran-C receiver generates
Loran positions. It also decodes the DGPS
data from the Loran-C signal. This DGPS
data might be available at an RTCM SC- ,
104 compatible output. The DGPS output no CO@‘
could also be connected to some
"navigation package", that could take care
of integrity monitoring and hybridisation.

phase delay

This proposed cost-effective Eurofix
navigation system offers increased accuracy
and integrity over either GPS or Loran-C phase advance
separately, without the need for a separate
data channel that uses additional bandwidth - B B
in the scarce radio spectrum.

The objective of Eurofix is to comply to the
specified accuracies in the Federal Radio

navigation Plan for Harbour Approaches. data bit Modulation pattern

1 o 0 + - + - + -
0 o 0 - + - + - +
Modulation pattern for code rate of 6
0 = no time shift
+ = positive code bit = 1 us phase delay
- = negative code bit = 1 ps phase advance

2.3 The Eurofix data link

In Eurofix, the data link is constituted by
modulation of the Loran-C signal. In the
original Eurofix proposals by Van Willigen
[12], the last six bursts of the group of
eight bursts are shifted with respect to each
other, in the following way:
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Burst 3..8 of each transmitter are shifted 1
us. Either they come 1 ps in advance, or
they will be delayed 1 ps. In the table
above, a 1 us early burst is denoted by a -,
a burst that is delayed 1 ps is denoted by a
+ character. Data bits can be transmitted by
applying different modulation patterns to
the last 6 bursts. In this way it is possible to
transmit 1 bit per station per GRI. This
limits the data rate to 10 to 25 bits per
second.

Conventional Loran-C receivers will not
notice this modulation, as long as the
number of burst advances equals the
number of burst delays. The modulation
effects are averaged out in this way,
assuming that the lowest modulation
frequency is above the bandwidth of the
tracking loop of the receiver.

Transmission of information via the
transmitted signals of the Loran-C system
is no new concept. The US Coast Guard
proposed a two-pulse Loran-C modulation
system for transmitting operational
information between Loran-C transmitters
[9]. And a system called Clarinet-Pilgrim
made use of 6 burst for transmitting data.

2.4 Why Eurofix?

The Eurofix system offers users at least
8...20 meter accuracy [10], so that Eurofix
can be used for Harbour Approaches.
Eurofix is an economic system: a user only
needs a slightly modified Loran-C receiver
to have DGPS data at his disposal. Eurofix
is economic on the transmitter side as well.
Only a few transmitters need to be slightly
modified to offer a large DGPS service
area. FEurofix users might even use
(weighted) corrections of a few Eurofix
transmitters in one or more chains.

Eurofix is an integrated system, which
implies a better system integrity. During
normal operations, the Loran-C navigation
results will be corrected continuously by
DGPS position fixes. If GPS fails, the user
still has calibrated Loran-C at his disposal,

so the accuracy will softly degrade to
"normal" Loran-C accuracy. The largest
Loran-C errors are caused by propagation
uncertainties. Once these are calibrated,
slowly moving vehicles will be able to
navigate with an improved accuracy for
some time. If the Loran-C system fails, the
user still has standard GPS.

For the reception of DGPS data, no
additional data link receiver is necessary.
Nor is extra space in the scarce radio
spectrum needed to transmit DGPS data, as
is the case when radio beacons are used for
DGPS data transmission.

These are, in a few words, the big
advantages of the Eurofix system. There is
one minor drawback: conventional Loran-C
users might encounter a slightly degraded
Loran-C signal quality. This will be the
subject of the next chapter.




3. Eurofix: Painful for conventional Loran-C users?

Information theory states that it is
impossible  to  transmit  additional
information  without increasing the
transmission power. Transmitting addi-
tional DGPS information using a Loran-C
transmitter must cause some deterioration
of the navigation -capabilities of the
Loran-C system when the transmission
power remains equal. The consequences of
Eurofix modulation for conventional Loran
users can (and must be) minimised by
several techniques. This will be the subject
of this chapter.

3.1 Signal-to-Noise Ratio in Eurofix

As already shown in chapter 2, Loran-C
signals are modulated in Eurofix. The
modulation consists of shifting burst 3 ... 8
of some station an amount of 1 ps. The
shifting is balanced: three bursts are
delayed 1 ps, three bursts are advanced
1 us. For a conventional receiver, those
burst shifts should not be visible after
averaging.

It is common knowledge that adding 2
sinusoids of the same frequency and
amplitude gives another sinusoid of the
same frequency. However, the amplitude of
the resulting sinusoid depends on the phase
difference of the two initial sinusoids:

cos(w -+ Ap) +cos(w -1 — Ap)
2

index A@. Because the noise level will
remain the same, a conventional receiver
must be content with a reduced
Signal-to-Noise Ratio. The problem
sketched above can also be made clear by a
phasor diagram:

Y-axis
amplitude loss £_7\u
navigation
signal ¥ 174
36 deg.
~
X-axis
amplitude of
datasignal
figure 3.1

At some particular zero-crossing, the
receiver would normally expect vector u,
but as a result of a 1 ps burst shift, it finds
vector v. The navigation component of
vector v (the projection of v onto the Y-
axis) is smaller than vector u#. The
quadrature Eurofix data component
(projection of v onto the X-axis) of the
signal makes data transmission possible.
From this figure it is clear that increasing
the modulation index towards 90° causes
the navigation signal to disappear, but gives
excellent data transmission possibilities.
The following figure shows how much loss

(cos(® - 1) cos(Ap) — sin( - 1) - sin(Ag)) +(cos(w - £) - cos(Ap) + sin(w - 1) - sin(Ap))

2

-cos(Ap)-cos(w - 1)

N | =

When a conventional receiver averages
modulated Loran-C bursts, it will find a
resulting Loran-C burst with a lower signal
level, which depends on the modulation

in Signal-to-Noise Ratio a receiver will
suffer from at various modulation indices.
This loss not only depends on the
modulation index, but also on the number
of bursts that is shifted within a group of
eight.
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Assuming that the current generation of
conventional receivers cannot track each
burst separately and that it will average at
least 8 bursts before using these for a
position fix, we have the freedom to choose
between shifting more respectively. less
bursts and a smaller respectively. larger
modulation index. However, burst shifting
must always be balanced in such a way that
the net shift is zero and the burst shifting
frequency is larger than the receiver's
tracking loop bandwidth.

The above figure shows that the Loran-C
navigation power loss is limited. For
instance, for the original Eurofix proposals
(six burst shifts of 1 ps each), the loss in
signal power is 1.34 dB.

3.2 Zero-crossings of the Eurofix
signal

Unfortunately, if the amplitudes of two
summed sinusoids are not the same, the
zero-crossings of the resulting signal will
not be the same, but will be shifted. This
also holds for Eurofix signals: because the
amplitude of Loran-C bursts is not

constant over the duration of the burst,
averaging two shifted bursts will give rise
to shifted zero-crossings and in that way to
errors in position fixing. When Aj-sin(®
t+xAp) and Aj-sin(wt - Ap) are added,
the resulting sinusoid will have phase:

~ tan™! Ar-sin(—-Ag@) + Az2-sin(Ag)
e A1-cos(—A) + Az- cos(Ap)

A phasor diagram might clarify this:

Y-axis

2u’

X-axis

figure 3.3
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C users?

Above figure demonstrates that the
addition of v and w resulting in vector u’
doesn't have the same phase as u, although
the phase of w is exactly the opposite of the
phase of v. Adding two Loran-C bursts is
even more complex. A Loran-C burst is
described by the following mathematical

equation:
2
B

In this equation, A is not of interest, neither
the phase code, assuming that a receiver
has already locked onto the signal, so we
start with

e(t)= (é) -exp(

The result after averaging two bursts that
are shifted respectively 1 pus in advance and
1 ps later, will be:

2-2-¢
65

L
65

e(t):A-( )-cos(a)-t+PC)

2-2-¢
65

)-cos(a)-t)

e(t +Ar)+e(t—At)
2

If we discard the factor 2, the averaged
Loran-C burst can be described by

The result after averaging contains all kinds
of unwanted terms. It is obvious that the
zero-crossings of above signal are not the
same as would be if no shifting was applied
to the bursts. The relations above hold for
Loran-C signals before filtering. Filtering
this expression makes things even more
complicated.

But is it really that bad? If we compare the
numerically evaluated zero crossings of 8
averaged "normal" Loran-C bursts and
eight averaged Eurofix shifted bursts (6
burst shifts, 2 bursts not shifted) after
filtering by a 5th order Butterworth filter
with f; = 100 kHz and B = 20 kHz, we
notice that the tracking offset, introduced
by Eurofix, is below the resolution of many
receivers (100 ns) for zero-crossings above
45 ps. Appendix A contains a table with
zero-crossing offsets for various zero-
crossings in appendix A (table A-1).

1+ Ay 2-(t+At)) (t—At)z [ 2-(t—At))

cexp| 2—=———2 |.cos(® (¢ + A?)) + . 22 . t— At
(5] el 2- 28 feontor s+ 22 enp{2- 2 cosotr- )
or
12 +2A1 + Af? 2 2N 12— 2At + AL 2t 2Mt
[T—)-exp(2~-é§——5)-cos(at+(aAt)+\T)-exp(Z——6—5+E)-cos(at—a)At)

Using the trigonometric relation

cos(a +PB) = cos(a)- cos(B) — sin(a) - sin(f)
we can isolate the time shift in the carrier,
which yields:

exp(2- g )\
L_ 21\; J'{cos(wt)'cos(wAt)—sin(wt)'sin(wAt)]+
expf __ )

2 2

- . _-2t . .zm- . . 3 .a1
[ 651 ) exp(Z 65) exp( 6 ) (cos(wt) cos(wAt) +sin(wt) sm(wAt),J
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3.3 Early-late ratios of Eurofix
modulated Loran-C signals

The conventional receiver will not only
suffer from a degraded Signal-to-Noise
Ratio, but, as can be expected, the early-
late ratios will also differ when a Eurofix
modulation scheme is applied to a normal
Loran-C  signal. This might cause
difficulties for linear Loran-C receivers that
use those early-late ratios for cycle
selection. However, from table A-2 in
appendix A you can make up that
difficulties in cycle selection due to Eurofix
are not very likely to happen. Again, this
table was calculated from 8 averaged
Loran-C of which 6 were shifted 1 ps.

The differences between normal ratios and
the ratios that are contaminated by Eurofix
modulation are so small that a receiver,
especially under bad SNR conditions, will
not be able to detect them.

3.4 Minimisation of Eurofix
nuisance for conventional Loran-C
users

From the previous pages, it will be clear
that hindrance for normal Loran-C users
cannot be avoided. Even worse: better
Eurofix performance implies worse Loran-
C performance. Figure 3.1 and figure 3.2
demonstrate that larger burst shifts (a
larger modulation index) increase the
Eurofix data signal amplitude, and decrease
Loran-C power for navigation purposes at
the same time.

Loss of signal power can be kept within
bounds by controlling the modulation
index, or by controlling the number of burst
shifts in one GRI. An idea might be to use
ternary coding (a +1 pus or -1 ps, or no shift
at all). When every code symbol (-1, 0 or
1) is equally probable, the average number
of bursts that is shifted within one GRI is
only 4. Of course, the Eurofix receiver will
have to have smaller discrimination
margins, so the bit-error-rate will be larger.

Loss of Loran-C signal power is something

that cannot be avoided. But tracking errors
due to Eurofix modulation can be
minimised. There are two possibilities to
achieve this. First of all, asymmetrical burst
shifting can be implemented. For a certain
zero-crossing, the amplitude of the shift
forward will then be equal to the shift
backward, so the resulting zero-crossing
can be found at the place a normal receiver
would expect it.

A manufacturer of Loran-C transmitters
has already proposed to shift bursts 0.98 us
forward and 1 ps backward (delay). This
0.98 ps value was determined empirically
by tests on a hard limiter receiver. A more
exhaustive survey will be necessary to
determine whether this value also fits other
receivers. A disadvantage of this method is
that it is only possible to compensate for
one zero-crossing. Of course, the standard
zero-crossing will be chosen for this. But
unfortunately, for intelligent receivers that
can track zero-crossings that are
appropriate under its present Signal-to-
Noise Ratios, this is no solution. Another
disadvantage is that it is only possible to
compensate the offset exactly for 1
particular band-pass filter. The shape of the
burst after filtering strongly depends on the
filter characteristic. Narrow band-pass
filters will smooth the slope of the
envelope, so the zero-crossings and ratios
effect will be less than with wider band-
pass filters, so, how to choose the
asymmetrical values?

A better idea is to shift only the carrier with
respect to its envelope and leave the
envelope at its original position in time,
instead of shifting carrier and envelope
simultaneously. When the envelope is at its
original position, the carriers that will be
averaged will have the same amplitude,
namely the value of the envelope at that
position. The Loran-C receiver then finds
an unaffected Loran-C burst (however, at a
slightly reduced signal level)! The big
advantage of this method is that a normal
Loran-C receiver finds all zero-crossings at
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the positions where it should find them.
The early-late ratios will also be the same.
This method compensates all zero-crossing
offsets and is independent of filter type.

Eurofix modulation now has become
combined ECD Modulation and Pulse
Position Modulation instead of pure Pulse
Position Modulation. For each burst to be
transmitted, the time of transmission will
have to be shifted 1 pus, and an ECD of 1
us has to be set in the opposite direction, in
order to keep the envelope of the burst at
the same time.

Table A-3 in appendix A will summarize
tracking offsets for several modulation
patterns for a 5th order Butterworth filter
with f, = 100 kHz and B=20 kHz.

The tracking offsets aren't really that big,
because many receivers have a resolution of
100 ns. But these tracking errors come
together with tracking errors because of a
lower Signal-to-Noise Ratio. If transmitters
can be modified to support the method of
ECD shifting, it is certainly preferable.

3.5 Conclusion: Eurofix is not
painful for conventional Loran-C
users

Assuming that offsets in the zero-crossings
can be avoided, the conventional Loran-C
users only suffer from a slight reduction in
Signal-to-Noise Ratio of about 1.4 dB,
when the original Eurofix proposals are
implemented. Is a loss of 1.4 dB a big
problem?

It can be doubted whether a user at the
edges of the Loran coverage area will be
able to notice this reduction. Besides, at the
boundaries of the coverage area, the user
will have to switch to some other means of
(electronic) navigation anyway.
Furthermore, if we take a look at the
boundaries of the Loran-C coverage area:
is it really necessary to navigate at a 200
meter accuracy in the middle of the Atlantic

Ocean? If so, those users will need some
other way of navigation as well.

Loran-C receivers that are modified to
support Eurofix, don't suffer from signal
degradation. These receivers can notice
burst shifts and can take advantage of this
knowledge while averaging Loran-C bursts
for navigation. Under bad SNR conditions,
a Eurofix receiver might take a wrong
decision about one particular burst shift and
find a range with a large error. However,
these wrong decisions can be "filtered" out
by using the knowledge on other burst
shifts in the same GRI, and by using the
knowledge of the track history. Wrongly
decoded burst shifts might then be
identified and corrected.

If offsets in the zero-crossings cannot be
avoided because of technical difficulties in
the transmitter stations (when the ECD
cannot be adjusted for each separate burst),
one could wonder whether that is a real
problem. If all Loran-C transmitter stations
are equipped with a Eurofix modulator, a
conventional receiver will find the same
offset in signals coming from all stations.
Receivers that use hyperbolic navigation
(time-differences!), which will be most
Loran-C receivers, will not notice a
common offset!

The following chapter will show what a
Eurofix user gets in return for the small and
hardly noticeable sacrifice of Loran-C
signal power. As mentioned earlier, the
Eurofix performance depends on the
Loran-C Signal-to-Noise Ratio
deterioration. A sacrifice of 14 dB in
power loss might be very well defensible.
This 1.4 dB margin enables the Eurofix
system to comply to the rules of the
Federal Radio navigation Plan for Harbour
Approaches. With a margin of 1.4 dB a
Eurofix GPS receiver can achieve 8..20
meter accuracies! Better performance is
possible at the cost of more Loran-C
power. The authorities will eventually
decide........



4. Eurofix: data link valuable for DGPS users?

This chapter will describe the performance
of the data link for various modulation
schemes. The performance of the data link
eventually limits the performance of the
DGPS system.

4.1 Introduction

The phrase "performance of the data link"
has shown up a few times. An exact
definition of "performance" is not trivial,
but data rate and some kind of bit-error-
probability or message error probability
would be part of such a definition. These
are the parameters that will be investigated
in what is to follow.

Data rate

The data rate of the data link is the number
of binary information digits that the data
link can transport per second. In the
original Eurofix proposal, as sketched in
chapter two, 6 bursts of a group of 8 were
modulated to transmit one bit. So each
Loran-C station can transmit 1 bit per GRI.
Depending on the GRI (which can last 40
to 100 ms), a Loran-C transmitter can
transmit 10 to 25 bits per second. But other
modulation patterns might be feasible as
well. The use of only 2 burst shifts per bit
could also be feasible. In that way, 3 bits
can be transmitted per GRI. A burst doesn't
have to have 2 possible position shifts, but
can have 3 or more as well. Using 2 bursts
(remember that the modulation scheme
must be balanced!), it is possible to
transmit more than 1 bit. The first two
bursts of the Loran-C signal may never be
modulated. These bursts are used for
blinking purposes. Modulating these burst
will be an attack on system integrity! A
couple of modulation schemes will be
discussed later on. To summarize: the
eventual data rate of a Eurofix transmitter
depends on the GRI (fixed) and the
modulation pattern (design parameter).

Bit-error-probability

The counterpart of the data rate is the bit-
error-probability. In nearly all applications,
one can make a trade-off between a date
rate and bit-error-probability. The same is
true for Eurofix: we can achieve a larger
data rate by allowing bursts to have
multiple valid positions. The margins with
which we can decide how large the burst
shift was, will become smaller and the
probability that (due to noise) the wrong
decision is made, increases. Burst shifts are
decoded by sampling a burst at some
specific time. The sample value will tell us
the burst shift, which enables us to decode
the transmitted information. This sample
value will be contaminated by gaussian
noise, atmospheric noise  (lightning
discharges), skywaves, cross-rate
interference, carrier wave interference.

Raw bit-error-probability

To give an impression of the Eurofix data
transmission properties, the following page
contains a figure in which the "raw bit-
error-probability" is drawn, as a function of
Signal-To-Noise Ratio of the Loran-C
signal and the modulation index. As
modulation scheme, the original Eurofix
proposal (6 burst shifts to transmit 1 bit)
was used. By "raw bit-error-probability"
the probability that a bit is received
erroneously is meant. No knowledge on
framing, error detection or error correction
is used. The term bit-error-probability can
also be used later on to define the
probability that a bit is wrongly received
after some error-correction operation. The
method of calculating bit-error-probabilities
in Eurofix is described in Appendix B.
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From this figure we can draw the
premature conclusion that reliable data
transmission at -6 dB will be difficult, and
that data transmission at 6 dB will cause no
problems. Designing a data transmission
systems that will operate optimally under
both conditions will be a tough job.

4.2 The Eurofix DGPS service area.

Eurofix is primarily meant to supply DGPS
data to users, with which they can comply
to the rules set in the Federal Radio
navigation Plan for Harbour Approaches:
professional shipping users so to speak.
These rules state that a user should have
navigation equipment at his disposal with
which he can navigate with an 8 to 20
meter accuracy. These accuracies are
needed for harbour approaches. Taking a
map of the Loran-C service area, we can
draw the Eurofix service area roughly by

drawing circles around each Loran-C
transmitter. If these circles have a radius of
600 kilometres, all major see-harbour (port
of London, Rotterdam, Antwerp, Bremen)
and fairways (The Channel, the Thames)
will be serviced.

Within this service area, a Signal-to-Noise
Ratio of at least 3 dB can be expected, so a
SNR of 3 dB might be considered a fair
demand for Eurofix. This is the value with
which to start the analysis of the Eurofix
data link performance. Furthermore, The
analysis will also start with a maximum
range of 600 km around each transmitter.
The data link performance depends on the
filter used in the receiver. An analysis for
every filter one may think of, would be too
time consuming. Instead, the analysis was
done using the "standard" filter: a 5th order
Butterworth with a centre frequency f; =
100 kHz and a bandwidth B = 20 kHz.
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For Eurofix we take samples at a specific
zero crossing. Of course, we want to take
these samples as near to the top as possible:
a 1 ps shift at for instance the 125 ps zero-
crossing gives better Signal-to-Noise ratios
for the data signal (see figure 4.3). Normal
navigation using that zero-crossing is not
possible, because that zero-crossing will be

1.5

severely contaminated by skywaves. But
for data transmission, this won't have to be
a problem: skywaves are modulated 1 ps as
well! If the samples around that specific
sample point will be alternating positive and
negative under any skywave condition that
can be expected, it will be no problem.

Loran—C burst filtered by Bth order Butterworth, W=20 kHz

0.5}

-1.5

0 50 100

150

200 250 300

time in microseconds

Figure 4.3

Figure 4.4 shows the relationship between
groundwave level, skywave level and
distance to transmitter. Figure 4.5 shows
the relationship between distance and
skywave delay. From these figures, we can
determine what skywave conditions we can
face in the Eurofix service area of 600 km
around each transmitter.

Within the Eurofix service area, the earliest
skywave we can face is at 60 ps (during
daytime). During  nights, the earliest
skywave we can find is at 85 pus. This
skywave will be stronger than the skywave
during daytime.




4. Eurofix: data link valuable for DGPS users?

21

Skywave Signal levels(99%ile)
and Groundwave Signal Levels

undwhave| (Seawater)

A
\/

=
I—
]

\

7
_,/,/

—

80
; 70
® 60
! |
. 50
t
T 40]
n
! 80
h
4 20
B
v 10
/
" 0
-10
1

kW Radiated Power

160

140

120

100

80

60

101 <XP—00 PCPHECKXO

40

20

10 100
Distance (km)

1000

Figure 4.4 (from [8])

USCG Tabulated and Calculated

Skywave Delays

10000

Qeométry hegikm

.~ Geometry he73km

™
\/ — ,@ummluu
~
\\-xk
| }’Mr h'73Tm

200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Skywaves contaminate the shape of the
burst. At a few tens of microseconds after
the start of the burst, we can be sure that
the burst is not contaminated by a skywave.

Distance(km)

Figure 4.5 (from [8])

The sampled values in this region will be
only small, so we will be sensitive for
(gaussian) noise then. Sampling later in the
bursts gives better Signal-to-Noise Ratios
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for the data signal, but also skywave
contamination. To determine the influence
of skywaves of various levels and with
various  delays, samples of such
contaminated bursts were taken .

The tables in appendix C will show the
samples taken at 97.5 us and 102.5 ps for
various skywave delays and skywave levels.
The samples that are shaded will not be
encountered in the Eurofix area. Late
skywaves during daytime for instance only
have a small level, so these will not be
encountered. These tables show that under
any valid skywave condition, the -early
samples (at 97.5 us) are all positive,
whereas all samples at 102.5 ps are
negative. The absolute magnitude of a
sample is at least 0.748. This is the
amplitude of the data signal when a burst is
modulated with a modulation index of 2.5
us. For the calculation of the bit-error-
probabilities of figure 4.1, the amplitude of
the data signal was

0.748- sin(’”ld;x : 360°).

At the 100 ps zero-crossing, skywave
influence is limited. If we take above data
signal amplitude as a worst case, we don't
have to bother on skywaves with regard to
bit-error-probabilities.

Analysis of other (later) zero-crossings has
shown that skywave influences are
unpredictable. Samples around 100 ps will
give different signs under different skywave
conditions. At t=100 ps, the skywave
influences aren't that big that data detection
is impossible. At t= 125 ps they can be.
The tables below do not show skywaves
later than 85 ps. Later skywaves don't have
influence at t = 100 ps. Besides, late
skywaves can only be expected at short
ranges, and at these ranges groundwave -
to-skywave ratios are large. The 100 ps
zero-crossing will be a fair choice for our
data link. However, improvements can be
achieved when a receiver takes two
samples within one burst. The sample with

the largest (absolute) amplitude should then
be chosen.

To summarize: For a 5th order Butterworth
filter we take the 100 ps zero-crossing
(after filtering). This guarantees a good
SNR of the data signal. Sampling after 100
us would be preferable, but after that point,
the  skywave influence  will  be
unpredictable.

4.4 Forward Error Correction

The need for forward error-correcting
codes on the data link is somewhat less
than for standard RTCM SC 104 DGPS. In
standard SC 104 DGPS, one message
consists of a set of pseudo-range
corrections for a few satellites. This
message consists of 500 bits of information.
The pseudo-range corrections of these
satellites must be applied at the same time.
A bit-error in the pseudo-range correction
of one satellite ruins the complete messages
of 500 bits.

In the Eurofix asynchronous smart DGPS
system [10], satellite pseudo range
corrections will be transmitted separately.
Every satellite pseudo-range correction is
independent of other PR-corrections. So,
when the user encounters an error in one
satellite correction of about 50 bits, only
this (small) message has become useless.
The Eurofix asynchronous DGPS system is
far less sensitive to faulty messages.

However, we can take advantage of
Forward Error Correcting (FEC) codes. To
illustrate this: if we use ternary coding (see
also Appendix A) to transmit 12 bit per
GRI at a modulation index of 1 ps, and at a
SNR of 3 dB, the bit-error-probability is
0.0287 (almost 3%). The probability that a
message of 63 bits is transmitted correctly
is (1 - 0.0287)63 = 0.16. One out of 6
messages is received correctly! Using a
Reed-Solomon Error Correcting Code that
can correct up to 4 errors in a string of 63
bit, the probability that a message is
received correctly is increased to 0.9654, at
the cost of only a few extra bits.
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Atmospheric noise (also known as
spherics) is caused by lighting strokes.
Several additional strokes, occurring
approximately 50 ms apart, may
accompany a main stroke and generate a
sequence of spikes.. Repeated strokes are
called multiple discharges and have been
observed to consists of 20 to 30 strokes
lasting for fractions of a second. These
multiple discharges give rise to channel
memory, because the channel "remembers"
that a stroke has just occurred, and is more
likely to provide another stroke. This
situation contrasts a random error channel,
where the probability of a stroke in a given
interval does not depend on whether or not
a stroke has occurred recently.
Atmospheric noise causes bit errors to
occur in bursts. Those bursts can last up to
200 ms, and can be encountered every 1.5
second. These are the two "rules of thumb"
that will be used during the rest of the
analysis.

For an impression of the capabilities of the
Eurofix data link, Reed-Solomon codes will
be used for error control coding. These
block codes are well know and powerful
codes for correction of burst errors. The
code that will finally be chosen for the
Eurofix data link may be some other code.
The code that should be selected, depends
on the results of research of Cross Rate
Interference and Carrier Wave Interference,
which can probably do much more damage
than atmospheric noise. Depending on the
results of research on error correcting
codes for DGPS transmission via radio
beacons by Prof Per Enge and Mrs.
Dorothy Poppe, a complete other error
correcting code (convolutional code) may
be used.

Reed-Solomon codes have the following
properties:

length n=2m_1]
dimension k=2M.1-2¢
distance d=>2t+1

in which m and t are integer numbers with
m >3 and 1 <t <2M1 . 1 This code
needs n-k = 2 t "parity" bits. The minimum
(Hamming- ) distance of a code that is
needed, can be derived from the following

table:
Detect up to ! errors per message dpinz 1+1

Correct up to t errors per message dnin22t+ 1
Correct up to t errors per message
and detect [ > t errors per message dpin2t+i+1

The message length of the code used
should be as close as possible to the
message length of a Eurofix satellite
correction. An error in a message would
else cause several satellite corrections to be
contaminated. A Reed-Solomon code with
a message length of 63 (m = 7) suits our
purpose.

4.5 Performance analysis of various
modulation schemes

The previous paragraphs have introduced
the factors that influence the performance
of the data link. This paragraph will present
the capabilities of a couple of modulation
schemes. The schemes are divided into two
groups: one group in which 6 bursts are
used for data transmission, and one group
in which 4 bursts are used for data
transmission. Using 2 bursts for data
transmission turned out to be absolutely
uninteresting for Eurofix purposes, so this
possibility won't be discussed.

6 burst shifts per transmitter per GRI

This group was subdivided into 4 cases.
The first two cases use all six bursts for 1
code symbol. The last 2 cases use 2 bursts
for 1 code symbol, so 3 code symbols per
GRI are transmitted. These cases are
summarised in the table on the next page.

For a fair comparison, for each of those
cases, another Reed-Solomon code was
used, in order to correct the error bursts
mentioned in the last column. The numbers
in the last column were calculated for a
GRI of 80 ms. As an example the last
column of case 3. The case 3 modulation
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scheme can transmit 3 bits per GRI. This
gives a data rate of 1 / 80 ms * 3 = 375
bits per second. An atmospheric noise burst
of 200 ms causes 3 GRI's to be garbled, or
9 bits. In a message of 63 bits (lasting 1.68

seconds) every 1.5 second a burst can
occur. So the RS code in case 3 will have
to be able to correct 2 noise bursts of 9
bits.

modulation  possible burst data rate error correction

pattern shifts requirements
case 1 1 x 6 bursts  binary coding 1 bit per GRI 4 bursts of 3 bits
case 2 1 x 6 bursts  ternary coding 1% bit per GRI 3 bursts of 5 bits
case 3 3x2bursts  binary coding 3 bits per GRI 2 burst of 9 bits
case 4 3 x2bursts ternary coding 4% bits per GRI 1 burst of 14 bits

If you compare case 1 with case 3, you see
that a higher "raw" bit rate also means
more error correction bits. Besides that, a
code with a larger bit rate also has a larger
bit error probability. So what we're really
interested in is the effective bit rate: the
average number of good bits per second
after the error detector / corrector. From
these bits, wrongly received bits and error
control bits are extracted.

The notion of effective bit rate leads to the
figure shown below. From this figure one
can easily see that the modulation index
directly affects the possible bit rate of the
Eurofix data link.

At the end of the Eurofix data link, a
message is received. The error detection
and error correction algorithm then decide
what to do with the message. Use it, or
discard it. From an integrity point of view,
it may not be necessary to maximise the
stream of valid messages, but to minimise

the flow of invalid messages. As an
example, consider the two following cases:
the data link can transport 150 messages
per second and the probability that a
message is received correctly is 0.8, or, the
data link can transport 100 messages per
second, and the probability that a message
is received correctly is 0.99.

In the first case, 20 percent of the messages
will be discarded, resulting in an effective
data flow of 120 messages per second. In
the second case the effective data flow is
99 messages per second. In the second
case, the transmitter can be almost sure that
an alert message has reached the receiver.
In the first case there is quite a large
probability that this alert message is lost.
Intuitively, one might want to maximise the
flow of valid messages. However, from an
integrity point of view, the second case
might be preferable. A study on system
integrity will be needed to resolve this
dilemma.
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For the previous four cases, the probability
that a message is received correctly can be
read from figure 4.7.

From figures 4.6 and 4.7, the dilemma may
become clear. At a modulation index of
1 ps, the message error probability is very
small compared to the message error
probability of case 4 at 1 us. However, the
data rate of the modulation scheme in case

4 is quite large compared to the data rate in
case 2.

4 burst shifts per transmitter per GRI

This group is subdivided into 4 cases again.
The first two cases use four bursts for 1
code symbol. The last 2 cases use 2 bursts
for 1 code symbol, so 2 code symbols per
GRI are transmitted.

modulation  possible burst  data rate error correction

pattern shifts requirements
case 5 1 x 4 bursts  binary coding 1 bit per GRI 4 bursts of 3 bits
case 6 1 x 4 bursts  ternary coding 1'%z bit per GRI 3 bursts of 5 bits
case 7 2x2bursts  binary coding 2 bits per GRI 3 bursts of 6 bits
case 8 2x 2 bursts  ternary coding 3 bits per GRI 2 bursts of 9 bits

The same sort of plots can be made for
modulation pattern in which only 4 bursts
per transmitter per GRI are modulated. The
advantage of modulating only 4 bursts is

that the power loss for the conventional
user will be less (see Figure 3.2), or, for an
equal conventional user power loss, the
modulation index can be larger.

Effective bit rate, 4 burst shift per GRI, SNR = 3 dB
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Just for comparison purposes you can find the performance plots for 6 burst shifts and 4 burst
shift at a Signal-to-Noise Ratio of 0 dB.

Effective bit rate, 6 burst shift per GRI, SNR = O dB
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Message error probabilities, SNR = O dB
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4.6 Conclusion: data link is valuable
for DGPS users

The previous chapters proved that reliable
data transmission by modulating Loran-C is
possible. Within the Eurofix service area
(prematurely defined as all area's of 600 km
around the Loran-C transmitters in
Europe), a bit rate of about 1.3 bit per GRI
can be obtained by choosing "case 3". In
this case, 2 burst within 1 GRI are used to
modulate 1 bit. The "raw" bit rate is then 3
bits per GRI. Erroneous messages and
error detection and corrections cost 1.7 bit
per GRI. The message error probability
after error correction is almost neglectible
when a modulation index of 1 us is chosen.
The modulation index can even be smaller
to decrease the loss in Loran-C navigation
power for conventional users, without
affecting the effective bit rate for Eurofix
users and without a substantial increase in
message error probability.

Above figures were calculated under very
pessimistic circumstances of skywaves and
atmospheric noise.

The amplitude of the sampled data signal
determines the probability that a sample is
taken wrongly. In the calculations, a data
signal amplitude of 0.748 at a 2.5 pus
modulation was assumed. A skywave with
a delay of 64 ps and a relative strength of
15 dB will cause that the data signal
amplitude is that low. In most cases
however, the data signal amplitude will be
higher and so, the raw bit error rate will be
lower.

Above calculations also account for
atmospheric noise bursts with a length of
200 ms, occurring every 1.5 second, under
the assumption that all bits transmitted
during these bursts were received wrongly.
Of course, this is also very pessimistic.

So the conclusion that reliable data
transmission is possible, is defensible. If the
authorities would eventually decide that a
modulation index of 1.5 us for 6 bursts of a
GRI will be acceptable for conventional
Loran-C users, even an effective data rate
of 2.5 bits per GRI is attainable.



5. Conclusions and recommendations

5.1 Conclusions

Reliable digital data transmission via
Loran-C is possible. Depending on what
the authorities think is acceptable for
Loran-C navigation power loss for
conventional Loran-C users, an effective bit
rate of 1.3 bit per GRI (16 .. 33 bits per
second) can be achieved. The probability
that a message is contains one or more
errors  after error correction and s
discarded for that reason is 1.0710-24
The probability that a message with one of
more error after error correction will pass
the error detector (that can detect up to 4
errors in a corrected message) is even less.

The modulation principles are flexible. The
authorities can make a trade-off between
hindrance for "normal” Loran-C users and
performance of the data link. This will
facilitate the introduction of Eurofix in
Europe.

The "pain" for conventional Loran-C users
is only limited. They only suffer from a
slightly degraded Signal-to-Noise Ratio of
1.34 dB in the case of a modulation scheme
in which 6 bursts are modulated, with an
amount of 1 ps. Problems with cycle-
identification in linear receivers are not very
likely to happen. Offsets in zero-crossings
are very small and hardly noticeable for
receivers. Besides, if the signals of all
transmitters of a chain are being modulated
for Eurofix, receivers that use hyperbolic
navigation (time differences) will not be
able to notice these offsets as long as each
station is tracked on the same zero-crossing
and all stations are tracked via the same
band pass filter. Eurofix receivers know
what they can expect, so they can
compensate for the loss in signal power:
they just fit an advanced and a delayed
burst onto the signal and choose the most
appropriate. They can then internally "shift"
the burst the opposite direction and use this
for an averaged navigation signal.

5.2 Recommendations

Measurement of modulation
influence on conventional receivers
Eurofix modulation of Loran-C does not
have major implications for the operation
of non-Eurofix receivers, as shown in
chapter 3. Measurements with conventional
receivers and modulated Loran-C signals
have to prove this. Measurement results
can facilitate the acceptance of Eurofix.

Feasibility study to ECD modulation
in Loran-C transmitters

Offsets in =zero-crossing cannot be
circumvented. But as these offsets are very
small and Time Differences won't be
influenced in the eventual Eurofix system,
these offsets are of only academic
importance. However, these offsets can be
easily avoided if the transmitter is able to
adjust its ECD for every separate burst. It
can therefore be recommended to
investigate whether it is easy to modify the
transmitter in such a way that ECD
modulation is possible. If it is not an easy
task, the idea of ECD modulation can be
abandoned without major implications.

Measurements of the effects of
atmospheric noise

Atmospheric noise has been modelled in
this report as bit error bursts of a 200 ms
length, occurring every 1.5 sec. This is not
a realistic model, but a very pessimistic
scenario, to demonstrate that Eurofix can
work under extreme conditions. At this
moment, using this scenario, the system
performance will be underestimated. An
extensive measurement programme will
have to be carried out to adjust the
Forward Error Correcting code to the
structure of atmospheric error bursts and to
give a more realistic system performance.
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Research and measurements of the
effects of CRI and CWI

This report has not gone into the subject of
Cross Rate Interference, nor Carrier Wave
Interference. But it is not difficult to
imagine that both types of interference will
affect the performance of the data link.
Research will have to be done to model the
influence of Cross Rate Interference and
Carrier Wave Interference on data
transmission. Together with the result of
measurements of atmospheric noise, an
appropriate forward error correcting code
can be chosen or designed to maximise the
effective bit rate and to minimise the
remaining message error probability.

Research on the influences of the
Eurofix data link on system integrity
In chapter 4 a dilemma was sketched: What
is preferable: an effective bit rate of 120,
but a message error probability of 80%, or
an effective bit rate of 99 and a message
error probability of 1%? The choices that
will have to be made for the ultimate data
link will depend on the answer to above
question. A survey into the system integrity
of Eurofix might yield this answer.

Calculations on the coverage area

Which areas in Europe are interesting for
Eurofix? The assumption that the areas
within a range of 600 km around each
transmitter cover all interesting parts will
have to be verified. Within an area of 600
km around a transmitter, a Signal-to-Noise
Ratio of 3 dB was assumed to be present.
Probably, the SNR will be better. In that
case, do we want to extend the Eurofix
service area, or will we use a higher SNR
for better performance of the data link?
Calculations of SNR's that can be
encountered in Europe will have to provide
answers on this. The Eurofix coverage area
is not the same as the Loran-C coverage
area, for only one transmitter is needed to
receive  DGPS data. Potential Eurofix
buyers will want to have a map with
Eurofix coverage, the authorities will like a
map with the conventional Loran-C

coverage area after Eurofix modulation.
These maps will have to be drawn.
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A. Tracking offsets and early-late ratios in Eurofix

Eurofix modulation of Loran-C signals has consequences for "normal" Loran-C navigation. On
the one hand, the zero crossings of the averaged Loran-C signals will be shifted. On the other
hand, the early-late ratios of the envelope (used for cycle selection in linear receivers) will have
different values. These effects are listed in the tables below. The zero crossings and early-late
ratios of the Loran-C signal were evaluated after begin filtered by a 5th order Butterworth
filter with a centre frequency f.= 100 kHz and a bandwidth B = 20 kHz.

Table A-1 lists the zero crossings of 8 "normal" averaged Loran-C bursts, the zero crossings of
a Loran-C signal consisting of 8 bursts of which 6 bursts were advanced and delayed 1 ps
alternately and the difference of these zero crossings.

Zero crossings of | Zero crossings of | Tracking error
8 "normal" filtered | filtered Eurofix in ns
bursts in ps bursts in ps
7,6741 7,1760 498,0
12,1398 11,7885 351,4
16,6866 16,4199 266,7
21,3344 21,1231 211,3
26,0632 25,8910 172,2
30,8524 30,7093 143,1
35,6861 35,5655 120,6
40,5529 40,4502 102,7
45,4446 45,3564 88,2
50,3553 50,2793 76,1
55,2810 55,2152 65,9
60,2186 60,1615 57,1
65,1658 65,1164 49,5
70,1211 70,0783 42,8
75,0830 75,0462 36,8
80,0507 80,0192 31,5
85,0235 84,9968 26,7
90,0008 89,9785 223
94,9822 94,9639 18,3
99,9673 99,9527 14,6
104,9558 104,9446 11,2
109,9476 109,9396 8,0
114,9426 114,9375 5,1
119,9404 119,9381 2,3
124,9411 124,9413 -0,2
129,9445 129,9470 -2,5
134,9503 134,9550 -4,7
139,9583 139,9650 -6,7
144,9683 144,9767 -8,4
149,9798 149,9898 -9,9

Table A-1
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Table A-2 gives the early-late ratios of the envelope around the zero crossings listed in the
second column. The third column gives the early-late ratios that a linear type of receiver would
encounter when no Eurofix modulation is applied to the Loran-C signal. The fourth column
gives the early-late ratios of envelope samples when Eurofix modulation (6 bursts out of 8 are
delayed and advanced 1 ps alternately) is applied.

"normal" zero-crossing early-late ratio at early-late ratio at
in us normal zero-crossing | Eurofix zero-crossing
1 7,6741 25,3639 24,2313
2 12,1398 9,0498 9,0271
3 16,6866 5,2139 5,2375
4 21,3344 3,6734 3,6906
5 26,0632 2,8780 2,8887
6 30,8524 2,4034 2,4101
7 35,6861 2,0924 2,0968
8 40,5529 1,8747 1,8777
9 45,4446 1,7145 1,7167
10 50,3553 1,5921 1,5937
11 55,2810 1,4957 1,4968
12 60,2186 1,4176 1,4185
13 65,1658 1,3532 1,3539
14 70,1211 1,2989 1,2995
15 75,0830 1,2526 1,2531
16 80,0507 1,2125 1,2129
17 85,0235 1,1773 1,1777
18 90,0008 1,1462 1,1465
19 94,9822 1,1184 1,1187
20 99,9673 1,0935 1,0937
21 104,9558 1,0709 1,0711
22 109,9476 1,0504 1,0506
23 114,9426 1,0317 1,0319
24 119,9404 1,0146 1,0148
25 124,9411 0,9990 0,9992
26 129,9445 0,9848 0,9850
27 134,9503 0,9720 0,9721
28 139,9583 0,9604 0,9605
29 144,9683 0,9502 0,9503
30 149,9798 0,9412 0,9413

Table A-2
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Table A-3 summarises tracking errors due to Eurofix modulation at the zero crossings listed in
the first column. The second column shows the tracking errors that will be encountered when 6
out of 8 bursts are advanced and delayed symmetrically 1 ps. The third column gives the
tracking errors that result from asymmetrical burst shifting (again, 6 out of 8 bursts). Perhaps
superfluous, the last column lists the tracking errors that could be encountered when ECD

modulation is used in Eurofix as modulation mechanism.

"Normal" zero-

tracking error in ns

tracking error in ns

tracking error in ns

crossings 1 us adv, 1 ps delay|0.98 us adv, 1 us delay| ECD modulation
in us

7,6741 498,0 479,7 0
12,1398 351,4 336,2 0
16,6866 266,7 253,5 0
21,3344 211,3 199,5 0
26,0632 172,2 161,2 0
30,8524 143,1 132,8 0
35,6861 120,6 110,8 0
40,5529 102,7 93,4 0
45,4446 88,2 79,1 0
50,3553 76,1 67,3 0
55,2810 65,9 57,3 0
60,2186 57,1 48,8 0
65,1658 49,5 41,3 0
70,1211 42,8 34,8 0
75,0830 36,8 29,0 0
80,0507 31,5 23,7 0
85,0235 26,7 19,0 0
90,0008 223 14,7 0
94,9822 18,3 10,8 0
99,9673 14,6 7,2 0
104,9558 11,2 3,8 0
109,9476 8,0 0,7 0
114,9426 5,1 -2,1 0
119,9404 23 -4,8 0
1249411 -0,2 -7,3 0
129,9445 -2,5 -9,6 0
134,9503 -4,7 -11,7 0
139,9583 -6,7 -13,6 0
144,9683 -8,4 -15,3 0
149,9798 -9,9 -16,8 0

Table A-3




B. Calculation of Bit-Error-Probabilities in Eurofix

B.1. Binary error probabilities

Detecting databits from a Eurofix signal requires sampling at some zero-crossing. Depending
on the direction of the burst shift, the sampling circuitry will find a positive or a negative value.

phase delay

no coding

-A

+A

phase advance

Figure B.1

The value the sampling circuitry should find when the burst is delayed, is +A. The sampler
should find a -A when the burst is advanced. However, the sampling circuitry only makes
distinction between positive and negative values.

The values -A and +A are contaminated with noise. If we consider the noise to be additive
white Gaussian noise with zero mean and variance 62, the probability density functions of the
samples look as follows:

-A Vv +A
Figure B.2

Curve 1 gives the probability density function of the sample value when an advanced burst is
transmitted. Curve 2 gives the probability density function of the value that the sampling
circuitry will find when a delayed burst is transmitted. The decisison treshold V is taken zero in
the Eurofix case: any positive sample will be regarded as a burst delay, a negative value will be
regarded as a burst advance. This decision will go wrong, when a burst is delayed (so the
sample should be +A), but due to a negative noise excursion, the signal is negative. The
sampler will in that case wrongly decide that the burst was advanced.
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————¢7""* the probability that a

If the probability density function of the noise is p(n) = -
2nc

burst delay is regarded as a burst advance is:

V-4 —x?

h 1 oz
P:(burst advance | burst delay) =P:(sample <V') = I ——e®
e V2o’

A similar formula can be derived for the probability that a burst advance is regarded as a burst
delay:

dx

P:(burst delay | burst advance) =P: 2* gy

K 1
sample >V) = | ————"¢
(samp ) !,—2%02

Because of the symmetry of the Gaussian pdf, the probability that a burst shift will be decoded
erroneously is

y 1t E
Pg=0(—)inwhich ky=——-]e?2dA
“\o o) Jﬁ‘!
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Armed with above formula's, we can try to calculate probabilities that a burst shift is decoded
erroneously. The A and the ¢ from above formula's can be derived from the Signal-to-Noise
Ratio of a Loran-C signal.

For the definition of signal levels in Loran-C, a quotation of the Minimum Performance
Standards of the RTCM [1] will follow:

The level of a Loran-C signal (a group of pulses from a single transmlttmg station) is the rms
level of a CW signal having the same peak-to-peak amphtude as the Loran-C pulse envelope
25 ps after the beginning of the pulse. The 25 us point is referred to as the Standard Sampling
Point (SSP). This standard sampling point is used for defining signal amplitude (.....). The level,
when discussing electromagnetic fields, is expressed in decibels above one microvolt per meter
(dB / 1 microvolt / 1 meter) Otherw1se the level may be expressed in rms volts W mV, uV)
at the standard sampling pomt . :

Fo_r' a "standard" Loran-C envelope with the following parameters:
S(t)y= A t2 e2t/65 (fort <t< 65 ps)

the value at the 25 psis 506 of peak. Therefore, to convert the rms signal to zero-to-peak
voltage for measurement with an oscilloscope, the following formula can be used:

Vop i L\[E : L) Sme (at 25 ps)

506

The above definition for Loran—C signal level will apply to cross-rate Loran-C signals as well
as desired Loran-C signals

Differential signal level is the difference between the levels of two slgnal expressed as the
voltage ratio of the larger to the smaller in decibels (dB)

The Minimum Performance Standards state the following on noise:

Noise

Simulated random noise (Gaussian) w1ll be considered to have a uniform power spectral
density prior to filtering. After filtering by a single resonator L-C filter having a center
frequency of 100 KHz and a 3 dB bandwidth of 30 KHz, the noise level is the voltage
generated across a 50 Q resistive load, measured on a true rms voltmeter; this noise level is
defined as the rms noise level, denoted by N.

Signal-to-Noise Ratio (SNR)

The 'sl'ghal-to noise ratio is the ratio of the Loran-C signal level at the SSP to the rms level of
simulated noise. SNR can be expressed as a dimensionless number indicating rms voltage / rms
voltage or as a ratio in dB. :
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By the way, the LC-filter mentioned in the MPS noise definition has a noise equivalent

2

bandwidth B. = [|H(jw)| dw = 47.124 KHz [3].
_ 0

With these definitions, we can calculate the noise and signal level in the receiver. The power of
the noise in accordance with the MPS at the antenna input is given by the following formula:
)

o = Env?as 1 O_(T
2

By dividing this power by the noise bandwidth of the 30 kHz filter, the noise power density
No of the antenna noise can be found:

o
N:} = -
Bn, 1c - fiter

in which By, 1 C_filter the equivalent noise bandwidth of the LC-filter specified in the MPS
definitions. This noise bandwidth is 47.124 kHz.

Once the noise power density of the antenna noise is found, the power of the noise after the
filter system can be calculated:

Ofiltered2 = Bn, Sfilter No

in which By, fijter is the equivalent noise bandwidth of the filter system (band-pass- and notch
filters). The noise equivalent bandwidth of our "standard" 5th order Butterworth filter is
20,333 kHz.

B.2. Example of Binary-Error-Probability.

A Eurofix data bit consists of several burst shifts. In the original Eurofix proposal, a bit is
transmitted by 6 alternating burst shifts. To calculate the probability of a bit-error, we first
need to calculate the probability that a single burst shift is detected erroneously. In this
example we take the following parameters:

SNR = 3 dB (MPS definition)

Loran-C bandpass filter: 5th order Butterworth, fc = 100 kHz, B =20 kHz, Bn = 20.333 kHz
ZC =100 ps

Modulation index = 1 ps.

The Loran-C signal will be tracked at the 100 ps zero-crossing. Sampling the signal (without

noise) at 100 ps +/- 2.5 us will give at least a value of 0.748 under any valid skywave
condition (see Chapter 4). Sampling that signal at 1 us from the zero crossing will give

A=0.748- sin(]%- 360°) =0.4397.
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So, assuming a balanced shifting, the amplitude of the data signal will be either -0.4397 or
0.4397. For reference: the value of the envelope at 25 us (SSP) is 0.506. The top of the
envelope is 1.

SNR

2 _[ o
Envs 1o (%) =0.06416099. The filtered noise power

The noise power of the signal is ¢* =

20,333
47,124

is -0.06416099 = 0.0276841. By taking the square root of this, we find ¢ to be

0.16638538. The probability that a particular burst is decoded the wrong way is now

P = Q(ﬁ) _ Q(—ﬂ) — 0.00410875
5 0.16638538

If we assume the originally proposed Eurofix coding scheme (6 burst shifts per bit), and decide
that a bit is decoded wrongly when 3 or more burst shifts are decoded wrongly (majority vote
principle), the probability that a bit is decoded erroneously is

(6 . .
R(bit—error):z [1) p-(1-p)*!
i=3

When p is the sample-error probability. Taking p = 0.00410875, the bit-error-probability will
be P(bit-error) = 1.38-10-6.

When one single Eurofix message consists of 50 bit, the probability that a message contains
one Or more errors is

50
P, (message — error) = Z( _ ) p'-(1- p)*” in which p is the bit-error probability. This
i

i=1

message error probability P (message-error) = 6.8998 -10-3
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B.3. Ternary-error-probability

In the original Eurofix proposal, burst 3...8 of a group of eight are shifted either 1 ps in
advance, or will be delayed 1 ps. Extra information can be transmitted by also allowing a shift
of 0 us (burst will not shift). In this way we can transmit a -1, a 0 or a 1 source digit by shifting
the bursts according to the patterns +-+-+-,0r00000 0, or - + - + - +. This gives us a
data rate of 1.5 bit per GRI, at the cost of a larger tri-bit (trit ?) error probability.

The values the sampler can expect are now: -A, 0 and +A. The decision threshold will be set at
-%2A and 2A. In a similar way we derived a formula for the binary case, we can derive:

~

1
o4
P:(burst advance wrongly received) = 2
c
\ S
1,
P:(static burst wrongly received)=2-Q 2
c
~. 4

P:(burst delay wrongly received) = Q| =——
c

The total probability that some sample is wrong, is the sum of the probabilities that some "trit"
was transmitted, multiplied by the probability that that "trit" was received erroneously, so

|
'

P = % P.(burst delay)+ é— P, (static burst) + % P.(burst advance) =

W
‘N

-0

1 ¢ r
with Q(k) still le?2dA
Q) sttt |




C. Sampled data values for various skywave conditions

The tables on the following two pages will show samples taken at 97.5 ps and 102.5 us after
the start of a (non-modulated) Loran-C burst that was filtered with our standard 5t order
Butterworth filter (f, = 100 kHz, B = 20 kHz). These samples are contaminated with skywaves
of various delays and various relative strengths (with respect to the groundwave). Samples
taken under skywave conditions that can not be encountered within a range of 600 km around
a transmitter, are shaded. The unshaded samples show that under any skywave condition,
samples taken at 97.5 pus and 102.5 ps always have the same sign, and that the absolute value
is always larger than 0.748 (top of the envelope of the unfiltered burst is assumed 1). The
conclusion that can be drawn is that skywaves within the area of 600 km around a transmitter
do not harm Eurofix data detection. For clearness' sake the tables are listed next to each other,
so the remainder of this page is left blank intentionally......




46

Analysis of the Eurofix Data Link

0 dB8 1 dB 2 dB 3 dB 4 dB 5 dB 6 dB 7 dB 8 dB 9 dB 10 dB
55 s = = = = e ST
56 ps
57 ps
58 pa
59 ps
60 ps -0,819 -0,821 -0,823 -0,826 -0,828 -0,832 -0,835 -0,839 -0,844 -0,849 -0,854
0,909 0,913 0,917 0,922 0,928 0,934 0,941 0,949 0,957 0,967 0,978
61 ps -0,810 -0,811 -0,812 -0,813 -0,815 -0,816 -0,818 -0,820 -0,822 -0,824 -0,827
0,894 0,896 0.899 0,901 0,904 0,908 0,911 0,915 0,920 0,925 0,931
62 ps -0,801 -0,801 -0,800 -0,800 -0,800 -0,800 -0,799 -0,799 -0,798 -0,798 -0,797
0,876 0,876 0,876 0,876 0,876 0.875 0,875 0,875 0,875 0,875 0,874
63 ps -0,794 -0,793 -0,792 -0,791 -0,790 -0,788 -0,786 -0,785 -0,782 -0,780 -0,777
0,863 0,861 0,859 0,856 0,854 0,851 0,848 0,844 0,840 0,836 0,831
64 ps -0,793 -0,791 -0,790 -0,789 -0,787 -0,785 -0,783 -0,781 -0,778 -0,775 -0,772
0,857 0,855, 0,852 0,849 0,846 0,842 0,838 0,833 0,827 0,821 0,815
65 ps -0,795 -0,794 -0,793 -0,792 -0,791 -0,789 -0,788 -0,786 ~-0,784 -0,782 -0,779
0,861 0,859 0,856 0,854 0,851 0,848 0,844 0,840 0,836 0,831 0,825
66 ps -0,799 -0,799 -0,799 -0,798 -0,798 -0,797 -0,797 -0,796 -0,795 -0,794 -0,793
0,869 0,868 0,867 0,866 0,865 0,863 0,862 0,80 0,858 0,855 0,853
67 ps -0,804 -0,804 -0,804 -0,804 -0,805 -0,805 -0,805 -0,805 -0,806 -0,806 -0,807
0,8/9 0,8/9 0,89 0,879 0,80 0,880 0,880 0,881 0,881 0,882 0,882
68 ps -0,806 -0,807 -0,807 -0,808 -0,808 -0,809 -0,810 -0,811 -0,812 -0,813 -0,814
0,885 0,88 0,887 0,888 0,890 0,891 0,893 0,89 0,897 0,900 0,902
69 ps -0,806 -0,807 -0,808 -0,808 -0,809 -0,810 -0,811 -0,812 -0,813 -0.814 -0,815
0,887 0,888 0,889 0,891 0,892 0,894 0,896 0,899 0,901 0,904 0,908
70 ps -0,805 -0,805 -0,806 -0,806 -0,807 -0,807 -0,808 -0,808 -0,809 2
0,884 0,88 0,886 0,887 0,889 0,890 0,892 0,894 0,896
71 ps -0,803 -0,803 -0,803 -0,803 -0,804 -0,804 -0,804 -0,804 -0,804
0,880 0,880 0,881 0,881 0,882 0,882 0,883 0,884 0,884
72 ps -0.802 -0,801 -0,801 -0,801 -0,801 -0,801 -0,801 -0,801 -0,800
0,876 0,876 0,875 0,875 0,875 0,875 0,874 0,874 0,874
73 ps -0,801 -o0,801 -0,800 -0,800 -0,800 -0,800 -0,799 -0,799 -0,798
0,873 0,873 0,872 0,872 0,8/1 0,870 0,869 0,89 0,867
74 ps -0,801 -0,801 -0,801 -0,800 -0,800 -0,800 -0,800 -0,799 -0,799
0,873 0,872 0,872 0,871 0,8/1 0,870 0,89 0,868 0,867
75 ps -0,802 -0,801 -0,801 -0,801 -0,801 -0,801 -0,801 -0,801 -0,800
0,8/4 0,8/4 0,874 0,873 0,873 0,872 0,872 0,871 0,870
76 ps -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802
0,876 0,876 0,876 0,876 0,876 0,876 0,876 0,875 0,875
77 ps -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803
0,8/8 0,878 0,878 0,878 0,878 0,879 0,879 0,879 0,879
78 ps -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,804
0,879 0,879 0,879 0,879 0,880 0,880 0,880 0,881 0,881
79 ps -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803
0,879 0.879 0.879 0,879 0,879 0.880 0,880 0,880 0,881
80 ps -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803 -0,803
0,8/8 o0,8/8 0.8/8 0,8/8 0,8/8 0,8/8 0,879 0,879 0,879
81 ps -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802
0,877 0,877 0,877 0,877 0,877 0,877 0,877 0,877 0,877
82 ps -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802
0,877 0,877 0,877 0,877 0,877 0,876 0,876 0,876 0,876
83 ps -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802
0,877 0,877 0,876 0,876 0,876 0,876 0,876 0,876 0,876
84 ps -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802
0,87 0,877 0,877 0,877 0,877 0,876 0,876 0,876 0,876
85 ps -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802 -0,802
0,877 0,877 0,877 0,877 0,877 0,877 0,877 0.877 0,877
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55 ps

56 ps

57 ps

58 ps

59 ps

60 us , 0, 0. 5 0
0, 1, 1, 1, o

61 ps -0. -0. -0. -0. -0.
0. 0. 0. 0. 0.

62 ps -0, -0, -0, -0, -0,
0, 0, 0, 0, 0,

63 ps -0, -0, -0, -0, -0,
0, 0, 0, 0, Q,

64 us -0, -0, -0, -0, -0,
0, 0, 0. 0, 0,

65 ps -0, -0, -0, -0, -0,
0, 0. 0, 0, 0,

66 ps -0, -0, -0, -0, -0,
0, 0, 0, 0. 0,

67 us -0, -0, -0, -0, -0,
0, 0, 0, 0, 0,

68 us -0, -0, -0, -0, -0,
0, 0, 0, 0, 0,

69 ps -0, -0, -0, -0, -0,
0 0 0 0 0

70 ps

71 ps

72 us

73 ps

74 ys

75 ps

76 ps

77 us

78 us

79 us

80 ps

81 ps

82 us

83 us

84 us

85 ps
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After the introduction of the Eurofix concept for transmission of Differential GPS data via
Loran-C signal, the structure and the internals of a Dynamic Dual-Chain Loran-C Simulator
are explained. This Loran-C Simulator was developed in 1987 at the Delft University of
Technology. This simulator has been modified to simulate Eurofix signals, which are Loran-C
signals that can be phase modulated. These modifications are described in this report.
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Summary

Eurofix is a combination of Differential GPS and Loran-C, in which DGPS corrections are
transmitted to a user via additional phase modulation of the Loran-C signal. The nature of the
Loran-C signal structure only allows for very small bit rates. Despite these small bit rates,
position accuracies of 8 to 20 meter in the horizontal plane (95 %) can be achieved by utilising
atomic frequency references that are already present in Loran-C transmitters. The
specifications, set in the Federal Radio navigation Plan for Harbour Approaches (1992) can be
met. Using Eurofix, the user has a low-cost, accurate positioning system at his disposal with an
improved integrity and availability, compared to standard GPS or standard Loran-C.

To investigate our ideas on Eurofix, and to perform actual measurements on our Eurofix
system, the need was felt to have a simulator at our disposal that could generate phase
modulated Loran-C signals. In 1987, a Dynamic Dual-Chain Loran-C Simulator was developed
at the Delft University of Technology., that could (real-time) generate Loran-C signals. This
signal generator can be controlled by means of a Personal Computer. It was decided to modify
this simulator to enable Eurofix phase modulation.

This report explains the internals of the Loran-C simulator mentioned above. The Loran-C
simulator mainly consists of a signal generator that can generate Loran-C bursts. The timing of
the simulator is controlled by a Z-80 microprocessor. Eurofix modulations is a matter of
generating bursts are alternating moments in time, so modifications for Eurofix turned out to
be a matter of software only. The modified software is downwards compatible with the non-
Eurofix version: all PC-control software that has been written for the "old" simulator can still
be used. The modifications that were necessary are explained in the remainder of this report
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1. Introduction

Integrated navigation is a topic of great interest at the moment and the years to come.
International borders disappear at a quick rate and people have become more mobile. This
generates larger flows of traffic on the already overcrowded infrastructures. The growing
traffic load can be led into channels by utilising the achievements of modern technology in the
field of radio navigation systems.

Safety and integrity play an important role in the development of (new) radio navigation
systems: people entrust their lives to those systems. That is why demands on radio navigation
systems have become more stringent. Authorities oblige large vessels for instance to have at
least two independent navigation systems aboard. Integration of radio navigation systems
opens ways to a larger accuracy an a larger integrity by combining the strong points of 2 or
more systems.

At the Delft University of Technology, department of Electrical Engineering, research is done
on the integration of Loran-C and GPS under the name EUROFIX. In the Eurofix proposal the
Loran-C system is not only used for navigation, but also for data transmission. This data
transmission feature will be used to transmit DGPS data from a DGPS reference station to a
mobile user. With a slightly modified Loran-C receiver, the user will have DGPS information at
his disposal, which offers him a greater accuracy (10 to 20 meter) and a greater integrity. In
this way, DGPS corrections are available in a large part of Europe at minimal user cost.

A preliminary Eurofix system has already been proposed at several occasions. But because
there are a lot of new transmitters planned in Europe, it is important to convince the authorities
to consider to implement Eurofix in these new transmitters. For that reason some haste was
imperative, and just for that reason it was decided to create a Eurofix test set-up. One part of
my graduation work was to modify a Dynamic Dual-Chain Loran-C simulator, to make it
possible to transmit Eurofix data in its preliminary form. Together with a modified receiver it is
then possible to show that Eurofix can work basically.

The datalink that is constituted in the Eurofix proposal hasn't been the subject of a thorough
investigation. It is merely based on the ideas of the Clarinet Pilgrim system of the US Navy, in
which the 6 last burst of a group of eight of a station are somewhat shifted with respect to each
other. Using different shift patterns, data can be transmitted. The other part of my graduation
work was to investigate this datalink and to find an answer on the following questions: can the
modulation principle be improved, what data-rates can be achieved, what bit-error rates can we
expect and what can we do about bit errors, and how will Eurofix affect conventional users?

The report in front of you describes the first part of my graduation work: the modification of a
Dynamic Dual-Chain Loran-C simulator to add data transmission capabilities.



2. Introduction to Eurofix

As mentioned in the introduction, Eurofix is a combination of Loran-C and GPS. Why this
combination offers additional value to a user, and how this is done, will be explained in this
section.

2.1 Differential GPS

The Global Positioning System (GPS) is a satellite-based radio navigation and positioning
system, that is being operated by the United States Department of Defence. This systems offers
authorised users accuracies of 10 to 20 meter (95 percentile level). Civilian users will have
access to a less accurate system: 100 meters. This worse accuracy is due to the deliberate
disturbances, called Selective Availability, that the US Department of Defence introduces into
the "civilian signal".

However, these disturbances can be diminished for a great deal with Differential GPS: a GPS
receiver at an exactly known location can calculate the error that is introduced by S.A. When a
mobile user compensates his own GPS-position for this error, he will have a better accuracy.
The ultimate mobile user DGPS accuracy depends on the age of the compensation message,
because S.A. varies in time and on distance to the reference station (because the common S.A.
error decorrelates in space). The only problem is: how to supply a mobile user this correction
information? For this, a data communication link is needed. The International Association of
Lighthouse Authorities has proposed to let radio beacons transmit DGPS data. In Eurofix,
Loran-C can constitute such a data link. Although nothing has been decided yet on the physical
data link, the data that should be transmitted is already standardised by the Radio Technical
Commission for Maritime Services (RTCM). This DGPS standard is known as SC-104.

2.2 The Eurofix solution

The Eurofix concept integrates Navstar/GPS with Loran-C. Differential GPS corrections are
phase coded onto the Loran-C signals. This can be done quite easy and cheap. The data rates
that can be established vary from 10 to 25 bits per second, however, Beekhuis [8] showed that,
even with such a low data rate, a very good DGPS performance can be achieved (better than
the specifications of the Federal Radio navigation Plan for Harbour Approaches), a the cost of
using atomic references.

I ref. pasition T

Navstar / GPS DGPS data Loran-C
core receiver > generator > transmitter

Atomic time
reference
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From a safety point of view, a lot of users might want to have both a GPS- and a Loran-C
receiver at their disposal. They only need a slightly modified Loran-C receiver to have DGPS
corrections at their disposal as well. The Eurofix receiver set up can be described on the basis
of the following figure :

| Loran-G data _|
EUROFIX
Loran-C receiver | pagpsdata .| EUROFIX |———»  position

_ oci
DGPS .| RTCM SC-104 navigation|—,  velocity

data format
software »  course

Navstar / GPS GPSdata |
receiver

package

L, integrity

The Eurofix Loran-C receiver generates Loran positions. It also decodes the DGPS data from
the Loran-C signal. This DGPS data might be available at an RTCM SC-104 compatible
output. The DGPS output could also be connected to some "navigation package", that could
take care of integrity monitoring and hybridisation.

This proposed cost-effective Eurofix navigation system offers increased accuracy and integrity
over either GPS or Loran-C separately, without the need for a separate data channel that uses
additional bandwidth in the scarce radio spectrum.

2.3 The Eurofix data link

In Eurofix, such the data link is constituted by modulation of the Loran-C signal. In the
original Eurofix proposals, the last six bursts of the group of eight bursts are shifted with
respect to each other, in the following way:

phase delay
nocodi\ng‘
phase advance
Binary data Modulation pattern
bit value
1 0O 0 + - + - + -
0 0 0 - + - + - +

Modulation pattern for code rate of 6

0 = no time shift

+ = positive code bit = 1 us phase delay

- = negative code bit = 1 ps phase advance



2. Introduction to Eurofix 9

Burst 3..8 of each transmitter are shifted 1 ps. Either they come 1 ps earlier, or they will be
delayed 1 ps. In the table above, a 1 us early burst is denoted by a -, a burst that is delayed 1
us is denoted by a + character. Data bits can be transmitted by applying different modulation
patterns to the last 6 bursts. In this way it is possible to transmit 1 bit per station per GRI. This
limits the data rate 10 to 25 bits per second.

Conventional Loran-C receivers will not notice this modulation, as long as the number of burst
advances equals the number of burst delays. The modulation effects are averaged out in this
way, assuming that the lowest modulation frequency is above the bandwidth of the tracking
loop of the receiver. However, the conventional user will notice a slightly deteriorated Signal-
to-Noise ratio of 1.34 dB. I will explain that using the following phasor diagram:

Y-axis
amplitude loss &7
navigation
signal ¥
36 deg.
N
X-axis
4k
amplitude of
datasignal

The conventional user will expect the phasor that is standing upright. Due to the 1 ps shift
(which corresponds to 36°), the user will find a slightly rotated phasor. Averaging 6 of those
rotated phasor gives the same zero-crossings, but because of the phase shift, the amplitude of
the averaged bursts will be less than normal (the distance at the Y-axis). As you can see, a
smaller modulation index would cause a smaller loss in the amplitude of the "navigation"
component, but it also causes a smaller amplitude of the quadrature component: the DGPS
data signal.

Somewhere an optimum between power loss of the conventional Loran-C user and the signal
to noise ratio of the DGPS data signal will have to be found. This topic is still under research.



3. The Dynamic Dual-Chain Loran-C Simulator

This chapter will give you an insight in the internals of the Dynamic Dual-Chain Loran-C
Simulator that was developed at the Delft University of Technology, in 1987. At that time the
need was felt to have a simulator available with which it was possible to investigate dynamic
behaviour of Loran-C receivers. Of course it is impractical to travel the route you wish to
investigate, and sometimes it is even impossible to carry out specific moves (for instance step
response). The design and development of this simulator was a Master's Project of René
Kellenbach at the department of Electronic Technology (Ned: Elektronische Techniek). The
simulator is described in details in his thesis [1].

3.1 Features of the Loran-C Simulator
The design demands the simulator would have to meet (at that time) were:

e Generation of Loran-C bursts according to Coast Guard specifications, cat. 1

transmitters.

Computer controllable via an RS-232 interface.

Real-Time simulation with freely programmable td's via computer, resolution of 25 ns.

GRI and number of transmitters in chain programmable

Programmable Skywaves (delay and strength) according to Coast Guard Minimum

Performance Standards

e Programmable noise generator

e 50K output for receiver

» Internal clock generator as well as input for external 5 MHz Cesium standard

e Dynamic programmable Envelope to Carrier Delay, Signal to Noise Ratio and skywave
delay, programmable for each transmitter independently

e Dual chain

e Very good phase stability (to allow rho-rho navigation)

The simulator that was develop does meet all those requirements. To meet those
requirements, a microprocessor had to be brought into action for controlling such the complex
task of generating Loran-C bursts dynamically. The hardware of the simulator will be discussed
first. The software will be treated separately.

3.2 The Loran-C Simulator hardware

Fortunately, the Loran-C simulator is in fact no more than a clock and timing unit, a signal
generator that generates Loran C bursts at the command of a microprocessor and a
microprocessor system. This means that all "intelligence" of the simulator can be put in
EPROM, which enables us to make a lot of changes without having to modify the hardware.
For us, the most important and interesting parts of the hardware are the burst generator, the
carrier generator and the microprocessor system.
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3.2.1 The Loran-C burst generator

Loran-C bursts can be described mathematically by

e(t)= A-[L]E -exp(z_z't)-cos(a)-t+PC)

65 65

in which e(t) stands for strength of the electrical field, A for a constant amplitude, @ for the
carrier frequency and PC for the phase code of the signal, which can be 0 or . Generating
such a burst is just a matter of multiplying a sine wave carrier with an envelope. The form of
the envelope is defined by the second and third factor of above equation. The signal generator
that generates the bursts in the simulator can be described with the following block diagram:

slne wave | Multiplylng
generator * DIA converter [ Loran burst
ROM

!

counter

The sine wave generator generates a 100 KHz sine wave. The multiplying D/A converter
modulates that wave into a Loran-C burst by multiplying that carrier with the Loran-C
envelope. The samples of the shape of the envelope, which depend on the ECD you want to
simulate, are stored in Read Only Memory. By choosing the appropriate bank in ROM, you
can get different shapes (ECD's). The phase code of the Loran burst can be set by multiplying
the burst by 1 or -1.

3.2.2 A sine wave generator with microprocessor-controllable phase

The 5 MHz clock that is present in the simulator, is divided by 50 to generate a 100 KHz
square wave. The resulting square wave is fed through a low-pass filter, which yields a 100
KHz carrier sine wave. The phase of the (digital) square wave can be easily controlled by a
microprocessor programmable delay line. As you can see in the following block diagram, the
delay line is split up into a part that can delay the signal 10 ps (one complete cycle) with a
resolution of 200 ns ( and a part that can delay the signal 200 ns at most (with a resolution of
25 ns). The coarse delay line consists of a counter and a comparator. The counter counts from
0 to 49 with a programmable preset. By changing the preset, we can shift the phase of the
counter. Using the comparator it is possible to generate a symmetrical square wave.

. coarse fine
g Ing?kz __’dlylsc(i)er > delay » delay » filter  |—» carrier out
' 0..10pus 0..200ns

|

P uP
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3.2.3 Block diagram of the Loran-C Simulator

The carrier generator with programmable phase and the burst generator with envelope
multiplier are the two main components on which the following block diagram of the simulator
is based:

5 MHz 100 KHz delay || delay

LPF muit. fogd GROUNDWAVE
clock " timer line line D_ ] [>+/- 1x_> DAC 1 fegdac
pPT uPt pPT T T
pulse uyP att.

shaper latch

ol Py f
main synchro- uP ECD
™" timer nizer ROM [*select
start counter

< ) > ouT
+
delay || delay _ﬂleF__, > s Mmult. |l jogdac _S_KYLVE_I

line line +- 1% DAC
pPT pPT pPT T T
pulse uPatt. pP
| shaper latch ] logdac
upi T P ECD T
slave synchro- H noise
1 timer | | n?lzer ROM [*“gelect gen.
uPt T
start counter

As you may have noticed: the block diagram consists of two almost identical parts. The upper
part generates the ground wave, whereas the lower part generates the skywave. These two
signals are added, together with noise, and amplified.

At the upper left top there is the 5 MHz clock which is divided by 50 with the help of a
programmable timer. This 100 KHz square wave is used as input for the delay lines, to create a
100 KHz sine wave. The 100 KHz square wave is also fed into the main- and the slave timer.
The main timer generates startpulses for the pulse generator of the ground waves, the slave
timer generates startpulses for the pulse generator of the skywaves. This slave timer is a
programmable one-shot timer that is controlled by the main timer. This allows us to program
the delay of the skywave. From the two delay lines, the square wave is led to a low-pass filter
to yield a carrier sine. After a programmable inverter, this carrier will be multiplied with the
Loran-C envelope in the multiplying DAC. The envelope of the Loran-C burst is stored in
ROM. By selecting different blocks in this ROM, different ECD's can be selected. The resulting
Loran-C burst can be attenuated by a programmable logarithmic attenuator (LOGDAC). The
skywave is generated by a similar generator and added to the ground wave. Finally, noise from
a pseudo-random noise generator is added.

As you can see, the microprocessor can control ground- and skywave phase, ground- and
skywave polarity, ground- and skywave level (using the LOGDAC's), ground- and skywave
ECD, skywave delay and noise power.
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To provide Dual-Chain capabilities, the simulator is equipped with two generators as sketched
above. They both have their own microprocessor unit, so they can operate independently. The
only thing they do share is an RS-232 communication line to a controlling Personal Computer.

3.2.4 The microprocessor unit

The microprocessor part of each chain consists of the famous Zilog Z80 microprocessor,
which runs at a clock frequency of 5 MHz. It consist furthermore of 8 Kilobytes of EPROM
memory, 8 Kilobytes of RAM memory and a few I/O ports, through which the signal
generators are controlled. Each microprocessor part also has an RS-232 interface, based on an
INTEL 8251 Programmable Communication Controller. The microprocessor board is
equipped with 8 dip-switches. At start-up, the microprocessor will take a look at these
switches and decides whether to run a test program, or to go into normal operation.

One of the switches is used to set the address of the simulator. The two interfaces of each
chain are switched in parallel. Each chain has its own select code, determined by the setting of
the dipswitch (see Appendix A), so each chain can make up for whom the commands from the
host are destined. The chain that is currently selected is the only chain that is allowed to send
data back to the host.

The programmable timer that has been mentioned is the (again) famous 8253. Datasheets of
this chip, and of the 8251, can be found in appendix D, so that you know how to program
them.

3.3 Software of the Loran-C Simulator

A great deal of the effort of the development of the simulator has been put in the development
of the software. Fortunately, much of the control of the simulator has been left over to
software, which makes future changes relatively easy. Controlling the simulator as a whole is
also a matter of software: you won't find any switches, buttons, keys or knobs on the
simulator, except for the On/Off switch. the operation of the simulator is completely controlled
by commands that can be fed into the simulator via an RS-232 interface. In the rest of this
report, it is assumed that a Personal Computer is connected to the other side of the RS-232
cable. The software can be divided up into several modules. But before discussing each
module, I would like to spend a few words on the communication between simulator and
Personal Computer. The source code of the software can be found in appendix B.

3.3.1 Communication protocol between simulator and outside world

The simulator uses an advanced protocol for its communication with the PC. Under all
circumstances we must avoid that the not-selected chain A (that also scans the line for its
"select" command) thinks it is selected when listening to data destined for chain B.

All binary data will be converted into readable ASCII characters (codes 20 .. 7F hex). Every
parameter or command is at least one byte long, with the following structure:

01sdddd (= ASCII 20 .. 3F hex)




3. The Dynamic Dual-Chain Loran-C Simulator is

In this format, s is the signbit (1 = pos, 0 = neg) and d d d d is a 4-bit datafield.. Using this one
byte we can send parameters varying from -15 to + 15. If we want to transmit larger values,
we let this <low> byte precede by one or more <high> bytes, with the following format:

1dddddd(=ASCII 40 .. 7F hex)

Now we have a six-bit datafield d d d d d d. Using a <low> and a <high> byte we can send 10
bits numbers; 16 bit numbers can be send with another <high> byte. One of the appendices will
provide you high-level PC software that can do the conversion from "normal" numbers to
numbers in this protocol.

The ASCII codes 00 .. IF aren't used in this protocol, so they can be used for lead-in
sequences. You can find a complete list of commands for the control of the simulator and their
format in appendix A.

3.3.2 Control commands from the outside world

The PC controlling the simulator can send various commands to the simulator. These vary
from setting the TD's to setting the output level of the noise generator. As said before, a
complete list of available commands can be found in appendix A.

Some commands will be carried out directly after reception. Most commands however will be
placed into the command buffer. The simulator will carry out these commands in order of
reception. If the buffer runs out of commands, the simulator will continue to generate signals
according to the last setting, i.e. the simulator will "stand still" in this case. The buffer has
room for about 6000 bytes.

The software of the simulator is divided into 4 modules: SIM.MAC, SIMIO.MAC,
SIMBRS MAC and SIMTEST .MAC. The source code of these modules can be found in
appendix B.

3.3.3 Communication module (SIMIO.MAC)

The file SIMIO.MAC contains source code for all communication with the Personal
Computer. The serial interface chip (8251A) will have to be initialised. The function "INITRS"
will take care of that. This routine will set the data format (8 bits, no parity, 2 stop bits). The
pointers for the command buffer (RDPNT and WRPNT) will also be initialised, as well as the
counter that counts the buffer contents (BUFCNT). The dipswitch that tells the simulator to
which select code to listen will also be read in this routine.

When the 8251A has received a command from the RS-232 connection to the PC, it generates
an interrupt request for the Z80 microprocessor. The Z80 calls the interrupt service handler, in
which the character will be processed. If it is a SELECT command, the simulator will be
selected if the code corresponds to the dipswitch setting and "SELFLG" will be set, or else it
will deselect itself. In case of another command, the interrupt handler routine will check
whether the simulator is selected. If this is the case, the command will be processed. If not, it
will discard the character.

Commands will be split into direct commands and buffered commands. Direct commands will
be carried out immediately, buffered commands will be placed in the buffer



16 Simulating the Eurofix Data Link

("BUFFER")."WRPNT" will keep track of the last position written to, and "RDPNT" will keep
track of the next character to be read from the command buffer. If one of these pointers
reaches the end of the buffer, it will be reset to the begin of the buffer to simulate a FIFO
buffer. If the PC issues a request for the status of the buffer, the interrupt service routine will
use the routine "SEND" to send the number of bytes in the buffer to the PC.

The main program can get characters from the buffer using the function GET_BYT. For this
purpose there will be first a check (by means of RX_STAT) whether there are characters in the
buffer. If this is not the case, the routine will wait until there are. The routine BUF_READ is
used to fetch the character from the buffer and to adjust the pointers.

3.3.4 Main module (SIM.MAC)

We now know how to communicate with the PC; the working of the main program can be
made clear now. After a reset at power-up, the Z80 initialises the RS-232 interface (INITRS),
the burst processing routines (INITBRS) and starts the noise generator. It will then take a look
at the dipswitch to see if a test program should be run.

At this point, the simulator is ready to process commands from the buffer. During processing
of these commands, interrupts may occur from both the serial interface (character received)
and the main timer (timer 1). In the INTERRUPT routine the status register of the 8251 serial
communication controller will be read. This tells us the cause of the interrupt. The appropriate
interrupt handler (RX_INT or BRS INT) will be called.

The main program is a simple endless loop (GET _CMD), in which the commands are taken
out of the buffer one at a time and are decoded. After reception of a GS-code ( = relative TD
move, see Appendix A), GET CMD will jump to the corresponding routine (REL_MOVE)
immediately. A received ESCAPE code will be decoded by means of a look-up table, in which
the addresses for several routines can be found.

All routines that need parameters, use a special routine to get those parameters out of the
buffer: GET_INT. In this routine, the protocol discussed on page 14 is implemented. It will
convert the bytes received from the PC into ordinary binary numbers of at most 32 bits,
sufficient for the longest parameter we can expect (22 bits for a DTA).

The REL_MOVE routine, with which the dynamic simulation by means of relative moves is
controlled,

initialises a data-table (MOV_TIM) in which the moves to make are stored. The burst interrupt
processing routines (more on that later), detect this and will carry out these relative moves
real-time. The routines are mutually synchronised by a semaphore table (MOV_FLG).

The other routines also use tables in which parameters are stored. These parameters will be
used to adjust the simulator the next GRI. This is a cyclic process: when all eight bursts of a
station have been generated,. the burst interrupt software initialises the burstgenerators for the
next transmitter in the chain. The data needed for this is fetched from a table using indexing.
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Because all routines are more or less the same qua structure, a table with some names and
corresponding routines will hopefully suffice:

function routine table

DTA initialisation SET DTA DTATAB
set skywave delay SET_SDEL SKYTAB
set ground wave delay SET GLEV GND_LEV
set skywave delay SET _SLEV SKY LEV
set ground wave ECD SET_GECD G_ECDTB
set skywave ECD SET SECD S ECDTB

3.3.5 Burst processing module (SIMBRS.MAC)

The job of the simulator is to generate Loran-C bursts as specified by a Personal Computer.
This job is really done in this module. The module SIMIOMAC only provides a
communication link and SIM.MAC only translates commands from the PC and places these
parameters in tables. SIMBRS MAC is going to process these tables and control the signal
generators from these tables. The complete process of generating bursts is under strict control
of the main timer (timer 1 of a 8253 chip). This timer operates on a 100 KHz clock frequency
and has a range of 16 bits. We can define time intervals up to 65535 * 10 us = 0.65 s, more
than sufficient to generate all TD's.

When this timer is loaded with a number, it starts counting down to 0. When the timer reaches
0, it generates an interrupt for the Z80, which should take action on this. Meanwhile, the
counter of the timer will be loaded automatically with the next value, that should be readily
available in the 8253 chip. So the software should think one step ahead. This timer constitutes
the reference of absolute time.

As soon as an interval between two stations (DTA) has passed, we should generate 8 bursts.
By that time, the hardware must have been set up for these eight bursts (signal strength, ECD,
etc.). From burst to burst, only the phase code will change, according to the following scheme:

Master Slave
GRI A: +4+ - -+ F- ++4++4+- -+
GRIB: + - - 4+ +++ + -+ + 4

The generation of the correct phase codes will take place by means of a phase code table
(PHCTAB), in which all phase codes are stored. By rotating a code bit-by-bit we find the
correct + or - code (1 or 0). After all eight bursts, the code will be adjusted for the next GRI
by inverting the sign of all even numbered bursts.

Setting up the hardware is critical: it is allowed to set various parts of the hardware only if
there is no signal to be generated. The main timer must be controlled correctly meanwhile. To
explain all actions that should be taken for one station, consider the following illustration:
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» select next phase code

L——» wait 1 ms
brscnt =7
set timerto 1 ms
invert phase code
index = next index
phcode = next phase code
set ECD's
set delay lines
set levels

—— get timer to next DTA
calculate remainder
check move request

Two variables keep track of the "state" of the simulator: INDEX stores the number of the
station that is processed at the moment (master = 0, slave 1 = 1 etc.). This variable is used,
among others, for indexing various tables. BRSCNT is a burst counter for the eight bursts of a
station. It counts down from 7 to O.

After every interrupt the sign switch will have to be prepared according to the phase code of
the following burst. After the 7th burst of a station, the main timer must be loaded with the
DTA that comes after the last burst. At the 8th burst this value will be loaded in the timer
automatically.

The DTA's have to be divided into 10 ps units for the main timer, 200 ns units for the coarse
delay line and 25 ns units for the fine delay line. The main timer keeps track of absolute time.
The DTA will be split into parts using the following algorithm:

timervalue = DTA /10 ps

remainder = old remainder + (DTA mod 10 ps)

if remainder > 10 ns then --> remainder = remainder - 10 us
, v timer = timer + 10 us

coarse delay = remainder / 200 ns :

fine delay = remainder mod 200 ns

The relative moves in time will be kept in the variable REMAINDER. All previous relative
shifts are added together; as soon as the 10 us threshold will be exceeded, the timer value and
REMAINDER will be corrected. The remainder will be split up into 200 ns parts and 25 ns
parts. for the delay lines.

When all calculations have been done, the program will check whether there is a request for a
relative move of the stations (CHK _MOY). If the semaphore of the transmitter in question is
set (MOV_FLG), the transmitter will be moved for the next GRI. The DTA's on both sides will
be adjusted for this.




3. The Dynamic Dual-Chain Loran-C Simulator 19

When the next interrupt request arrives from the timer, all processing for the current
transmitter has been done and we can start preparing the next transmitter. Before the hardware
will be switched, we will wait for 1 ms to let the last burst fade out.

BRSCNT will be set to 7 again, and the timer can be programmed for a 1 ms interval for the
next series of bursts. Next, the phase code of the previous station will be set for the next GRI.
The new phase code will be stored in PHCODE, which is used for rotating the sign bits.

The ECD's and signal levels of ground- and skywaves can then be set, and we can set the delay
lines according to the value of REMAINDER. All hardware now is ready for the next station.
All we have to do is wait for the next interrupt ...............

One important remark: before programming the delay lines, we must switch off the carriers to
prevent phase modulation of the low-pass filters. Phase modulation of the low-pass filters
could cause high voltage peaks, that can leak through the LOGDAC and "infect" the output
signal. After that we have to wait 500 ps before the transients have faded out. We can switch
on the carriers again after this period.

3.3.6 Test module (SIMTEST.MAC)

At start up, SIM.MAC will check whether it should run a test program. The user could have
set dipswitches to order the simulator to do so. The test programs will generate various signals
to check whether the simulator is operating correctly. Some test programs are needed to adjust
various resistors and capacitors in the simulator itself. These test programs are not very
interesting any more, so I won't discuss them in this report.



4. Modification of a Loran-C simulator for Data
Transmission

4.1 Introduction

You now know what Eurofix is, and that we need a data-link for transmitting the DGPS
corrections to the (mobile) user. In Eurofix, data transmission is achieved by shifting Loran-C
bursts with respect to each other within a group of eight bursts. As said in Chapter 2, research
is still going on and nothing is decided yet on the final form of Eurofix. However, the need was
felt to have a Loran-C simulator at our disposal that could generate Eurofix signals in a
premature form. This, together with a modified receiver that could decode our premature
modulation scheme, would offer us the possibility to show to sceptics that Eurofix can really
work. Even if premature, speedy results are important in order to convince the authorities that
Eurofix is interesting to implement in the planned new transmitters in Europe. Besides that,
modifying a Loran-C receiver for Eurofix in whatever form without the use of a suitable
simulator is practically impossible. It would also enable us to show that conventional receivers
don' suffer too much from Eurofix.

In the "premature" modulation scheme, the last 6 bursts of a group of eight as shifted as
depicted below:

phase delay
no coding
phase advance
Binary data Modulation pattern
bit value
1 0 0 + - + - + -
0 0 0 - + - + - +

Modulation pattern for code rate of 6

0 = no time shift

+ = positive code bit = 1 ps phase delay

- = negative code bit = 1 ps phase advance

In this way it is possible to transmit 1 bit per station per GRL.
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4.2 Design considerations for the Eurofix simulator modifications

The shifts of 1 ps are taken out of the blue. No research has been done on this value. It is clear
that a larger shift can increase the Signal to Noise ratio of the data signal, but a larger shift will
also mean a larger decrease in Signal-to-Noise ratio of the Loran-C signal for navigation
purposes. The US Navy once had their Clarinet Pilgrim system, also based on phase
modulation of Loran-C signals. The datalink they set up in that way was used to guide
submarines. The US Navy also used a modulation index of 1 us, which turned out to be
satisfactory. So this seemed a nice value to start with. But complete other modulation schemes
may be feasible as well. With ternary coding (a + shift, a - shift or no shift at all) we might
achieve a bit-rate that is factor 1,5 larger, at the cost of an increase in Bit Error Probability. So,
it is not yet clear what the optimum will be.

Because the Eurofix system, outlined in the previous section, is only a premature proposal,
care should be taken to modify the simulator in such a way that it allows other proposals to be
implemented easily.

Grosso modo the Loran-C simulator is a signal generator that can generate Loran-C bursts, at
times dictated by a microprocessor controlled module. Because in Eurofix only the time of
transmission of Loran-C bursts will differ for normal Loran-C, we could expect that the
modifications could be made solely in the control software of the simulator. This will mean that
the simulator is still suitable for "normal" Loran-C simulations and that it will a relatively easy
way to implement other modulation schemes. So, it would be important to try to keep
modifications restricted to the software of the simulator as much as possible. Furthermore, it
was not the intention to modify the simulator in such a way that it couldn't be used for
"normal" operations any more.

Assuming that the modifications could be limited to software, it would then be a nice idea to
keep the software as far as possible compatible with older PC control software.

Intuitively, the biggest problem will be that the Time Of Transmission of burst 2.8 of a station
can vary. Up until now, the timer could be set to 1 ms, and one could sit down and wait. The
calculation of Time Of Transmission had only to be made for the DTA's, once per station. For
Eurofix, such a calculation should be made for every burst. A quick glance at the original
module "SIMBRS MAC", in particular at the procedure NEXT DTA, learns that at least a 32
bit integer division is needed. Divisions are known to be time consuming, so an investigation of
the subroutine "Div32" tells us that (worst case) 350 us are needed. Another problem is the
not-allowed phase modulation of the Low-Pass filter: before we can program the delay lines,
we must switch off the carrier. After programming the delay-lines, we must wait 500 ps to let
transients fade out, before we may switch on the carrier again. And, of course, before we are
allowed to program the delay lines, the current burst must have faded out. Because we only
have 1000 ps and we have a lot to do, there is reason to worry! This problem may become
clear from the following figure:
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0 200 400 600 800 1000 timeinps

Wait for LPF
interrupt .,
f !

set delay line  switch carriers on

At time t = 0, the main timer will generate an interrupt, at which the program will start an
interrupt service routine. In this service routine, the delay lines for the next burst will have to
be set, and the timer value for the burst after that will have to be calculated and set. This
interrupt signal will also be noticed by the delay line and the "synchroniser". At time t = 0 +
tdelay> the actual Loran-C burst will start. Before we are allowed to reprogram the delay line,
the Loran burst must have faded out, so we must keep our hands from the delay line until t =
300 ps. Starting from t = 0, we can calculate the timer value for the burst after the next, which
will take about 350 us (the infamous 32 bit division). After that, the current Loran burst will
have faded out, and we can reprogram the delay line. But we must reprogram the delay line
before t = 500 us, in order to let the Low-pass filter recover. During this 500 ps, we cannot do
anything else. So, we don't have much time left to take care of other engagements (PC
communication, setting signal levels, ECD's, skywave parameters, dynamic simulation etc.).

Another major modification is to take care of the data flow from PC to simulator. Problems
will arise for sure if you try to regulate this flow via the command buffer of the simulator.
Commands in the command buffer are carried out as soon as the microprocessor has time to do
so. No guarantees can be given that a certain command is carried out at a certain time. For
dynamic simulation of "normal" Loran receivers, this doesn't pose a problem. Calculating a
position fix in a receiver is a "slow" procedure. A receiver cannot distinguish between a change
in (for instance) skywave level in GRI n or GRI n+1.

4.3 Two major modifications in the Loran-C simulator

Making the Dynamic Dual-Chain Loran-C Simulator suitable for Eurofix, requires some
modifications that can be divided into two major classes. First of all, the simulator must be able
to receive the data it should transmit from the PC. The communication protocol has to be
extended to allow for this. This data has to be put in some buffer.

Secondly, the simulator must be able to change the Time Of Transmission of any burst,
according to the data it received from the Personal Computer.

4.3.1 Buffering of data bits

I will start with the simplest problem outlined in paragraph 4.2: the handling of the data flow
from PC to simulator, especially the DGPS data. When the DGPS data from the PC would be
put into the regular command buffer, you loose flexibility. For instance, it is not possible
anymore to load a simulation scenario (a route the simulator should simulate, incl. varying
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ECD's, SNR's and sky waves) into the command buffer and to start the simulator. All problems
will be circumvented by intercepting the DGPS data from the RS-232 flow and placing this
data into separate buffers, which is exactly what has happened.

In the data-area of the simulator software, 7 buffers of 16 bytes each have been added to store
DGPS data, for each station one buffer. The module "SIMIO.MAC" is somewhat extended.
When a character from the PC is received, the interrupt service routine checks a variable to see
whether there are (DGPS) data bytes expected. If not, it will continue its "original" tasks.

If the PC wants to send data bytes, it first sends a command to tell the simulator that data bytes
will follow. The simulator now sets a flag to know that data bytes will follow. After that, the
PC will send a station identification number, to identify the station for which the data is
destined. In order to save overhead trouble (data-command, station ID), the PC will send 4
bytes (of 7 bits each), which will be stored into the appropriate buffer.

Because both chains listen to the same RS-232 line coming from the PC, chain A might
recognise its "SELECT" command in the DGPS data for some station in chain B. This problem
is circumvented by letting the not-selected chain also count the number of data bytes its
colleague is expecting. The one chain now knows that a certain character is a data byte for the
other chain and not a "SELECT" command for itself.

4.3.2 Setting the timer and delay lines

As sketched in paragraph 4.2, the simulator will be very busy carrying out its tasks, maybe
even too busy. Not only will the simulator have to do its regular tasks, but it will also have to
carry out its additional tasks, like processing an increases flow of commands and data from the
PC. Not only for itself, but also for its colleague as all bytes destined for its colleague also have
to be read to look for a "SELECT" command too.

We could cut a large part of the tasks of the simulator by getting rid of the division it needs to
make for every burst. The timing of the transmission of burst is based on a timer and a delay
line. The timer can create delay in units of 10 us, the delay line can delay signals 0 .. 9.975 ns in
steps of 25 ns. The total delay time has to be divided by 400, in order to split it up into a part
in units of 10 us and a part in units of 25 ns. But if a DTA is already divided in parts, and if we
calculate time delays in steps, we don't need this 32 bit integer division any more! Calculations
can be limited to simple additions and subtractions.

It took me some time to fully understand the timing structure of the simulator, so I don't
expect you to understand at this point. I will try to clarify it with an example:

Suppose we want to transmit the following TD's (static, and without Eurofix
modulation) on a chain with a GRI of 7970 (repetition time is 79.700 us).

9975.225 ps
2932.950 ps

TD master - slave 1: 16975.225ps  DTA master - slave 1

TD master - slave 2: 26908.175 us DTA slavel - slave 2

The simulation will start with the second burst of the master (it will become clear why).
Therefore, the timer is set to 100, i.e. 100 units of 10 us. The delay line is set to 0. Before
the start of the last burst, the timer is set to the DTA master-slave 1. When the timer is
ready counting the interval between burst 7 and burst 8 of the master, it starts counting
down the interval DTA. The timer will be loaded with the number 997. The delay line
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will then be set to the number 209 (in 25 ns units). After that, the interval between two
consecutive bursts of slave 1 have to be timed: the fimer will be set to 100 again, the
delay hne will keep its value, until the next DTA has to be timed.

The values for timer and the delay line for DTA 2 are calculated as follows (followmg the
algorithm in paragraph 3.3.5):

DTA 2 =293 * 10 Ms + 118 * 25 ns = 2932.950 us (division needed to spllt 2932 950 into.
parts') v

delay line = delay hne + 118‘

timer = 293 -

If the result of the first addition would have been bigger than the range of the delay line,
the timer value would have been 294,

For static simulation, the DTA's remain constant, for dynamic simulation, we only slightly
modify them once in a while. The problem of time-consuming divisions can be solved by
storing and using the DTA's in split form! So, if the PC could split the DTA's for the simulator,
no division are necessary. But, as stated before, if the simulator software is to be kept
compatible with PC software, this is no option. A solution is then to split the DTA's upon
reception and store theme in split form. The divisions have then moved to the initialisation part
of the simulator, so they aren't necessary anymore during the course of the simulation.

At this point I hope it is clear to you that the absolute time within a GRI is kept in two
variables: timer value and delay line value. You will find these variables back in the source
code of the simulator quotient and remain respectively.

Modulation of Eurofix data onto the bursts is an easy task now: if a burst has to be
transmitted somewhat earlier, the calculated delay time (without Eurofix) has to be decreased a
little (temporarily). The source code of the modified simulator software can be found in
Appendix C. If you take a look at the procedure SET TIMER in the module
"SIMBRS MAC", you will find that the absolute time within a GRI is kept in the variables
"quotient" and "remain". These two variables together specify the Time Of Transmission of the
next (unmodulated) burst. Both will be adjusted temporarily to get the actual time of
transmission which differs because of Eurofix.

The waiting period of 500 ps, that would be necessary to prevent phase modulation, appeared
to be a rather conservative value. Measurements with storage oscilloscope showed that nothing
could be found if the period was decreased to 200 us

4.4 Changes in the original software

The structure of the modifications necessary for Eurofix has been outlined in the previous
section. In appendix A you will find a detailed description of the additional commands a
Personal Computer may issue for Eurofix. There are commands for transmitting data from PC
to simulator, and commands to set various Eurofix parameters as modulation pattern and
modulation index. I will now discuss the changes made in every module.
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4.4.1 Communication module (SIMIO.MAC)

The simulator has 7 extra buffers (one for each station), in which data coming from the PC will
be stored. Because all buffers are read out in the same pace, only 1 read pointer will be
necessary for all buffers. However, all buffers will need a separate write pointer, because the
PC is allowed to fill the buffers in any order it likes. The 7 write pointers and 1 read pointer
will be initialised in routine INITRS.

The interrupt handler routine for a RS-232 interrupt will now intercept data bytes that are to
be modulated onto the Loran-C bursts. The intercepted bytes will be handed over to the
procedure "data bytes". Even if the chain in question is not selected. Besides that, the interrupt
service routine hasn't changed very much.

As said above, data bytes will be handed over to the procedure "data bytes". The PC will send
a "data command" to tell the simulator that data bytes will follow. "Data bytes" will then set a
variable called "dataexp" to 5, so that the simulator knows that the coming S bytes are data
bytes and not command bytes. This is to circumvent the problem that the data bytes might
contain some character that is recognised as a command. The data bytes will be written to the
appropriate buffer.

Even if the simulator is not selected, it start counting data bytes after it sees a data command
on the RS-232 line. When scanning the line, it might find its "SELECT" command in the data
bytes for the other chain. By counting the data bytes for the other chain, it can distinguish
between data bytes for the other chain and the "SELECT" code for itself.

The routine "SEND" know checks whether the simulator is selected. Formerly, the simulator
could only send data on request of the PC, so it must had been selected. In the Eurofix mode
of operation, the simulator will send a synchronisation character after each 112 GRI's, which is
only allowed if it is selected to prevent "data collisions" on the RS-232 line.

4.4.2 Main module (SIM.MAC)

The command set of the simulator is extended somewhat to make Eurofix possible. All
commands that the simulator will understand, can be found in Appendix A. The additional
Eurofix "ESC"-commands are decoded and carried out in this module. The changes in this
module speak for themselves.

4.4.3 Burst processing module (SIMBRS.MAC)

The Times of Transmission of bursts will have to be modified, according to the data the PC
want the simulator to transmit. This data is put into buffers by procedures in the module
SIMIO.MAC. The actual modulation takes place in this module.

Let me start with explaining the routine SET_TIMER. In this routine, the settings for the timer
and the delay lines without Eurofix modulation are calculated. The settings for timer and delay
lines are added to "quotient" and "remain", so these variables together contain the absolute
time reference within a GRI. These variables are compensated for Eurofix. These compensated
variables are called "tempquo" and "temprem". Timer and delay lines will be eventually be set
with these values. After SET_TIMER has calculated those values, the timer will be set right
away (for the burst after the next).
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The conductor of all timing procedures is "BRSINT". This interrupt service routine will get
called after the timer reaches zero. This interrupt signal is also a signal for the burst generator
to start generator a burst (after a delay). So, the burst will begin at the same time this routine is
called.

This routine calls SET_TIMER to set the timer for the burst after the next. Furthermore, the
delay lines will be set for the next burst. But this is only allowed if the current burst (that is just
being generated) has finished.

BRSINT also keep tracks of the number of bursts per station. The variable "brscnt" is used for
this purpose. If all eight bursts of a station have been transmitted, the timer must have been set
to wait a period, the DTA. So, BRSINT also tells SET_TIMER to set the timer to time inter-
burst periods or inter-station intervals.

Because BRSINT is not allowed to set the delay lines before the current burst is finished, it can
do its calculation work in the mean time. For that reason SET TIMER is already called to
calculate a new "tempquo" and "temprem". This will take a while. After that, the delay lines
can be set to the value that was saved in "temprem2".

At the start of BRSINT, the variable "timeleft" is loaded with a value of 56. This value would
cause the waiting loop in SET_DEL to wait about 280 ps. By decreasing this value now and
then after some tasks, SET_DEL knows how much work has been done before it was called
and knows how much time to wait in addition before 300 ps have passed since the begin of the
burst. The amount of time BRSINT spends before it calls SET _DEL can be determined in this
way and SET_DEL doesn't have to wait too long, nor will it wait too short.

Speaking of SET_DEL, SET_DEL sets the delay lines to the value in variable "temprem2".
But is doesn't do that until at least 300 ps have passed since the beginning of the current burst.
SET_DEL will also set the skywave timer to the appropriate value. The actual setting of the
delay lines is postponed to the end of this procedure, in order to limit the time to wait to a
minimum. The device is to spend as little time as possible in the waiting loop.

When you compare the original "SIMBRSMAC", you will find a new procedure:
PREP_NEXT. In this routine, the Eurofix modulation parameters are determined.
PREP_NEXT will get the next bit to be modulated onto the bursts of the next station from the
table, and will fill in the appropriate modulation pattern for this bit into the variables that store
that pattern. For each station there is an entry in "patt_tab" and "shft_tab". These variables can
be compared to the "phcode" variable. At the beginning of a new cycle of eight bursts,. the
pattern and shift pattern are filled in, and they are rotated during the cycle. Each bit in the
pattern table corresponds to a burst in the group of eight. A zero-bit in this pattern tells
SET_TIMER not to modulate the burst, a one-bit tells SET_TIMER to shift the burst, in the
direction that is determined by the corresponding bit in the shift pattern. A glance at the source
code will make it clear to you.

4.5 Performance analysis of the modified Loran-C simulator

In this paragraph I will try to convince you that the simulator can work, that it is able to carry
out all the tasks is has to do. Therefore I have counted the number of clock-states various
routines will take when they follow various paths. These values are shown in the following
table
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Name of the subroutine  Path within subroutine number of
clock-states
prep_next once per 7 GRI's (via label "new_byte") 539
prep_next rest of the time 424
prep_next on the average 440
set_lev worst case (longest possible path within routine) 341
set_del worst case, without waiting loop 610
set_timer inter_stat path 650
set_timer next_dta path 907
set_timer normal path (inter burst path) 586
set_timer on the average 634

1 clock state =200 ns (5 MHz clock)

Within the 1 ms period, BRS_INT must carry out the following tasks (worst case):

prep_next (539 states) + set_timer (907 states) and set_del (610) states. This takes about 410
ps. This can be done while waiting on the current burst to finish. So SET_DEL won't wait an
additional period to get a total of 300 us. Together with the time CARRIERS ON will take,
this will last about 660 ps, well within the maximum period of 1000 ps. Conclusion: BRS INT
can do its work in time. So, 340 ps is left to react to interrupts for instance.

But is there enough time left to carry out other tasks like receiving characters from the PC,
carrying out data commands etc? For this, I will present an average calculation of the tasks of
the simulator.

First I like to mention that the time an RS-232 interrupt will take is about 547 states (worst-
case!), which is 110 ps. The rate at which RS-232 interrupts will occur is (at most) 960 per
second, if the PC is sending a long string of data (9600 baud, 1 start bit, 8 bits, 1 stop bit). This
is 1 byte per 1.04 millisecond. And, we have at least 340 ps per 1 millisecond left. So, the
simulator is capable of serving these interrupts in time. If the PC is sending a long string of
characters (i.e. puts a heavy load on the simulator), only the execution of buffered data
commands may slow down. On the average, if the PC could spread its load, it won't pose a
problem:

What does the simulator have to do during 1 GRI of 79.70 ms?

. Burst interrupt processing for 1 station will take (including waiting times!!)

6 times normal (no prep_next, no next_stat) 2852 states
1 time with prep next 3282 states
1 time via next_stat 3529 states
3* AVERAGE = 8970  states

. The PC will send data bits. For 28 data bits, it will send 6 bytes,
with which it can modulate 28 GRI's The interrupt handling of 1
byte takes (worst case) 547 states. Average per GRI:

(6 *547) / 28 = 117 states. Because it also has to listen
to the data bytes of its colleague chain, I double that number:
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This calculation holds for 1 station. For 3 stations, the number
will have to be tripled:
= 702 states

This total of 9672 states takes 19.3 ms in a GRI of about 80 ms. So, there is time enough left
to take care of other tasks as relative moves, dynamically changing signal levels, ECD's etc.

4.5 Modifications in a nutshell

SIM.MAC

The module "SIM.MAC" is extended with commands to set the modulation pattern for zero-
and one bits, to set the magnitude of a phase advance or phase delay and to set the mode of
operations for all stations. These subroutines are:

Command:  Name: Subroutine
ESC L Set zero pattern set_Opatt
ESC M Set zero shifts set_Oshft
ESC N Set one pattern set_lpatt
ESC O Set one shifts set_1shft
ESC P Set phase advance set_advnc
ESC Q Set phase delay set_delay
ESC R Set Eurofix mode set eurof

These subroutines speak to themselves. A detailed description can be found in Appendix A.
SIMIO.MAC

The module "SIMIO.MAC" has some facilities to intercept DGPS-data from the PC from the
regular flow of commands from the PC. This DGPS data is placed in separate buffers, each
station has its own buffer. Data should be sent in strings of 28 bits. All of the data-interception
is done in the subroutine "data bytes". The subroutine "data bytes" also tracks data bytes for
the other chain, in order to distinguish between data bytes for its colleague and "SELECT"
commands for itself To count how many data bytes can be expected, "data bytes" uses the
variable "dataexp".

SIMBRS MAC

Most of the changes for Eurofix were necessary for this module. People who know the original
"SIMBRS MAC" will look for "next dta" in vain. The functions of this subroutine can be
found back in the more general "set_timer", in which all timer programming is done. The
former "next_stat" has surrendered the privilege of setting the timer. The subroutine
PREP_NEXT" is new. This subroutine calculates the index of the following station in chain,
reads data bits from the buffer and sets ready the modulation pattern, that is to be used for the
coming GRI. Control of the carrier, phase code and ECD bits is left over to CARRIERS ON.



A. Operation manual Dynamic Dual-Chain Loran-C
Simulator

The operation of the Dynamic Dual-Chain Loran-C Simulator is completely controlled by
software commands that can be fed into the simulator via an RS-232 interface: the simulator
doesn't have any keys, except for the On/Off switch. In this section you will find a list of
commands and their description.

The commands you can give the simulator can be divided into two categories: direct
commands and buffered commands. Buffered commands are placed in a buffer. The simulator
will process them when it is time to do so. The direct commands are carried out right away,
before any other command in the buffer.

Direct commands

command format

1E (hex)  for chain A
SELECT 1F (hex)  for chain B

You can use this command to select chain A or chain B of the simulator. Because the two
seperate Loran-C signal generators in the simulator share one communicationline, you need
to tell for which chain the commands are. A chain is selected until you send a select-
command for the other chain. The signal generator that is not selected continues to work of
course.

command format

STATUS 1C (hex)

This command causes the selected chain to return the status of its commandbuffer in 2
bytes (first the Least Significant Byte, then the Most Significant Byte). The number that the
selected simulator will return is the number of bytes present in its commandbuffer.

command format

START 19 (hex)

After reception of this command, the selected simulator will start generation of Loran-C
bursts. This offers the possibility to load the commandbuffer of the simulator with
commands before the signal generation will start.
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Buffered commands

command format

SET NUMBER OF TRANSMITTERS ESC A <p>

With the sequence "ESC A <p>" you can order the simulator to simulate a chain of p
transmitters. The maximum is 7 (1 master, 6 slaves). You must send this command before
any other command, so that the simulator knows how many parameters to expect for other
commands. During the course of the simulation you cannot change the number of
transmitters.

command format

SET INITIAL TD’s ESC B <p1> <p2> <p3>

The initial TD's will have to be specified in DTA format, i.e time between last burst of some
transmitter and first burst of the next transmitter in the chain. How DTA's, TD's and GRI
depend upon each other can be seen from the figure below, in which the timing of a chain
with 1 master and 2 slaves is shown. When all parameters p1 .. p3 are chosen, the simulator
will know the GRI to operate on.

MASTER SLAVE 1 SLAVE 2 MASTER
[t Hll 1
« p1 v P2 . . P3 vl MS
. 1P1 . TD2
GRI

All parameters are specified with a resolution of 25 ns. The maximum for each parameter is

about 4.000.000 (= 100 ms). You can set the simulator to operate on any GRI, existent
or non-existent in real life.
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command format

SET RELATIVE MOVES GS <p1> <p2> <p3>

Dynamic simulation is possible with the use of this command. By specifiying the initial
TD's, all transmitters find their place in the time-frame, and the major timing procedures
(GRI) of the chain will depend on these initial TD's.With this command we can move the
positions of the transmitters within the time-frame. A positive parameter means a move to
the right (later in time), a negative parameter means a move to the left (earlier in time). A
zero parameter keeps the transmitter one the same place.

MASTER SLAVE 1 SLAVE 2
<4 4« - —» <+«  —>
pi<0 pi>0 p2<0 p2>0 p3<0 p3>0

The parameters are specified in units of 25 ns. The range of each of the parameters is -128
.. 127, so you can have a maximal shift of 127 * 25 ns =3 us. These commands are

internally synchronised to the transmitted GRI, so that the relation with absolute time is
established.

command format

SET SKYWAVE DELAYS ESC D <p1> <p2> <p3>

When skywaves have to be generated, you can set the skywave delay for each of the stations with
this command.

<pl>= skywave delay master

<p2> = skywave delay slave-1

<p3> = skywave delay slave-2

These parameters have a resolution of 25 ns and a range of 0...700 ps
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command format

SET GROUNDWAVE LEVELS ESC E <p1> <p2> <p3>

With this command you can set the groundwave levels of each of the stations.

<pl>= groundwave level master

<p2>= groundwave slave-1

<p3> = groundwave level slave-2

The parameters specify the attenuation with respect to the maximum output level ( = 0 dB). The
resolution of this attenuation is 0.375 dB. The range is 0 (0 dB attenuation) to 240 (90 dB
attenuation).

command format

SET SKYWAVE LEVELS ESC F <p1> <p2> <p3>

You can set the skywave levels of each station with this command.

<pl>= skywave level master

<p2>= skyave slave-1

<p3> = skywave level slave-2

The parameters specify the attenuation with respect to the maximum output level ( = 0 dB). The
resolution of this attenuation is 0.375 dB. The range is 0 (0 dB attenuation) to 240 (90 dB
attenuation).

command format

SELECT POLARITY ESC I <p>

The polarity of the output of the selected signalgenerator can be set using this command.
The cycle-identification process of some receivers might have difficulties if the polarity of
the signal is reversed. Using this command you can circumvent that problem.

<p> =0 : positive polarity (default)

<p> =1 : negative polarity
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command format

SET GROUNDWAVE ECD ESC G <p1> <p2> <p3>

You will need this command to set the Envelope-to Carrier-Delay of the groundwave of
each of the stations. The parameters are specified as follows:

ECD (in parametervalue ECD (in us)  parametervalue:
us)
0 0.5 11
-5.0 1 1.0 12
-45 2 1.5 13
-4.0 3 2.0 14
-35 4 25 15
-3.0 5 3.0 16
-25 6 3.5 17
-2.0 7 40 18
-1.5 8 4.5 19
-1.0 9 50 20
-0.5 10
0
command format
SET SKYWAVE ECD ESC H <p1> <p2> <p3>

See "SET GROUNDWAVE ECD"

command format

SET NOISE LEVEL ESC J <p>

Chain A of the simulator is equipped with a white-noise generator. The outputlevel of this
generator is adjustable with this command. The parameter <p> specifies the attenuation
with respect to the maximum outputlevel of the noisegenerator (= 0dB) in 0.375 dB units.
The range extents from 0 (-26 dB noiselevel) to 236 (-114.5 dB noise level).
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command format

RESET SIMULATOR ESC K

Issuing this command will reset the selected simulatorpart. Signalgeneration is stopped and
all parameters will take their default values again. It is then possible (for instance) to select
a new GRIL

Eurofix commands

command format

SET EUROFIX ZERO PATTERN ESC L <p>

When the simulator is going to work in the Eurofix mode, you can specify which of the
bursts of the group of eight of each station will have to be modulated when a zero-databit
has to be transmitted. You will have to set the Most Significant bit of the eight-bit
parameter <p> to 1 if you want the first burst of the group of eight to be modulated, and so
on for the rest of the burst. Normally you will want to leave the first two bursts
unmodulated (because they are important for blinking-purposes and you don't want the
receiver to miss them). So the parameter will normally be 00111111 (binary).

command format

SET EUROFIX ONE PATTERN ESC N <p>

You can set the modulation pattern for a one-databit seperately, in the same way as is
described for "SET EUROFIX ZERO PATTERN". To be clear: by setting the pattern you
only specify which of the bursts will have to be modulated. You can tell the simulator how
the bursts will have to be modulated using the following commands:
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command format

SET EUROFIX ZERO SHIFT ESC M <p>

Assuming that you already have decided which bursts of the group of eight you want to
shift to transmit a zero-databit, you can specify with this command in which direction each
of those bursts should shift. Again, the most significant bit of parameter <p> belongs to the
first burst. If this MSB is a one, the burst will be advanced, for a zero the burst will be
delayed. The value of a bit of <p>, belonging to a burst that is not going to be modulated
according to the pattern, doesn't care. To be completely clear: "SET EUROFIX ZERO
PATTERN" and "SET EUROFIX ZERO SHIFT" together define the modulation pattern
of advanced and delayed bursts for a ZERO-databit, i.e. which burst will shift which way.
How much the bursts will shift, can be set with "SET EUROFIX PHASE ADVANCE" and
"SET EUROFIX PHASE DELAY".

command format

SET EUROFIX ONE SHIFT ESC O <p>

Assuming that you already have decided which bursts of the group of eight you want to
shift to transmit a one-databit, you can specify with this command in which direction each
of those bursts should shift. Again, the most significant bit of parameter <p> belongs to the
first burst. If this MSB is a one, the burst will be advanced, for a zero the burst will be
delayed. The value of a bit of <p>, belonging to a burst that is not going to be modulated
according to the pattern, doesn't care. To be completely clear: "SET EUROFIX ONE
PATTERN" and "SET EUROFIX ONE SHIFT" together define the modulation pattern of
advanced and delayed bursts for a ONE-databit, i.e. which burst will shift what way. How
much the bursts will shift, can be set with "SET EUROFIX PHASE ADVANCE" and "SET
EUROFIX PHASE DELAY".

command format

SET EUROFIX PHASE ADVANCE ESC P <p>

Databits are modulated onto the Loran-C signal via a pattern of burst delays and advances.
These patterns can be set using the foregoing four commands, for zero- and one-databits
independently. If a burst has to be advanced according to the modulation pattern, you can
use this command to tell the simulator Aow much it has to advance that burst. The
parameter <p> has a resolution of 25 ns. So, for a typical phase advance of 1 us, you
would set <p> to 40.
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command format

SET EUROFIX PHASE DELAY ESC Q <p>

By now you will suspect what this command is going to be used for: setting the time that a
burst will come later when the modulation pattern specifies so. Again: <p> has a resolution
of 25 ns.

command format

SET EUROFIX MODE ESC T <p1> <p2> <p3>

This command allows you to specify for any station in the chain whether it should operate
in Eurofix mode (modulating data bits onto the bursts) or not. The parameter <p>
corresponding to the station should be O if the station has to operate without Eurofix, FF
(hex) if the station should operate in Eurofix mode.

command format

SEND DATA 1A <n> <G <XX> <KXX><XX>

Data that the simulator will have to modulate onto the Loran-C signal in Eurofix mode can
be fed into the simulator by using this command. After the command "1A", you must tell
the simulator for which station the following 4 bytes of data (7 bits per byte, so 28 bits) are
intended. This allows you to update the databuffer of all stations in any order. As long as
you make sure to send 28 bits at a time! The simulator will modulate the bits in "raw" form,
it doesn't need knowledge on the format, framing etc.

command format

SYNCHRONISATION SYN

The simulator is not completely mute: it can send information by the RS-232 link as well.
Every 112 GRI's, the simulator will send the ASCII "SYN" (16 hex) character. The data
that the simulator has to modulate onto the bursts will be buffered by the simulator to avoid
race conditions. But the Personal Computer that is controlling the simulator must have
some sense of time: it should avoid that the databuffer runs out of data, and it should also
avoid a buffer overflow. Because the PC knows on what speed bits are transmitted, and
because it has an internal clock, it can take care of filling the buffer in time. However, on
the long term the clocks in the simulator and in the Personal Computer will drift away from
each other. The Personal Computer can resynchronise its clock after reception of this
character.
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2% i :****x*ﬁtwi*****rw****«;*ww**g%*u;*****rwwy***«*gnw*}y**-
s e

Lk “Loran<C Dynamiqxsimu1atoF*Main Program *

i G : - e .

“a* . by-R.Kellepbach : R *

: i » i ! : e

i x Copyright ‘(C} 86 by the‘Universjty‘bf'DeTft *

}* o S X : :i =’» i

;e Created Ui onovii 1L 1986 A &

o tast update : feb ' 1,-1988 x

- % 3 i *

R L R R st s R e E e s e e a i B LR

MR e e equ . 1bh' - ;escape code _
Q01D P S equ Tdhe e e ;rel. move command tode
0080 e S ntell equ. 80n i .:interrupt,c]eé?.flip-f1op’s
0081 . iintelZequ 81h : o =
6091 B g ‘usrtc equ - §1n - 8251 status register
00A0 il : swport. equ ©0abh :dih'éwitch input port
0086 : : noisep equ 86h :noise: control port

: : 280
6000° e - . cseg

.request simio.simbrs.simtest

900" 31 °0080" Do dEnd 0 spostack (init: stack

0003” €D 000D* 3 ‘call initredf tinit RS-232 interface
0006 V2 : : ‘ pgot: i 3 :restart éddress
0006°° €D 0000* : inicall Sinitbrs#f ;init burst processing
0D0s* 3E 01. s B s e : istart noiée denerator
000B" ' D386 B out {noisep).a

000D* . 3E 00 : 1d 2.0

00QF* D3 86 S out {noisep),a

0011’ OB 40 o : in . a.{swpert) get switch status
00137 2F : et ;

Q014" EBOF . and - 0fp iswitch 1..4

0Dl6' 2 QOOO* o ip nz,testiy  ihardware testing 7
001" ED 56 - im 1 ‘ ;interrupt. mode 1
0018° F8 - - : et :enable interrupts
001C;. £3 0053 ip get_cmd ;skip interrupt vector

:w******t**y*k**********t*****r****r*******x**««*w*****w*'
o Subroutine : Interrupt *

B Function ! Uart & Timer interrupt *
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e v oy prvo_t'es’sing' : g i %

S nputs: © dnterrupt flags in Uart statis

6, regisﬁér 3 e R
Sovesl SQdfputsT il difene TR e s e

-*****t************i**********ﬁt**************k******k*t*

org 38h . cmode 1-Tnterrupt vector

038"
- 0039% ¢

~ push

.save reglsters

push  bc
push . de

push hl=

003E* 21 004D i Ad - hl,exit_int'. " :push return-addréss on stack
. 003FTEE e s R :

0040° DB9T . in  a.uarte) :iget interrupt flag biis

D042 EORNIFSRN SR  iburst timer interrupt ?
6044°  CA 0000% . eoohigp oz brs_intdh e

0047 CB A4F i L. .bit1l.a . o0 iUart RXRDY interrupt 3
04T EECZIg00R e e R e e s et e

“iother interrupts not allowed -

= 004C L9

ooan> %"' A exit_int: e o 5‘féx1t“interrubt routine

0040’ 1 7 : : A SO Y o) PR “irestore feg1sférs
HESI el heo b A g Ty S - pop de

004F B 3 pop bc

5050 F1 s s © pop af : : et

p051"  FB : A e ;enable iriterrupts ‘again

0052" ¢9 oret =

B e A A e T T e e e 3
% oy R *
L e R

sx U Fynetion o Main program command processing *

JFieoo Subroutine

Z*ZT:E:1[nDutSflf_

‘commands in-input dats buffer. . *
e gt pUt e S o burst procesing data tables . *
o i updated EEES STk

* - i ; G

2 e ek o 9 ok ok o o okl o 7 ok vk 3k A e o o 3K ok ke ek e gk ok e o e oo ok ok o ek o o e ok

©Q083° S S ~get_emd; : ;
0053 .21 0053’ A S : 1d “hl,get_emd " ‘ipush return addrass on,staék
0GB ARG i e (e push:hl : L

0057° €D 060DF - . T call get_byth# Jget command character

0054°  FE 1D v ep 65 : .rel. move command 7
O'O_SC’ - LA BOFD” : o ] o z,rel_mov

005F* FE 18 3 . - cp ESCae: :ESEAPE  command ?
§O61* A 0066 : ip z.esc_cmd
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MACRO-80 3.44  09:Dec-81 vheE el

i e e e ret 3 £ :jéﬁi]id COMmand.:ignbre'
0065' o ':i. . esc_cmd: = : iéscapgfcbmmhnd pr&ééssing
Q065" €D 0600* R i call get_byt#f 1get command character
00R8" FE 41 - ; _' 3 _;_j g K :command A-2 7 _T & o
ooeas e L e - i
0068  FE 5B ' ey
Q0601 Dol i e e e
006E D6 41 ;perforn table Took-up
070" 87 - @
e SR e e s
0072" - 16 00 :
0074° 21 007" oy h1,énd_tab
0077° 19 g 0 aad hide
oLt o 1d a.(h)
0079 g3 = ine - hl
007A* 66 - 1d Tahe s e
0078’ 6F Al : I d - 1.a : .
et §p - AR). | ajimp to'selected functfon
?007D':f = ‘_ i cmd_tab: i ;escape command address iable
00707 w120t dw no_stat - GESC A - set # stetions
007F*  pl2s* dw  set_dta (ESC B = set initial dta’s

4081’ 00B1”
0083 0145 ;ESC-
0085" 0150° . :;ESC‘: = sép-gndwave att. level

L SEE

D

_ E

087" 0170 ‘EESE i
G

H

= not used

= set skywave delays

gndwave ECD

t

0089 01837 e dw set_gecd Lk S€

e Se
; 0085'. 0196" B : dw set_secd JESC H = set skywave ECD
008D" 01A®T ' Sy set_sign  iESC I = set sign code
OOBF"_'OiBJ' i e i dw - set_noise {ESC d = set noise level
0091°  0188° S dw  reset :ESC K - reset simulator
POSITOOBIE = . oAmalid . - ESGL=notoused
0095°  00B1° Cdw O invalig JESC M ='not used
0097"  00B1 : dw invalid “ESC N = not used
0099°  BOBI® R LESC O = not used
0098”  00B1’ dw invalid JESC P = not used
0090°  0oB1’ dw invaltd JESC 0 = not used
GO9F* - BOBL: - i dw invalid “:ESC R = not' used
00AY  00B1T : dw  imvalld [ESC § - not used
D0A3”.  00B1” . . dw . invalid JESC T = not used
00A5°  0OBI’ v dw invalig - LESC U - not used
GOA7*  GOBL" : S g S nyaTid " UESC V = not used-
00A9™  GOBI™ i e s onn B dw S e R R e ESCRNGeno T s ed
00AB”  00B1’ o dw  invalid | {ESC.Y = not used
Q0AD".  QUB1: : dw invalig LESC Y = not used
QUAF®  GOBL' dw invalid ' UESC Z = not used
S DOBI”in o sl e T nv el B 53 E: _:inva1id command, return
L QO0B1Y L9 A ret

R s s e s e e s s A R
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o subrautfne ¢ Getint s '_ -

..... ;*"'.. Eineteame :get'ﬁnteger;pafﬁmeter, ReRH
* {sfgned of'unsigngd) *
¥ : & max 32 bitsi el TR
ik Inputs g none. f“”j' e ?
S Outputs : = . DEHL = 32 bit parameter *

oz :

I

00837 21 0000

00B6” 110000 S el de o
ooder - 1
0Bg* €D 0000%
00BC"  FE 20 dEe i -

QOBE" - 38 F9 (ST e Efigﬁé‘rt’cohfcrol_characters #

00C0= HipEa 0 2 e e R A0 B

gOC2™ BB OA e gp cAmida . ilowor high byte 7

0OcA=E TEE TSR Y S and 001111135 :high byte : only & bits

00C6" | 4F 3 Adiiiidla ' e : :

00E7* 06 06 - : S b b e i © amyltiply result by 64 and add néQ B%t&

00C9" €D 00F0S call | shift

SRR ‘ ey getl -

00CE" int_le;:

QDCE' ' F& : : R o -] o N ¥ doi :low byte .

OOCF* B OF I AR 00001111b . ;only 4 bits

90D17 : :

00D2°.

0oD4" S

0007 ; S pop - af = M .get sign-Bit

0008 E6 10 S e don s

QODA® 20 12 : . ir nz.int_rdy  sign-bit set 7

o saNe BC
iDEHE =0

~get_byt . :get byte
:20h

Sld e : S
Td b4 o imuTtiply resutt by 16 and add new Eits
: Rt R shifi : : :

GONC i P . iinyert : DEHL .= -DEHL
00DD’  2F cp?
00D’ | BF : : 14 1.
00DF*  7¢ 0 ah
OOED"  2F - ept
00E1* 67 Y h.a
OEZUC 7R s R e e
LOGERE R Rl s i et e
00E4’ - 5F Lo iioad e
O0ES’. : 7A e g Sa g
OOE6* - 2F R e ep)
BOETT 57 e 1d “dia
00E8* 23 : ing . ohl
DOE9”  7C i R 14 a.h
Q0FA” 85 i o or )
Q0EB® 20 01 e nz,int_rdy
DOEDY A3 i e e
DOEE" Hi S niEe
Q0EE" (1 = pop be
UEFT 9. e B e
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00FD”
Q0FD’

. 0100°

0101°

01057

6109"
6109

100"

0112’

0115

0119
011B” -

011D*

011F°

MACRG-80° 3,44 09-Dec:81

=
EB
£D 6A
B
10

~ 3A°0000*

47

DD 210080
£D 21 0000%

DD LB 00 46
20 FA

£D 75 00
0D CB 00 C6

D023
FD 23

10 £4

B9

Conshifti

i 5

ade

ex

gz e

1d

add
vvretvz.g.
Cine

o4

o LDEHL~ DERL * 2

- ;add. new bits in C

~irotate DEHL B times and add €

© ki Sk Sk ok 3k 3k 3k 3k 3K 3k 3k 3k 3k e 3k ok 3k 3k 3k 3k 3k 3k 3k K S e ok ok ok ok ok ok ok ok ok Rk K ok ek e

. "
iFo e Subroutinec Rel_mov : =
o ‘Function : ~Retative Td move for all. *
* stations ; *
o Inputs : Kint>-paremeters in. input buffer*
* -128,,4127 * 25 ns steps x
o*  Mov_flg's set *
s ‘Mov: tim dpdated *
e 7
CreY _movi 3
1d a:(nstat#f) . :B - station count
1d b, 8" -y
1d ix.mov_flg## ;1X = flag pointer
aan iy.mov_tim#k  :IY'=pointer to shift time table
it 0L (x40  hold if}prév< movb‘réquést not processed.yet
R : ‘ e e . e : e 5 _ v R : A
Feat B gqt;int‘_f - - iget:shift time o
1d G0y aUstore it
set 0. (ix+0) :set ‘move request flag
ing ix.. .. imove pointers
inc fy
~djnz. hoﬁd pler : vkeep- gount :
~ret

« 3k ek ok e ok ook ok S5k e 3k ek e ok ok Sk ok g 3k o Sk ok 3 Sk 0 3 ek o ok o Sk ok Sk ko ok o R ok e R R A

R *
N Subroutine = No_stat. *
i Function : Set # statiofis in GRI - o
[ [nputs - ¢int> parameter in buffer *,
a = # stations L
SR Utput s Nstat = # stations *
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0120"
0120"
0123

plea’

0127;

0128
0128*
0128"

o1zc

0136
0139°

913¢*
913"
0140".

0142°

0744°

01457

0145°

0148°

0149°
0140’

014D" .

0150

0153°

D
32

L9

3A

oo
0130° -

$130"
0133"

b
bo
i)

0D

on

DB

10

(o]

34

a7

b

o
Uy
DD

0082 -

2000%.

0000*%

ar

21 0000*

0082°
75 00
74 01
73 02

23

23

23

EC

0000*

#1 0000*

00B2"
7500
74 01

o P9-dEE-8T - ¢ page A
no_stat:
el rget ing: . iget parameter
sEld ek ;
e (nstat#f).a ;& store it
rét.

S ok oo gk gk ok R ek oK ek ook ok koo o 3k ok ok K ok ok ok ok ok

S el S
o Subroutfrie - Set.DTA . .. 5 T
i Function © Setinitial dta’s *
(¥ Inputs s e ikﬁnt»fharameters in buffer, = *
Sl e 0 biE tn 26 s Units i

Dutputs : . dtatab updated o *

) o P *

LR R KRR A KA AR R A A K ok K

“set_dta: e
: e ldes a. (nstatff) - :Bi~ station count
W id e ] b.a : :

T4 1x.dtatabit 11X = DTA destinsticn pointer

dta_lpz - ;
: “qall - getlint ;DTA in EHL

1d o €ix#0),3 istore it

IR R & 5 B BN |

1d {ix+2),e

ine 3% ( ;move.pdinter to next DTA

ine: X

ine ix

djnz .. dta_lp . ‘;keep count

ret
:* - “Subroutine : Set_sdel &
B ‘Funetion :- Set skywave-delays: - ok
e Inputs :. § <int> parameters in buffer. 7
DXL 16°bit delays in 25 ns units %
D - ‘Outputs Skytab updated 43 *
i i : *

PR KRR kR kR kR AR A A RO A SR R R KA K KRR KK KA IR KK KK HEHAE K * R Rk E Kk
v

set_sdel i
d a, (nstat#f) " ;B =.station count
cd b.a S
1d. ix,skytabfHf . IX = destination péinter
sdel ip:
call - get’int JHL ='skywave delay
id har0),3 istare ft

o 1d (ix41),h
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0156":
0168°

D15A"

L0150

015D
6150°*
160"

0161°

0165

165"

0168"

0168"

016D”

Q16F*

0170

Pz’
0173’

0174 .

p178°
0178*

0178

pire

0180°

p1B2*

DD 23

fvoblzj"

10 Fi1

€9

34:0000%

.00 -21 0090*

¢ 0082
0B 75 00

DD .23
10 Fé6

L T

3A 0000*
47

DD 21 0060

£0 00B2"
00 75 00+

DD 23
10 F6

€9

D9-Dec-B1

PAGE T

djnz -

ret -

6

ot :mgve pointer to next delay
fx

sdel’lp -« - :Keep caunt

P REKRERIKKEKHR KKK ERIAI KK HIIKRIKKAE KK KA I KKK TR KKK

3

P

*
Subroutine : Set_glev. - N - 2%
Fun:tibn ; Sef gﬁ&wave att. level AR
Inputs : <in;>”parameter5'in.data buffer *
e 8 bit attenuation }n dB’s o
Outputs ; Gnd_lev upaated ¥ *

*

2 R KRk ko e ok ek ke i ok ok ok ke ok e sk ok o e ke

set_glev

1d Ca tnstat##) B = station count
e b.a :
d 1x.gnd_levi# ;1X =~ destinatfon painter
glev_1pr
call . get_int Cako= att. devel
1d {ix+0),1 ;store it
[inc ix ) :move pointer
dinz = .glev_1p
ret
:* *
e Subroutine : Sat_sltev 5
i) Function = Set. skywave gtt. level *
V% Inputs : <{int> parameters in data buffer *
i 8 bit attenyation in dB's &
gi.7) Outputs : Sky_lev updated’ 3 *
fx S : : i
set_s\ev: ;
Tekz a, (nstat##) :B = station count
[0 b.a
1d ix,sky_leviHf :IX = destination pointer
slev_lp:
call get_int s Ly atpi level
1d (1%+0),1 :stare 4t
ific ix ;move paifiter:
slev_lp

djnz

ret



46

Simulating the Eurofix Data Link

S MACRQ-80.3,44 - 09-Dec-81 PAGE 3

. 0183"
5183°
0186"

0187
0188
018B"
o18E”

0191

0193°

0195”

0196*
0196
0199°

019A"

019"

019E"
01A1°

0144°

01A6"

014A8"

c9

Do

10-F

£9

0Q00*

21 0000*

00B2"
75 00

23

0000*

21 0000*

0oR2*
76 00

23

s

Si* oo Subrouti
i " Function
3 [nputs -
2 Qutputs :
ik

7

L L e s e e R e

ne. ;. -Set_gecd. R e
i Set gndwave ECD’s : ®
{int>» parsmeters in data buffer *
g_eécdtb updated X

KRR K KRR AR K T SRR KK KRR KR A KRR AR KK

sat_gecd:
Td
d

o
‘set_glp: o
call
S

ine

djnz

a,(nstat#ff) B = station count

b.o e
ix,g;eédtb## SVIX ﬁ-dgstihﬁtion pointer
get_int L= ECD code

(X031 ©0 o rstore it

ix impve painter

set_glp

= R ke e e A ok ok e ek ek o ok e A A Ak ok ok ok e ek ok o A e ek o ok ok o Aok o o e e

:*
i Subrouti
s Function :
i ‘Inputs :
ook Outputs
:*
;**************&
set_secd:

1d

1d

14
set;-s-lp:‘.

-call

4.

ne

- djnz.

- ret
:***************
:Q
W Subrouti
B - Funetion :
s Inputs =
:*

*

*
ne :. Set. secd p ek
Set skywave ECD's S

{int) parsmeters in dpta buffer *

s_ecdtb updated o

*

ek e e ok 3 ok ok e ok ok ok ok R ek ek K R R R Kk ek ke R

a.(nstat#f) :B = station count
b;a 3
jx;sgecqtb## I -'despination pointer
© - get.int -.;L.-:ECD.tode:v5
SAAx¥0),) istare it
iK : : ;move painter:
set_slp

ek e ok Sk o KRk ok Rk R Rk Kk KAk kK ke

ne : -Setisign. *
Set output polarity *
Lint> ppﬁcmeter;in data-buffer . *
.0-= positive polarity €,

i'l = negafive palarity ; *
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01497

01A9°
S01AC

 01AD"
OIAF’_
oiB2”

01837 -

0183

0186
o1g7
01B&""

188"

01BB*

01BD" *
01BF"

01017

oice:

0167

£000"
50BO*

080" -

W 14
B2 pgoor. 1d

B3

i oo Quepatsl

8 ZEEZZ

sign = $ign code i =

o e de e ek *

set_sign:

- ¢ 0pB2 ' ~cel

70 ; g : 1d

LEBOT and

320000% iy
Loesis Gaarebl

get_int ©iget sfgn perameter
a1 e : =
(e Ay
(sign#).a :stere it

LKEERER KKK AN EH KKK NIHFH KK AR KA T T KK KA FRERIKKRARRIIK

]

PR RS ubPoUt ]

S

ne = Set npise: ; S

o* oo cFunetioh ot Set nbfse”1éve1 S : *

¥ Inputs :

S Qutputs

_(ini)Ibarameter in data buffer = *

i noise. = nofse Tevel i )

“i'setinotse: o

D 00BZ e

CREEE : e ret

Lha b et sttt AL RS ST R d e s s

'.get_inf sget npfse-level i
A

(npiseff).a iset level

ek e de Sk ok ek ok ek ek e e e ek ke ok *x

Sk Qutputs

ne:  Reset : *
.3 ‘Resets simulator S

“none 3 f

s none. po

*

SR SRHREERERIARK KK AIKAFERAARA IR KRR IAK IR IR KRIAE X KA KARA KK KA

<o g S i G
Il e T
03 81 G el

cRlge: o

.dseg’
ds
stacks
00 e e db

end

. a.0 . idisable interrupt flip-flop’s
Cintellde ' '

(intciz).a

“:disable interrupts -

boot S start ‘again

:data ares

128 ;stack area .
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" MATRQ:B0 3.44 09 -Dec- 8% PAGE e e
ok ; : 2
. 'RS-232 '1/0 for Loran-C Dynamic Simulator *
z : o R R o
by R.Kellenbach *
o : o

0019
001¢ -
001E
601F

0096
0091
0040
1770

157C
1388

6000

0poo*
0000
0002°

0004°

- Copyright (L) *86 by the University of Delft .+

:*
i*  Created  :  nav
¥.3 - Last update :  dec

: *
T Ty

TuTiogee: R

vstart. command

strtemd equ 19k
statcmd equ ~1ch cbuffer status redueét command
setl - equ  leh. :simulator select todes
sel2  “equ  1fh N
uéftdai“ed&‘ 90h = 3“38251-data_register
uprtc - equ 91h 18251 cantro) /status. register:
swpart - equ Daldh. - “d¥p switch input part
bsfze  equ 6000 _:host input buffer size
bstop - equ 5500 - ““rhandshake thresholds
bstart -equ 5000
.z80
cseg
cmph macro j'}a): : ;lﬁ-bit;cbmpare macro.
16¢al cmpyrdy ;
1d a.h rcompare HL with <val>
cp- hight{Va11;1
ir nz  cmprdy
1d a.1
Tp. Tow (val)
cmprdy:
endm
o *
S subroutine - injtrs *
il function : Initiatize rs5-232 interface 0
i inputs --none ; *
o oUtpubss oo none oo *
“k. : e

L EEERREERA A KKK A AR AR AARA IR ERKRRRRRA KA IRk ARk R KT Ik hokk kokk

inftrsu:

3ECE iy
03 91 L
3t 27 i 1

a,11001110b

(uarte). e

2.00100111b

;uart mode instruction

i8 hits. no parfty. 2 stop bits

;enable transmitter & recefver
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MACRG-80 3,44 - 09~-Dec-81 - PAGE el
0006' 03 91 : ST olb . uarECY :DTR & RTS high
rept 3 :dummy read’s to clear uart
in o a.(ugrtd) :
endm
Q008" 0B 90 + in 8. (uartd)
00DA" DB,§0 + ; in &, (uartd)
000C' DB 90 + LEin a.(uartd)
COOET 21.0006" : 1d hi.buffer © . iinit buffer pofnters:
0011° 22 0000" T e frapnt).hl ’ i
0014 22 D002° 14 wrpnt) , h1
Q017" 21.-0000 1d h1.0 ; :init byte count
“001A* 22 0004* 1d (bufent) . hl :
.

. 001D° DB AD in a,(swporty ;read dip switch 8
001 F = CBEEE : bit 7.4 :
0021 28 04 i ‘z,Set_Z ;determine select code
0023'  3E 1E 1d a.sell
nbOZS”Z 18 .02 25 i iy sel_ok
0027 . set_2:

0027 FETF 1d a.,sel2

0029° sel.ok:

0029’ 32 1776° 1d {scode),a

p02c 3t 0o 1d 2.0 ;clear select flag

D026 32 1777° 1d (se1F19).2
0031 C9 . ret

B e e s s s T

x *
i+ Subroutfne :  RX_int : *
i, Function Uart RX_RDY interrupt *
B processing, read character & i
o store in buffer *
b Inputs‘; WRENT: = dest: pointer ; *
fa.) BUFLNT = byte count -
oK Qutputs : WRPNT, BUFCNT incremented *
;;.. character in buffer >
H * : *
TEra Fxint:: _
Q032° DB 90 in a,(uartd} iget cﬂaracter & ¢lear fnterrupt request
0034 t8 7f and 7fh ;onty 7. bits
0636' FE 1E i cp setl ;select code ?
0038°  CA 0085° e z.select
op3s” FE 1F cp setz
5030°  CA D08’ ip z.select

Q040" 47 1d b.a ; :save tharacter

0041° 3A 1777° 1d a.(selflig) ;simulator selected ?
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_ MACRO:B0 3.44  09:Dec-8]

0044°
045"
0046"
0047

0043

004G

004E”

00581

0054
0055
0057 "

1LY e
054"

87

8

78
FE
A

HrE
Ch-

2A

7C

R
20
70

A8l

005C"

005C* -

00507
QO5E"

0061°

00627

0064 " -

9066"

9067”
0069"

0069*

00687
006D"
Q0AF

006F"

0072"
0073

0074"

wis
00777
00797
007A"
902¢” .

007C"

GO7E"

0081°

0081"

0084

8

23
22

7c
FE
20
B
FE

20

- 3E

03

70

23

7€
FE

20

7B
FE

21

22

156
098"

R
dogo*.

004" .

700

76

0002”7

)k

o+ o+

+

S5

PR

PAGE. - I-2
o a
fet 2
d a.b
cp:t statomd
ip z,status

_strtemd .

ing! ignore character & ratirn

;5tatus request ?

Function :

istart. command ?
e Z.starthh E = :
1d fh‘;fbufcnt); ;gef*byte count: uh"
cmphl  bsize SFeturn:if buffer full
1d a.h i scompare HL with (Va1)
........ Cigp high-(bsize) - ke
TR nz,.. 0000
id a.l '
: EIED: 10Q {bsize)
200003 '
: rat z
- inc¢ h1 ;increment buffer-cqunt
1d (bufent).hl
cmphl bstop i;buffer almost full ?
14 a.h ;compare HL with <val»
¢p high (bstop)
jr nz, ;0001
“1d a.l
cp Taw (bstop).
..0001;
i S nz,rx.cont . “ino. continue
14 a,00100101b ;handshake : DTR low.
out. {uarte).a
rx_eont: :
1d h1. (wrphit): “get dest. pointer
1d {(h1).b ;store.character -
in¢ - hl “:update pointer
cmph buffertbsize ,;past,enq of buffer. ?
165 ek  compsre HL with <val’
cp high tbuffer+bsize)
e nzy L. 0092
d - SRR
G low (buffert+bsize)
00028 o
T Nz wr_pk.
1d: h1,buffer ;Wwrap around
T UWr_oks
1d {wrpnt},hl is@véuﬁbinter
i rat
i ‘Subroutine : Setect

isetect/deselect simylstar
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MACRO<80 3.44 ~ 09-Dec-81 - PAGE 153
i (TS = 8 “A.='received setect code *
R : - Scode = simulator select code © *
i .Odﬁputs : ‘Selflg = select flag o ok
L i i

e e e e R ek ok ok ko ok Rk ok ok ok ok e R ek R ke

QOBL Y S e : select:

0085 47 S 1d b.a .compere A with simulstor select code

0086%  3A 1776" 1 a,(scode) :

00897 B8 : e b

008AY 2006 : i Sy nz,de_sel ~  ;deselect simulator if not-equal

008C’  3E 01 e ey ~ iselect simulator = : o
Q0BE” 32 1777" S s e Coa e daaw :
00517 €90 h i e et

0092° : ~.-de_sel; - ; S =

0092 3£ 00 : 1dos e . " ideselect simulator

p094’ 32 177717 e 4 (selflgl.a

Q097° €9 ret

:**tt**********************t**************tw*******t*****

* *
i Subroutine : - Status . .
;% Fumction : ~.Send buffer status to host = *
et computer e *
T3 Inputs. : Bufcnt = # bytes in buffer =
§ Bcies butputs i none - R
. ¥

R A RE AT RA AR A KKK I KT RR KK AHF KKK IR KA KTk & H K k& Ik K& Ak k ok ok

00987 ; stetus: A

0098 - FB ei : ;ehab]e'burst»interrupt;-yhi]e sending status
0099 ZA 0004* : ; e h1. (bufent) iget buffer byte count

009t 70 i 2 1d P L s s end S

pO9D* LD 00EET call  send =

000" 7C - R : iy

Q0AL" - €D 00E6> © cgll " send

00A4” - €9 : ret.

JEHIIAKIH KKK K I A KA RFIRATHEKIIAR XK KA R AR KR AR IH KT AR I H

. -

;* . Subroutine : - Buf_read e e *
e Euﬁction i Read “character from input x
i : : buffer i : =
5 Inputs - RDPNT = source pointer. *
e ; BUFCNT = byte-écun; ; X
gi Outputs " A =.character from byifer e

3 R KR KR KRRk K AR A IE R A KKK KRR KK A A KR KK KK
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| MACRO-80.3.44  09-Dec-81- '~ PAGE  1-4
00ASY e il . buf read:
0045 BB w sl push  hl :
00AG* 24 0000T 4 Rl.rdpnt) | get pointer
RIS e “get character
00AK' . F5 = - : ;‘push" af il ;& save it
00AB* "~ 23 S i - inc h - ;update ‘pointer
] | cmphl' buffer#bsize | :past end of buffer ?
EZOOAC' - : 2 S e 1di1_ a.h L icomparé*HL wifh <vals
Q0AD*  FE17% ke . cp - high (buffersbsize)
O0AFSGhime i e s s W s
0081 7D s o d e ' i
D0BZE FE 265 Ikt %“. i cp Tow {buffertbsize)
Q0B4* e ..0003; ' _
BOB4" '20.03 Al Sl nz,rd_ok ~ino, continue
ogR6 21 0008 . TU¥d L nibuffer i Lwrap: around
dBr o e 2 ,
qoba® zpesnpr L g (rdpnt),h1 .save pofriter
00BC: i F3 i di G .fio-interrupts hers
| 00BD  2A 0004" Hind h1.-(bufent) ;decrement byte céunt;
00C0" 7B T el et
00C1* 22 0004" i S d 0 tbufenty.hi
poca’ B S
: : ‘¢mphl - bstart :lower threshold reachad 2
oocs* .7C:“ * 1d a.h i rcompare HE with <val>
00C6"  FE13 el ep high (bstart)
00C8” = 20003 ¥ jr nz...0004 S
Q0CA” 7D + o : ‘
6OCR" FE 88 T e Gpil: ~Jow (bstart)
60D 4 L.0008; ; ,
00eD” 20 04 Jr liiinz, not_en: ; : : ‘
v : |
0OCF*® Bhigk 1d ©8,00100111b :enable .host transmitter : DTR high
00D opItal o i Cleut o Huarted.a :
0003” : o s SN O BT : 3 |
FooDam Ry R pon SR e ' irestore charagter & raturn
b0ss B M il .
PO Y W e et

i ' g ; i
i * “Subroutine ;" RX.stet > T
i Funcfion 4 get input buffer stafus : *
L Inputs : BUFCNT = byte count x
. )  Qutputs zero flag : Ni -if character i
e - avaflable in buffer *
2y B B i

i

:****'k*f(*******t******‘k*******1\'********r*******k*********

0006 ° i : Ex_stat::

00D6”  F5 : push’ i
Q0D7°  2A 0004" 1d . hl.(bufént): :get byte count
000A"  7C : Td 0 lan :

00DB” - BS : | or 1 iset o zero flag
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. MACRO-80 3,44 09-Dec-81 PAGE 15
000" EL . a0 v
00DD" {9 ST

: _ ke e ik o sk k7 e e oA R gk o e et ke ok ok ek ok sk ok A e ok o ok e e ek ok ek Ak

g * " *
Y Subroutine : ~ Get_byt . %
s ~“Function : get character from buffer %
Xz _f"lnputs % : BUFCNT = byte caunt = =
e data in buffer - *
:*::. dutpuﬁg;E:E:ﬂ_: A = character " e : e
o e e s HiGEEE : L

il = get_byt:: S =
E:OODE‘v' CD"OODS‘ o : :‘ '_ catl rx_stat cget buffer status
O0E1" 28 FB i iF o z.get byt :wait until character gvailable
00£3" 3 OOAS'_ g ; : ip buf_read 5 'iget.character & return
;* *.
s suproutine : Send . i *
:*I fanction - send character to host compyter *
2 inputs 1 .'a'e character - : X
X ; butputs : ‘fone e X

et ” v )
A : ==

;**************t***{***«**************it*********ﬁ*******

S0E6" : ' send: :

00E6” FS : push . af’

QO0E7” : sendlp; :

00E7' DB 91 ; in a.tuartey cuart réady 7

00EQ' ~ £6 01 = and 1

00EB’ 28 FA - : ir 2.sendlp

0UED:  F1 ~pop o af _
BOEET D390 e {uartd).a: . ;send character

Q0F0*. t9 i o

JREKRINK atac area WRAKEE

00F1 o dseg
- 0000" e .:.ardpnt{ dsiiiaad . :buffer read pointer
0002° - . wrpnt: ds 2 buffer write pointer
200047 = oo bufentrids o7 i :buffér.byte count
go06" - . bpuffer: ds bsfze . :data buffer
1776" GRS : n'scode:_ ds 1 ;simuTator select code
1777° L selflg: ds 1 ;simulator select flag

PIA8n = 00 it L : db 0 y : : G

end
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”Mﬁ¢R0~80 3.44”’ 09-Dec-81 ©PAGE 1

e " toran-€ Dynamic Simulater BurstiInterrupt *

i Processing Routines -~ . 2 R

! by .R.Kellenbach e 3 *

e e ‘Copyright (C) 86 by the Unfversity of Delft =

* e *
S e e G reated T dee 0T, %
S Last update i ijan 27 *

£ 9k ek ok ok 3 ok o ok 3k e ok ok ok 39k 91k ok ok 3ok 98k ok ok ok ok 3k ok ok ok ok ok

o000 B : timerl equ 00h :8253 timers
0001 | timerl egqu 0lh
0002 e i Siidimer? fequw o 02h
oseos . timmod equ  03h 18253 mode register

0004 .- g i o gnddel  equ 04h . ... :gndweve delay port
50008 e skydel fequ. . 0Bh . iskywave delay port

detport equ och i :de]ay'settfnglﬁbrt-(fine;de]ay stéps)v ”Z.Zf”

0010 5 e " gndetd equ 10h i igndwave ECD port

0014 skyecd equ 14h :skywave ECD port

0018 5 it dacdste. equ 18h
001C - = © . daccont. equ lch

0080 '_intc]l' equ 80h

0081

~iodntel2  equ 8lh

0082, % it Bl trigl o eque B2k
0083 G ST URAGE equ 83h
posa » trigd equ  8th

cape trigger ports

,280

0000 e ey

¢mphl  macro. val ;16 bit compare macro

local. cmprdy

Td Az h icompsre HL with <vald
cpii : high (val) S .
gri '_5hz;cmﬁrdx
1d a.l :
ep o Tow (val).
cmprdy:. ;

. endm

RENKIRKIAKHIARIAKKAAA XK AKELXRN IR KT AKX KK KA A IR AT IR KK kK Kk &
o e S
L2 Subroutine Initbrs S ¥
et Function Initialize variables and i

% : hardwarée for burst interrupts = *
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MACRO-80 3.44 09-Dec-81  PABE 141

nane £ R

. misc. varishles initialfzed = * i e

. 'k*******'kk******'k********t******‘k‘k**************)&*******

. Anitprs:: : =

SeNmESSRE S e 1d  2/001101006 :inft timer 0. e

P oos e e (timmod).a  :mode'2 trate generator) .

‘bOOQ'T 32132. (o e _“:: i".]d R0 : ] igenerate 100 kHz puﬁse E
5 : ' (timer0).s - e

..:.‘a;o : =

© {tfmerdy.a e

8.011191006 ;iwmit timer 1

(timmod).a ;mode~2](rqte.§§nenatorﬂ

00107 3E BA o i 94 e 101110106 - finit timer2 - o I o i
00127 03 03 . out ~ (timmod).s - :mode 5 (hardware triggered strobe) '

LIS 0 S 1d a0 idfsable interrupt flip:flop's
0016° 03 80 : (intchy ol - '
{intc12).8a

0018" 03 81

601A" - 3E 00
0017 B3 10
001E" 03 14

2.0 . :select prom srea for EED
{gndecd),a"

{skyecd),s

020" 3E 00 a dd e © inft delay PAL’s
0022 D3 04 Ut (gnddel},a S i : :
0024 03 08 - out’  (skydelys S =

026"

d . a.00001111b  :init LOGDAC comtrol port. dissble DAC's
0028" | i S

out (dagcont),a

P02A" 3F 00 it ey a.0 :enabievtrig3 pulses-at-every interrupt
00207 D384 i S ouL s S lbriaTs i :

002E"  3E-00 s 1d 2.0 “index = 0

6030° .32 0000" G dd 7 findex).a

0033 BEO0T L a7 cbrsent o7 o R e
0035 “apiogpme ol i (brecnt).s ' T

G038 3 00 O ']u i e - o rsetstgn bit
0033zt guap i 1d - (sign)a -

o030 & % - '1d"i-* a.3 : :3 stations
003F* 32 0001° e C3d L tnstat).e

0042° 21 0000 : s ‘remainder = 0
0045* 22 000B* 1d . (remain).hi

DOAG gL REAC S e g n1.phcinit ;init phase codes
0048° 11 0004 G 1d de.phctab i

L 004E* 01 0007 = WO
0051°  ED 80 ! ey
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0053*  3A 0004x : . .1d iai(phctab) - ;phase tode = Ist master code
0056 '32 0003" i el pheadeyia SRR
0059 21 00B3' - i - “1d . hl.dtainit . :init dta's
005C* 11 00117 o d ¢ de.dtatab
005F* 01 0015 Lbgs Speaey
B0 ED R e e Tdsr i
0064* 21 60c8’ S d o hluskvinitoo o sinit skywave delay’s
0067%  11.0026% o de,skytab =
SB06A" 01 0B0E - : d o be.2w?
00607 EDBO e e ke
S 006F* 21 °00D6° > 1d hl,g levinit iipit gndwave levels
6072° 11 0034° i 1d de.gnd.leév
00757 010007 L :
Q787 1 EDBO T
007A"21°000D" , Td © hisslevinit'  inft skywave levels o
07D T aR Sold . delsky Tew o o 3- =
Q080 01 0607 - S e :
0083°  ED BO : ©dir
0085° 21 .DOE4" ; : 1d hl.ecdinit ;init gndwave ECDs -
- 0088° 11 0042" d de.g_etdtb
© 0DBBY 01 0007 ' W be,7
O0BE’ D BO. . T
0090° 21 00E4 s Sid hl.ecdfnit  :init skywave ECD's
©0093° 11 0049° : Cd 0 deys_ecdth
0096° 01 0007 Lo T be.?
0099 ED BO R  dir
009B* 21 OOEB’ i & 1d ht.mov_init ictear move flags
00YE" 11 .0050° S R oVt o
00A1® 01 0007 14 be.7
00A4°.  ED B i 1di¥
0DAG’ - 3E FF - o : e : 1d 43,255 ©ino noise
00AB™ 32 0010%. oo 1d . (noise),a :
00AB* €9 e ret
DOAC” CAF3.F9 £9 - pheinit:db 0cah,0f3h 0f9h,0f9,0f9h, Gf9h,0f9h sinftial phasg_ﬁnqes
0080° " F9 F$ F9 - : '
_GOB3" A0 8601 dtainit:db 160134 .1 - 12,5 ms
00B6” €O D4 01 : ~db 192.212.1 :3.0 ms
00B9" €0 22 02 db 224.34,2 ;3.5 ms
rept 4 : S
db  0.0.0 o : e
_ endm
90BC" Q00O OO .+ : db. - 0:0.0
00BF* 00 80 00 + db - 0.0,0

00¢2° 00 00 00 S “db 0.0.0
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: 00@5':" S 00-00 00 i ~db 0.0.0
00C8" 0320 0384 _skyinit:dw = 800,300,1000:0:0,0,0 120, 22.5. 25 us

00CC*  03EB 0000
0000° 0000 0000

D0DaE p000 e a7l R e S SR

0006° 60 10.35.00 © . g levinitidb  0.16.53.0.8.0.¢ [0, 6. -20°dB
00DA® . .00° 00 00 ‘ » e : : =
00DD* FFFFFFFF.  s_tevinftidh  256.256.256.256,256.256.255 :no skywaves

QOE1" ___F»F.FF:_;FF_'. Fo :Z Z:..._

00E4" -~ OA OA DA OA “eedinit:db 0 10.10.106,10.10,10,10 - ;initial EGD'S 0 us
QOEB"  0A 0A 0A s e

0EB® 00 00 0000 mov_init:db . 0.0.0.0.0.0.0
0OEF’. | 00506700 - .

B o
o Subroutine - Start X
o Function : start burst gensrating process *
oK Inputs : none z .j =2
ek Outputs none o

CEERKKAREA KKK AAAXE KK KIAKKKAKAKHIRE KA KR AR TR KKK KT RK KKK K

oO0F2™ “start:: : :
‘Q0F2” 3t 64 3 23 lediis a,100 . ;set timer 1 for 1 ms interval
00FA" D3 01 S out (timer.s
00FE' 3E 00 | S Ad s
OOFB‘: B3 O;YI 2 oui. : ~A{timerl),s ;timér is running now,.. .
00FA*  3E.00 & 1d e ‘clear tnterrupt £1ip-flop 1
QOFC* D3 -80 i “out (intell).s
BOFE' . 3E 01 - : 14 a1 ;enable interrupts
0100° B3 86 . out {intcll),a
0102: €3 ret
i R : =
o Subroutine : Brsint :
ol Function : Burst timer interrupt processingx
=P ‘Inputs : 2 misc. variables : £
P Outputs = misc. variahles *
2 *

= FERAKKII KKK I AR KA RKRAR I K FRRFRR KKK KAk H Ak kfed dxH ok ko dwekk kok

0103 : brs-int:

0103 . 3E.00 SdE=E a.0 rclear interrupt f.l'ip-f_.]_op
§105°  D3. 80 i out  tintell).a

0107 3E 01 : 1d ayt

0109" 03 8¢ out. (Intclii.e

5108° B ei senable RS-232 intérrupts
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010C”
010E*
0110°

0112°
0118°

0116"

01187
0118°

011C’
O11F*
0122’

012s"

0l26"
0126"

0127"
0124
0128°
912¢"

0120°

012E*
012F*
0130
0131°
0132"

0134°

0137°

0134°
013E°

013F™
0140’
0142°
0144"
0145°

3£

B3

D3

3A
4f

06"

21

01
83

800"

0602*

LR

FA

ct

o)

9

£5

21
09

015"
9126°

01B3"

0031*

09
09

5€
23

56

2355

&t
26

01

Ry

ED
09

76

FE
20

7B

FE

0190
0324°

48 000B~

09-Dec-81 PAGE 1-4

1d “a.l sdisable trigger 1 & 2 pulses

out (trigl).s :

aut (trig2).a

1d 8. (index} tbe = statian index

1d c.a

d b.0

1d hi.prsent “idecrement 'burst counter

dec thiy

ip m. next_stat ;next station ?

call -z next_dta »prepare for next-dta ?

callt set_phec ;/set phase code bits

ret
:t *
o Subroutine : next_dta *
4 function. . prepare timer for next dta *
3 Inputs :. dta in dta table *
el . Qutputs remain = remainder fraction *
* for delay Tines : *
42 *

[REFEFAL KKK IR HHRTTA TR K KA H AR HTT KA AT K I N KK kKT ARk ARk

sbnextﬁqta:
push- - be
1d hl.dtatab SHLDE = dtefi]
add ~hl,bc
add © . hl,b¢
add h1;bc
1d e.(h1)
inc hl
1d d.(hl)
inc “ht
1d 1.(h1}
1d h.0o
1d bc.400 .convert 25 ns units to 10 us steps

cgll  div32

1d be,{remain) :add new remainder
add hl.bc
; cmphl - 400 iremainder >= 16 us %
+ : 1d a.h “:compare HL with <valb
+ cp high (400)
+ §r nz...0000
+ 1d a.1

+ cp Tow (400)
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0147”7

0147°

0149’
1014C”
014D°

014E*

C9l4E

91617
0152°

0154
- 0155

0167

0158°

0188°

Q15C”

015C*
015F
015F”

160"

0161°
0162"

0165°
0167°

0164°
016C*
016E"
0170

0172°
0175

0176° . -

0177°
0179°

0174

917D"
QL7E"
- 0181°

0182"

38

0

09
13

)

FE7O0

008"

78

03

€l

AAT
D3

01

n2p3°

(e

el

28
7€

Bb

ey
‘32

3E
03

3

b3

At
ipgrii

TE

EE

00D0

018FC

07"

0002*

0004

S5

3A
3C
21
BE

38

000"

9001

06

PAGE- a5
. .+.0000: S
E T e ST ok
1d be. -400
add hi,bc
i el N et de
rm_oki
i 1d:0 . Lremaim),hi
1d - a;e_
out . f{timerl).s
1d i a.d
out o dtfmeri).a
pop ' be
call chk_mov-
ret

voverflow. : correct HL

-:gdd 10 us:step for timer

:saye remafnder for delay 1fries

;sét timer for next dta’ ,__ 

;move request ?

U koo R A kAR b ok e ok ok ok e koo ek ke ok Kk ek ok

R

P

*
Subroutine @ Next_stat sl e ‘a
Function: : prepare burst generator for *
next station X

Inputs = misc. variables z *
Outputs : misc. variaples . *
*

5 **t******tﬁ*****1‘(*'***********‘k***i”r*‘k*****’r*************

next_stat:

deYay:

1d

dec
1d

or

ip

4
1d

1d

QUL

1d

1d
add
1d
xar

1d

1d
inc
1d
cp
Jr

h1.208

h1

~avh

5
nz.delay

S

“(brscnt).a

a, 1o
{timerl).s
a,0

{timerl). a

h1.phctab

w-hl. be
caLth)

01010101b
{h1),a

a. (index)’
a

hl.nstat
h1}

c.fndex_ok

;1 ms delay to fintsh current burst

sburst counter =7

:prepare timer .for 1 ms interval @

:invert previous phase tode for next GRI

;increment ststion index

tTast station ?
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- 0184°
018a°

0188"
018A°
0184

0180"
018"

090"

0193°
0194
0195

o198t
0194"

019C*

019F"
01A0°

VS

01447
01AZ"
014A8°
01A9”
014AC’

..OIAF‘

01B2"

01B3”
9183”°

01B6°

0187

01BA’
01BB"
018C*
01BD"

3E 00
D382

3E00

32 0000"

4F

0800

-é}'0004'.

09
TE
32 0p03"

3£ 00
D3 .83
21 0042”
09

SR

~32 pooD*

21 0049°

09

3

32 000L"
o 01ED ™

€D 028A°

€9

34 0603°
17

©32.0003"

157

L5

47

-3A 000F*

09-Dec-81

PAGE - 1-

index_ok;
ld:

1d
4

Sde

Cadd

S
d

1d
out

1d
odd
1d
1d

1d
add
1d
T
‘call
call

ret

« e de e o ek ok e ke dok

‘

e Suproutf

i Function

L Inputs. :

e Outputs

sk
b
5 EHK K AE ek ko ok sk ok ke

set phci-
id
ria

1d

rla
push
1d
1d

.. .-{phecode).a

a0 :generate trigl pulse -

“ttrigh).a

a0 -2 ,wrap around
index).a

c.a o oiube = -next index

SR Lo

h1.phctab :select‘newibhase code

fhjlpp.
Ca,(hl)

(phcode) . a

a, 0 . . igenerate trig2 pulse

;(ttng),ﬁ_ = i & e 2 : i j j;_;;-

h1.g_ecdtb ;copy gndwave ECD[1]

hl.bc
Qrelh et
(g_ecd).a

hl s _ecdtb- icopy skywave ECD{i]
h1.be

a,(hl)

(s_ecd).a

set_del Ciiset gndwave & skywave delay ports

set_lev ;5et signal Tevels

i e e e e ke e e ke e ke ke Sk e e 3 ke 0 ke ek o ok e ke e ke e e ek ok ek
ne : Set. phe *
Set phase _¢ode control bits o
& ECD for gndwave & skywave - *

g.ecd = gndwave ECO cont.: bits =%

s_ecd = skywave ECD cont, bits *

phéode = phase ‘code 5
phcode = rotated phase code ik
Sk

Hok o e K Ik K ek K Ak ok Ak K Ak kK ok e Rk ok ok kA

at(phcode) :rotate phase code

~;shift phase code to bit 0
be
b.a

a,(sign) ;exor phase code bit with sign kit
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01C0” -
0161

pice’
01C4°

01C8*
01C9”

018"
OICE!

01D0*

4101
0101°
01D4’
01D6"

6108’

0108’
QiDD’

01DF

01E0"

01E0?

DLE3’

01E5”

01E7 "
01E9"
OLEB’
01ED’

- -OLEF:
O1F1°
01F3’

O1F%"
Q1F7"

A8

c8
2

3A

Cp3

3A:

D3

€9

3A

€B

031

3A

B

- D3

(%]

2A

[
<B
£B

€B

€B

3E.
b3
3

it

95

£

47

0000

10-

000E"
14

000D* -

E s

000E*
EF
14

600B" "

PAGE: = T-7
xor b
‘pop- - be
bt 0,a
= ir nz,set_ bit .
Y 'a.(gﬂécd);;.
out {gndecd).,a -
d a,(s_ecd)
out {skyecd);a
ret
set_bit:
Sid ‘aslg ecdy
set’. Bt
out (gndecd).a
1d a.(s_ecd)
set 5.a
out o fskyecd). & -
ret

i.tor - code ?

:outpui gndwave ECD controljbiﬁs_

routput skywave ECD control:pits

;output gndwave ECD control bits

wset: sign bit

output skywave ECchontro1;btis

;set sign bit

R d et dasi it st sttt s ittt it st s st s b s & M

2]

-k

v

i

53

ik

S*

X

-k

- Fungtion :

Inputs -

Qutputs.

*

Subroutine : Set_del *
‘ set gndwave & skywave delay S

ports i*

remaih'- gndwave DTA fractien *

data in skytab x

BC:iw indéx for next statiom o

S0 none ; j *

*

L L L

set del:

1d
rept
sr}
rr
andm
srTj
1'fn
sri
e
“srl

rr:

~1d’
out

out

Vd
su5 .

-a.49

hl,(remain}

]

hyian
1

.- a.31000000b
-{gndecd).a
{skyecd};a

7

;get remainder of DTA

;convert to 200 ns units

;divide HL by 8

;divide HL by 8
:divide HL by &
idivide: :HL by 8

(switch carriers off

- :set gndwave delay PAL



64 Simulating the Eurofix Data Link

MACRQ-803.44 . §9-Dec-81 PAGE L)
01F8’ 03 04 v -..out (gnddel},a
O1FAT 2] 0026" " 1d hl,skytab ~  :DE = skywave delay
glFD 68 o add  hl.be ‘
._QlFE'.; 09 ; Ay =i add < hl.bc .
OIFF*  5E : % __ 1d e (h])
o200t 23 L e
0201 56 - g ; ld=maenedy Ghl )
0202°  2A 0008" ; 1d hl.(remain)  :8dd-remainder
0208 19 add h1,de
0206° . fB = i C A .de,hl
0207° 21 0000 A h1,0. . convert to 10 us.units
020At 05 o . pish e o
0208° 1d  bc.aod
020€* Sl e Y
a1t pop b
212° 1B s des - de ‘decrement timer count
: ;{timer needs 1 c1§nk€pu1sé to triggeri
021 IR : Y id a.e ;set skywave delay timer
p21a’ D3 02 out . (timerz),a :
0216’ 7TA - : : 1d a.d
02 14205503202 : : oL A {timer2).s
0219’ (%) : push . hl : ;5ave Skywave delay fraction
: . reptiio3; e
Sipdsssh 5 .convert to 200 ns units
"fr i)
: endm ;
021A" €GB 3C = o : L e om it i -.convert to 200 ns-units
021 Clazi=CB D i e 1
: 021E" - CB 3¢ + srl h. iconvert to 200 ns units
p2z0c B 10 + rr 1 '
02227 ' GB 3C ot srl b ~.conwert to 200.ns units
Qg2 deiniat BaFRet 2] (e
0226° . 3E 31 v eid e ;set skywave delay PAL
0228" 95 ; e o : :
0229’ D3-08 _ i out - (skydef).s
‘OZZBTf -fEl : pop h1
() 22 Ceter i 7D ; i e B v | ;get-25 ns units of skywave delay
0220° E6 07 § . and T y ; =l
022F"  CB 27 : S0 de e :shift into position
0231 8 27 S
0233" B 27 oSl e
023555 F 1d e.a
0236' 2A 0008* g hl, (remain) ;get 25 units of gndwave dela&-
0239° 7B G . 1d a1 :
023A°  E6 07 _ and 7
023c* B3 - or 8 1add skywave bits

0230° D30T : Soeut (delport),a ;set delay Jines .
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MACRO-80 3.44 09-Dec-81 -~ PAGE 128
023F* 3 B2 1d a.178 :delay 500 us to suppress LPF fflter
0241* wait: :transients due to phase modutation
0241° 3D ‘dec - ra v : :
0242° C2:0241° ; Jip nz,wait
0245'  3A 0003 R 1d a.(phcode) :rotate phase code
6248 17 i ria
0249° 32 0003~ AR 1d (phcode) ,a
: 024C" 17 :shift phase code to bit 0
024D 5 S pushil ibe
024E’ 47 1d b.a :
024F°  3A O0GOF™ e : 1d a.(sign) ;exar phase code bit with sign bit
0252 A8 xor b :
£253" (€1 pop be
0254°  CB 47 A bit 0.9
0256 20 17 Jjr nz,set_bl ; + or - code ?
0258f 3A 000D° - L 1d a,(g_ecd) ;output gndwave ECD contral bits
025B°  CB F7 set 6.0 '
025D D3 10 out tgndecd).a
= 025F* (B B7 res 6.2 ienable carrier
- 0261° 03 10 : out (gndecd) .a
0263 3A aoaE* 1d a.(s_ecd} . :output skywave ECD control bits
0266  CBF7 set 6.2
0268° D3 14 out {skyecd),a
026A°  CB BY res 6.2 ienable carrier
026C" D3 14 : out {skyecd),a
026E" te) ret
026F " set_bl:
026F - 3A poop* 1d a.{g_ecd) ioutput gndwave ECD control bits
0272’ CB EF set 5.8 ;set sign bit
0274° CB. F7 e -~ set 6.4
0276 D310 ©out  (gndecd).a’
0278 (B B7 i res 6.2 ;enable carrier
027K D3 10 : . out (gndecd},a’
027¢" 3A 000E" 1d a,(s_ecd} ;output skywave ECD control bits
027F' | CB EF setiiini=bua :set sign bft
0281° (B F7. set  f.a
0283° 03 14 out {skyecd).e
9285'  CB B? res 6.a ienable carrier
287" D3 14 out {skyecd).a
Q289" €9 ret

. oA de e e ok ok A v ko s sk e ok A o ok ok ok g e ol e ke e e o 50 o s o o e ok o ek o ok

. Subroutfne : Set_lev .
i Function : set gndwave & skywave signal o

e levels for next station *
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MACRQ-80.3,44  09-Dec-81 PAGE 1-10
A Iant; i data in gnd_lev & sKy_ lev *
e i : tables ; i
P e BC.= index for next station *
2 Qutputs Hong ; R

o= =

< Rk e e ek e e e e ek K K ek ek AR KK e e Ak kK K e e ek Kk e e e R K AR ek

028A° set_lev:

02847 1£30 : ) €.9110000b ;40 dB att. contro} bits

02807 21 0034 : : SR e e egndi T avid isend gndwave'}evé}.’t_o;LOGDAC data port
g28F* 09 Sl T be L T
begte L e

0291°"  FE 69 S i Hepas s 2 08 ;40 dB att. on or off ?

0293 38 04 oo : y jr " t.glev_ok

0295° D5 .69 sub 108

9297’ €8 A3 . res 4o

0299° ; S glev_ok: :

0299° 03 18 A out  {dscdata}.a

0298 3E 07 S 1d - 2,00000111b ;enable DAC CS-Fines

0290° 03 1¢ : out  {deccontY.s

029F". (B 87 res 0.a .generate WR-pulse for gndwave DAC
02A1° . D3 1C L out (daccont),a

02A3" €8 €7 ; set 0.4

02457 03 16 . Sl S out (daccont)’

G247 21 003B*° 1d hl,sky_lew ;send. skywave level to LOGDAC data port
024" 09 = add”  hl.be

02AB" 7€ 14 8.(h1) :

02AC*  FE 69 Cp 105 :40 dB att. on or off 2

GZAE® 38 04 . f ir c.slev_ok

0280’ D6 69 . sub. 105

02B2" B AB : Srest B e

02B4" < - stev, okt

g284° D3 18 . out {dacdetar.a

02B6" '3t 05 . 1d a.00000101b - igenerate WR-pulse for skywave DAC
0288" D3 1€ ’ 3, out. (daccont).a

02BA* (B CF set raig

OIZIBC’ 03 1C out (daccont),a

02BE* : 3A 0010% y ; 2 d a.(noisey ;set noise level

02.C 10 DT 48 out  {dacdata).a

023" 3E 03 : : 1d 2.00000011b 1generate ‘WR-pulse for noise DAC
0205° 03 I ! out (daccont).q

02C7%  CB'D7 - Shas El R ep 2.3

62C9" D3 1T y S T {daccont) .3

02CB* . CB DF SoatT . set s 3.4 : :disabte DAC CS-lines

62CD' D3 1C i - out {daccont).s

OZCF 83 i : : Sror el % iset 40 dB att. control bits

geDo” 03 1C = out  (daccont}.a '

Be0erEe9 ret
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MACRG-80 3,44  09-Dec-81 PAGE. . = 1-11

< e o o ke B A ok e T

i &
g Subrvutine ; Chk_mov. : *
e Function » Process ekternaf move request - *
i : Cifany) L
K Inputs r Mov_Flg - move rquest flag X
s Mov_tim = shift time " *
%0 outputs ;- DTA's modified o
i -

CEEEREEIF AT IR ETEREAE LI RETEKRRTRE AT HT XA AAIRRTE R AR IR TR K,

0203" - : ; t s :

0203° 21 0050” . 1d ) ihovi flae iget- mov_flg for current station

0206° 09 © . add ' hi.be :

ga07  TE L Y e R )

Bapee Fopy : of i

02097 C8L b S SRl " ireturn if no request

620A° 36 00 s e TRy T G clear f1ag.

0z0c" €5 : o push e

6200° 21 0057° . 1d- . hl.mov_tim :E = shift time

02€0° 09 ; add  hl.bc

02E1°  SE : 1d e, thl)

g2E2° 21 0011° 1d h1.dtatab idta(i) = dta(i) - shift time

02E5" 09 : add  hl.be '

02E6° 09 : : ¥ add.. " hl.bc

O bl 00 add  hl.be

02E8" €D 0314 . : el sgn_ext

026B° 7€ i id a.(hl)

02£C” 93 ! S sub e

G2E0° 77 b LT g h Y e

G2EEN .23 i S ine ol

OZERS B i e a.thiy

02F0"  9A she a.d

02F1* 77 1d (hi),a.

o2F2> . 23 : Cine hl

02F3° 7€ & i S g a.(h1)

02F8° 99 - -~ sbe A

02F8' 77 o n1),a

92F6"  “3A 0000* Selid a. lindex) -get ‘prev. “index

02F9° 3D : : dec 8 :

02FA* F2 0301% . . jp p.not_arhd s

02FD" 3 00017 . 1d a.nstati . ;urap arcund 1F master

03007 3D i dec: a £ :
0301 nof;afnd:

1d c.a

1d b.0

1d hl.dtatab ;dte (i-1) = dta (i-1) + shift time
add hl.be

add h1;bc

-add . h1,be
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MACRQ-80 3,44 -

030%" "
Q300"
Q30E: -

930F>

310"
0311
0312t
0313"
0314°
315"
89
1

0316"

08172

- 0318°
o310’

Q314"
031A°
- 031¢°
031E°

031F
0320
0321
0322’

0323

0324*
0324
0326
0326°
0327
0328°

0329"

Q3247
0320*
Q32E'

032E"
032F¢

0331

0334°
0335°
0338°

(ZD
At

83
2

23

7t
8A

0314

o

23
7t

£

0F

16

.tl

09

78

17

Do

oo
15
co

X

EB
29

02

el

23

B7

€D

DA

i
- €3

42
0338"

0339°

09:Dec-81 . PAGE 12

call:

~:id

- add-
1d

inc

E

e

adc

1d

ade

~1d

pop

petEs

sgn_ext; ..

1d
rig
ret
dec
dec .

ret

12

sgn_ext
a.(hl)

f PR
thty. e
hl
a.(hl)
a,d
(h1).s
o

achl)
_a.C

{h1).a.

be

sign_extend of E to CDE

it Fe e ke e 30 K e e e o K e e e o ok ok ok ok ek ok e A A A ok ke ok s g e e o ok R o Kk

®

iy .
1o Suﬁroutfne 5 b
o Functiqnnt' unsihned 32 bit division *
Ak Inputs : ‘HLDE = 32 bit dividend *
s BC = 16 bit divisor *
B Oqﬁputs“: ~DE.= quotient o
X HL ~ remainder *
Sk *
LA Kk RRRA A Aok KRR R KR AR R
div3e:
1d a.16 ibit count
divlp: .:.
add  hl.hl THLDE = HLDE * 2
“ex ~ de,h?
add h1.hl
. ex delif. i imntiE e e e e e
i nc.hl ok
inc h1
hl_ok:
.or a .rcompare BC with: 16 MSB's of HLDE
- ‘she hi,be il
ip c.not_ok
in¢. de ;incgrement quotient
jp next
not_ok:
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Bo10:
ooazts
0000"

0080

CskyTaR
N0F21* START
00DB7  + S_LEVINIT

NG Fatal e

CLIG03RIY
00GE" -
fE0000=
0003

0684 TRIGI

“0284°
00491+
0061

- o082

oz

S.ECOTR
TIMERT
TRIGL
WALT:
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0000
0901
9002
0003

10004
0008

000C

0010

0014

9018
001¢

0080 -
0081

0082

0000

0000 -

0000°
0001”
0002°
0003"
0005°
0008°

30

87

5F

16 06

21 0OOE’
)

09-Dec-81 PAGE 1

:‘!'v *

;x -  oran-¢ Dynamic¢ Simulator Hardware Testing: *

AR Routines i

ik b : *

T by R.Kellénpach *

15 : ; S i

;X copyright (C) 86 by the Unfversity of Delft = *

...... 5 i : 2
L reated: dec 4. 1986 *
s ol ast ipdate:t april-30.:.1987 %

e : S *

< Rk Kk kKT K Kk ek ok ok ok ok ok R ek Rk kR ok

timer0. equ 00h 18253 timers

tinerl. equ  0lh

timer?2 equ 02h

timmod equ - 03k 18253 mode register
gnddel equ 04h “igndwave delay port
skydel  equ 08h- ;Skywave delay port
delport equ- * 0Och ~delay setting port (fine delay steps}
gndecd - equ 10h :gndwave ECD port

skyecd equ 14h iskywave ECD port
.datdata efu ~18h ;LOGDAC data port

daccont equ 1ch +LOUGDAC. control port
intell’ equ 80h interrupt clear fIip-flop’s
intelz: equ 81h

trig equ 82h ;scope trigger port

280
cseg

bl Suproutine : Test i
s “ Funetion : Dip switch test procedure. *
¥ select %
T Inputs .- A = 1..15 = test proc. number  *
i Qutputs none *

I

-

B itat it et i s a s da st st et ad sttt T

e stn:
dec -
add
1d
1d
1d
add

a
2.8
e.a

d.0

:Jjump to: function number in A

hl, jmptab

h1.de
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MACRO“BO 3.44  09:Dec-81 - PAGE 1=1
0009 e i i Flid a.thl)
00047 fia3 L Gy
000B* 66 - il S d hochi)
000C"  6F ; 14 1.2
000D°  E9 ir (h1)
000E" jmptab: e ;function address table
0oDET opzEt .} g proctest Jfunc, 1 = processpr test
0010”0044 ' o rs_test. (func. 2 --RS-232 test ‘
0012"  0048° loopback _ifunc. 3 -'RS-237 loop-back test
0014° - 005C* i : 2 .:AW- pal_test func. 4 = PAL test 3 e
bole™ 0083 dw del_test Cifunc. 5 = delay 1fne:test
0018”  ©009D" i : dw Thurst .ngunc;fﬁ - toran burst generator test
001A°  00DD = dw single | ifunc. 7 = single burst output
golcT ooEs dw bursta “furic; 8 =8 DUrst generation
001E" OOFS; s : f e aw, ramp Sfunc, 9 = réﬁﬁsééﬁéréffdn'..
110020 :0101’ G dw gnd_adj ifunc.10 = gndwaye LOGDAC aﬁjgéﬁ progranm
Q022°  013C" i dw sky_ad] ifunc.11 = skywave LOGDAC adiust -pragram
0024 6177 - dw gri_test . ifunc.12 = GRI generation f
0026° . 0183* : dw ngri_test - ;func.13 = GRI generation with noise
_0028; 002C" i dw abort :func.14 = i1legal number, abort
002A" . §02C" 3 i dw abort cfunc.15 = illegal number, abort
op2c: abort: istop processing
002C" 18 FE ! Jr abort ;endless loop...
% *
2 Subroutine Proctest »
Fd Function - processor_festing. genarate . *
i 1 kHz square wave at trigger - f
i output e *
il Tnputs : none *
i3 Outputs : none %
‘% *
;**t******tw**********************t*ﬁ*******ﬁ************
Q02E" proctest: :
000 F S ORI : ld .0 itrig -:;;?b'
p0an $rer . ' outiiiiiterigy e
00327 - 21:000% : 3d:; hl.5
00357 €O-01BYT i oo call delay :delay 500 us
0038* 3E Dl i 3 1d a.1
003A% . D3 82 . out ttriglia ptrigl-- > 1
003C'_ 21 000% 3 ld (S
903F° €D 0189’ call  delay :delay 500 us
0042 18 EAF : ; jr proctest.
e Subroutine: : RS test i
i K Function ;'  test R3<232interface *
R : Inpﬁts'ﬁ__u" none x
it Outputs : note *

*

& T e ke ke ke ek R K A A e g Xk Tk ok ke e e o ok gk gk e e 3 ok e o T e e e o ok ok
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0044

0044°
0046”
0049’

004"
- .0048°

004D*
004F: -

0051
00583

0064°

0054°
0057
054"

-005C”
005C”

005F*
 Q05F”
0061”
0064

0067

006A”

006A"

“006B" -

006E"
0071°
0074°
0075f

00777

3E 55
B D000%
18 F9

3E 00
D3 80

D3

£D
FB

cn
€D
18

LD

06

LD

21
co

04

o

21
D
78
FE
20

81

56

0600*
0000*
F8

0194°

i
P07BT
2710

0189

0078’
01F4

01B9™

3t
Fi

D9-Dec:BYL. . PAGE 1-2
rs_test: Gl
1d. a, 'y’
call sendif
3r rs_test
3 = L
] Subroutine - 'Looﬁbﬁck : *
* Function RS-232 Toop-baGk test, echo  *
e recetved characters *
Ras 'tnputs S data-iﬁ-{nputﬁbuﬁfer *
1% Qutputs : - none *
i . i
toopback:
1d a.0: :disable timer interrupts
out {intcll).a
out (intc12).a
im o 1 ;enable RXRDY fnterrupts
ai
loopbl:
call get_byt## rget byte from buffer
',ca11=:'-send## (& send it
~3r - lToopbl
;'1!*‘(""1’!\'1"'1‘. LEa s b bt tad sk * L FRE R E R A i
. *
1 ¥ Subroutine : Pal_test o
R Funetion - PAL testing. toggle PAL"s x
el between various delay times *
o [nputs - none : *
:; prﬁs: “none *

-

B b L e e L

pal_test:

loopl::

Toop2:

call

1d-
call’
1d

call

inc
Cadd
14
call
1d -
cp

Jr

-set tim

b.o

setdelay
h1.10060

detay.

b
satdelay
h1.500
delay:
a.b

49
nz.)oop2

;init timers

;PAL delay = 0

rwait 1 osec

:variable PAL delay

;wait 50 msec

irepeat
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0079° 18 E4 jr. - -loopl

0078" i saetdelay: y ) . .:set PAL's to delay: in B

0078 3E 31 o 1d . a.49

0070 - .90. sub b

007E° D3 04 © oyt . (gnddel),a

0080"v“ D3 08 out (skydei).a

0082 €9 S ret

* & FREERAEE i * LR S b LEE R

* . *
* Subroutine : Del_test'. ) it X
* * Function : delay line test, toggle delay . *
> Yines from 0...175 ns *
* “Inputs : none - s e 0
it Outputs 5 nong o

ek L a a . *

BSdids sttt s it it iats st s s it it sl iRt st d sl s

0083" -del_test:

0083 €D 0194° 5 call set_tim : ~init timerg

0086 leop3:.

0086" 06 00 - . s ) b.0

0088" . @ ° loopé: ‘ ,
0088" - 78 : 14 alb :set bits for both delay 1ines
0089 87 . ) e add a.a

008A" 87 add 3,4

0p8B* -~ 87 add a.a

008C" . 'BO or b

008D ~ D3 0oC L s ’ out {delport) . a ;set delay line

008F " 21 0002 - g 1d hl.2

0092 D 01B9" call delay ;delay 200 us

0095° 04 . . ine b

0096* 78 = = - - 4 1d ~ . a.b ; 1keep count

0097°  FE 08 : cp 8

0099’ 20 ED f ir nz,loop4

0098° i8 09 ) Jr Toup3 i1 epeat

SEREEHIAAKKH A EEFHHKHEEFIKH K I RA I KT K RS KRR R R kF KKK d ke hokk

gL Subroutine. : Lburst *
3w Function' : . ‘Loran burst genmerator test. i
g initialize hardware to generate *
8% Loran bursts with 1 ms ‘fntervals*
g "~ Inputs : none *
H OQutputs ;- none . ) *

:*******t******t*******t********t****k*t*****************

0090° : lburst:

409D° 3E 00 1d a0 ;set ECD
Q09F" . D3 10 out (gndecd) .8

00A1" D3 14 out (skyecd).a

O0A3” CD 00A9° call make_burst
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MACRQ-80 3.44 = 09-Dec-81 PAGE: - cnal,

| 00A6* 3 002CT : ip. . abort

= T S e e e RS ek S i ok e S ok 3 o e ek ek ke ko ek ke ke ek

L e : : *
g Subroutine ¢ make_burst X
* Function - initiatize timers & LOGDAC'S  *
Bk : .for.burst generation. *
:"Q Lnputs : non e e L TS
e Qutputs ' - none &

i) e : T ® i

= e sk gk e Tk ok ok SRR ok e e ke ke ok ek ek e AR XX R R R K K Kk

00A9” ; ' make_burst:

00A9" - GO 0394° : e}l set.tim o - :init timers

00AC®  3E 64 Wy a,100° L itimer 1= 1 me interva)

00AE" D30T ' ot (timerlYa

00B0"  3£.00 onamad

0Bz D301 S out o (timerl).a

‘00B4* 3E 28 Td: = a.40 "~ iskywave delay =~ 400 us

00B6* D3 02 - . Soout (timer2).a :

0088 3E 00 14 2.0

00BA™ D3 02 - ; out {timer?).a

00BC 3 ER0 0 : E Al a0 ~ :init PAL’s

QOBE' D3 04 - : out {gnddel).a

00C0° D3 08 out (skydel);a » e

90C2” D3 GC > i - out ~fdelport).a - :init delay lines

09C4'f SE 00 3: Tdi T ~:max. gndwave level

poce™ D318 : | out’  (dacdata.a :

00c8’ 3£ 06 i 1d - a.90000110b

00CA" D3 1C G et i (ddccont Y L

80CCt  CB.C7 : set . 0.a

00CE  D3IC S e et e

00D0”:! 3E FF - i 1d a.255 :disable skywave & noise DAC's

0pDz* D3 18 : out (dacdata).a ; @

0004 3E 01 : 1d a.00000001b

00D61 D3 v : i vout (dacconf),a

_o00DB* 3£ I1F 14 5.00011111p
00DA* D3 1€ out {daccont) . a

90DCY gy = S pdto
* *
L3 Subroutine : Single A
% Function Single burst generator test. ¥
i i initialize hardware to generate *
752 - single bursts with 1 ms *
s s S e TV *
-2 Inputs = none : *
e Outputs. : - none i



76 Simulating the Eurofix Data Link

MACRO-80 3,44 £9.Dec-81  PAGE  1:5

= 33 3 e e ok T 53k ek K ko 3 o K ok e ok A e ek e ok ok ok ok ok ok ke Ak ok e ok

60DD" i R G sTngl et i

DODDYMioE e 1d 2,21 iselect burst type
00DF” D3 .10 : 3% S out (gndecd) ,a

O0F1' D3 14 B T ey s

(R EEE VI e e :,céll make_burst

00E6" €3 002CT . . gp abort

i

sRiTEE Qubroutine s Bupst8il : 2

e Funetion : Burst generator test, T
T inttialize hardware to generate *
b 8 bursts with 1 ms intervals — *
il Inputs : = = none i
Rees Outputs:: = nane : *
;%u. Al ;

00E9” : : 2 burst8:

00&9' 3t 16 : :ld a.22 ;select burst type

Q0EB* D3 10 out (gndecd).a

O0ED" D3 14 ot (skyecd).o

DOEF” CD OOAQ' : call make_burst

00F2* - €3.002C" e §p- abart

+ e ek e e ok ok o F R T K ok K R ok Sk ok ok K- ok ke ok ok ek s Ao S ok ok ke ok

2 * i *
s Subroutine : Ramp A : »
;¥ . Fumction 1 Ramp generator test; - *
:% E _jnfﬁ1a1ize_hardware to generate *
X = .ramp bursts with 1 ms intervals L3
o Tnputs : “none *
e - Outputs : ‘ none i *
* *

QOFS* . ramp;

O0F5"  3E 17 : 1d a.23 ;select burst type

00F77 D3 10 : out  (gndecd),s

00F9" D3 18 e Gt Cdskyecdi

OOFB' GO0 00A9” o ; call make_burst

OOFE" . €3.002C° . ip . abprt

R KKK AR R KRR KKK Ok ok kK ok K Rk Rk KK AR KKK KRN R

¥ : .
* ~Subroutine Gnd-ad) X
iE Funetion: : Gndwave LOGDAC:féed-thFodgh *
* : adjust program. toggles gndwave *
7 burst on/off %
2 “Inputs : none *

_;*. Outputs : : :none *

£ 9 o ok 55k e e e ok ok Sk e ke e e 9k ok e etk e e e ok R R o ek R e e ek R ek
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0101'__ gnd_adj:

9101°  3€ 00 1d a.t :select ECD

0103 D3 10 out (gndecd).s

0L05% DI T4 out: {5kyetd).,a -

0107° €D 00AY" 2 G make_ burst _ istart burst generators: i

Ol_bA‘ - 3EFF 1d - 2.255 ;disable LOGDAC's

010¢7 B3 18 Lout - (dacdata),a

Q10E" 1 3€ 00 1d a,00000000b

0110 D3 1€ out (daccont).a

011270 3k T, id 2,00011111b

0114* D3 1€ out - (dactont),a

116" g_4dilp;

0116* 3E 00 1d _a.0 ;enable .gndwave

0118° D3 18 “iout {dacdata).a

011A" - 3£ 16 lid:s a.00010110b

011C" " D3 1¢ Lout  fdaccont).e

QLLE S BE R 1d a.00011111b

01 20 D3 G 1T out {daccont).a

@l22* 21 1388 1d h1.5000 ;delay 0.5 sec

0125" €D 01B9" catt delay

0128° 3 ek B 1d 3.255 wdisable gndwave

Q12A7 D3 18 out (dacdata).a

01200 BB T8 1d a,00010110b

Ol2E" D3 1€ out {daccont},a-

0130° 3E 1F +d - a.00011111b

0132 D3 IC -out, (daccont). 4

0134° 21 1388 S d h1.5000 ‘delay 0.5 sec

0137’ €D 01B9° call delay

013A° 18 DA jr g_adjlp
:************************************************t*******
o Subroutine Sky_adj "
o Functien Skywave LOGDAC feed-through *
e adjust pragram, toggles Skywave *
. burst onfoff .
o Inputs - none *
s OQutputs : none -
:t.t!"!Fttﬁxtt!tv.v‘t!1t-tvt*v'wttwty‘tn"-wwtttwtnq-tﬁvt-v

013C* sky_adj:

013C’ 3E 00 1d a,0: ;select ECD S

Q13E 4503106 out (gndecd).a -

0140° D3 14 out (skyecd).a

10142 - €D 00A9” call make burst ;start burst generators
014%" 3E-FF 1d .a.,255% :disable LOGDAL's
0147 D3 18 out {dacdata).a
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0149°  3E 00 _ » 1d 2.00000000b

0148°° 03.1¢ = out (daccont).a

01407 3E IF g 2.00011111b

S14F7 - D3 1C e Soo out o dscconti.a -

DIS17 s edjlp: T :
U151t 3E 00 ot d. a0  .enable skywave
6153 D3 18 o out (dacdata).s ‘

0155 3E 25 14 2.00100101b

0157° 31 out {daceont},a

0169°  3E 2F 1d 2.00101111p

0158" D3 1C : out- : {daccont),a

015D* 21 1388 1d h1.5000 ‘delay 0.5 sec

0160 €O 01B9" call . detay
0163 BEFF 4 a.255 © .dfsable skywave

0165" D3 18 S out  (dacdata).a

0187° 326 . o 1d  5.00100101b

1890 D3 1C . out - (dagcont).a o

068" 3E 2F : 5 14 2.50101111b

0160 D3 1C ! s out {dacconty,a

016F* 21 1388 1d h1.5000 :detay 0.5 sec

0172° €D DIB9S’ call delay

0175* 18 DA sr s adjlp

JREKIEFEKF KK KKK KKK R EHAIKKHHHAKEEE IR EEEEKEHHRR ARk FA KKK K

B Subroutine : - gri_test ; EE *
s Function .: Generate test GRI. 1 master, X
e 2 slaves:with differrent levels *
B Inputs none ; *
1 Outputs ! none : *

-* =

;*tt*t*****t***********k***r*******w*******w*************

0177° gri_test;

0177° b 0000_?'-:. : : call initbrs##. .init burst proecessing & set default pa.rametefs"

0174" ED So=7= e i T : S finterrupt mode 1

| R S = e ienable burst interrupts

017D  £D 0000* call start#i ;start burst generator

0180" €3 002C* SE3p abort istop processor
* *
e Subroutine . : ngri_test *
* Function. : Generate test GRI. 1 master,  *
o 2 slaves with differrent ievels *
a4 with noise B *
5 Inputs : none &
1% - Outputs 3 none b

3 : *

2 ERA I AR KKK ERERKATART XN IKARARR AR AN BRI RERTRRK AR R KK
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0183°

4183*

0186"

0188°

0188°*
018D

{18E*

0191” -

0194
0194°
01396’
0198°

eI

019C”
019¢”

01A0"

014A2° "

01Ae"

0146
3E.00

0148"
014"
Cg1AcT
BLAE"

91B0°
01B2*
0184°

01B6” -

o188

€D 0000*

3£ 00

32 0000* -

EDe B
FB

€D .0000%
€3 002C"

3 34
03 03

~3E-32;

D3 00

3E-00

D306

3E 74
D3 03

3€-0A
D3 01

03 01

3t BA

D3 03

3t 02

D3 02

3E00
03 02

€9

-09-Dec-81

PAGE 1-8
ngri_test:
call ~ initbrs## :init burst progessing & set default parameters
d i 205 ;max. noise lavel
d (noisedtr.a
ML iinterrupt mode 1
ei 3 ;enable purst interrupts
call startii ;start burst generator
jp . abort’ :5top processor
:*****. % & ek ok ok * ook ook * ek * ok ok
* Ik
i Subroutine : Set_tim : * -
S Funetion : - “Initilize timers for testing 2
RS npybshe SR AON @4, *
ok OQutputs & none *
1% *
set_Lim:
1d  a.0D110100b ;inft timer'0
out {timmod),a ;mode 2 {rate generator)
1d 8.50 : ~:generate 100 kHz pulse
out (timer0).a -
1d a,0
out {timerd}.,a
1d a.01110100b crimit timer 1
out (timmod).a ;mode 2 {rate generator)
1d o a.10 cdummy 10ad for testing
out {timerl).a
14 a.0
out. (timerl}, a
1d 2,10111010b (init timer 2
out {timmod).a ;mpde § (hardware triggered strobe)
¢ ~ - a.2 vdumny load for testing
out. (timer2).a
1d a.0
out (timer2).,a
ret
:* *
A% Subroutine - Detay *
i function softwgre delay routine X
ik Inbuts = HL = delay in 100 us units *
it Outputs : none *

sk . *

2RI RRAH A KKK KKK R Sk ok A ek Kk Hxk ok k *




Simulating the Eurofix Data Link




B. Source code listings of original software

81

©IDACCONT
DELAY




C. Source code listings of modlfled software

MACRO 80:3.44

0018
0010

0080 -

0091
GDADG

- 0086

0000°

0000°

9003

31

€D

0006°

0006

-0009°

9008”

900D”

0ODF”

011"
0013°
0012°
018"

0019

€D

3E
-D3
3t
03

DB

28

13

€2

ED

0080"

0000*

0000*

0000*

56

09 Dec -81 - PAGE 1
.,;5 AN A PR R Kook kR ARKk KKK r%ﬁ ok ARF Y
e : 2 i
R i' SIM MAC - '.EQ}ofiX'Simu1ator Main Pfogram:"
%
5
;;»l : Vefﬁionv . =0
i% Last modiffeation : 1870241993
% Author : A.M. Noorbargen
- 2 = _ v
i+ Mogified version of SIM.MAC written by R. Kellenbach
i) Delft University of Technolégy. 1987, 1993
* i e i ==v% |
B .11/02/1993 == Eurofix Tiode can.be set for each,station-seberater
e = © ESC T command added. ESC R and ESC S Have become
Sx = obsolete and. were deleted
x

RS Tt FARRR kAR

ESC  equ 1bh

65 equ 1dh
intcll equ. 80h
uartc - equ _91h.
swport equ  0abh
noisep. equ 86h

.280
cseg-

> XA XK Kk " ek A KK

;escape code

:rel. move command’ code
iinterrupt clear flip-flop's

;8281 status register
;dip switch input port

;noise control port

.request simio,simbrs,simtest

1d 5p,stack.
call’ initrsfft
boot

call initbrs##

1d a,l

out - {noisepi.a

1d a,0

out {noisep).a
‘_ in a, (swport)

cpl

and ofh ;

ip nz, testi#

im 1

;init stack

;init: RS-232 interface
:restart address
:{nif burst processing

;start noise: generator

iget switch status

cswitch 1. .4

vhardware testing ?

;interrupt mode 1
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001B’  FB : e senable interrupts: Goiiiani
0OICE e oesattl Sl gp et endt 0 ki dnternupt wector
:* *
i 2 'Subfoutine 2, Interrupt : E’ o 2 x
% Funétion s Usrt & Timer interrupt. = =]
o+ e i processing : ‘1¥H Sk
_ Inputs : intérrupt flags in Uart status *
sEiias oo Uiregisters e o : e e
S Qutputsio none : *

~imode 1 interrupt vector

0038"  F5 _ i push = af ;save. registers

B039™ iCS S e e X push bc’
S push ~ de
0038 5 push  hl
003C" i 21-0040° 1d h) . exitint. spush return-address on stack
Q03T e C push- bl
5040 DB 91 S S in . oa,uarte) :get intertupt flag bits
00427 - CREFF ; bt ot 7 tburst timer interrupt ?
0044° - CA 0000% ©3p o z.ors_intf i
0047 B 4F ' bit 1. dart RARDY interrupt 2
0049°  Cz 0000% b oz EeeRE i ;
004C” €9 SES ret
exit_iht:
_ pop h1
- pop “ de
'pép‘ s
pop  af -
el E :epable interrupts again
el

= o ke e ok ook e ke ok Sk Kok T ke Sk ook o o s R e ook o e R Rk e e ek ek ok R Kk ok i e

e : i g N e e s
o BUbrputine ©. - betigma At e e o

i * Function - Mgin prﬁgram commgnd brocessing W

x Inputs < commands in-input data buffer %

e Qutputs : - hurst procesing data_t§p1es e S

o e e e e

o e 03 e F g 3 de 3 T ek e ek K ke TSR R R g de R R e de SR Kk e de e ok ok ek
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00537

0953.'.”

056"

0057°

DO5A"

-~ 005C”

- QD5F*
0061

0064

+0065”

00657
--0068"

064"

0068
- p060"

006E”
0070”

-0071°

0072°
074
00777
0078*

0079"

007A°

-.0078"
oo7CT

0077
00707

0§7F' i
0BT

0081°
0083’
- 0085"
- 0087"
0089
0088°
008D"
008F*
‘0091°
0093°

0095
5‘0097? =
0099 -

909B”
009D"
BO9F*
G0AL"

LA0065Y .

ST AR

201"

get_cmd:

21 0053° »
E5‘ : G Sy % * o

LD oogD* : ; S

Fbe I

~GA00FD"

FE 18

9%

e = “es¢_cmd:
D 0600* e =
S R
D8 .
FE‘SB-

0o

D6 41

13

16 09

21 007D
7€

23

86

6F

£9

= cmd_tab:
0120
0128%
0155”

0183°
0196

- 0TA9"

01BC”
01CF*
0109"
G1ELY

o1E9%

91F3”
01F1®

9208”

0211°
- +0081°
00B1"

push’

call

cp

ip

o
e

ret

call

cp

:5ub
“add
Ad

1d

‘add

inc

d

1d
Jp -

dw

ga
dw

dw i
dw
dw.
dw';
dw
dw
dw

: 1nvaTid;

oy

get_byt##

“GS:

z,rel_mov

ESC

Cz.esc_omd

get_byt##
> IAII‘

¥ :
R

n¢

S

a,a
24
d.0

h1,cmd_tab-

h1.de
a.(h1)
h

h, (h1?)
1.a

{(hi).

_ no_stat

sat_dta

set;sdel

“set_glev

set_slev
set_gecd
set_secd
set_sign

set_-rnoise

reset
set_0Opatt

set_0shft
set_lpatt
Se;,lshft
set_advne
set_detlay -
invalid

invalid

h1,get_cnd

:push.return address-.on stack

:get command character

“irel, . move command ?

;ESTAPE command. ?

;invalid command.. ignore.

;escape command processing

1get command character

Jcommand- A-1 7

iperform table 10k up

- JJump to-selected function

;escape command address table
(ESC A=

(ESC

ESE.
JESC D
E

TESE

SvESE;
ESC
+ESC

(BT
ESET
1 ESC
i ESC

ERESEE
* ESE:

+ESC
JESC
ESC

JEST:

JESC

i Biv o = % —

8

e,

F
G
H

G

set
set
not

set

set’

set
set
set
set

set

# stations

initial dta’s

used

skywave delays.

gndwave att, tevel
skyyéve.dtt;jIeve}
gndwave ECD :
skywave ECD

sign ‘cade

noise level -

reset simulator

set

set.

set

cset

‘set

set

not

ot

zero.pattern (Eurofix mode: enly:

‘zero. shifts (Euroffx made only)
‘onepattern (Eurofix mode only):

one shifts (Eurofix mode only)

phase advance {Eurcfix mode anly)

‘phase delay (Euroffx made orly)

used

used
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2 00A3" 0219" i : dw - set_eurof ,ESC .T = set Eurofix moede:
00As’  00BIT : dw ' fnvalid . :ESC U = not wsed:
0DATE. QORI o L dw invalid | 1ESC ¥ = not used
00AY"  00BI® i : dw invalid | JESC W = npt used
DOAB” 00B1" - ; : dw invalid ; ‘;ESC X « not usved e
00AD"  00BIY S e nvaTid :ESC ¥ = not used
QOAF® ° 00B1® : R invalid . SESE.Z. = not used
Q0B 172l i G dnvalid: : G ;invalid command,’ return
QOBLS oo o e ret :

& P T e I e e A e T R S S AL R R R

- *
:*‘ Subroutine : Get_ int e i *
o Function : get- integer parameter, %
2o ; (sfgned or unsigned) . it
Ry . max 32 bits.. e s
B . Inputs ; . none ; i SEs
Bl ‘. Outputs : e ‘DEHL = 32 bit parameter * *
:* 3 *.
BB gatint:

60B2* L5 : push be. ;5aye BC

00B3’ 21 0000 Td i h 1 ;DEHL = 0

00B6° 11 0000 . 1d . de,o

G0RY" : - ogetl: %

00B9* . £D DOOO* i : catl  get_byt »~,; _:get byte

00BC®  FE 20 i i ep i :

Q0BE" 38 F9 : e c.getl  :ignore control characters

ooCot  FE 40 : e i

60C2® 38 0A ' S S gr . edntlla o lpw o high byte ?

00C4”  E6 3F : _ - ande o o0IHTILb inighibyte - .only 6 bits

00C6*  4F - | 1d cuo

gocy" 08 06 Sl b._6: : ymylEiply result by 64 and add new bits

00C9* €D 00FO" Ccall shift

00CC" 18 EB o ir getl

Q0CE int_Te:

QOCE'" F5 : ; bush af :low byte

00CF*  T6 OF : and  00001111b sonly 4 bits

00D AP i Hid c.a G :

00D2" 06 04 ’ a0 bia ‘nultiply result by 16 snd add new bits

00D4° €D 0OFO" call = shift S i :

0007 FY S pop ot .get sign-bit

008" E6 10 i . ang ok : _

D0DAT 20712 i ir | nz.int_rdy ;sign-bit set ?

go0c’ | 70 T .invert : DEHL = -DEHL

000D°  2F epli i :

OODE'  6F 1d 1.8

0ODF'  7¢ _ 1d a.h

BOE0"  2F : cpt

00T e ; e h.a

00E2" 78 : 1d ace

00E3"  2F “opt

O0E4 " B Rlinly i 1d e,a
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0OES’  TA L ey
QUEET 3P
00E7" sz T Ald
BOES’ 23 s e
L00E9Y oge e R L g
QOEAS 85 i or
lopEBtbion gy e e L g
s :
SOOEETE e e int_rdy:.
00EE"  Cl o pop
ODEF* Y 2a ret

“ine

00F0* . _shift:

QOF0Y 29 . add
OOFL* EB e
L 00F2°  ED 6A g
DOFET ER T ey
O0Fs7 i Ea djnz
($19] 2 frmehiE 0 R 11 e 1»:. L 2 1d:
QOFYT e : © add
B0FA” - DO : ‘ret.
00FR* 13 = ine
oDFCT enin =

1.4

L ad

'.Q1a':

a.h

1

e [ Al % b oo b R

de =

‘be

h1.h1

dahl
hl.,hl:

.de.hl

shift
b.0
h1.bc
DcE

de

;rotate OEHL B times and add C

2 DERL==DEHE %72

“:add new bits in C

i Subroutine. :

R ; Outputs :

s 'Funttion_ e

sl TNputss v

Xk ok ok *HxK
*
Rel_moy *

ReYative Td move for all *

stations X

CXint3-parsmeters in input puffer=*

-128..+127 * 25 ns sieps A

“Mov.flg’s set *

Mov_tim updated : e

*

ookb}ﬂ. .:. g i 0 :rel_mov:
O0FD”  3A 0p0O* Jd
0100 Azl 14

0101’ 0D 21 0000% 1d
0106° - FD 27 0000* - . . 1d
0109° e e

0109° DD LBI0D 46 bit
0100” 20 FA 5 = ir

Q10F" CD 0082 - | catl
0112°  FD' 7500 Bl Ad

0116° - 0O CB 00 C6 : set

419" DD 23 _ inc
018"  FD 23 . inc

0110° . 10 EA i i dinz

a,(nstat
b.a

ix,mov_-f

iy.mayv_t

0.(4x+ Q)

##) “iB.= station count

1gi#  IX = flag pointer it
imHE 1Y = pointer £6 shift time table

thold 1f prev. move Fequest not. processed yet

nz.hold ;=

gét_iﬁt_
Liy+0).,1

0. (ix+0)

ix

iy

hotd

~:get-shift time
4 store it

set move request flag::

Jmpve paititers:

:keep count
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'011F’

0120°
0120°

013"
124"

o127

0128°
0128°
p128"

s12¢
5130
01307

0133
0135™

0136°
o137

0134
$13D°

013E"
0141
5144
0147

0144°
plac:
014E°
0150°

f152°

MACRQ-80.3.44

X9 0

el
7D

“32

€9

3A
47

00

o
18

EB:
G5!

501

€1

0D
0D
oD
‘0D

BD
Rols)
DD
op

10

0pB2*

0000

0000*

21 0Q00*

00B2°
00

0igo

‘CB[OQOO*”

73.00
[EEHo g
75 02
74 03

23
23

23

i

09-Dec-81 . PAGE e

=3 ek e ek 37 e ok 9k Sk 3 e ek ook ko ek ek ok K sk 5 ok ke ok ok o ke ke K ke ok ke ok e Sk ok ek

:* 2 i : e ! £ S i :: *
i ‘Subroutine: - No_stat. FeNL *
i - Function i Set # stations in GRL: %
W [nputs. - 3 “<int> parameter in buffer - *.
iy : = # statigns x
o Qutputs : Nstat = 4 stations *
;‘4’; : " L2

@ e etk SRR Tk R K R R R e R ok e Jo ke ok e e R ok ok sk Rk R Ak ko ek ke kK ek

no.stat:
-call get_int :get parameter
d FlrE :
S 1d o {nstati#),a ;& store it
Rt

;**************************k**************f**t***********

¥ it - *
B ) »Subrout1ne:: s D A P
i : _Function 5 Set initial dta's : .
2l Inputs : <int> parameters in buffer, *
ae g 24 bit in 25 ns units . *
%y Outputs ; - dtatab updated i
o ] ik *

;**t*******Y*****************************************t***

Skt dbas

1d ‘@, (nstat#it) -+ B = station count

Id b.a

1d - ix.dtatabi# . 1% = DTA desttnation‘pointer
dta_1pi-

L catl o get_int S DTA fn EHL

d d.0

eK: de.hl . i HLDE now contains DTA

push. bc ' i

1d . bc.400 : divide HLDE By 400 to

cald dinZ## : split into 10us and :26ns units

pap - bc

T {1x+0) .2 istore DTA DE = guotient -

1d {ix+]l).d 5 HL = remainder

SN R G | € ) o

1d {ix+3),h

inc ix . :move pointer to next delay

TRE :

ing ixi

tne o Ax

cdjnz: dta_lp ckeep caunt
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Q164" €9 ret

R e L T I

o Subroutine : Set sdel *
ix Function Set skywave delays 5
et Inputs : {int> parameters in buffer, 3
v 16 bit delays in 25 ns units . *
= Qutputs : Skytab updated . *

- ® *

JRIIIENIK KRNI IIKKK AR IAIKKKARIERKFRIRR KR KRR I R AR KKK I T AR KK

0156° set_sdel:

0155"  3A 0000* g 1d a.(nstat##) ;B .~ station count

0158" 47 . : 1Ry : e

0159° 0D 21 00QO* 1d ix.skytabif# ;IX = destinatfon painter

0150° : sdel_lp: :

016D €D 00B2" call get_int ;HL = skywave delay:

0l60° EB ex de.hl imove it to DE

0161° 21 0000 14 h1.0

0164" G5 push be

0165° 01 0190 . : 1d -be,400 :split delay into 10us part and 25ns remainder

0168° CD 0000* catl div3afi

016B’ 0D 73 00 1d (ix+0),e :store skywave delay DE = quotient

016E° DD 72 01 1d (ix+1}.d X HL = remainder

0171 oD 75 02 1d (ix+2),1

0174* DD 74 03 ; d (ix+3),h

0177° 0D 23 in¢ 1% ;move pointer to next delay

0179 DD 23 inc ix

- 0178° - DD 23 inc ix

0170’ ©OD 23 : inc ix

017F" €l pop bc

0180° 10 D8 djnz sdel_ lp

182" c9 ret
:**********1 * X i dkk kR *x ¥
;* *
i Subroutine : Set_glev *
ok Function : Set gndwave att. level X
et Inputs : <int> parameters in data buffer *
i 8 bit attenuation in dB's X
i QOutputs : . Gnd_lev updated x
* *

0183° : set_glev:

0183 3A 0000* 1d a.(nstat##) ;B = station count
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0186 47 SEassn 14 b.a
0187 DD 21:0000% sl el SR ST ix,gnd leviH :1X = destination pointer
0188" R glev_ip: :
018B"' €D 00B2° call get_int L= att. levai
018E* 0D 75 0O i o 0d S (ix+0),1 istore ft
0191° DD 23 g ine ix © ' imove pointer
0193° .10 F6 : djnz glev_.ip
01957 €9 i : ret

:*********************r****************tt*****tt*********

4 * v, *
;¥ - Subroutine s Set_slev Sk,
ix Fungtion : Set skywave att. level L
PR T Ut s <int> parameters in data buffer *
i : s 8 bit attenuation in dB's o
o Outputs : sky_lev updated *
% x

:*********************************************k**t*******

0196 set_slev:

0196 | 3A 0000* A {147 a,(nstatf). B = station count

0199° 47 ; 14 b.a

019A" DD 21 0000* 1d ix,sky_levif ;IX = destinatian pointer

D19~ ; stev_1p:

019E° €D 09BZ2" ; ©ocall get_int (L= att, level

61A1" DD 75 00 : 1d (ix+0),1 ;store it’

DLA4" DD 23 ; ing ix 3 :move pointer

Q146" 10 F§ ; djnz stev_1p

018" €9 ret
* *
.- Subroutine 'z Set_gecd £
1 Function : Set ‘gndwave -£(D’s %
=5 ~Inputs - <int» parameters in.data buffer *
o Qutputs g_ecdtb updated i L
% - *

:*********************************************t**********

0149 i set_gecd: _

01AY"  3A.0000% 6 5 o instatih iB = station count

01AC” 47 14 b.a

01AD" pD 21 000D* 1d ix,g_ecdtbii JIX = destfnation pointer
01B1” set_glp:

01817 LR 00B2” ; S ¢all . get_int :L o= ECD code

0184° - DB 7% 00 : N (ix+0). ) istore it
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0187 DD 23

B1B9: 1D F6
01BB’ 9

818C"

01BC” 34 0600*

01BF" = 47

01C0° - DD 21 0080*
o1C4’ - :

Q1C4° €D 00BZ'
01C7Y DD 7500

01CA* 0D 23

01CC" 10 F&

01CE* - €9
01CF* _
01CF*  CD. 00B2°
g102" 70

0103* £6-01
01D5° 32 0090*
01D8' €9

D3 -Dec-81 . PAGE 1-8

ine a5 ;move pointer

djnz. . set_glp

ret
Eon *
e Subroutine : Set_secd Saieas g
x Function © Set skywave ECD%s *

e Inputs : <int> parameters in data buffeft*jf

2% .. Dutputs s_ecdtlt updated " R B
i* *

(' ‘k1()\'*'**k******t*******tt*********t;k***********t**********

set_secd:

1d a, {nstatff) B = station Count

1d 0 bia

. 1d ix.s.ecdtbB# . :IX = destination pointer

set_slp: : : :

call.  get_int: (L= ECD code

1d 03 :stora it

inc ix “move pointer

‘djnz set_slp

ret -
s e
kg Subroutine : Set_sign o : : i
e ‘Function Set output polarity bk
i Inputs 7° <1n£)vparametervin.data buffer *
3% "0 = positive polarity 1.f
s 1. = negative polarity *
3% Qutputs - sign = sign code *

-

-

2 FRERERKEREATARRKAE A AR KRR AAT AR IR I IARK A KEA AT RE KA ERA KK

set_sign; .
call geﬁ_int :get sign parameter
Sds s ey :
and v,l Slibit onmly
1d - (signi).e store At
sret »
:* *
LS Subroutine : SetAﬁoise o
:.:; % Function : Set noise Yevel *
i Inputs : <int> parameter in data buffer ' *
el Qutputs ; noise = noise level *
*

3 AR AR TR RSk ek ok A Kk ok ek Aok R Kok Rk ok Sk
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Q1D S : set._noises: ; s S
0109 - €D 00B2" gty call get-int. = - :get noise level :E--
0100 70 S : - .
010D" 132 0Q00* 1d (noise##). a ;set leve

Q1E0" L9 : £ ret

:******************t***********************t*************

peilien: ; e o

e ‘Subroutine : Reset X

¥ U Funetion . - Resets simutator *

ik Inputs : none iE s

.x Qutputs : A noneli : 3

:* "
OTE1” A : reset: 2 i
QLEl" 3£ 00 - : : S o gV . +disable ‘interrupt flip-flop's
01E3* D3 80 ; S - out B R e !
01E5” £3 di : 3 i ;disable interrupts
01E6' ' C3 0006° ; ST D boot ;start again.

:**************************t******t*******************i**»:

18 Subroutine ' Set Dpatt . o
g Function : Set -burst advance/de]éy_pattern ]
B for D-databft. Used for Eurofix *
0 : i mode only *
1% Tnputs -<int> parameter in buffer, i
£ gihbit Sk
S Dutputs : patt.0 updated x

:*************ﬁ**r*****t******t****************ﬁ*****i***’

01E9? ! : set Dpatt:

olEst oo ooBz ' el qet int ‘get parameter
GHE (e e e : 1d i

O1ED' 32 0000* : 1 (patt 0#t).e

01F0" [o°h " ret

:*********************************f**********************.

=R, i : : *
;%7 subroutfne i Set_lpatt : *
=k Fupction: : Set burst advance/delay pattern *

B for 1-databft, Used for Eurofix *
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o ‘mode only : Tk
B ~Inputsi: ¢inty parameters in buffer. *
e : 8 bit s e
ik Qutputs : patt_1 updqtéd : o]

B e e et e e et e A et

O1F1” A set.ipatt:

01F1' D 00BZ" . il get_int :get. parameter
{01F4* 7D S : AN

01F5° 32 .D000* s Cld 0 (patt i##).a
01F8" &9 : S e

I RH KKK KA K I A e e ek e ok Kk ok ek ok ek ok

o Subroutine > Set Ushft 3
e Function : Set burst -shifts {pos/neg) *
L8 for O-datebit. Used for Eurafix *
i mode only ; x
S Inputs : <int> parameters in buffer, S
o 8 bit h?
% Outputs ;. sHift_0 updated %
£ i i : 3

”}**t****************t*************t********x@****kk******

01F9’ set_0Oshft:

O1F9° €D .0082° L ocal) 7 getiint sget parameter

DR D 1d a,l

01FD* 32 0000* : 1d {shft_OHh). a

0200 €9 . : ret
:t "
o Subroutine :.  ‘Set_lshft =
¥ Functipn : Set burst shifts (pas/neg) - 3
A ; for 1-databit. Used for Eurofix *
Sk o -~ mode only *.
* Inputs : <int> parameters in buffer, *
> . Bbit - : *
St o T S ~ shift_1 updated *
e : *

CEEIEEKEIIH IR AR KA KK IKRKA KK AR AE KKK RA KA IR I A E KK AARFT KR Ak K

6201 2 . set_lshfex
0201 €D. 00B2* . call get_int__ . ;get parameter
0204° 7D d el

0205 32 0000* d (shft_1##).0
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0208 €9 el ret
:*’***\6, - e * J e & 2 R'*!vt!vt‘;i‘vvt‘*x*
5 Subroutine : Set_advnc i S *
g Function oo Set Furofix-phase ‘advance time =
e E_j: :__ Used for Eurofix mode only =
- Inputs : = <int) parsmeters in buffer, *
L5 8 bit in 256 ns units %
o X Qutputs : adv_tim updated ¥

.

B e P L e e S L T

0209° svet_.'advnc:

0209 . €0 00B2° : =i call get_int :get parameter

b2oct 7D - 1d a.l i

020D < - 3270000% : S 1d Cady_timHt) . s

0210* €9 A : ret
* "
N Subroutine ¢  Set_.delay - X
s Function - Set Eurofix phase delay time ~ *
SR Used for Eurofix mode only =
ok lnputs <int> parameters in buffer, ¥
) . 8 bit in 2§ ns units ]
3 Qutputs ‘del _tim updated %

18 = *

:********************************************************

0211° : : set_delay:

211" Cﬁ 00B2 " ; call get_int ;get parameter

0214° 7D : : 1d a. k-

0215" 32 0000* 1d {del_tim##) . a

0218 €9 : o ret
L HRIEEEK Kk EKkk " B e & ] *k
IS 2 Hi
el Subroutine i Set_eurof e
1% Funetion : Set eurafix mode: for edch statien ¥
o Inputs : <int» parameters in data buffer *
R Outputs : mod_tab updated ®
o .

:*****f***********tt**************t********t******t*******r*ﬂ******t*******t***
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Macros: -
Symbols: ) b
020E*  ADV.TIM. 0006" ‘BOOT - 0045*  BRS_INT
Q070" CMD_TAB 0216*. * DEL_TIM 0169%  DIV32
012€%  DTATAB. & - 0130°  DTALP © o poIB - ESC
0065°  ESC_CMD 004D"  EXIT_INT 00B9*  GETI
00BA*  GET_BYT 0053 - GET_CMD 00B2*  GET_INT
0188°  GLEV_LP 0189*  GNO_LEV 001D GS
01AF%  G_ECDTE 0109 - HOLD INITBRS
0004% INITRS 080~ o R S INTLE
00EE’  INT_RDY 00B1*  INVALID © 021F*  'MOD_TAB
0103*  MOV_FLG 0107*  MOV_TIM 01DE*  NOTSE
0086 NOISEP 0120°  NO_STAT 021A%  NSTAT
01EE*  PATT.O 01F6*  PATT_I 00FD’ REL_MOY
OIE1"  RESET . . O004A*  RK.INT L 016D" SDEL.LP -
01E9"  SET_OPATT 01F9* SET_OSHFT 0IF1" SET_1PATT
0201  SET_1SKFT 0209" . SET_ADVNC 0211%  SET_DELAY
0128  SET_DTA 0221 SET_ELP 0219"  SET_EUROF
01A9"  SET.GECD 0183°  SET.GLEV . 0iBi' SET_GLP
0109° . SET_NOTSE 0156"  SET_SDEL * SET_SECD
01CFT  SET_SIGN 0196" - SET_SLEV SET_SLP
01FEx  SAFT_O 0206*  SHFT_1 SHIFT
01D6*  SIGN 016B*  SKYTAB SKY_LEV
DI19E"  SLEV_LP 0080*  STACK SNPORT
01C2%  S.ECDTE 0037*  TEST | UARTC

No Fatal error(s)
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0019
001¢
001A
001E
001F

0030
0091

00A0

1770

157¢C
1388

0000°

MACRD-80 3.44  09-Dec-81

PAGE 1

L EEEERK KKK K AR AR ERATAKRREI IR KKK ITAER KT RAHEI I A HERE KR I RERK AR IKFRE I RT KK

.
]

ik

oLy8

I

SIMIO.MAC

Version
tast modification

Author

RS 232 1/0 for Eurofix Simulator

By
r 15/702/1993

: A.M. Noorbergen -

Modified version of SIMIO,MAC written by R, Kellenbach
(C) Delft University of Technology, 1987, 1993

*

*

w

*

*

PRI KK I KT I REK KKK KT AR AEIR IR RIF XA T RAF AR ERRRIRE I AL I IRK A KA KKK R I XK I XA KXT K )

strtcmd equ 19h
statcmd equ 1ch
datacmd equ lah
sefl‘a equ leh
sel2 equ 1fh
uartd - equ 90h
uartc equ 91k
swport equ 0alh
bsize equ 6000
bstop equ 5600
bstart equ 5000
.z80

cmphl

cmprdy:

complé

co_rdy:

.request simbrs

cseg

macro val

local cmprdy

1d a.h

°p high {val}
jr nz,cmprdy
1d a,l1

cp Tow {(val)
endm

macro

1d a.h

cp d

Jr nz.co_rdy
1d a.t

cp e

endm

;start command
;buffer status request command
.data command, data bits follow

;simulator select codes

18251 data register

;8251 control/status register

;dip switch input port

chest input buffer size
rhandshake thresholds

;16 bit compare macro

;compare HL with <val»

: 16 bit compare macro
. compare HL and DE

i Zero flag set when equal
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> "
el subroutine : initrs *
A function : initialize rs=232 fnterface x
% inputs none : %
T outputs none »
:t -
:v'ypa'qtv"'---vv'vtt--tiv'tt.vt.'1vl—tti"rvvtt"fiﬁ&.t'ffi
0000° initrss:

cinit communication control Fer

0000 SE GE 1d a.11001110b :uart mode instruction
002" D3 91 R ; out {uartc),a ;8 bits. no parity, 2 stop bits
0004"  3E 27 1d a,00100111b ;enable transmitter & receiver
0006 D3 91 out {uartc).s ;DTR & RTS high

rept 3 ;dummy read’s to clear uart

in a.(uartd)

endm
0008° 0B 9¢ + in a, (uartd)
000A* DB 90 * in a.(uartd)
000C" DB 90 + in a,(uartd}
000E’  3E 00 7 1d 3.0 . :first byte to be -expected surely is not
0010 32 1778* 1d {dataexp).a ;not a databyte

N command buffer

0013* 21 0p06™ 1d hl.buffer ;init buffer pofinters

0016 : 22 0000" 1d {rdpnt).hl

0019* 22 0002" 1d A{wrpnt),hl

0o1C’ 21 0000 1d h1.0 ;init byte count of command buffer
Q01F* 22 00D4" 1d {bufent) . hl

FeiEnEiEreied - thianob unff et

0022° 38 00 1d a, 0 :init databuffer read pointer
£024° 32 0000* - : 1d {datrdith), a

0027' . 21 0000* 1d . hl.datwrif ;inif databuffer write pointers
002A° 06 07 ° . 1d b.7

0ozC* 77 14: 1d {hi), a

002D"” 23 inc h1

002€° 05 : dec b

002F'  C2 002C° ip nz. 14

:determine simulator address

0032° DB AO in a.(swport) .read dip switch 8
0034°  CB 7F bit 7.2

0036" 28 04 ir 2,set_2 .determine select code
00387 =3E=TE 1d 8,sell

003A* 18 02 jr sel_ok

003C’ SEETE set_2: 1d a,sel2
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DOJE"

0043

0046

Sy

6047’
0049

00447

S0040"
©004F*

0062°*

Bl uant

0055

0068

605A"
- 0050"
005F"

0062°

0065"

066"

0067 .

0068°

506A"

0060

006F

0072°

$075"

0041 3E 09

1777

MACRO-80 3.44

32 1778".

32

8
47

BA
FE
ce

90

7.7 802

0pe9”

718=:

FE
A

FE
CA

CA
3A

B7
8

R

1A

b069f

1E
(0K9 "

1F

00A9"

1777°

78

FE
A

FE
CA

2hA

7t

00BL ¢

19

0000%

0004

- '09-Dec-8I PAGE

12
iseliok: 1d (scode).a ;

: id a;ﬁ..; = i iclear seltect flag

“1d {selflg).a

ret
E h S -
;¥ subroutine :  RX.int - i i
i+ Function :  lart RK.RDY fnterrupt o
:*v : SE prééess{ng.;?éad character & %
bt store-in ‘buffer J__:_ et
i ':inputs ; NRPNT = dest. pointer ©.= .. ciw
% BUFENT = byte count i
Shechiia dutputg i WRPNT. BUFENT incremented i
e character in buffer i

*

L ERARRARE KRR IR EHKH A KK KK A AR KK KA ARk AR H K e

X

iighe-t
in

d

o
ip
ep L.
Jp

or

ret
1d
cp

ip

cp
Jp

cmphl
1d

tharatcter

a, {uartd) ;get character & clear-interrupt reguest

-b.a B - 1s4ve character:

‘cess character

a,{dataexp) ;are there databytes to be expected?
0 :
nz,databytes

a.b ;get character

datacmd <+ da bar-aemmand 3, sk s

z.databytes -

a

setl s —rselect ‘code:?
;;sé1ett .

sel2 .

z,select

a.(selflg). ;simyiator selected ?
z I “:no, ignore character & return :
a.b - rstatus reguest 7
statcmd

z.status

strtcmd :start command. ?
z.startif

hl.Cbufent) ;get byte caunt

bsize sreturn if buffer full

ah icompsre HL with <val>
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MACRO-80 :3.44  09-Dec-Bl CPAGE 13
g 0076 FEELTT : + cp - high (bsize).
0078 20 63 + St nze0800
007A* 7D o hpaE ey
078" FE 70 + cp Tow (bsize)
007D’ + 20000
0070" €8 : ratii iy
GOZEY - g3 & A TE AT ~ ;ingcrement buffer count
007F’ . 22 00047 ; 1d' . (bufenty,hb
: i cmphl. - - bstop " -:buffer almost full ?
0082" ¢ L o id sh . compere HL with <val>
bosF Fr i e e (bs.i_ob')'
0 0RG 20 08 T S e 0001
0087 7D s Vdooosald :
0088 FE 7€ + cp - low {bstop)
0084 + .0001:
608A“ 20004 - : jt. nz,rx_cont ;no. continue
908C"  3E 25 G 2.90100101b ;handshake ; DTR Tow
008E" D3 91 3 : ; - out ; (uartcl,a
0090° S R A i
0090° 24 06002* 1d hi gy ey dety pointer
0093> 78 ' Td Jab
0094"  E6 IF : i and 7fh ionly 7 bits
0096 7 g i 14 {h1J,a istore character
0097 23 e hl iupdate pointer
cmphl.  buffer+hsize ;past end of buffer 2
009875 Gl +i i i [ R R, B R scompare HL with <(valx
0099°  FE 17° + cp . high (buffertbsize) :
0098* 20 03 + ir nz,..0002
6030 7D + . 1d a.l
009E°  FE 76" + ' ‘cp low{buffer+bsize)
00AD" e * ,.0002:
00407 20 03 ar nz,wr_ok , :
00A2°  21:0006° : . 1d° .hl,buffer . :wrap around
DOAGE B WSOk
00AS" 22 0002* 4 fwrent)Lnl 1save pointer
Q0A8". L9 ret

P ERHAFREK KKK * X% * *k* Kk HEK Tk drkokkk ok ok kA Ak K K RHK Kk

ox i : 3
ot Subroutine : Select R
Al Fupction : - 'select/deselect simulator s
ik ',..[nputs': L received select code - *
PRt - Scode ~ simulator select code | *
pas Outputs : . Selflg = select flag *

. il *

= B b e e

GOA9” : select;
GDA9" . 47 1 b.a . .compare Ak with simulator select: code
O0AA® . 3A1778° : 1d 2, (scode)
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00AD”
00AE*

0080*
0082°

00BS*

0086"
00R6°

00B8" -

00BB*

00BC”’
00BC*

008D"
00C0*
oc1”
soca*

00C5°

00c8*

00C9”

00C3°
6oLe’
poceE”

MACRO-80 3.44
B8
20 06

3E 01
32 1717

9
3€ 00,
32 1777~

0;

FB8

2A 004"

70
CD 0169°
7€
€D 0169

C9

3A 1778"
FE 00
£2 0099°

09-Dec-81 PAGE

cp

Jr

1d
1d

ret

de_sal:

1d

ld:

ret

14

b

nz.de_se) ;deselect simulator if not equal

a.l ;select simulator
(selflg),a

8.0 :deselect simutator

‘{selfig).a

S REHE K I IR AR KR I HAAA IR KK T A EKRIT A E A XK RTK T AR TIRRL I I AR KA K *x

ienable burst fnterrupts while sending status

;* *
X Subroutine - Status o
% Function : Send buffer status to host R
£ computer i
o [nputs..:. Bufent = # bytes in buffer *
. Outputs . none *
:* ; *
:***t**t L8 * ** * % greKkok *: L b b
~status:
el
d hi, (bufcnt) ;get buffer byte count
1d a.l & send it
call send
1d “aLh
call send
ret

B T Ty T T T e e e S S P P P S e T T S

:*

] Subrouti
¥ Function
o [nputs.

ix

:*

i*

A Outputs

S

=

ne : Databytes

- process databytes
b = byte just received
dataexp =0 --> date command
dataexp = 5 --> station number
dataexp =~ 1..4 --> datasbyte
dataexp updated
datebuffer updated

*

*

*

*

*

;kk*******tt****it?****t***tt******fit***********k**t****

databytes:

B ok o ]
14
cp
Jp

cess datacommand

4. (dataexp) : what to do?
0 . process datacommand {1dh)?
‘nz. 11
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MACRO-80 3.44  09-Dec-81 PAGE 1-5
00D1"  3E 05 1d a.5 . yes --> 5 more databytes to be expected
00D3" 32 1778* 1d {dataexp}.a
60D6‘ €3 0127° jp da_ret
00D9* 11:
0009° 3A 1777° : 1d a,(selflg) . simulator selected ?
ooDc” 87 o or a )
¢oDD* €2 0OEA jp nz, 18 ; ---> databytes should be processed
00E0" 3A 1778° 1d a,(dataexp) . else, databytes should only be counted
00E3" 3D dec a
00E4" 32 1778 1d (dataexp),a
00E7* €3 0127" : ip da_ret
00EA" 14: .process station number
Q0EA® FE 05 cp 5 . station number received?
QOEC” C2 00FB’ Jp nz, 12
QOEF” 78 . 1d a.b . get statfon number far following databytes
00F0* 32 1779° 1d (station}, a
00F3"  3E 04 1d a.4
Q0F5* 32 1778" 1d (dataexp),a . 4 databytes to be expected
00F8* €3 0127° - Jp da_ret
00FB" BTE :

:wWwrite data byte

00FB" 21 Qo00* 1d hl. datwr . find appropriate write pointer
Q0FE” 3A 1779* 1d a.(station)

0101° 16 00 . 1d d.0

0103 5F : 1d e.a

0104° 19 add hl.de

0105° ES push hl ; save pointer to write index
0106° L1 : 1d c.(hl) : reg. ¢ contains write index
107" 07 rica ;-multiply stationnumber with 16
0108’ 07 rlca

0109° 07 rlca

010A° 07 rica

0108  SF 1d e.a . move to bc

010C" 16 00 : 1d d.o

010€° 21 0000¥ 1d hl.datbufif

0111° 19 ddd hl.de o find otaticnuffset in Jdotbuf
0112° 59 1d e.c . add write index

0113" 19 o add Hl.de

0114° 70 1d (h1),b ; write received data byte

cupdate write index

0115” £1 - pop h1 . restore pointer ‘to write index
0116° 0C - inc @

0117° 79 1d a,c . end of buffer reached?

0118° FE 10 cp 16

011A" €2 O11F* jp nz, 13

0110" OE 00 1d .c.0 : wrap around

o0liIF 71 13: 1d (h1), ¢

0120° 3A 1778" 1d a, (dataexp)

0123° 3D dec a

0124° 32 1778" 1d (dataexp). a
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MACRO-B0 3.44  09-Dec-Bl  PAGE 16
0127’ €9 da_ret: ret
Fadaliotofo) X * K s %k % ; TR KK
....... = :
Subproutine : - aBuf;reéd : = e
i Function : Read character from dinput *
i* = buffer i *
+ 2 Inputs :: - RDPNT- = source poinief *
e - BUFENT = 'byte count -~ i
""" ok Outputs : A= chgracter from buffer St
e :
:‘k**_***ttt******************)‘t*********‘k***************.*i.ri.r». :
0128° _ buf_read:
0128" €5  push 1
0129 24 00007 N4 higrapnt)  iget pointer
prect  7E . - 1d a.(hT) -~ iget character
012D F5. push af o4 osave it
012E*1 23 “ine h1 ;update poinie?

: cmphl buffertbsize ;past end of buffer ?
o12F°  7C + 4 a.h ;compare HL with ¢val>
0130”7 FE 17" + ¢p high (buffertbsize)

01 32%7720:703: + Jr nz...0003

0134' - 7D e 1d a.l

0135 . FE 78" + o g Tow (buffer+bsize)

0137° + 0003y : o
9137° 20 03 L nz.rd_ ok “ina. continue
0139° 21 0006" ) 1d - hl.buffer “wrap around
Blacs rd_ok: '

013C° 22 00007 1d (rdpnt ), hl ;save pointer
OldFﬂ__ F3 di ; :no interrupts here
0140 2A 0004" " 1d h1,(bufent) :decrement byte count
pragsiiag dec m
Q144° 22 0004 ]d‘ {(bufcnt).hl
0147°  FB 8

8 cmphl. . bstart “:lower:threshold reached ?
148" 7€ *: ; 1d a.h ~;compare HL with <vald:
0149 FE 13 R e g high (bstart) =
0148" 20 03 + R g ag AR
014D" 70'_ ok : =2 d; a.l
Q14E°  FE BB ¥ cp Tow (bstart)
0150° +..0004:
0150° 20 04 ir . nz.not_en
ARyl Serg 1d 2.00100111b ;enabte host transmitter : DTR high

0184 D3 91 “out {uartc).a
0156" : not_en:

01567  F1 pop af “ow o oarestore character & return
81577 —E1: pop h1 ;
01s8* €9 ret
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MACRO:80. 3.44 09-Dec-81 . . PAGE 1.7

kAR I KA K KKK AR KA FRIRATHHIHH X AAR KT RFI KK * Ik dh ks RA I h ke ddrnk

% : ®
* Subroutine :  RX.stat . : o
o ~ Function ~get input buffer statﬁs : Sk
R Inputs: BUFCNT =-byte ¢ount *
o Outputs : - zerg fFag ; NZ 1f character . = *
o == available in buffer o
* - i *
'0.1.59‘. e s e
0159° 5 i : push . hI : :
OlSIA‘ 2A 00047 1d h1 . (bufcnt) ;get byte count
o150*  7C : : 14 a.h
015" BS ; or S ;set zero flag
O15F* E1 4 pop. i '

CIB0r ey E i ret

PEAAREEH AR I FRHI IR TRREATI K I K I AKI A AR * AR AR AFHTH A IR IR TR IK

x Subr_outihé 2 Get_byt - SR : X
* Finctions get character from buffer *
=k “Inputs - BUFENT = .byte -count *:
E data in buffer *
o Outputs : A = character : *
0161° & get_byt::
0161 €D 0159 ) b-‘csll ©orx_stat :get ‘buffer status
0164° 28 B : CEITS e Tigetibyt ;wait until character available
0166° L3 0128° = buf_read [get character & return

AR AR E I AT A I I I IR IR IAK I I A AR A I I A AT RKI I I AT FRA KA R AR AT Kk

i . R i
ol subroutine :  Send *
ey function : send .c'haracter_ to host computer *
coa* o inputs .~ . a = character . i
SR “outputs. ;- none i - *
.';*. . X o
0169° ' send: :
01697 F5 = ~ push  af
é B16AT. 34 i777“‘ 14 a,(selflg) . sending is only 4llowed if simulator
AR P s or a ; is selected.
Q168"  C2 6173' p nz.sendlp -
(1 B A SEe | : pop.. af
0172" -9 ret
173" : sendlp;
0173 DB 91 in a,(uarte} ;uart ready ?

175" £6 :01 and il
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CMPHL o coMplE

No fatal errar¢sy
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2000
0001

0002

0003

0004
0008

000C

0010
0014

0018

0010

0080

0081

0082
0083
0084
0085

9016

MACRO- 80 3.44

0000°* -

cmprdyé.

- 09-Dec-8l. - . PAGE 1
it * ko ok gk kR * % Kk Kk ***********t**\_
1 2
i i SIMBRS.MAC : Burst - Interrupt processing routines %
* ; : A
L% 7
5 Yersion ;0 N
s* - last modificatien - : 15/02/1993 .
i Author - :AM. Noorbergen 2
o ' s
* Modified version of SIMBRS.MAC writfen by R. Ketlembach S
ik {C}) De]ft University of Technology, 1987, 1993 s
H : *
. 17/02/1993 - Eurofix mode can be set for each station seperately *
B : i
ARk Rk kK Fexkk oK KR AKX K kA A KK * %% f
timer0  equ 00k : ;18253 timers
timerl equ 01k
~timer2 . egqu 02h
timmod equ 03h : 18253 mode register
gnddel equ 04h :gndwave delay port
skydel equ 08h ;skywgve delay port
.delport.equ Och - :delay setting port (fine delay steps)
gndecd equ 10h ;gndwave ECD port
skyecd equ 14h ;Skywave ECD..port
dacdata equ 18h" g :LOGDAC data port
daccont equ  1ch :LOGDAC: control. port
intcll equ 80h ; interrupt clear flip-flop's:
intel2 ‘equ 81h :
trigl equ 82h .scope trigger ports
trigz equ 83h
LrEgd o equ 84h
trigd equ 86h
SN equt i B :ASCIT SYN character
.280
- .cseg
cmphl: - ‘magro  val 216 bit compare macro
Toecal cmprdy
1d:=:: a.h ;compare HL with <val)
cp high {val)
Jr nz.cmprdy
1d a1
cp oo low (val}
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E MACRO-80 J3.44 09-Dec-81 “PAGE EEH!
endm
complé -macro : 16 bit compare macro
: Vd inah 4 compare HL and:-DE
cp iEtiid : : zero flag set when equal
Jrioooonz.co_rdy
i a,l
cp e
-co_rdy: :
endm
:*. *
:*  Subroutine : Initbrs e SR
i Function : Inftialize variables and *
x : hardware for burst interrupts &
i Tnputs : none *
F e Qutputs : ‘mise, variables initialized %
£3 *
0000 initbrs::
0000 3E 20 L : 1d 8,0 : ;disable interrupt flip-flop's
0002” 03 80 : 3 : out {intcll).as
0004 3t 34 : : 1d 8,00110100b ;init timer O
0006° .- D3 03 ! out-{timmod).s y ;mode 2 {rate generator)
0008  3E .32 ' 1d-a.50 © ;generate 100.kHz pulse’
000A" 03 00 out {timer().a
Qoac: 3E 00 : 1d a.p
000" D3 00 = out (timerg).a
0010" 3 74 1d a,61110100b ;init timer 1
0012° >03‘03 : - _out {timmod),a _:mode 2 (rate generator)
0014 3F BA . Ad a.10111010b . init timer'2 _
Q016" 03 03 » S out{timmodd),s . - :imode 5 (hardware triggered strobe):
0018°" 38000 : 1d:ra- 0z :5elect prom area for £CD
00TA”  “B3 10 : . out {gndecd).a
001C* 32 0015% i . )dtg_ecd)aa
001F" " D3 14 out {skyecd),a
00217 32 0016"° 1d (s_ecd).a
0024°  3£.00 1d 8.0 ;init deley PAL's
0026 D3 04 out (gnddel) . a
6028° D3 08 out: {skydel).a
002A°  3E OF 1d 2.08001111b ;init LOGDAC contral port, disable RAC'S

002¢C° D3 1C : .out (daccont),a
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MAGRO:80.3.44  09-Dec-Bl PAGE: © 1-2
002E 75 “3E.00 B 1. d e O ;enable trig3 pylses at every interrupt
0030° - 03 84 G Y 2 T e SR ;
0032*  3E 00 . : ld a.0 \ S Uliindex =0
0034’ 32 0600° o - AdCindex).a
0037° - 3f 07¢ - T ‘brsent = 7
0039 32 0D00Z2” d (brscnt).a
003C i3 b PO s L d a0 ;set sign bit
003E" 32 017" : aa)d (sign)_..a
0041” 3£ 03 : = dian3 i ;3 stations
0043 32 0001" ; 14 (nstat).a
0046" 21 .0000 - oon it qgeptell il ;remainder =
0049”22 0000" e R
004C" 21 00DD° 1d: bl phcinit : ;inft phase codes..
004F" = 11 00D4" : 1d de.phctab
0052° Q1 0007 1d he.7
0055' ED BD dir
0057° 3A 0004* 1d a.(phctaby) : :phase code i 1st master code
005A° 32 0003” 1d. (phcode).a
050" 21 00E4" o 1d hl.dtainit Jinit dta’s
0060”7 . 11 0019" : ld de.dtatab
0063° 01 0015 i 1d be.3*7
0066°  ED BO - ' M Tdir
0068’ 21 00F9° 2 e 1d hl.skyinit ;init -skywave delay's
Q06B' 11 0035" 1d de,skytab
QO6E’ 01 0QOE 1d be.2*7:
6071° ~ ED BO - Tdfr
00738 re e OO i Td hl.g_levinit {init gndwave Tevels
0076'  11°0051" 1d de.gnd_Tev
0079° 61 0007. S 1d be.7
007C° ED B0 s 1dir
C007E% 121 DT0E! 1d-hl,s_ levinit ;init skywave Jevels
6081° 11 0058 1d de.sky_ Tev
| 0084 010007 1d b6.7
0087° - ED BO £ dir
0089 21 0116° : " 1d hi.ecdinit 0 sindt gndwave E€D's
008C” 11 005F* 1d de.g_ecdtb
008F" 01 0007 1d be.7
0092'  ED BO 1dir
0094' - 21 0115° : = 1d hl.ecdinit ;init skywave ECD'S.
00977 110066 . 14 de.s_ecdtb
009A" 01 0007 1d be.7

003D°  ED B0 : 1dir
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MACRO-80 3.44 ~ 09-Dec-81 PAGE 33
Q09F° 21 011C’ 14 hl.moy_init :clear move flags
00A2" 11 006D" 1d de,mov_f1g
00AS5" 01 0007 1d be.7
00A8" ED BO tdir
00AA*  3E FF 1d 2,255 ino noise
00AC* 32 v018* 1d (noise).a
- QOAF’ 21 0123° - 1d hl, patt_inft ;init Eurofix patterns
| p0B2* 11 007B% ' 1d de, patt .0 ; e
00BS* 01 0002 1d be. 2
0oB8” ED BO 1dir
00BA* 21.0125” 1d h1,:shft_init :init pos/neg Eurofix shifts
00BD’ 11 0O7D" ' 1d de, shft D
00C0° 01 0002 1d bc. 2
00C3" ED BO 1dir
00CS'  3A 0127° 3 1d a.(sdv_fnit) :inft Euroffx burst sdvance time
00C8”" 32 -007F" ot 1d (adv_tim).a
oocB* 3A 0128 1d a,{del_init) ;init Eurofix burst delay time
DOCE® 32 0080" i 1d (del_tim).s '
Q0p1°  21:0129° kS 1d hl,mode_ifit ;init operation mode: ‘no euroffx
00D4" 11°0081" : 1d de.mod_tab
0007° 01 0007 = 1d be.7
00DA”  ED BO = 1dir
{oDc: €9 ! ret
;pheinit:db OFFh,0FFh,0FFh,0FFh,OFFh,0FFh,0FFH  ;phase codes for testing

Q0DD°  CA F9 F9 F9 phcinit;db 0CAh,0F9h,0F9h DFIA.OF9h . 0FIN OFFh  ;initisl phase codes
00E1" F9 F9 F9 :

00E4’ A0 86. 01 dtainit:db 160.134,1 i ;2.5 ms

00E7° €O D4 D1 db 192.212.1 :3.0 ms
00EA"  E0 22 02 db 224,342 :3.5 ms
rept 4 o
db 0,0.0
endm
00ED* 00 00 00 + db 0,0,0
00F0' = 00 00 00 + db 0.0.0
00F3" 00 00 00 + db 0.0.0
00F6* 00 09 00 s db '0.0.0
00F9" 0320 0384 skyinit:dw 800.900.1000.5.0.0.0 :20. 22.5. 25 us

00FD’  03E8 0000
0101° 0000 0000

0105° 0000

0107 00 10 35 00 g_tevinit:db 0,16.53,0,0.0.0° 0. :6, -20 dB
0108° 00 0 Q0

010E" BE R R B s_tevinit:db 256,255,255,255,255,255.255 :no skywaves

0112°  FF FF FF
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0116 -
0119 -

on1c!
0120°

0123
0124”
6125
0126"

0127°*
0128°

Qe
-0120°

0130°

91307

01337

0184°

0135

9137
0139°

180T

P13E"
0141”

0144°
0147

0148°
0148*
p14c”

S D14F7

0152°
0155°

MACRO-80 3.44  G9-Dec-Bl PAGE  1-4
OA DA DAIOA ecdinit:db O L 00w 10 025 Q02 ;initial ECD’S.;.O us
0A OA DA : : e
80 00 00 00 mov_initidb  0,0.0,0,0.0.0

0000 DQ' :

EI3F patt init:db  0011111tb : : “ipattern for 0 databit
JE: .db 00111111b- - © .o ipattern faor -1 databit
24 :’ shft init:db 00101010b : : ~ipps/neg shifts for.0
15 db  00010101b ‘ .pos/neg shifts for 1

=eB adv_init: db . 40 ;40 units of 25.ns
28 del_finit: db’ 490 : 140 units of 25 ns
620600 00 mode_init:db  0.0,0,0,0.0.0 & Initia) mode ; no Eurpfix
00:-00 00. ; : :

% - . -

o Subroutine : 'Start X

e Fungtion : Start burst generating process. *

L Inputs none 2

A Outputs : none i

- *

start::
3A 0001* 4 a, (nstat) - . fool “prep_next* to let it prepare
o _dec¢’ a ; the system fpr the master. Therefare
4F 1d c.a 1 “prep_next® has to.think that the current
0600 1d b.0 ;istatian §s (nstat-1)
JEER 1d a,offh
32 011B” 1d {datrd}.a
BEZ0T aad a.1

.32 Dosp" IR (data_cnt).a

€D 03BC* call prep_next .
ithe first burst of the master is geoing to be lost;
;spieverything has to be set ready for the second burst of
;tHe master. This means that the variables “patt _tab”. “shft_tab™
:gnd "shft_c¢nt” have to be set accerdingly

34 0088° 14 a.(patt_tab)  ;correct patt tab for last first burst

07 _.rlca :

32 0p88” 1d (patt_tab).a

3A 008F" d a,(shft_tab) vcorrect shft_tab for lost first burst

07 rlca

32 008F" 1d (shft_tab).a

01 0000 1d bc.0

3t 00 1d a.§




112 Simulating the Eurofix Data Link
MACRO-80.3.44  09~Dec-Bl PAGE 15
01577 32 009E" “1d (nxt_index).a
Q154" 3E FF P
015C* 32 0002 g (brscnt).a
015F" 21 0800 1d h1.0- ; initialize remainder, skywave delay
01627 22 060D" ~ld-. - (remain).hl . timer snd delsy lines -
0166° 22 0011% d (temprem).p1 :
01687 5 €D-031C% - call setidel o e
0168 3A-0003" 4 aifphesde)iiiiio i s e e
0TS0 ES srlca
D16F* 32 0003" 1d (phcode).a
0172' 21 0064 1d h1.100
0175> 7D 1d sl
0176 03 0l: out (timerl) ,a
0178 7€ d a.h
QL9 D3 AT out - (timerl).a
9178 €D 01CB' - call  set_timer
017 ~CD-0449* catl set lev
..6181‘2 D 04F2° call carriers_an
0184*  3E D6 1d- - a6
0186 = 32 0002" 1d (brscnt).a
9189’ - 3£ .00 “d 8.0
0188° 32 0000" 1d {index) .8
OléE’ 3E 00 1d a.0 iclear-interrupt flip-flop 1
0190° D3 80 out (Fntelly. e
0192* - 3E 01 Jid?: 3.1 ; ;enable interrupts.
0194> D3 80 out {intell).a
0196; 9 ret
* ke EwEWE w > — * L3 = * *hw * 3 -*ﬂf***fﬂ‘!’_wﬂ‘.
i 3 : C
ix .. .Subroutine : Brsint LSS e
X Function Burst timer interrupt progessing i B
(i Inputs misc¢. variables X f23
e Outputs = misc. variables S : *
0197 brs_int::
0197  3E 38 d 2,56 ;280 micrpsec. to wait after
0199’ 32 009F " 1d (timeleft). a ; start of burst
oigct 3t 09 1d 3.0 5 :clear interrupt fiip-flops
019E* D3 80 out (intell),a e
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01AQ’

0142°

01A4"
01A8"
0147°
01A9"

01AB"
O1AE"
01AF> "

01817

01B4*

0185

0188°

188"

01BE’

0’

o1c4° -

01¢7 "

OLCA’

01GB”

01CB*

oicc
OLBE
0100°
0103
6106°

0109°

MACRO-80 3.44
3€ 01

93 80

FB

3F 01

03 82

D3 83

3A 0600"
4F

0600

21 0002”7 -
35

€6 03BC”
FA 0868°

2A 0011°
22 0013”

€D DICB’

€0.031¢"
€D 04FZ"

€9

ABE
“3A°0002"
87

CA 01D9°
FA 0223°
€3 0232°

09<Pec~81

cout

catl

PAGE

1d
out

ei

4

out -

1d
Gl di

1d

14

dec

call

ip

1d
1d

cal¥

calf

Eeit

1-86

2,1

(intcll),a -

a.l

“4trigl). o
(trig2) .a

8, (indexy
c.a
b.8

h1.brsent
(h1)

Zz,prep_next:
m,next_stat

hl.{temprem)
(temprem2y, hl

set_timer

set_del

:fcarrierSWOHZ

;enable RS-232

:disable trigger 1°& 2 pulses
:b¢ = station fndex

;decrement burst counter

“prepare for next station

;switch to next station

;save temprem for "set_del®

;calculate new quotfent. tempque.
;remainder and temprem for burst.affer -the
;next one

:set delay lines

;switch Loran-C.carrierson .

i d el et ittt s ettt ad st sa ittt sttt tetite sttt s

L

:*

S

Subroutf

Function

Inputs
Outputs

ne .. ‘Set_timer *
prebare_tﬁmer for next 1 ms +/- interval with *
with Eurofix modulation . *
va% ipdex ©of current station ¥ %
mis¢, variables : *

-

:****************************k********t****************;*****************-

set_timer:

push
1d
or
I
ip
ir

S next_dta:

bc

a, (brsent)

a

2.next_dta
m.inter_stat
119

:determjne whether timer has to be.set
et

ito inter-station interval (dta}

ito inter-burst interval 1 ms) or.

.next DTA has to.be programmed -intc 8253

:new 1 ms value has to be programmed

: during the burst before the last. (quotient) might -have been

: set st a value, different from 100, This‘has to be taken into
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MACRO-80°3.44° 0U9-Dec-81 PAGE 17

;- account here.

0109* F3iin i :, PHRR e di - S : the subroutine "set timer" will take -
01DA’ 3A Q09F" ‘ -d - a.(timeleft) s aboﬁt 321 states before reaching 118
010D” 06 0C sy 12 . S0 “timeleft" can be'd‘ecr_e_ased 12 ‘units,
01DF: . ‘32 OQ9F" L 0d . (timeleft). a : of 25 states ;
QlEA el ’ e
01E3"  2A 000B" i 1d h1. (quotient?}
o1£6" 11 0064 S 14 de.100
01 I : ‘scf ]
Gl Bek A e
01ER” ~ ED 52 :sbe hl.de:
01?0' B e “push— h ; . ithis result will be used later on
O1EE" . 21 DO19° i e td hl.dtat;!b . oget quot%ent and remginder for next DTA
OIFLT 09T o add e -
01F2* 09 e add hl,bc
01F3T. 09 . oo add hi;bc
L 01F4T 09 e add h1.bc
SoplFs SBEL - Em i e v )
01F6" 23 - Enes
01F7* . 56 : : el ‘d,¢h1) * '+ DE now contains quotient
01F8" 23 Lamei i
01F9”  4F : LooddEE e
e e fnc i iny
ClFB’ - = 46 : SRR g Tt b.(h1) . : BC now contains rema":nder_
O1FC" _El : : : pop hl : ;. adjust quotient
0L1FD" 19 add h1.de
D1FE" EB ex de,hl - DE now contains ‘corrected quotﬁn’em.:.t
01FF’ © 2A 000D" 1d hl.(remain)
02.02' 09. : add - hl.,bc
, i cmphl. 400
0203 1C Sl 14 a.h scompare HL with <val>
0204"  FE 01 : + cp ~ high (400)
02067 2003 + Cdr 0 nz...0000
0208" 70 iy 1d 8.1
foges e g o Tow (400}
bpogr 4 b o
0z08" 3805 e c.rm_ok2
0200 © 01 FE70 =i o 1d bc, <409
g210" 09 : _add hl.bc
e LT 3 : inc de
0212 22 0pOD~ rm_gk2: 1d (remain) . hl
0215*  ED 53 000BT 1d {quotient).de
0219 22.0011° 25 - 1d . {temprem).ht
021C* €D 53 000F* 1d (Lempquo). de
0220°  £3 0232 o 119 -
0223" S inter_stat: i “iset timer to 1 ms
0223’ ZA :0000* 1d: ht,{remain)
 0226" - 22 0011 Gaiildo i(temprem), b
- 0229 21 0064 T i P 0

0220 22 0DOB" - 1d o lquotient).hl
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022F"

0232’

0232°

0235*
0238°
0239

023B°

023¢*
0230°
023E"

o241°
0244°
0247°
0248"
024A°
0248
024¢"

024D

“p24E"

0251"-

0262°
255"
0257°
025A"

0258°

025E"

025F=
0260°
0261

02§2i.

0265°

0268°

026C°
026D"

G26F*

0272

Q273"
0274
0276
0278’

024 %5

0z7g*
0278"

MACRQ-80 3.44

22

21
34
aF

06
Q9
7E
B7
CA

21
3A
Af
a8

09

7E

07

7
1374

0GOF~

0081~
009E"

00

0311°

(088"
009E"

02F2*

“F3

3A
D6

32

FB

21
09

009F"
14
009F°

008F ™

e

07

77

DA

3A
ED
AF
. 06

2A

40 Bt

7C

FE.

20
7D
EE

38

0248°

0080~
5B 000B*

00

0000D"

09-Dec-81

Vg

PA

1d-

G g

(tempquo),hl

; at this point (quotient) + {(remain) contain the timer-.and:’

; delay line settings for “normal® operatisn. For Eurofix these

values may have to be corrected with approx. 1 us plus or

i minus. After thet. the 8253 will be set right away. the delay

1 Tines witl be set in the next interruptcycle

2 1d

1d
‘1d

1d
ad
d

OR

ip .

1d
1d
1d
1d
ad
d
rl

14

S

di

1d
su
d

ei

1d
ad

1d

(22"
1d
ip

1d
1d
1d

21

1d -

ad

¥ .. 0001

cm:
1d
¢p
ir
1d
cp

ir

hl.mod_tab = :get operation mode for station and.

a.(nxt_index)  :determine whether to "eurofix® or not
o
b.0:
d hl.bg
a,(hl). mode 0 means no eurofix:
a .inp. burst shifts necessary, so skip
7,110 5 —ithe following code
hl,patt_tab :find out (via pattern) whether burst
e;(nxt;indé;) ;has to be shifted or nat
c.a :
"b.®
d hl, bc :BC still contains (nxt_index)
a.(hl) . : :
ca i ;shift modulation.pattern to left
(h1).a
nc,noshift :0K, no burst shifting
; the subroutine “set_timer® wil],take.
“a,(timeleft) : about 586 states following this path
b 20 ;50 “"timeteft” can be decreased- 20 units
(timeleft), a8 ; of 25 states
hl,shft_tab :burst shifting ->» what way?
i hl.be :
: a,(hT) e
¢a
(h1}y,a
C.neéshft ihegative?
“a.(del_tim). ~  :positive shift: add extra delay
de, (quotient)
G :BC contains burst delay in 25 ns units
b.o
h1,(remain) ;add extra delay to. (tempgquo} and (temprem)
d h1,b¢
phl 400
a.h ;compare HiL with <val>
high {400}
nz,..0001
2,1
low {400)
¢ rm_ok3
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027D"
0280°
0281"
0282
0285’

0289
028C"
028D"
028F"
029z*
0295°
0296
0297°
0299°
029C’
029F”
0240°
02A1°
02A4°
024A8°

02AB*
02AE"
02AF”
0281°
028B5"
0286°
0287
02BA°
028BC*
028BF”
02c2”
02€3°
02C4"
02C7°

02e8”°
ozce”
02CF*
02D}’
0204°
0207°

0208’
0209
0208"
020D
02DE"
02E0°
02E0°

02E3™

02E6”
02E7°
02E8"*
02EB”

MACRQ-80 3.44 09-Dec-81 PAGE
01 FE70 1d
09 add
13 inc
22 0011°* rm_ok3: 1d
ED 53 DOOF" 1d
3A 0080" 1d
4F 1d
06 00 1d
11 0064 1d
24 0011 1d
37 scf
3F cef
ED 42 sbe
D2 DZAl" ip
01 0190 1d
09 add
18 dec
22 000D* rm_ok9: 1d
ED 53 0008" 1d
€3 0811 ip
3A 0O7F" negshft:1d
AF Id
06 00 1d
ED 58 DQOB® 1d
37 scf
3F cef
2A 000D™ 1d
ED 42 she
Dz o0z2c4” jp
01 0190 1d
09 add
18 dec
22 011" rm_ok4: 1d
ED 53 000F" 1d
3A 007F" 1d
af 1d
06 00 td
11 0064 1d
2A-0011" 1d
09 add

cmphl
7C = + 1d
FE 01 + cp
20003 + ir
70 + 1d
FE 90 + cp
* ..0002;
DA 02E8* ip
01 FE7O 1d
09 add
13 inc
22 0900D* rm_ok8: 1d
ED 53 000B" 1d

1-9

‘be.-400

hl.bc

de
{temprem) . hl
{tempquc),de

a. (del_tim)
c.a

b,0

de.100

“hl,(temprem)

hl,bc
ac,rm_ok9
bc,400
hl.bc

de-
(remain), ht

{quotient),de

1110

a,(adv_tim)
c.a

b.0

de, (quotient)

h?. (remain)

hl.bc

‘nc, rm_ok4

be,400

h1,.bc

de
(temprem).hl
{tempquo).de

a.(adv_tim)

“Cc.a

b,0

de.100

h1.{temprem)
hl,.bc

400

a.h

‘high (400)

nz,;..0002
a,t
low (400}

c.rm_ok8
bc. -400
hl.bc

de
(remain).hi

{quotient).de

:burst advance time for neg. shift

. reset carry flag

;compare HL with <val>
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02EF"
v2F2"
goF2"
02F5’
02F8"
02F9"
02FB"
02FC"
02FD"
02FE*
Q2FF?
0302°
- 0305
0308
0308"
030E°

0311
0314°
0315

0317
0318°

0314’

0318"

031C*
p31C’

03107
0320*
0321

MACRO-80 3.44
£3: 0311°

21 008F*

34 :009E"

45

06 00

09

7€

07

77
ZA000D”

22 0011"

2A 000B™:

22 000F*

21 0064
22 0008

2A @00F"
7D

03 :01

7C

D3 0t

€1

L9

e5

3A DOD2*.
B7

FA Q32D".

09-Dec-81

PAGE - 1-10
Jp 1110
»noshift:j :This burst stays. but do shifﬁ {shift_tab)

1d h1.shft_tab ;find out (vis pattern) whether burst:
1d a.{nxt_index}  ;has to be shifted or not

1d ‘cia :

1d- b;o

add  hl.be

1d a.(hl)

Flea ishift shift pattern tp left

1d (hl),a

1d hl,(remain)

1d {temprem),hl

1d hT, (quotient)

1d '(tempquo).h]

1d h1.100

i dise {quetient).hl
:sat timer according to values in (tempqud)_::'
;the delay lines will be'set in the next interrupt cycfe_'

210 R d h1, (tempquo)

14 a.l

out - {timerl),a

1d a.h

out (timerl).e

pop bc

ret

SR AR R IR R A KRR R AR R KT RE A A KR KK AF AR KRR I IR A RK KT IAEFIHR T H K ETF KA T K EE TR kK XA

B >
o Subroutine : Set_del e
% Function set gndwave & skywave delay ports, *
ock! : : : rotate-phase code for next burst ok
X Inputs 3 remain = gndwave DTA fraction SRk
[ data in skytab i 7
i : BC = index for next station *
fe Outputs Carriers are switched off!! : *;
- *
set_del:

pash be

1d © au(hrsont)

or a

ip . 1111
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0324° ° 3A 0000~ ':::i' 1d a, (index)

0327° 06000 e

03297 AL L 14 o

gazhc iich osar Yo T

0320° - 3A 009E~ _“' 1711 1d - a,{nxt_index)

0330° 06 00 Feig b.0

0332°  4F : Cag o

03335 S iz

: 6333' 24 0013’ : 1d ht.,(temprem2} ' ;get remainder of DTA
rept 3 R ; ;convert to 200.ns units
srl h
prioco i s idivide HL by 8
! endm-

0336° B3 (i + sri h

0338° B 1D : + ; i i) ;divide HL by B

0334 €B 3C + sri h

033C" (B 1D + P .divide HL by 8

03387 B 3C + sl h

0340° CB 1D + : rr T :divide HL by 8

034250 SESRL Td a.49

0344° 95 : CRUpY e

0345° 32 0DAD™ i ) .(starel).s ©isdve result

0348° 21 0035° 1d _ h1.skytab

0348 09 : add h1.he

034" 09 add h1,be

03407 09 add h1.be

034E" 09 add  ‘hl.bc

084F " i 5F : 1d e.(hl) :DE = quotient part (= 10us units)

0350° 23 - ine h1

0351" - 56 ; : Td d.(hl)

ARfrE ks : ine h1

0353" €5 : push bc*

0354 . 4E ; Cld e

pansa ol N R R e : :

0356" 46 : 1d biChly o :BG = remsinder part (- 25ns units)

0357°  2A 0013” il ~hi,(temprem2) ;add remainder

035A° 09 " add hl.bc

' : cmphl 400 _

0358° 7L TR + id a.h it :¢ompare HL with tval>

035C° - FE 01 + - o high (400).

035E" . 20 03 ¥ e nz...0003

0360° 7D + 1d 8.1

0361" FE 90‘ + Sep low (400)

0363 + ..0003:

0363’ DA 0368" L T c.rm_okh

0366° 01 FE70 1d be. -400

0369° 09 add h1,bc

364" 13 ine de
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MACRO-80 3.44  09-Dec-81 - PAGE  1-12
0368° Gl Sl . rmoks:pop  be :
=036C" 18 s - : dec Siefes s :decrement time}:pount
R : S ;(timer needs 1 clock ph]se to ‘trigger)
836D° 78 : : ; 1d a,e ;set skywave delay timer
036E° 03 02 . ©out o (timer2) e ' :
GETO A 1d ili=rasid
0371° D3 02 BRI G (timer2 Y, o
037875 (ER . push hi :save skywave delsy fraction
sri B scpnyert to 200 ns units:
rr il » T
: endm
5:0374} ;CB éc e + R o h ;convert to 200 ns units
03757 HEB Dy : s ]
-0378°  CB 3¢ : o+ srl h ;convert to 200 ns units
osAitE I e e - '
037C" €8 3¢ sl sri h iconvert to 200 ns units
037ET . ¢B 10 B —
03807 3831 14 “a.49 iset skywave -delay PAL
0382* .95 sub 1 :
0383 32 DOAZY S 1d . (store2).a
038671 HEL o AT h i
0387" 70'? R o at i - 1get 25 nS»unitS»of.skywave delay
- (388" E6 07 : ~and iy
038*"':CB 27 sla G il : :shift into position
038C* B 27 sta a2
O3B i€B- 27 o : sla a
oHgl e TN 1d e.a
03917 24 0013* 1d Rl (temprem2)’ . iget 26 units of gndwave delay
0394° 7D 14 i e
0395°  E6 07 ahd i :
0397 B3 . or e ;add skywave bits
0398+ 03 0C : out. (delport).a :set delay lines
039A"  3A 009F" i 1d - e, (timeteft)
0390" 87 e
039E FA 03AA" - 2 ; ip m, 1130 :more than 300 us have passed since
3 o o » : ;begin of burst,. s we can SHitch.off
: : ;carriers safely
C03ALT 2600 o nooo iwait antil 300 us have pessed sfnce
03A3' 7D 2 - o Tt el : ;begin of burst
03A4° 2B delay: dec: hl . igndwavetskywave have faded out. by then
03A57 7C = 1d a.k
03A6° BO : or 1
03A7Y €2 03A4° : . jp.  nz,delay
03AA’ 3E 40 1130 - 1d a,01000000b ;switch carriers off
03AC* 03 10 out  (gndecd).a ' ' L

03AE" D3 14 - out (skyecd).a
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0380
0383°

0335‘
0388’

03BA*

0388" -

038"
038C”

038D
o3co’
03C1°
03C2’
03C5"
03C6°

03C9"

03C8°
03CD"

0300’
0303"
© 0304
0305
03D6"

8300

030C°
030D°

Q3E0°
03E3"
03E4°

03£7°

03E9*
Q3EC:

03EF”
03F0*
03F3"

MACRO-80 3.44 ~ UY%-Dec-81 - PAGEER TS
3A 00A0" - 1d a {storel) ;set delay lines
03 04 out (gnddel), 8
3A 004AZ" Td  a.(store2)
03 08 out - (skydel},a
1 pop  be
€9 ret ;carriers are suitched;off thfs”very moment.

G5

3A
oc
89

€A~

79
€3
3t
3
32

21
09

7%

B7
€A

3A
87
2

3
87
2
A
89

30
32
€2

044C"
009£"

0407*

009D° .

03EF"

-009D"

0407

009D"

0407°

= e s e g e ek ok ok e 37 Je T T T 3 e T e K e e de e de e e e e Sk ek e kK Aok ek e s e ek e
v

2 Subroutine Prep_next . *:
e function 3 Prepare for next station ; *
A [nputs L bc = index of current station X,
(o Quiputs 002 (nxt_indexj = index ofvfollowing stat. in chain *
i new modulation pattern-hill be set ready o
. "

o *

= RE TR TR RN K Rk T ke R e 3k ok ok 9 3 koA 3k ok A o o ok ok Sk oA T e ek ok ok ek sk sk e s e ke ek ek

prep_next:
push be : ; bc wil) be used as next index furthar on
1d a,.(nstat}
ine G
cp c : is current-station last station in chain?
Jp z, first . yes --> next station will have index 0
1d a.c
ip 15
first: .1d a0
d Sl
AR Tt Id F(nxt_index),a
-1d h1,mod_tab - ;get operation mode for station and
add hl.be idetermine whether to "eurofix” or not
1d .a;ihl) :mode’ 0 ‘means ro eurofix:
or a ;no-burst shifts necessary, so skip
ip 2 nxt_ret ;the following code
Jid2% a.(nxt_index) ;. if turrent station is last .in chain
or a . (so next station fs master sgaini, then
jb ' nz.new_byte ;. a new byte might be necessary.
d a, (data_cnt}
or a :
ip nz, 1120
T sy
1d - (data_cnt),a
ip new_byte

1120: dec 8
1d {data_cnt),a

ip nz.new_pyte
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03F6"
03F9°

03FA"

O3FC* -

03FF*
0402°

0404°

MACRO-80 .3.44

bl
32

Cz
%1
€b

0407°

0407

D404’
Q408"

04DE*

040F"
04107
0411°

04120
0413°
0414
0416°
0419
041A°
041D"
041E"
041F”
0420°
0423
0424

0425"

0425”7
0428°
0429°
0424°
04z’
‘042C"

042F"

0432

433"

0436°

0437°
D43A°.

" 043A"
0430°
043F"

Q441"

0442°
0445°
0446
0447"
044A°

3A
87
c2

79
07
o7
.07

07

011B"
SBL

oF
0118*

4407”

16
0000*

009D"

0425~

5

18

21

19
3A
aF
19
YEA
21
09
77

21
09
7E
07
77
DA

5F
3A
57

s

34
SF
.3A
97

21
99
73
2%
09

90A4"

o118

0096"

0096™

043"

0078”

007D"

0442°

007¢"

007E"

0088"

008F"

09~Dec-81

PAGE

SId

L ne

and

1d

ip
d

~call

- new_byte:
R el

or

jp.

d

‘rlca-

rlce

rlca =

-~ rica

1d
1d
1d
add

=1d

‘new_bit:

negbit:

1d
add
d
1d
add
1d

1d
add
1d
rica -
1d
ip
1d
1d
1d
td
ir

1d*
1d
1d-.

“d

135215

1d
add
1d
1d
add

2114

a.(datrd) i increment datsbuffer read pointer
- ;

0fh -

(datrd),a

'nz, new_byte v signal Host computer “wrap around

a SN : has occured (PC £an synchronise)
sendf# : i 3

a,(dats_cnt)
a

nz.new bit

a.t - 5 get new'byte from data buffer

+"and place it in the data -t oa-b i e:iv

e.a
d.¢
hY.datbuf -
hl.de
a.{datrd}
eslas

h1,de
a,(hl)
hl.data_tab
hl.be
{h1),a

; get new data bit to be modulated

“h).data_tah ; from data  t ab 1l e

h1,bc
a, (WY

(h1).a

c.negbit . Zero or one data bit?

a.(patt_0) ; get modufation and shift pattern for 0-bit -
e.a

8.(shft_0)

d.a

121

a.(patt_1) : else get modulation and shift pattern for 1-bit
2,8 : : SR :
a,{shft_1)

d,a

hl.patt_tab ; f117 in modulation pattern for databif
h1.bc

{h1y, e

hl,shft_tab ; fill in shift pattern for databit
h1.b¢ ;
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0448°
044C"

044C”

" 044D
04507

0452"
0455°

0458°
0458
045B”

045E°

0461°

D464”
0467°
0468

464"
045C"

046F°
0472°
0473°
0474"
0476

047A’
0470°

MACRO-80 3.44 09-Dec-81 PAGE "1 .15
8% d : (hl).d_
nxt.ret:
=E3 di : i the subroutine “prep_next” will (at least)
A GO9FS 1d' a.(timeleft). : have taken 424 states, so "timeleft®'can
D6 10 - subzoEl 6 ... i be decreased 16 units of 25 states .
32 009F" o (timeleft), a :
FB ei
01 pop - be
€9 ret
SEEN * *hkk > * e % e ek
‘* *
.:*'.. .Subroutine.: Next_stat )
e Function =t Swit¢ch to next statfon in chain. X
X Inputs ¢ bc = index of current station : *
=y - Outputs. : XXXXKKXXXXXXXXKXXXXXXKKXXXXKXXR XXX KKK KX XXX XK KK *
e = XXXXEXRKXXXXXX XXX XXX XXX XXX XXX KR XXX XXX X XXX X e
* ' *
o ; : : i
WA AR KRR KK AR AR KA A KRR AR RRHKK A K * >k kKK * Tk ok Kk ke
next;stat: § ; ?
2A DO11° 1d 'hl,{temprem) ;save temprem for “set_del”
22 0013" id = {temprem2)., hl
Ch o01CB"’ cat?l set_timer :calculate new guotient, tempgquo,
cremainder and temprem for burst after the
.next one
€D 031C* “gall set_del iset delay lines
3A.0000" “1d “a,tindex) ;get index.of turrent station
4F =l S
05 .00 1d b.0
3E 07 YT ;set burstcount to 7
32 0002” 1d (brscnt).a
21 004" 1d h1,phctab iinvert phase cede of current statfon far
09 - add - hl.bc ;next GRI
7€ 1d a,thl)
EEEGS: xor 01010101b
77 1d (hl).s
3A 009E™ 1d g, (nxt_index}. .increment statton index
32 0000" 1d {index),a:
4F 1d c.a
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047E"
Q47F°
0482°

484"
0486
0489

G48A°
0488
048€*
6491

0492

04937

0496
0499°

0494

0498°

049E°
04A0°

04A2°

04A5°

04A8°

04A3"

04A9"

04AB®
O4AE"
Q4AF”

04B0" -

04B2°*
04B4”
0486

Q4B8"-

04B8"

MACRO-80 .3.44 © 09:Dec-81

:B7v

c2

3E

03
21

09

7E
B

21

09

7t

21

0486°

09
82
0004"

0003*

005F*"

0015*

7L P

ACKE

3B
D3

(o]

€D

ca

1E

.21

09
7€
HEE
38
Db
cB

D3

0016"

83

04A9"

04F2’

30

0051°

69 -
04
69
A3

18

0066"
e

PAGE

or

Jp

1d

1162

out
1d
add
td
1d

1d
add
1d
1d .

4
iadd

1d
1d

1d

out -

call

call

ret

1-16

a0 :

{trigl),a ;generate trigl pulse
hl.phctab :select new phasecode
hl.bc

a,hly

{phctode),a

hl.g_ecdtb ;copy gndwave ECDIi]

© hl,be

a,(ht)
{g_ecd},a

h1,s_ecdtb
h1;be
a,(hl)

“;copy skywave :ECDLi]

(s_ecd).a

a.0 ;generate trig? pulse
{trig2}),e

set_lev . ;set signal levels

carriers_on

B R b b e R R Pl R R e et s

o
iy Subroutine : Set_lev i
o function : set ‘gndwave. & ‘skywave signa} 2
%3 levels for next station 2
3 Inputs : data in gnd_lev & sky_tev ik
37 tables *
i BC = index for next station *
iy Outputs : none *
:‘k *
JERARK * *k Kkokok xRk Rk
set_lev:

1d e,0110000b ;40 dB att. control bits

1d h1,gnd_lev -:send gndwave level 1o LOGDACIdata port

add .- hl.bc

1d a,(hl)

cp 105 140 dB att. on or aoffi 2

alg c.glev_ ok

© sub 105

res b,
glev_ok;

‘out {dacdata).a

il
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04BA” ©

- 04BC”

- 04BE".

04C0°
04c2’
04C4”’

0406’

0409 -
04CA"
04CB"

04CD°
D4CF”

Q401"
0403

04D3 "

0405
04D7 "
04D
D4DB”

04p0* -

04E0"
04£2°
04E4"
04E6*
- o4es

04EA"
Q4EC"

04EE’
04EF*

04F1!

04F2"
04F2"

04FS"

04F6’
04F7 "

418"

04FB*

MACRO>80 3.44 09-Dec-81

3E.07
03 1¢
EBB7
03 1¢
GB:C7
D3 1¢

© 21 DosB”.
09,
7€

38 04
D6 69 -
CB AB

‘D3 18

3£ 08
D3 1L
CB UF

3A 0018"
D3 18
3E03
D3 1¢
2 €B 07

03 .1¢C

CB DF
D3 1€

83
03 1¢

€9 i

21 0028
2B
7€,
85 .
€2 04F5’

“3A 0003%

PAGE

Ban

out -

out

set

out

1d
add
1d

ep

Ssub

‘res

Rig

slev.ok: -

rout

14

out

Zesetes

out

1d

out

1d

out

out

set

out

out

A

I
a,00000111b
{deccont).a
o,
(daé;nnt),a
0.a
(deccont),a
ht.sky lev.
hY.bc
&.(h1)

105
c.slev_ak
105

b
‘(dacdata).a

2.000001018
{daccont).a
153 v

{daccont),a

a.(noise)
{dacdata).a

a,00000011b -

(daccont).a
2.a

(dacconty,a

Mot

{daccont).a

e

{daccont).e

;enable DAG CS-lines

;generate WR-pulse for gndwave DAC’

;send skywave level to LOGDAC data port

;40 dB att: on or off 2

.generate M¥R-pulse for skywave DAC

:set noise level

;generate WR-pulse for noise DAE

:disabte DAC CS-lines

;set 40 dB att. control bits

3 k7 e T e o ok e o ok ok ok ol ok s ok ok e i o ko o e T S ek I o R A A T R A AR Rk ok KR R Ok

S *
R Subroutfne : ¢erriers_on : : *
i Function Switch carriers on, set phase code & polarity o
% Inputs phtode = phaseccde to use - S *
L Outths Carriers are switched on 2
i = s : ‘ *
carriers_on:

1d h1.40 ;wait +/- 200 us to prevent phase
del2: | dec hl :modulation of the LPF

14 a.h

or 1

Jp nz.del2

iR a, {phcode) irotate phase code
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04FE”
04FF

10502°

0503°

0504"
. 0507°

- 0508”
-~ 0509"
0508°

050D

- 0510
0512°
0514
0516”

0518*

0518’
051D°

051F"
QoA

0523°

0524°
0524°
0527
0529°
0528
0520
052F°

0531°

534"
9536" -
538"

B53A°
ps3C°

Q53E"

MACRO-80 3.44

DT

32

0003

€5
47

AB
€l
=08
20

3A
CB
D3
£B
D3

3A
B
03

B
b3

€9
3A
CB

D3

LB

D3

3A
cB
B
03
8
03

£9

0017"

47
17

‘00315"

10
B7
16

0016
F7
14

.14

0015 -

EF
E7
10
BY
16

0016™

09-Dec-Bl

set bl::

‘PAGE 118
rlca :
1d - {phcode).a
Rlase ;shift phase code tp bit 0>
push be
1d.: b.a
2 Holk a,(sign) rexor -phase code bit with sign bit
xor b. : ‘
Pop_  bc
bit 0.4
Jraennris et THEE ; 4+ or - code 2
fd- : a;(g_eta) ;ouprt gndwave ECD contrﬁi bits
set 6.4
out {gndecd).a
res 6.a ;enable carrier
out. (gndecd),a
1d a,(s_ecd} :outbut skywave £CD control bits
set. 6.2
out {skyecd}.a
res. 6.4 ;enable carrier
out- _tskyecd),a
ret
- ld a. (g ecd) soutput gndwave ECD coptrol bits
set 5.a ;set sign bit
set 6.a
Lout {gndecd),a
res ‘6.2 :enable carrier
out {gndecd) ,a
1d a.(s_ecd) ;output skywave ECD control bits
set 5.4 ;s8t sign bit :
set b.a :
out (skyecd).s
res ‘6.2 ;enable carrier
out {skyecdy.a
ret

B e

x

:*

I

Subroutine :

Function ;

[hputs :

Qutputs :

Chk_mov

Process external move request
{if any)

Mov_flg = move request flag
Mav_tim = shift time

DTA’s modified

*

*

*

*

= FREEEERIK K HIATRAIRAKAT R K IAAEK KA IR AATRR KA KR A XK KR A AR AT K
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053F "
053F*
p542°
0543°
0544"
0545

05467

0548"

0549

054C”
0540°

054E”
0551
0552°
0553°
0554’
0557

0558"

0559°
0554
0558°
055C°
0550"
055E”
055F
0560°
0561".

0562°
0565
0566°
0569°
056C”
0560°
0560"
056E*
0570°
0573"
0574
0575"
0576"
0579*
0574
9578°
057¢C"
857D°
057E”
957F"
0580"
0581"
058"

MACRO-80 3.44"  09-Dec-81 PAGE
b ¢hk_mov;
21 006D" 1d
09 add
7€ 1d
87 or
c8 ret
36 00 1d
C5ix push
21 0074" - 1d
09 ~ add
5E 1d
21 619" 1d
09 ~ add
09 add
09 - add
D . 0586" - call
7€ 1d
93 sub
77 d
23 SaEme
fE% ad
9A sbc
17 1d
23 inc
7€ 1d
99 sbc
o 14
3A 0000~ 1d
3D dec
" F2 056D° ip
3A 0001° 1d
30 dec
nb;;éﬁnd:
4F 1d
06 00 d
2i 00139" 1d
09 add
09 add
09 add
- €D 0586° csll
7E 1d
83 add
77 1d
23 inc
FE 1d
8A ade
77 1d
23 ing
7E 14
89 adc

1519

hl.mov_flg .get mayv_flg for current station
hl.b¢

a.(h1)

8

Z . ;return if no: request
(h1).0 clear flag
be

hl.mov_tim ;E = shift time
hl.be
e, (hl)

hl.dtatab ;dta(i) = dta(i} - shift time
h1.bc
h,be:
hi,bc
sgn_ext
§.(h1)
e
{h1j.a
h
a.(hh)
a.d
{h1).a
h1
a.(hD)
a.c

(hl).8

a, (index) ;get prev, index

a

p.not_arnd

a,{nstat?} ;Wrap around if master

a

c.a

b.o
hl.dtatab idta (§-1) = dta (i-1) + shift time
hl, bc
hi,bc
hl.bc
sgn_ext
a,.(hl)
a,e
(hl).,a
hi
a.(hl)
a.d
(h1).a
h)
a,(hl)

a,ct
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0583"

0584°

585"

0586
0586

9588°

0Q5BAT

0588"
058C"

058D

058E"

058F*

£$590°

05907

0592”7
0592"

059 3t

0594°
0595°

0596" -

£$599°
059A°

059A°
598"

9590

05A0"

05A1"

05A4"
05A4°
05A5"
05A5°
05A6°

05A9*

MACRO-80.3.44

7
6T

9
OE

16
78

a7
Do

o

16!

€9

3E

10

29

“EB

29
(3-8

‘D2
23

B7
£D
DA

13

09

3D
£2

€9

059A°

42
0544

0545

- 0592

09-Dec-81 PAGE

- pop -
ret

: séb_ext:
14 .
1d
14
ria
ol
dec
dec

ret .

1-20

(hl).a

bc

,:sign_extend.pf:E to €0E

= e ek e e Sk e ok o ok o 3 ok o ko Sk e e ok ok e ke Ak ek ek ek bk ke ok e

oW

A Subroutine. : Div32

2 Fanction: : unsigned 32 bitvdi§1sion
e InpUL S HLDE = 32 bit dividend
taks BC:= 16:bit divisor

Sot Outputs 0O = quotient

e HL = remainder

-

*

*

S AEKAARARTA KK KAIAA T AR IRAIA KRR R AR I AR AR R AR AR AR R AR AT AR KA A KK

diy32::

divip:
add
ex
add
N
e
ing

hl_ok: -

- sbt
- Jp

inc
b
not_ok:
add
s naxt:
: deg
ip

ret

LY © ;bit ‘count

h1,hl - tHLDE = HLDE *:2

-de,hl

h1.hl

~de,h1

nc,hl_ok"

h1

h1:bc

c.not_ok

de ;increment quotient

next

h1.bc ;correct HLDE

a sKeep cqunt
nz.divip

@ :compare BC with 16 MSB's of HLDE
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MACRO-80' 3.44 09-Dec'BL ~  PAGE  1-21

SERKKKE data areg KRRERK

05AAT :;: -' : : déeg
0000 : index:. ds 1 ;station index
0001* nstat:: ds 1 ‘total # stations .
0002{  R brsent: ds 1 iburst counter
0003": = : phcode: ds 1 .current phase code
 0004” = phctab: ds 7 iphase code table
OOOB': : quotient:ds 2 ©.:dta fraction in 10 us units
0600" ; : . remain: ds 2 ;dta.fraction %n.éé ﬁg.ﬁnkts
OOOF? ‘ tempquo: ds 2. ;temporary quotient: contains the 10 :us units
:of dta for one burst.. "quotiert® contafns
;absolute time, whereas “tempquo” contains
ceurofix corregted_t1me'__'
oo11" temprem: ds 2 ;temporary reméinder._use 65 “tempguo™
0013 tempremZ:ds 2 “..:temhorary rehé1nderf:Iémprémjsaved'to thisg
= . : “:vartable before calculating the néw temprem
0015" : g_ecd: - ds 1 ;gndwave EGD control bité
0016° scecd:  ds 1 © :iskywave ECD control bits
0017 - [osign::oindsy 1 rexternal controlled-sign bit
10918“:‘ ] ‘nofse;: ds 1 indise Jevel
0019* : dtatabi: ds  4%7  idta dats table, 32 bit entries in 26 ns units
0035 _ skytabs: ds 4%7 ; 7 iskywave delay data table;, 16 bit. 25 ns units
0051" : - gnd_Tev::ds 7 igndwave signal levels
-0058" . sky_lev:i:ds 7 ';skywave signal levels
005F" g_ecdtb;:ds 7 ;gndwave ECD data table
0066" s_ecdthrids 7 :skywave ECD data table.
006D “mov flg::ds 7 ;move request flags
074" . : mov_tim;:ds 7 ;shift time
0078" o e e eseds ) (Eurofix pattern’ for 0 datahit
607C* S _"3 Fren L e 1 ;Eurofix pattern for 1 databit

007D shft_0:: ds 1 ;Eurofix advance/delay shifts far 0 dstabit
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No Fatal error(s)

130 Simulating the Eurofix Data Link
MACRO-80 3.44  09-Dec-81 = PAGE §
Mac¢ros:
MPHL GOMP16
Symbols:. . i
0208 ..0000 0278"  ..0001 02E0%. ..0002
0363*  ..0003 0127’ ADV_INIT 007FI* ADV_TIM
0002 BRSCNT 01971°  BRS.INT 04F2°  CARRIERS.ON
083F'  CHK_MOV 001C - DACCONT 0018 DACDATA
009D*  DATA_CKT D096  DATA_TAB 00A41® DATBUF
011B1" DATRD 01141° DATRR 04F5"  DEL2.
03A4° DELAY 000C ~ DELPORT '0128°  DEL_INIT _
00801* DEL_TIM 08901" DIV32 08925 S DINERL. e e
00EA"  DTAINIT 00191°  DTATAB 0115'  ECDINIT
03C9°  FIRST 04B8°  GLEV_OK 0004  GNDDEL
0010 GNDECD 00511"  GND_LEV 0015%  G_ECD
005FI*  G_ECDTB 0107'  G_LEVINIT 059A°  HL_OK
0000%  INDEX 00001" - INITERS 0080 INTCLI.
0081 INTELZ 0223°  INTER_STAT 0311 EL10
03207 L 03330 LLiz 03EF’ LL20
‘0442 LL21 03AA® L3O 03CD" L6
0486"  LL6 0232° L9 0129°  MODE_INIT
00811" MOD_TAB 006D1*  MOV_FLG 120" MOV_INIT
00741 MOV_TIM 043A°  NEGBIT “0ZAB™  NEGSHFT
0425'  NEW_BIT 0407°  NEW_BYTE 055" NEXT
0109°  NEXT_DTA 0458°  NEXT_STAT 001817 NOISE
02F2'  NOSHIFT 056D'  NOT_ARND 054" NOT_OK
00011  NSTAT 009E*  NXT_INDEX 048C"  NXT_RET
00781% PATT_O 007CI*  PATT_1 01231  PATT_INIT
0088°  PATT_TAB 008D’ PHCINIT 0003°  PHEQDE
0004*  PHCTAB 03BC'  PREP_NEXT 000B*  QUOTIENT
000D*  REMAIN 0212°  RM_OKZ' 0282 RM_OK3
0264°  RM_OK4 036B°  RM_OKS 02E8°  RM_OKB
02A1"  RM_0K9 0405%  SEND 0524'  SET_BI
031€'  SET_DEL 04A9"  SET_LEV 01CB'  SET_TIMER
0586'  SGN_EXT 007DI* SHFT_O 007EL* SHFT_1
0125°  SHFT_INIT 008F"  SHFT_TAB 01717 SIGN
0008  SKYDEL 0014 SKYECD 00F9°  SKYINIT
00351 SRYTAB 0058T* SKY_LEV 04D3"  SLEV_OK
01301 START 00A0*  STOREI 00A2"  STORE2
0016 SYN 00167 S_ECD. 00661 S_EEDTB
D10’ S_LEVINIT 000F*  TEMPQUO 0011 TEMPREM
0013*  TEMPREM2 009F"  TIMELEFT 0000  TIMERO
0061 TIMERI 0002 TIMER2 0003 TIMMOD
0082  TRIGI 0083 TRIG? 0084 TRIG3
0085 TRIG4 :
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