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[57] ABSTRACT

A wireless radio modem that may be incorporated into a host
system or connected through a PCMCIA or similar port to a
host system includes radio frequency modulation/
demodulation circuitry employing electronic device ele-
ments that operate in a frequency range that minimizes the
RF interference between the radio modem and the host
system. Radio modem power conservation is maximized by
1) simplifying signal modulation processing by use of a
two-point waveform transition table. thereby reducing pro-
cessing requirements; and 2)incorporating a “sleep mode™
feature in which all mon-timer circuitry is powered-down
when not in use.

12 Claims, 8 Drawing Sheets
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WIRELESS RADIO MODEM WITH
MINIMAL INTER-DEVICE RF
INTERFERENCE

This application is a continuation-in-part of U.S. patent
application Ser. No. 08/337.841. filed Nov. 14, 1994 entitled
“Wireless Radio Modem With Minimal Interdevice RF
Interference”, now issued as U.S. Pat. No. 5,619,531 on Apr.
8. 1997.

COPYRIGHT NOTICE

Portions of the disclosure of this patent document, includ-
ing the appendices, contain material that is subject to copy-
right protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document or
the patent disclosure as it appears in the Patent and Trade-
mark Office patent file or records, but otherwise reserves all
copyright rights whatsoever.

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to data communication at
radio frequencies in a wireless environment and, in
particular, to a method of wireless data communication and
to a device that can be imbedded within a host data pro-
cessing or communications unit (such as a PC, a laptop. a
workstation, a personal digital assistant (PDA), a two-way
pager or other equipment for data communications or
processing) or attached directly through an external data
interface. such as one that is constructed and controlled in a
manner that meets the standards set forth in two documents
entitled “PC Card Standard.” Release 2.0, and “Socket
Services Interface Specification.” Release 1.01. both pub-
lished by the Personal Computer Memory Card International
Association (PCMCIA). in September 1991, As will be
appreciated by reference to the specification that follows.
although communication through a PCMCIA interface is
preferable, the invention is not restricted to a particular
communication interface and may be connected in any
manner to a host data processing or communications unit
(either, a “host unit”), or integrated into such a unit. The
method and device enables a host unit to transmit data to and
receive data from a communication network wirelessly so
that the RF interference between the host unit and the radio
modem is minimized and power consumption is at a reduced
level. It is envisioned that in its preferred use, the invention
will be used to communicate between a host unit and a
remote data processing or communications device, either
directly or via a network through a data transmission/
reception network station.

BACKGROUND OF THE INVENTION

Wireless radio modems are used to permit remotely
located computers and other data communications equip-
ment to communicate with one or more other computers or
equipment for data communications, usually as part of a
computer network. Over the past several years, a number of
efforts have been undertaken to reduce the size, weight,
power consumption and portability of radio modems in
order to increase their attractiveness to both the technical
community and the consuming public. In spite of advances
in technology, most state of the art radio modem designs
usually involve a flexible cable connection to the host unit
and a bulky external battery pack to supply the necessary
power. Previous attempts to incorporate a radio modem
within a host unit or to connect a radio modem through a
PCMCIA interface have resulted in extremely poor operat-
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ing performance predominately as a result of radio fre-
quency interference caused by electrical noise generated by
the host unit.

SUMMARY OF THE INVENTION

The present invention has utility in allowing a host unit to
communicate with a wireless network. The present inven-
tion is a wireless radio modem that is designed to be located
within a host unit, or connected to a host unit through an
external port. such as a PCMCIA interface, so that the host
unit can communicate with other units for data processing or
communication via a wireless data network. In its preferred
embodiment. the radio modem is designed to operate in a
wireless data network that uses packet-switched communi-
cation such as a network that uses the Mobitex™ network
protocol, the Ardis™ network protocol or the Celluar Digital
Packet Data (CDPD) wireless network protocol. The radio
modem design allows different network protocols to be
supported by software changes only (i.e.. with no substan-
tive hardware modifications). so the scope of the invention
is not limited to any specific protocol. For the preferred
embodiments, however, reference is made to the Mobitex™
standard. which is a published communications standard for
the Mobitex™ wireless network. The references herein to
the standard shall mean the Mobitex Interface Specification,
Rev. 3A, published September 1994 and available from
RAM Mobile Data. 10 Woodbridge Center Drive.
Woodbridge. N.J. 07095.

The radio modem is preferably designed to be built into
a host unit (the OEM version) or to be directly connected to
a host unit through a PCMCIA interface (the PCMCIA
version), although the design may be incorporated into a
stand-alone modem separate from the host unit. Both the
size and performance of the present invention represent a
significant improvement over the state of the art.

The radio modem hardware and software of both the
OEM version and the PCMCIA version are carefully
designed to minimize power consumption. In the preferred
embodiments. each version can be configured in one of two
forms: (i) with an on-board microprocessor that provides
overall control of the operation of the various subsystems of
the radio modem (the “on-board processor form™) or (ii)
without an on-board processor, whereby the essential control
functions that are performed by the microprocessor in the
on-board processor form are performed by the host unit
microprocessor (the “microprocessor-less form™). To reduce
power consumption significantly in each version. the key
power-consuming components are placed into lower power
modes when they are not needed and are placed in a higher
power mode only when data that the radio modem is to
process are detected or when a predetermined period time
has elapsed from the point the components have been put
into a lower power or a “sleep” mode. As one of ordinary
skill in the art of digital communications equipment design
will appreciate, the microprocessor is one of the key power-
consuming components in the on-board processor form. In
addition to the power management circuitry. the method of
operation of each version of the radio modem was optimized
to reduce power consumption using low-power components
and power-efficient design where possible.

Operational performance is also enhanced over the state
of the art because both versions of the radio modem are
designed to operate in the high electrical noise environment
present within, or immediately proximate to a host unit. The
major electrical noise immunity strategy employed is the use
of circuitry designed to operate outside the electrically noisy
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frequency bands that are present within an operating data
processing unit. Among the features that enable the modem
to avoid the RF interference of its host data processing unit
is the implementation of frequency discrimination at an
intermediate frequency (at or above 10.7 MHz) that is well
above the noise frequencies emanating from the operation of
a host unit.

In order to generate the intermediate frequency at which
discrimination takes place. the receiver circuifry uses a
single intermediate frequency down conversion step. In the
preferred embodiment, the intermediate frequency is 45
MHz. After down conversion the signal is channel filtered
and then demodulated and digitized. The resulting digitized
signal is then conveyed to a digital signal processor (“DSP”)
where the data is recovered and conveyed to the host unit.

On the transmission side, the transmitter circuitry accepts
data from the host unit, via the DSP, in a pre-modulated
form. In the preferred embodiment, the data received by the
transmitter is modulated using either quadrature modulation
or baseband modulation, although one of ordinary skill in
the art will appreciate that various modulation techniques
could be applied to modulate the signal received from the
DSP.

Quadrature Modulation

In the implementation in which the data are quadrature
modulated, the DSP presents the signal to the modulation
circuitry in in-phase and quadrature phase components. The
signal is then modulated directly, using quadrature
modulation. and is filtered, amplified, upconverted. filtered
and then amplified again before being conveyed. via a
transmit/receive switch, to an antenna for propagation.

Baseband Modulation

In the implementation in which the data is baseband
modulated, the DSP presents the signal to the modulation
circuitry in the form of two modulation voltage signals for
the Voltage Controlled Temperature Compensated Crystal
Oscillator (VCTCXO0) and Voltage Controlled Oscillator
(VCO). The signal is then frequency modulated. using
baseband modulation and is filtered and then amplified
before being conveyed. via a transmit/receive switch. to an
antenna for propagation.

Modulation Lookup Tables

The modulation scheme, in the preferred embodiment.
relies upon pre-calculated wave segments that are pieced
together at run time to produce smooth Gaussian Minimum
Shift Keyed (GMSK) or GMSK Inphase (I) and Quadature
Phase (Q) modulated waveforms. For efficiency purposes
and to reduce the processing time required to modulate the
signal (and thus the processing power required), a look-up
table stored preferably in DSP memory is employed as a part
of the modulation process.

In the case of quadrature modulation, the look-up table
provides precalculated waveform segments that are pieced
together, taking into account the interrelationship of a digital
four bit transmission stream on the waveform shape asso-
ciated with the second bit of the four bit stream. Simple
transforms are used to phase shift this signal by steps of 90
degrees. to compensate for the different phases that the I and
Q channels may be in at the start of the segment.

In the case of baseband modulation, instead of using the
I and Q channels, baseband signals are encoded. Thus, it is
only necessary to have one channel instead of two, as both
channels are either the same, or related by a constant
multiple. The need to shift the signal by 90 degrees is no
longer necessary in baseband, as there is no need to use
accumulated phase from previous bits.
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The modulation tables. in the preferred embodiment. were
generated by a program called MODTAB. MODTAB.C, the
main ¢ source file found in Appendix A. contains the
mathematics to generate the modulation tables. The formu-
las in this code implement the modulation scheme in a
simplified form and the source code is structured in such a
manner that certain of its modules can be used to generate
tables for quadrature phase modulation and not used when
baseband modulation tables are desired.

For both types of modulation, the GMSK wave form is
first calculated and used to generate a baseband modulated
wave form. To FM modulate the baseband GMSK signal
into I and Q signals for quadrature phase modulation. a
phase accumulator is used. Because frequency is a rate of
phase change, the baseband values from the GMSK wave
form represent the rate of change of the phase accumulator.
The Sine and COSINE of value in the phase accumulator is
then used to calculate the I and Q signals. Optionally. the
effect of an RC filter on the I and Q signals can be
compensated for by applying the inverse function of an RC
filter to the I and Q signals. Thus, the output of the RC filter
can be forced to correspond with the desired wave form. The
math is performed in a laborious manner. using floating
point evaluation. For each possible combination of four bits,
all the shapes for all four bits are generated. To build the
tables, the interval between the centers of bits 2 and 3 is then
bracketed. extracted and placed in the table.

When generating tables for baseband code, the phase
accumulator and SINE/COSINE -calculation steps are
skipped. and the baseband wave forms are placed in the
tables directly. There is also no need to compensate for RC
filter effects in the development of the baseband table. When
the tables are generated and stored. modulation can be
accomplished through application of the table data.

The object of the demodulation scheme is to provide a
nearly optimal method for decoding bits accurately, while
using as little processing power and additional hardware as
possible. in order to keep power consumption and cost to a
minimum. In order to eliminate the need for sophisticated
hardware filters, the incoming signal is sampled at a rate that
is a multiple of the bit rate. In the preferred embodiment, the
sampling rate is six times the GMSK bit rate. A Finite
Impulse Response (FIR) filter is applied to the signal every
n samples. where n is the number of analog to digital
converter (A/D) samples per GMSK bit. This implements a
decimating filter, producing output samples at a rate equal to
the bit rate. The FIR filter cuts off sharply after a frequency
equal to half the bit rate, thus keeping to a minimum the
amount of aliasing resulting from the decimation. This
technique takes advantage of the Nyquist sampling theorem,
fully capturing a bandwidth of half the sampling rate by
taking periodic samples.

Even though the effective sampling rate is equal to the bit
rate, repetitious patterns of seemingly lower bit rates. such
as a GMSK Bitsync of the pattern 110011001100, can
nevertheless be recognized. as such a pattern produces a
wave form similar to a sinusoid at a frequency of one fourth
the bit rate. A series of increasingly stringent criteria is used
to determine whether the received signal is a bit sync
pattern. When all the criteria are satisfied. preferably 12
samples of the bit sync are correlated to SINE and COSINE
functions. Because 12 samples represent three complete
periods of the sinusoid, compensating for different direct
current (DC) levels is not necessary. Because the SINE and
COSINE functions need only be evaluated at 90 degree
intervals. this process is trivial. The SINE function. for
example, takes on values of 0.1,0.-1.0.1,0.-1,0. . . etc.. The
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two resulting correlations of the SINE and COSINE func-
tions are then combined to form a Cartesian vector and
mathematically transformed through rotations of 90 degrees
to be within an angle of +/—435 degrees. A cubic function of
the slope of this vector is then used to approximate the
arctangent of the resultant vector. The difference between
the resultant angle and 45 degrees (or —45 degrees, which-
ever is closer). divided by 90 degrees is the fraction of a bit
by which the sampling point in the decimation filter must be
adjusted to be coincident with the center of the GMSK bit.
In the preferred embodiment, for ease of implementation,
the adjustment is rounded to the nearest A/D sample. As one
of ordinary skill in the art will appreciate. however,
enhanced accuracy can be obtained by varying the shape of
the FIR filter to accomplish shifts of less than one A/D
sample. When the adjustment is performed, samples coin-
cide with the centers of bits, so bit decoding can be done
using a threshold that is a function of a DC level calculated
from the 12 samples used for bit synchronization, as well as
the value of the previous bit.

OBJECTS OF THE INVENTION

Accordingly. it is an object of the invention to provide a
radio modem with modulation/ demodulation means that
incorporates circuit elements that operate at frequencies
outside the frequency range of the RF noise associated with
the host unit in which the radio modem is installed.

It is a another object of the invention to provide a radio
modem in which frequency discrimination occurs at a data
discrimination frequency of 10.7 MHz or higher.

It is a further object of the invention to perform FM
frequency discrimination through the use of one or more
piezoelectric phase-shift devices. such as surface acoustic
wave (“SAW™) filters, surface transverse wave (“STW™)
filters, surface skimming bulk wave (“SSBW™) filters, leaky
SAW filters or crystal filters such that the frequency dis-
crimination takes place outside the RF noise frequencies
generated by the host unit associated with the radio modem.

It is a yet further object of the invention to provide a
stored waveform transition table as part of the digital signal
processing circuitry to minimize processing time and power
consumption during the digital signal processing phase of
the operation of the radio modem.

It is another object of the invention to provide circuitry for
minimizing power consumption in a radio modem that
permits the major power-consuming components of the
radio modem to enter into an inactive or lower-powered state
and to be later activated or repowered by the detection of
data communications or by the expiration of a predeter-
minred period of time, whichever occurs first.

These objects as well as others appreciated by those of
ordinary skill in the art will become apparent from the
detailed description and in reference to the drawings that
follow. The specific examples that are set forth in the
detailed description of the preferred embodiment should be
understood to be given for illustrative purposes only and are
not intended to limit the spirit and scope of the invention.

BRIEF DESCRIPTION OF FIGURES

FIG. 1a is a block diagram of the hardware layout for the
on-board processor form of the radio modem using quadra-
ture modulation and two local oscillators.

FIG. 15 is a block diagram of the hardware layout for an
alternative embodiment of the on-board processor form of
the radio modem using quadrature modulation and a single
local oscillator.
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6

FIG. 2 is a block diagram of the hardware layout for the
on-board processor form of the radio modem using baseband
modulation.

FIG. 3 is a block diagram of the hardware layout for the
Inicroprocessor-less version of the radio modem using base-
band modulation and an external interface to the host unit.
such as a PCMCIA interface.

FIG. 4 is a block diagram of the operation of the interrupt
handler for the power management hardware.

FIG. § is a schematic of circuitry that provides a “soft
turn-on”.
FIG. 6 is timing diagram for the soft turn-on function.

FIGS. 7a and 7b relate to the operation of the pre-
modulated waveform segment lookup table.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the present invention are
radio modems that can be built into the host unit or attached
to a host unit through a PCMCIA or similar port. Each radio
modem generally comprises transmission/reception means
and a modulation/demodulation means.

With reference to FIG. 1a, the received signal is conveyed
from an antenna (1) via a transmit/receive switch (2) to a
bandpass filter (3), which is preferably an electronically-
coupled piezoelectric device such as an acoustic wave
device and more specifically a SAW, an STW filter. an
SSBW filter or what has been commonly referred to a leaky
SAW filter. The filtered signal is conveyed to a low-noise
amplifier (4) and image filter (5). and to the downconverter
(6). In the preferred embodiments, bandpass filters (3) and
(5) are SAW filters. Within the downconverter, the signal
amplified by a linear amplifier (7) is mixed with a signal (50)
from a local oscillator (39) at the mixer (8) to produce a
signal (51) at an intermediate frequency greater than or
equal to 10.7 Mhz. Signal (51) is conditioned by the inter-
mediate frequency (IF) channel filter (9) and is amplified by
the IF gain block (10) then conditioned by a noise filter (11).
The resulting intermediate frequency signal is demodulated
within the demodulator (12). In the preferred embodiment.
the intermediate frequency is 45 MHz.

The demodulator consists of a limiting amplifier (13) to
produce a signal having constant amplitude. This signal is
split into two parts which are mixed in a mixer (14). with one
of the parts shifted in phase relative to the other. The phase
shift element (15) is preferably an electronically-coupled
piezoelectric device such as surface acoustic wave filter or
a crystal filter. The demodulated signal is conditioned and
converted to a digital representation before being conveyed
to a digital signal processor (DSP) (24). The digital signal
processor (24) is preferably an ADSP-2171KST-133 com-
mercially available from Analog Devices. Inc., Norwood,
Mass. The conditioning and conversion to a digital repre-
sentation is performed by low pass filter (16), amplified by
operational amplifier (17), conditioned by anti-aliasing filter
(18) and converted to a digital representation by analog to
digital converter (19).

The limiting amplifier (13) produces a second signal (52)
with a DC voltage proportional to the received signal
strength at the input of the limiter. This signal is referred to
as the Received Signpal Strength Indicator (RSSI) and is
conditioned by low pass filter (20), amplified by operational
amplifier (21), conditioned by anti-aliasing filter (22) and
converted to a digital representation by analog to digital
converter (23).
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In the on-board processor version. the digital data is
conveyed to the host unit via the microprocessor (uP) (26).
preferably an Intel SBSOL188EB-8 (available from Intel
Corporation. Santa Clara, Calif.). and a serial communica-
tions controller (“SCC”) (27). preferably a Phillips SCC
9291 (available from Phillips Electronics North America
Corporation, Sunnyvale, Calif.). In the microprocessor-less
version, as seen on FIG. 3, the modem utilizes the micro-
processor of the host (200), and thus there is no need to have
a microprocessor resident within the externally connected
modem, i.e. within the PCMCIA form factor. Additionally,
because of the physical connection in the preferred embodi-
ment through the PCMCIA port. the need for an SCCis also
eliminated. One of ordinary skill in the art will appreciate
that each of the aforementioned components for which
particular part numbers are not referenced are well known in
the art.

When the radio modem is transmitting, the data to be sent
is conveyed from a host data processing unit. via the serial
communications controller (27) and the microprocessor (26)
to the digital signal processor (24). In the case of quadrature
phase modulation, the digital signal processor (24) generates
the appropriate in-phase and quadrature-phase modulated
waveform segments, which are based on the current and
previous bits to be sent. from a precalculated look-up table
stored in the associated random-access memory (25). The
digital signals are converted to analog signals by two
digital-to-analog converters (28) (29). conditioned by two
low pass filters (30) (31) and are conveyed to the quadrature
modulator (32). Within the quadrature modulator (32) the
in-phase signal (53) is mixed in a mixer (33) with the signal
from LO1 (36), one of two local oscillators. and the
quadrature-phase signal (54) is mixed in a mixer (34) with
a ninety-degree phase shifted signal from the local oscillator
L01 (36) supplied via the phase shift element (35). The
emerging modulated signal (55) is passed through a band-
pass filter (37), and input to an upconverter mixer (38).
where it is mixed with a signal (56) from the local oscillator
102 (39). The resulting signal (57) is amplified by exciter
amplifier (40). conditioned by a band-pass filter (41), ampli-
fied in a three-stage power amplifier (42) and transmitted
from the antenna (1) via the transmit/receive switch (2). As
can be seen in FIG. 15, the two local oscillators of FIG. (1a)
can be replaced by a single oscillator (L0) (43) by bypassing
the upconversion stage affected by the local oscillators (L01)
(36). (L02) (39). the mixer (38) and the band pass filter (37).

As illustrated by FIGS. 2 and 3. in the case of bascband
modulation. the digital signal processor (24) similarly
generates, from the look-up table store in the associated
RAM (25), the appropriate modulation voltage segments for
the Voltage Controlled Temperature Compensated Crystal
Oscillator (VCTCXO) (201) and the Voltage Controlled
Oscillator (VCO) (202). The digital signals thus generated
are then converted to modulation voltages by digital to
analog converters (28) and (29) and are conditioned by low
pass filters (30) and (31). These modulation voltages are
applied to the VCO (202) and VCTCXO (201) to shift the
local oscillator frequency by a maximum of 2 Khz from its
nominal frequency. As one of ordinary skill in the art will
appreciate. a single D/A converter may perform the func-
tions of the two converters (28) and (29). The resultant local
oscillator signal (210) in the baseband modulation scheme is
conveyed by splitter (211) to the exciter amplifier (40),
conditioned by a band-pass filter (41), amplified in a three-
stage power amplifier (42) and is transmitted from the
antenna (1) via the transmit/receive switch (2).

During operation in a baseband modulation configuration,
in both the receive and transmit modes, the local oscillator
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(L0)(208) comprising VCTCXO (201). VCO (202) and
synthesizer (209) operates to pass its output signal (210) to
both the receive and transmit section of the radio via splitter
(211). If the radio modem is in its receive mode. the signal
(212) is “ignored”—the transmit circuitry is not active
because of power management and a signal is not conveyed
to the antenna (1) as a result of the T/R switch (2).
Correspondingly, when the radio modem is in its transmit
mode. the L0 signal (213) that is transferred via splitter (211)
to the receive side is “ignored”—because the receive cir-
cuitry is not active as a result of power management. It
should be noted that when the radio modem is in its receive
mode, the LO (208) is programmed at the reception
frequency. at the beginning of the receive cycle. In the
transmit mode. the L0 (208) is continuously updated by the
VCO and VCTCXO modulation voltages in order to pro-
duce the desired frequency shifts required for modulation.

In greater detail, and again with reference to FIGS. 1la and
15, 2 and 3, frequency modulation discrimination occurs
through the employment of an electronically coupled piezo-
electric phase shift element (15). such as a crystal filter. The
use of this element represents an improvement over the prior
art due to the fact that electronically coupled piezoelectric
phase-shift devices have a steeper phase slope relative to
changing frequency compared to the resistor inductor
capacitor (RLC) tank circuits that have been used in the prior
art for frequency discrimination. One advantage of the
present innovation is that the discriminator can be operated
at higher intermediate frequencies, which is of particular
importance to this invention, and is discussed in greater
detail below. A second advantage is that the steeper phase
slope associated with an electronically-coupled phase-shift
element makes the resulting discriminator more sensitive.
thereby increasing the sensitivity and receiver performance
of the radic modem. The use of a frequency modulation
discriminator employing an electronically tuned phase shift
element is not limited to use within a radio modem. Such
means can be used to discriminate any frequency modulated
signal in other systems as well. In addition. as one of
ordinary skill in the art will appreciate, because of the close
relationship between frequency modulation and phase
modulation, the frequency modulation discriminator dis-
closed means could also be used with minor modifications to
discriminate a phase modulated signal.

As discussed above, the discriminator disclosed in the
present invention is capable of operating with superior
performance at higher frequencies than known discriminator
designs. An integral part of the innovation for the present
invention is preclusion of electrical interference from the
host data processing device, such as “software noise”. which
is a characteristic emission from any running computer.
Typically, such noise is of significantly higher amplitude at
frequencies less than 10.7 MHz. In the present invention, the
received signal is down-converted in a single stage to an
intermediate frequency that is above the aforementioned
threshold frequency of 10.7 MHz, such as 45 MHz. By this
method, the radio modem achieves greater noise immunity
over known devices., permitting the radio modem to be
integrated within a host data processing device without
compromising performance of the radio modem.

Again with reference to FIGS. 1a and 14, in the case of
quadrature modulation, in-phase and quadrature-phase
modulated waveform segments are generated by the digital
signal processor (24). In the case of baseband modulation,
the waveform segments generated are the VCO and
VCTCXO0 modulation voltages. In each case, the waveform
segments are based on the current bit, previous bits and
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future bits to be sent, from a precalculated look-up table
stored in the associated random access memory (25). The
operation of this method is described below.

As discussed previously, pre-calculated waveforms can be
used to eliminate the need to compute complicated formulae
at run time. In the case of Gaussian Minimum Phase Shift
Keying, as is specified under the Mobitex™ standard, with
a bandwidth time product of 0.3, the actual waveform used
to identify a bit is in excess of three bit periods long, as is
shown in FIG. 7a, for the bit sequence 00100. With refer-
ence to FIG. 74, the bit period a (700) and bit period e (701)
are affected by the bit in period ¢ (702). Therefore, to store
all possible shapes for any bit period ¢ (702), thirty-two
different segments are required to represent all possible
values for the five bit periods shown. By realizing that the
significant portion of the Gaussian shape is only four bit
periods long, and by shifting the waveform by half of one
bit, the number of table entries can be reduced by half to
sixteen. The segments are centered on one interbit period
(703), as shown in FIG. 7b. With reference to FIG. 7b, the
bit center (704) is positioned between the bit period ¢ (705)
and the bit period d (706). Therefore the value of segment ¢
(705) is only affected by the values of four bits. and therefore
has only sixteen possible shapes.

The method described above yields baseband, but not in
phase and quadrature phase signals. If baseband modulation
is desired. no further calculations are needed. I and Q
signals, however, for quadrature modulation, are readily
calculated from the tabulated data described above, using the
following approach. The in-phase and quadrature phase
signals depend on the initial phase at the beginning of the bit
period. This initial phase must be known when the tables are
calculated. In the Mobitex™ system. the modulation is such
that the frequency difference between a stream of continuous
I’s and a stream of continuous 0’s is an even fraction of the
bit rate constraining the starting phase to one of a discrete set
of values. For example. in Mobitex™, the frequency devia-
tion is 2000 Hz and the baudrate is 8000 bits/second. Thus,
a 1 transmitted previously will cause a phase shift in the
modulated signal of 90 degrees, whereas a 0 transmitted
previously will cause a phase shift of —90 degrees. There are
four multiples of 90 degree phase shifts, or four possible
distinct starting phases for each wave segment for a given
surrounding four bit sequence. The rotation of a Cartesian
vector by steps of 90 degrees is a simple operation and can
be easily calculated as required. No additional precomputed
samples are required to accommodate different starting
phases. In particular, only trivial trigonometric calculations
or look-up tables are required.

Power Management

The present invention also employs innovative power
management means and methods, in order to minimize
power consumption. Although such power management
techniques are directed to the on-board processor form of the
instant invention, one of ordinary skill in the art could
recognize their applicability, albeit with potentially reduced
power savings, if the techniques were incorporated into the
form of the microprocessor-less form of the invention.

The major components of the power management circuit
are the serial communications controller (27), incorporating
an integrated timer and memory, and microprocessor (26), as
shown in FIGS. 1a and 15. Through implementation of the
power management means, the radio modem circuitry con-
sumes approximately one half the power of other known
systems. In general, maximum power savings in any situa-
tion are accomplished by completely turning the device off.
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The microprocessor (26) has the ability to enter a dormant
mode of operation where it consumes virtually no power.
The circuit has been implemented such that the processor
can also shut down other circuitry that is not in use. The
processor is brought back to active mode by activating reset
or providing an external non-maskable interrupt signal.

The present invention utilizes a system that allows the
processor to shut down most of the circuitry, but remains
able to power-up on one of two conditions. namely. that
cither a predetermined time had elapsed, or that the host
system attempts to communicate. Both of these conditions
are problematic, requiring innovative solutions, which are as
follows:

Timer System

In order to “wake up” the microprocessor and.
subsequently. the digital signal processor. a programmable
timer circuit, external to the microprocessor. is set such that
it produces an output pulse to the processor after the
expiration of a selectable, predetermined time period. As
seen in FIG. 4 in block (401), the timer is set when it is
determined that the microprocessor does not have any tasks
left to be completed in its task list therefore the micropro-
cessor and the digital signal processor are permitted enter
their lowest power mode. Although in the preferred embodi-
ment the microprocessor when directed to shut down first
shuts down the digital signal processor before shutting itself
down, it would be appreciated by one of ordinary skill in the
art that the digital signal processor could first determine that
it is able to shut down, and then advise the microprocessor
to shut down.

Communication System

In most applications. the host data processing system or
data communication system communicates with the circuit
at a very high rate, often exceeding 9600 bits per second.
When the host begins communicating, the circuit has only
about 1 millisecond to initialize to prevent information from
being lost. By using a serial communications controller (27)
with a built in memory, it is possible to store the first few
characters external to the processor. This allows the proces-
sor over four times longer to initialize and respond to the
host.

Masking the Non-Maskable Interrupt

If the external serial communications controller were
connected directly to the non-maskable interrupt of the
processor, inefficient operation would result as an non-
maskable interrupt requires longer to service than a standard
interrupt. To overcome this problem, the non-maskable
interrupt is connected through standard logic gates to pro-
vide a masking operation. By enabling the processor to mask
the non-maskable interrupt, faster response time. reduced
processor ‘on’ time in a fully-powered state, and lower
power consumption result. Masking a non-maskable inter-
rupt for the purposes of power saving is previously unknown
in the prior art.

Power Management Software Description

The Power Management Software contains several key
components, the most important of these is the task list. As
suggested by FIG. 4, if the processor or associated circuitry
is ‘busy’ with a task, it will be indicated by an entry in the
task list. When the task list becomes empty the processor
will enter the lowest power mode possible, and as seen in
block (401) of FIG. 4, the serial controller is posted as a
sentry to detect data communications so as to initiate an
activating interrupt to the microprocessor to begin an acti-
vation cycle. Additionally, the timer associated with the
serial communications controller (27) is set to initiate an
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output pulse that will also serve to activate the micropro-
cessor prior to the initiation of the activating interrupt by the
serial communications controller (27). In normal operation
under this power management scheme, the processor spends
about 5% of its time active, and 95% in the fully idle, lowest
power mode.

One of the key elements in the software system is
improvement to the interrupt handler. Normally, in existing
systems. software would return to the instruction following
the point at which the interrupt occurred. However, there is
a window of vulnerability when using a maskable non-
maskable interrupt as previously described. If an interrupt
occurs at the instant that the interrupt is unmasked
(unexpected non-maskable interrupt). and the interrupt han-
dler was written in the manner of prior existing systems.
program execution would return to the instruction following
where the interrupt occurred. In this case, the instruction
would be a halt instruction. Therefore, the processor would
be caused to halt execution by an interrupt, when what is
required is an interrupt that initiates execution. As seen in
blocks (402), (403) and (404) of FIG. 4, the present inven-
tion incorporates modifications to the standard operation of
the processor by modifying the program stack and forcing
the code to execute from a specific known state that would
be ‘safe’ after either an expected, or unexpected non-
maskable interrupt. The unexpected result of implementing
the above power management scheme combined with the
previously described circuit that includes a serial commu-
nications controller (27) to provide a masked nonmaskable
interrupt. is the power consumption for continuous operation
of the serial communications controller (27) is dramatically
less than the power requirement of the microprocessor and
the digital signal processor. In the preferred embodiment, the
overall system power requirement was reduced by a factor
of more than 6.

Soft “Turn-on” Operation

The function of the soft “turn-on” circuit is to allow the
host to turn the radio on and off with a minimum of extra
circuitry. The soft turn-on is required to be rugged in the
sense that it should not accidentally turn on or off when
variations in supplied power occur. The quiescent power
dissipation of the circuit must be as low as possible, espe-
cially when the circuit is in its off state. The circuit is
required to operate at varying supply voltages, such as when
the system battery is substantially discharged or
overcharged. with the circuit most importantly maintaining
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correct operation of the radio modem by keeping the radio
off or on as desired. Standard off-the shelf components and
circuits generally have undefined operation below a few
volts making them unsuitable for this purpose.

The circuit used to achieve the above goal is shown in
FIG. 5. The circuit is similar in operation to an RS flip-flop
that satisfies the additional operational constraints:

1) When the host ‘Turnon’ signal (500) is active, power is
supplied to the radio modem through microprocessor power
supply (502) which is preferably a I'T1121ACS8-5 manu-
factured by Linear Technology, Miltitas, Calif. As seen in the
timing diagram FIG. 6. a period of time elapses from the
time the Turnon signal is initiated to the time the power
supply is reaches operating voltage.

2) When the on indication (‘ONI’) signal (501) is active
while Turnon signal (500) goes from active to in-active.
power remains supplied until both control power down
functions are completed and the Turnon signal (500) is
determined to be constantly active. Also. as FIG. 6
illustrates, the ONI signal (601) remains in an inactive state
until the radioc modem has completed its initialization cycle
and remains active until the expiration of the control power
down cycle.

3) When the host “Turnon’ signal (509) is inactive, power
will only be removed from the circuit if ‘ONI is also
inactive. This is illustrated as well on FIG. 6 at the point
(600) where the control power down cycle ends.

4) A brief transition of *‘ONT’ from inactive to active while
‘Turnon’ is inactive will not cause power to be applied to the
circuit as also displayed in FIG. 6.

Waveform Table Generating and DSP Software

As discussed previously, the waveform tables were gen-
erated from two software modules that can be found. in
source code form in Appendix A. In Appendix B, can be
found the software used to processing the received signals
and to generate the transmitted signals. Although the inven-
tion is fully described in the specification without reference
to the appended source code modules, the Appendices are
presented to provide further insight into the advancement
over the prior art.

Although the present invention has been described and
illustrated in detail, the description is meant to be illustrative
and not limiting the spirit or scope of the invention, which
is limited and defined with particularity only by the terms of
the appended claims.
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APPENDIX A
WAVEFORM TABLE GENERATING SOFTWARE AND ASSOCIATED TABLES
1. Tuble-building Module (Modtab.(

#include <stdio.h>
#inciude <stalib h>
#include <conig he>
finciude <math.h>

adefine TRUE §
sdefine FALSE O

' Mode vanables 1or contrailing wnat the program does
statc 1t bGraphut:

static int bBaseband:

statc int GaussiankFullScae;

stalic it bBasestauon:

slatic mt correct_samptes _tlag:

i Craphing stutt
#define GREEN 2
adefine UYAN
sdefine RED 4
#define BRWHITE 13
#define BLUE |
fdefine WHITE °

voiud SetGraphParameterstlong Min\Val, long MaxVal, it TimeScale. 0t Numsamples. char Titlel .
vaud GrapnFuncuonunt Funcuonid, int colory;

vaid Graph 2Funcuonam Funcuoni(}, int Fuacuon(], int colory,

vord TimeMarktint SampiePoint. int bBetween. int colory:

vong SetHiresModecvord i

voud SetTextModetvord

modtab.c - Make | and ) Tables tor
the DSP.

#define OVERSAMPLING 20 // Oversampling rate (samples per by

#define SAMPLING _FREQUENCY rdouble? 8000 * OVERSAMPLING
#define RESISTANCE doubler 3920

#define CAPACITANCE idouble? 0.00000001011

#define CORRECTION _FACTOR (1.75%

#define GAUSSLENGTH (OVERSAMPLING * Sy /7 Total length of a gmsk gaussian.
#define GAUSSFULLSCALE 5000 # Maxamu +/- value for gassian
wavelorm

adefine BTSCALE 1.6 // Scale tactor for BT constant iguessed:
sdefine IANDOQFULLSCALE 0x7FFF M 1and Q maximum value

=define 1 314159
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#define BITRATE 8000 # Mobitex birate
#define FILTER _R 3290 # Filler resistor
#detine FILTER _C 6 8e-y if Filter capacigo

=detine TIMECONST FILTER R * FILTER C - 2~ Ph

 Working arravs for generaung { and Q modulanon seements
int Gaussiani GAUSSLENGTH].
ntUmskShape| GAUSSLENGTH + OVERSAMPLING* 4t

1 {Shape; GAUSSLENGTH + OVERSAMPLING*4):
it QShapel GAUSSLENGTH + OVERSAMPLING 4]

“Storage aravs for precomputed cuassian §and ) segments
ot {Tablesi 2*2*2=2*OVERSAMPLING].
nt QTablesi2*2*2*2*OVERSAMPLING|.

it IStartTable| OVERSAMPLING* 3],
it QStartTable| OVERSAMPLING* 3.

/i Total sampie space required = OVERSAMPLING *

~lruct
int * {Ponter:
int * YPointer:
e ISien;
m QSign:
§IQImt{ 4],

i N
/f Generates the master guassian wave shape w be used later.
femvmenam e nnen

satic void BuldGaussiantvaidy
i

tloat power:
inta.b.

if (bGraptut
SetGraphParametersit. GausstanFullScate. 16*10.GAUSSLENGTH. "Nawral and Moditied
iaussian shapes 'y,
tor ta=ta<=5a++ 4
TimeMarkiOVERSAMPLING *a-1, -1 RED):
[
H

/f Calculate the natural gaussian

for (a=0:a<GAUSSLENGTH a++){
power = 12-{floatlGAUSSLENGTH-2)/2} / OVERSAMPLING.
power = - power*power);

Gaussian(a)} = unt) ¢((¢long)GaussianFullScale*2)/3) * expipower * BTSCALE):

1

1f (bGraptut) GraphFuncuoni Gaussian, GREENY.

# Normaiize the zaussian with an 8 khz rate.
for 1a=0:a<OVERSAMPLING a++14

long Sum:

Sum =t}
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for tb=trb<GAUSSLENGTH b+= OVERSAMPLING
Sum += Gaussian a+bj:
|
for (b=1).b<GAUSSLENGTH:b+= OVERSAMPLING i
Gaussiania+bj = s int)(Gaussiania+h| = ttong 1GaussianFuliScaley / Sums:
|

f
il (bGraphut

GraphFuncuoniGaussian. CYANT:
getchi);
}

[ LR ———

#/ Builds a GMSK wavetorm trom tour bis spectficd tn bustream BitAmayy]
/I Wavetorm 1s placed in aray GmskShapey| and 15 9 bit umes long.
e et e
static voud BuildGMSK(int BitArrayy|)
{
int a.bit;
for ta=ra<GAUSSLENGTH + OVERSAMPLING *4:a++ o
GmskShapeja| = 0.

}
!

for (bit=t).bit<d bit4+ 1t
for (a=0:a<GAUSSLENGTH v+
if (BitArrayjbat] == 1) CmskShape{bit*OVERSAMPLING + 4! = Gaussianfal:
If(BitAmay|bu} == 1)) GmskShape{bit*OVERSAMPLING + 4] -= Gaussiania);
]
!

|
i

/f Takes the wavetorm UmskShape and | and Q modulates 1t into lundQShape
i
static vaud {andQModutateryaid
{

double phase;

mta:

phase = 1).

if (bBaseband)f
# Short circutt - du not | and Q modulate tor basebund testng,
tor (a=U:a<GAUSSLENGTH + OVERSAMPLING 4 a++1
[Shapefaj = GmskShape{al;
QShape(a] = -GmskShape{a]:
!
Jelse(
for (a=0:a<GAUSSLENGTH + OVERSAMPLING* 4 24+}{
IShapeta) = unt)(|ANDQFULLSCALE * sinyphase);
QShape(a] = (ini {IANDQFULLSCALE * cosiphasen:

phase += GimskShape{aj * (P OVERSAMPLING / GaussianFuilScale / 23,
!

}
!

stauc

void

correct_sampiest voud )
|

inta:
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souble k.
Jdouble temp:
Jdouble | _ternp:
Jouble Q_temp:

& = expt (doubler t rdoubler -1 idiubles ISAMPLING _FREQUENCY * RESISTANCE *
CAPACITANCE ),

I temp = 1Shape; 11 |*CORRECTION FACTOR:
Q_temp = QShape| 0 ["CORRECTION _F ACTOR:

W a= L a<GAUSSLENGTH « OVERSAMPLING 4 a4+ 1 |
temp = iShapep o |*CORRECTION _FACTOR.
IShapejal = nntiic temp - & [_temp 1.0 1 -k,
I_temp = temp:
temp = QShape( a {*CORRECTION FACTOR.

QShapefal = it temp -k * Q_temp it -k 0.
Q_temp = emp:

¢

slatie voud ButldSegmentsivoidy
!

int Array (4]
mta.
int Basedndex:

i (bGraphiny|
SetGraphParameters1 - IANDQFULLSCALE. IANDQFULLSCALE. 16%10. GAUSSLENGTH
+ OVERSAMPLING*2.
“land ) patterms 1
i
’f Based on all 16 combinaton vt the tour surrounding bits of a ransiuon. calculate
/all Tand Q segments tor the 16 pussible combimations.
tor tAmavil] = (L Arravit] < 2 Amav) ey
Tt tAmav| H = Amay( 1} < 2 Ammav] 1] ++3
tor tAmav| 2] = inArrav) 2] < DAmav(2)++
for {Array|3] = ). Amavi3] < SAmay[ 34+
BulldGMSK(Aray).
fandQModuiate( );

ift correct_sampies_tlag ) |
comrect _samplesi 1.

!

If (bGraphiti

for ta=t):a<y:a++)|
TimeMarki OVERSAMPLING a. -1, BLUE):

i
GraphFuncuoniGmskShape, RED).
GraphFunctiontiShape, CY AN
GraphFuncuoniQShape. GREENY:

f

Baselnder = tArray 3] + Amavi2]*2 + Array "4 + Aray0]* %) * OVERSAMPLING:
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/f Tuke 1he data from between the second and third bits. where 1L1s

/ leastinttuenced by uncetermined ocutside bits. These segments wiil

“/ later be used to prece tognether § and Q data for regular moduiation.

for 1a=1:a<OVERSAMPLING .as+)
[TablesiBaseindex+a| = IShapel OVERSAMPLING*2 + OVERSAMPLING/2 + a):
QTablesiBaseindex+a) = QShapet OVERSAMPLING? 2 +« OVERSAMPLINGY + af;

i tbGraphity geteno,
¢ Now bunid the 1able for the startup sequence. based on a 1 10011001100 bit syne
“f starung sequence. Startup s special as 1t 15 not surrounded by bits on the

# left side. which makes a shight difierence in the caussian and [ and Q segments.

if thBasestation )

Amayi0] =4 Arravit] = ¢

Amayi2] = o Amavii] =0
telsed

AmaviOl =0 Amavilj =1k

Amav(2] = 1. Arrav(i) = |.
BulldCMSK(Amav);
fandQModulate ),

# Copy Ihe segments salelv away snto a slorage aray. Segments are already
/7 1 their proper order.
for 13=a<OVERSAMPLING * 304+
IStart Tablefa] = {Shape(a+OVERSAMPLING2),
QSunTublefaj = QShapeja+OVERSAMPLING);
]

b

v

- Function w imualize the table oftsets tor ditferent startng phases.
void InitPhaseindicescvoid)

if (bBaseband )|
[QInitj0].1Pointer = ITables:
[QIni{0).QPointer = (JTables:
[QInit{0].1Sign = 1:
[QImit{0).QSign = (;

[QInw{ 11.IPointer = [Tables:
[QImt[1] QPointer = QTables;
[QInit] 1].1Sign = 1:
IQInn{1].QSign = |,

[QImui 2] IPointer = [ Tuables:
1QImir| 21.QPotnter = QTables:
1QIniti 21.1Sign = t.

1QIn1i 2].QSign = |

1QIniti 31.1Pointer = i Tables;
1QIni(3].QPointer = QTubles:
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23 24

1QIniv 3| [Sign = i,

1010t 31 QS1g

efse

n =1

[Qlauiof . tPointer = | Tables:

1QInI{0]. QP

nier = () Tabies:

1QIntju) ISign = 1

1QInt0].QS12

n=1{

1QInui 1] IPointer = (YTables:
Qa1 ].QPointer = (Tables:
IQInut [ 1Sien = |

IQInutf 11.QSign =

1QIniti 27 1Potnter = (Tables:

1QIny 2] QPoy

nter = ()Tables:

1QInn2].1Sign = 1.
1QImitj 2].QSign = 1.

1QInit 3. IPointer = i )Tables.
1Qnut] 31 QPointer = (Tubles:
1QInuf 3] 1Sign = i,
1QInu] 31.QSien = |

vond TestModulated)

/7 Modulation status vanabies:

it BitHistorv;

int Samples{ett:

it StarungPhase

niL* [Pointer. * ¢
int S1gn, QSign:

/1 Contains historv of surrounding bits used
f1n selecune the appropnate gaussian segment

/t Number ot samples remaining in current scgment

. f Cumudatve phase i) tc 31 of bits no loager under
i direct consideration 1n BatHastory

JPomnter: i1 & Q Wavetorm poinlers
& Q Sians (+i- 1

Following lines tor demo code oniy

wt SourceBits] 251 { Bit patiern 10 modulate

~tate 1nt Outputd

[OVERSAMPLING*21}: /7 Place tor storing [ part of wave

static int OutputQ[OVERSAMPLING*21]. 4 Place for storing ( part of wave

int Sampie:
int Bitlndex:

/i Generale a ser

/f Modulated sampte count
/# Index into SourceBits{] Amay.

es ol bits

tor ¢Bitlndex=0:Bitlndex <25 Bitlndex ++{
SourceBits(Bitlndex| = ):

]
l

SourceBisi 2] =
SourceBits(3] =

SourceBitsid] =
SourceBits(3] =
SourceBitsi9) =

1
l

B
b
!
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SourceBits{ 1} = |-

#/ Setup the sarung sequence of moving rrom cartier to bitsync,

it This is different trom reguiar bits. as the non bils tneutral bitsy have a different .
if effect on the | and Q segments 1o be used than regular bits would. We use a special
‘f Starung sequence. which assumes that the start of the modulation 1s 1100. the start
// of the mobue busvne:

if {bBaseswation )

¢* Staring conditions for 11001100 - Base stauon "
Samplesiett = OVERSAMPLING * 2

{Pointer = 1Start Table:

QPointer = QStartTabie:

Sign = [:

QSign= 1.

BitHistory = 6;

StartingPhase = |-

Bitlndex = 3;

telsed

f

* Starung conditions 1ot UB1 1001 - Mobile ransmut */
SampiesLeft = OVERSAMPLING * 1.

{Pointer = (StartTable:

QPointer = ()Stan Table.

1Sign = i,

QSign = {;

BitHistory = {;

StartingPhase = |

Bitlndex = 1

// Generate the wavetorm by sending out segments of the precalculated tables
for (Sample = '-Sample<OVERSAMPLING* 21 . Sampie++

if (SampiesLett == 1)}

// Take the bit no longer used for selecting | and Q segment, and
// add its phase contrbution to StarungPhase,
W (BitHistory & 8¢
StarungPhase = : StarungPhase + 13 & 3,
Jelse!
StarungPhase = (StrungPhase - 11 & 3.
H

// Shift the bits currently under consideration 1o accomodaie new bit.
// MSB is discarded (its phase contribution 15 1s aiready accounted for).
BitHistory = 1iBitHistory << 1) + SourceBits(Bitlndex++) & 15:

// Based an starung phase and surrounding bits. select the appropnate
L and Q segments. Phase shift is in increments ot 90 degrees. Use
i Tables to select the proper phase shifi.

{Pointer = BitHistory * OVERSAMPLING + 1QInit StarungPhase) 1Pointer:;
QPointer = RitHistory * OVERSAMPLING + 1QInit] StarungPhase | QPointer:
ISign = H’)lnil[SmmngPhaseL[Sign;

QSign = 1QInit{StarungPhase|.QSign:

! Now have OVERSAMPLING samples before this calculauon nees repenuon.
Sampiesieft = OVERSAMPLING:
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Crank out vne sampie at a4 me. unti its tme (0 select a new senment.
Samplesleft = §

Outputh Sampie) = *¢1Pointer+++ * ISign:
Outpui[Sampie| = *1QPointer++: ~ ()Sign:

i (bGraphuiti{
inta:

SetGraphParameterst-IANDOQFULLSCALE. IANDQFULLSCALE. Jo*10.
OVERSAMPLING *16.71 and Q segmenis
o ta=a<t b+
TimeMarktOVERSAMPLING “a. -1, RED
]

GraphFunctomQuiputl. CYANY,
GraphFunctuoniOQutputy). GREEN)

1or 1a=OVERSAMPLING® [ fiastia-- s
Qutputtial = 1Outputdial-Outputhia- 1 T tOVERSAMPLING ).
QutpuitHal = (OutputQial-Outpu(a- 111 * (OVERSAMPLING/ I

1

getch(),

SetGraphParameterst-IANDQFULLSCALE. IANDQFULLSCALE. 16*10.

OVERSAMPLING*16."1 and Q stupes 1,
torta=tha<iout+

TimeMark(OVERSAMPLINGa. -1. RED):
|

P

GraphFuncuoniOutpud. CY AN,
GraphFuncuonQutput). GREEN.

getchi),

"

/f How tu use program if used wrang
it

static void Usaget)
I
pnintfi "usage of modtab program:in”
‘modtab {-b] [-g]\n*
‘where:\n"
-b Indicates baseband graphin’
-g Indicates graptung enabledin
-t Indicates base transmutin
-t use ideal samplesin” 1
exaiy.

[ E— ——-

24



5,764.693
29

vo1a mainant arec. char <argvi} )

inta;
char * nutfilename = "moddata.h”.

FILE *outtile:

'/ Interpret the command line arguments.
bGraphit = FALSE:

bBaseband = FALSE:

hBasestation = FALSE:

GaussianFullScale = GAUSSFULLSC ALE.
correct_samples_tlag = TRUE:

tor1a = i.a<argcia++i|

wargv[al{0} == 7 N argv{a}[0} == .
switch targvjal{ 1D {
case ‘g
case G

prntf("Graphine enabledin
bGraphit = TRUE:
break;

case b

case B
prntti “Baseband instead of [ and Qin 1,
bBaseband = TRUE:
break;

case 'f:

case F
pontti “Full scule baseband enabledin™ 3,
GaussianFullScaie = IANDQFULLSCALE:
break.

case 't

case T
pantt "Base stauon transmit sequencen” }:
bBasestation = TRUE:
break:

case '

case T’
panttt "LUsing 1deal sampiesin ).
cormrect_sampies tlag = FALSE;
break:

case o

case 'O
pnmf{"creating output file Crs\n"argvial+l):
outfilename = argv{a)+2.
goto skipcheck:

default:
Usagey);
}
if ¢argv{aj{2]) Usagey:;
~kipcheck::
jelsel
Usage():

|
1f tbGraphut) SetHiresModer );
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“Build the GMSK wavetorm
BuldGaussian +;

“Build the 16 puirs of [ ana  serments and starung segments
BuitdSegments: 1.

{ Initialize phase index tables
TutPhaselndicasi i

! Try out the modulation sceme
TestModuiater ).

HbGraphiyg
SetGraphParameterst- IANDQFULLSCALE. IANDQFULLSCALE. lo=t0.
OVERSAMPLING*16."[ atud Q sexments 1.
Ir ta=Uactbat+
TimeMarkt OVERSAMPLINGa. -1. REDY:

|

traphFuncuond Tables. CYAN
CGraphFuncuoniQTables. GREEN:

setcho),

if (bGraphit) SetTextMode ),

/ Generate an output file of all the segments.
vutfile = topeniouttitename."w "),

ift outtile == NULL )

!
printf"Failed 10 create 'S7+\n".outtilename ).
exte ),

j

tpnnttiouttile. /™),
tpanttioutiiie.” * 75 was created using the command hine:n” vuttilename s:
tpontfioutnle. * "y,
lor (a=t):a<argc,a++1j
fennuriouttile, s ".argvial),

|
!

fprimtitouttile.\n *\n"y;

if (bBasebandy

fprintttouttile.” * This file 1s BASEBANDA ).
lelsed

fprinttiouttile.” * This fiie is | and Q\n");
|
fpamtiouttile,” *An\n' 1,
i if tbBaseband) fprnttiouttile. “#define BASEBAND I\n'),

fprntiiouttile.” INIT 1_swnpies:n ).

forca =1 a < [6*OVERSAMPLING: u+=d)
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iprinttioutrile, “0t0x % 4x00. 0x T 4x00. 0x% $x00,
In% 450" 1 Tables{a) ITablesfa+ | [.ITablesja+2].1 Tables{a+3{%
ha< 16*OVERSAMPLING - 4

fpointrioutile. " 'n 'y,
i

Iprintfiouttile, nin" 1.
tprinttiouttiie, " INIT Q_samples:n ).

for a =13 < 16*OVERSAMPLING. a¢= 4
 Tpnntttouttile. \MOXT 4x00. D3 4xik), Cx x00,
X% 4330 .QTables|u}.QTables{a+ | i.QTublesja+21.QTablesia+3] &
it a< 16*OVERSAMPLING - 4 4
1

fpAmticuttile, " \n "y
t

|
#1fdet NEVER

1}
int Sample;
long MaxMag:
long MinMag:
int MinSampie:
int MaxSampie;
long Mag:
long ISum:
long QSum:
long lAve:
long QAve;

MinMag = UxTFFFFFFF.

MaxMag = 0x80000000,

MinSample = Ox7FFF;

MaxSampie = )x8000:

1Sum =

QSum =11

tor (Sample = 0.5Sample<|6*OVERSAMPLING :Sample++1
Mag = tfong;[Tables|Sumple]) ¢ ((long)iTables|Sample|s

+(Uong)QTables| Sample|s * ({long1QTables( Sample|:

if (MaxMag < Mag) MaxMag = Mag:
if (MinMag > Mag) MinMag = Mag,

pontft"Mag: %Id MinMag: t1d MaxMag: <t 1d\n”. Mag. MinM ag. MaxMag);

if (MaxSampie < ITables| Sample}) MaxSample = [Tables{Sample|.
if (MaxSampie < QTables| Sample}) MaxSampie = QTablesiSample):
if ¢MinSample > I Tables| Sample|) MinSampie = ITables{ Sample};
if (MinSample > QTables| Sampie|) MinSample = ()Tables{Sampic}:

[Sum = [Sum + [Tables| Sumptet:
QSum = QSum + iTables|Sumpliej:
}
{Ave = ISum/ 16*OVERSAMPLING:
QAve = QSum/ 16*OVERSAMPLING:
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printtt“MinSampie: < d MaxSampie ¥ d'n” MinSample. MaxSample):
prnti“[Sume e id QSum: *ild Tave «rld QAve: Fldn” 1Sum.QSum.iave.QAven
prantfi"MagError: i fT% 0 double sMuxMag/idauble N inMag- 1) 100D

getchi s
Tetum:

1
J

#endif
fpnnttioutiile.” nn
tpanttcouttide. " INIT initial _|_wamplesn 1

or a=0:a<3*OVERSAMPLING  a+= 3y

fpantfiouttite. Wu0x % Ia00. Gx% Sx00)

Ox%.4x00" IStartTablela).IStart Tablefa+ 1| 1S1an Tablefa+ 21},
ifl 8 < 3*OVERSAMPLING - 1)
!

fpromittouttile.” ).

'
tpanttiouthle. nn i

tpantttouttile. INIT imual _Q_samptesan’y;

torCa =1 a < 3*OVERSAMPLING. a+= 3)
|
fprinttcouttite, "OXSE $xu0. OxYz 4x00,
0x% 4x00".QS1anTuable(a].QS1an Table[a+ | |.QStart Table{a+21):
it a< I*"OVERSAMPLING - v
{
fprintrcounle,” 'y,

t

1
f

Ipanttiouttile. 'n ');

tpamniouttile. 'y,
[ (bBasebandi{
fprinttiouttile.” INIT carmer _|_sumple: 0x000000:\n ")
fpnnuttoutiile.” INIT camer_Q_sample: 0xQ00000:\n");
leised
fornttioutile.” INIT camer _|_sample: 0x000000:\n"):
fpnmtiouttile.” INIT camer_()_sample: Ox7fI00:AN");

} -

fprinttiouttile. \n"y.

exit 0,
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IL. Tuble for Quadrature Phase Medulation
i

* objumoddatig.h: was created using the command hine:
* abjumodtab.exe -3 -nobpimoddatqg.h

* The data 1s in the 16 MSB of the 24 b words, which
© are used by the DSP when geting data trom program
* memory.

* This file is | and Q
4

-

INIT I_samples:

[1xay 1 100. Oxb0b200, OxbBA10. (xe 6000,
1x€a5300. 0xd39200. 0xdd2800. Cxebectl).
OxfOdBO0. OxfadcDO, 0x04e700, Ox{eenl).
Ox18d800. 0x22900. Ox 2¢2d00. Ux 357600,
1x3e6b00. 0x46£c00, Ox4F1e00. 0x56¢200.
1%290500. 0x602000. 0xb8b400, xc | 3500,
Oxeal400. 0xd34000, 0xdcav00. Dxe63d00.
lIxeteb00. 0xtP9F00. 0x034700, OxUce (0.
162500, 0x 13600, 0x271200. 0x304500,
1x382400, 0x3{7600. Ox46Ki00. Ux4c8500.
x9deBX0. 0xa25300, 0xa69c0). Uxaaax00,
(xae3f00. Oxblaai0. 0xb47300. Uxbsaddl).
OxbB4a00. 0xb94300. 0xb99600. DxbI4TO0.
(xb85d00, 0xb6e700. Oxb4t300. Oxb29700,
Oxateal0. 0xad0400. 0xa9fd00. Oxabeelx).
0x9dde00. 0xa24300. 0xa68300, (xaa8300,
Nxae2a00. Gxbi5e00. 0xb4)a0o. 0xb61b00.
x5678500. 0xb83c00. Dxb83c00. 0xb78500.
Nxb61b00. 0xb40a00, Oxb15e¢G0. Oxae2a00.
Oxaad300. 0xa68300. 0xa24300. 0x9dde00.
0xa70300, Oxaai400. Oxad I b0O. 0xb00200.
0xb2af00. 0xb50c00. 0xb70000. C0xb87700.
Oxb95000. GxbIbO00. 0xb95c00, OxbBE3IN0.
0xbb6c600. 0xb48c00, Oxb1¢200. Oxae7600.
1x2abt00. 0xa6b200. 0xa26800. 0x9dfc00,
1xa70f00. 0xaa2500. Uxad3500. Gxb02800.
Dxb2e700, 0xb55900. 0xb76c00. 0xbYObOD,
xba2800. OxbabalQ, Oxbabal0, 0xba2800.
0xbS0bO0. 0xb76c00. 0xb55900, Uxb2e700.
0xb02800. 0xad3500. Oxaa2500. 0xa70f00,
0xb35600. 0xb98600. 0xc04900, Oxc79500.
Oxcf5e00, 0xd79700, 0xe02d00. Oxe90e00.
0xf22500, Oxfb5e00, 0x04a200, 0x0ddb00.
0x 16£200. Ox 1d300. 0x286900. 0x30a200,
0x386b00. 0x3fb700. 0x467200. Oxdcaalo.
0xb36300. 0xb99200. 0xc06700, Oxc7c 100,
0xcf9f00. 0xd7£200. Oxelaclo, Oxesbd00,
0x£31300, 0xfc9b00. 0x064200. 0x0FFT00.
0x19a500. 0x233a00. 0x2¢a300. 0x35d100.
0x3eb000. 0x473200, Ox4t4800. 0x56e400.
Ox4¢9d00, Dx466600. 0x 339, 0x383700.
0x306100. 0x280e00. 0x | f5400. Gx 164300,
Ox0ced0. 0x036500, 0xfYbeG0. OxG900.
Oxe65b00. 0xdec600. 0xd35300. Oxca2f00.
Nxe15000. 0xb8ce00. OxbObS0O. Gxay 00,
Ux4caan0. 0x467a00. 0x3fb700. 0x386b0Q.
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1x30a200. Dx286900. 0x 1{d300. Ux 16200,
11x0ddb00. 0x04a200. Uxth5e00. Gx122500.
1xe90e0. 0xe2d00. 0xd79700. Uxct3e00.
11x¢79500. 0xc04900. 0xbY8600. Uxb33600.
xS58f100. 0x55db00. 0x52cb00. Ox4tdB00.
i1x4d 1900. 0x42a700. 0x489400. Ox46f500.

5.764.693

Nx45d800. 0x454600. Ux454600. 0x45d800.

Nx46f500. Ux489400, 0x4aa700. 0x441900.
x4fd800. 0x52¢b00. 0x55db0G. 0x58f100.
0x58£d0N. Cx55ec0d. 0x52e500. Ox4ifeQ0.

Nx4d5 100, Gx4at400. 0x490000, Dx478900.
02462000, Ox465000. 0x46a400. 0x479400,
x493200. Oxdb7400, Oxde3e00, 0x318a00.
(1x554100. 0x594e00. 0x3d9800. 0x620400

N1x622200. Ux5dbd00. 0x597d00. Ox537d00.

0x51d600. Ox4ea200. Ox4bl600. Uxd9e500.

11x487500. Dx47c400. Gx47c4K). Ox487b00.

0x49e500, 0x4bf600. Ox4ea200. Dx51d600.

0x557d00. 0x597d00. 0x5dbd00. 0x622200.
0x621800. 0x5dad00. 0x596400. 0x355800,
0x512100. 0x4e5600. 0x4bBd00. 0x495300.
1x47b600, 0xd6bd00, 0x466a00. Ux46b900,
x47a300. 0x491900. 0x4b0d00. Nx3d6900.

Dx5016(K), 0x52fc00. 0x5360300, Ux391200.
(1x56fb00. 0x4£6000. Ox474c00. Ox Jech).
0x35ec00. 0x2cc000. 0x235700. Ux19¢300.
Ox101500. 0x066100. 0xfch900. Oxf33100,
0xe9db00. Oxevca00. Oxd80e00. OxcfbblO.
Oxe7dc00, Oxc8100. 0xb9b300. Oxb3TH00,
Ox56ef00, 0x4f400. 0x472[00. UxIealilo.

0x35ad00. 0x2c6600. Ox22d800. 0x 191400,

0x0f2800. 0x052400. Oxfb1900. Oxf11500.
0xe72800. 0xdd6200. 0xd3d300. Oxcasa00.
0xci9500. 0xb90400. Uxbie200, 0xa93e00:

INIT Q_sampies:

Uxa20f00, Ox9b8900. 0x95a000. 0x905£00.
OxBbeet). 0x871400. 0x844700. Ox827400,
0xB0e80C, 0x801c00. Dx801a00. 0xB80e 100,
0x827100. 0xB4c700. 0x87df00. Dx8bb501).
Ox804200. 0x957f00. Ox9b6300. Oxaie600.

0xa21a00. 0x9b9800. 0x95b400. 0x907800.

0x8beb00, 0x881500. 0x84H00. 0x82a000.
0x810500. 0x802a00. 0x800¢00. 0x80a600.
0x81f000. 0x83df00. 0xBOH6600. 0x8ITS00,
0xBcfa00. 0x90de00. 0x950a00. 0x996600.
Oxadc800. 0xa8c800. 0xa46500. Uxal9d00,
0x9d6a00. 0x9ac800. 0x98af00, 0x971700,
0x95£c00. 0x955400. 0x951e00. 0x955200.
0x95eet)0. 0x96ef00. 0x985200. 0x9al 100,
0x9¢2800. 0x9e8e00. 0xal3700. Oxad 1500,
0xadd400. 0xa8d900. 0xa47d00. Oxa0bedO.
0x9d9700, 0x9b0200. Ux98fc00. 0x977e00.

0x968200, 0x960500. 1x960500. 0x968200.

0x977¢00. 0x98£c00. 0x9b0200. 0x9d9700.
xa0be00. 0xa47d00. 0xa8d900. Oxadd400.
1)x5c0000. Ox5ede00. Ox618600. 0x63ebd0.

Ox660 100, Ox67¢000. 0x692200, 0x6a2300.

Ox6abf00, Ox6af300). Ox6abeH. Oxbal 500,

30
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11%68f200. 0x676300. 0x6 5408, 0x62a900,
x5E7800. 0a3bb000. Ux 57400, 0x325000.
(1x5¢0b00. OxSeeev0. 0x6] 9¢00. 0x640a00.
Ux662b0G. 1x677800. 0x696d00. 0x6a8600.

Ax664200. 0x6ba000. Ox6ba00n. 0x6b4200.

11x6aB600. 03696d00, Nx67£800. 0x662b00.
0x640a00. 0x6 19¢00. OxSeeeVO. 0x5c0b00.
0x667200. (1x6ad800. Ox6£0200, Ux72e300.
0x766500. 0x797200. Ux 76900, Ux 7decOo).
0x713e00. 0x7fe900. 0x7§900. Ox73e00C,

3x7dectl. 0x7HFI00. 0x797200. 0x 766500,
(1x72e300. x6£0200. Ux6ad800. 0x667e00.
0x668800. Ux6ae300. 0x6f1300. 0x72£900.
Dx767100. 0x799000. 0x 7c 1200, 0xTe0bO).
0x7€5700. Cx 7f300. 0x7d700. Ox7eff00.

0x7d6600. 0x760d00. Ux77F500. 0x742100,
0x6f5700. 0x6a5d00. Ox647500. 0x5dfb00.
0x668800. Ox6ae500. 0x6¢1300. 0x720900,
0x767100. 0x799000. 0x7¢ 1200, 0x7e0b00.
0x715700. 0x7£300. 0x 764700, 0xTe ff00,

9x7d6600. 0x7b0d00. Ox T7£500. 0x742 100.

Nx613700. 0x6a5d00. 0x647b00. Ux5dibG0.
Nx667e00. 0x6ad800. (1x610200. 0x72e300.
Nx766500. 0x797200. OxIB900, UxTdectn).
0x7f3e00. 0x7fe900. Ox7(e900, 0x 7300,

0x7aec00. 0x7bI00. 0x797200. 0x766500.
0x72¢300. 0x6f0200, 0x6ad800. 0x667e00.
0x5¢0b00. OxSeee00. 0x619¢00. 0x640a00,
0x662b00. 0x67FR00, 0x696d00. 0x6a8600.

Gx6b4200. Ux6bali00. 0x6bal00, Ox6b4200.

0x6a8600. 0x696d00. 0x67fB00C. 0x662b00.
0x640200. 0x619¢00. Ox Seeeti), 0x5¢0b00.
0x5¢0000. OxSede00, 0x6 18600, 0x63eb00.

0x660100. 0x67c000, 0x692200. 0x6a2300.

Ox6abt00. 0x6af300. 0x6abc00, Ox6al500,

0x68fal0. 0x676300. 0x654b00. 0x62a900,
0x5f7800. 0x5bb000. 0x 57400, Ox525000.
Dxadd400. Gxa8d900. 0xa47d00. OxaUbel)).
0x9d9700. 0x950200, Gx98£c00. 0x977¢00,
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0x968200. 0x960500. 0x960500. Ux968200.

0x977e00. Gx98fc00. 0x9b0200, 0x9d9700.
(xa0be0. Oxad7d00, 0xaBd900. 0xadd400.
Oxadc800. 0xa8c800. 0xa46500. 0xa09d0o,
0x9d6200. 0x9ac800. 0x98a£00, 0x971700.
0x95£c00. 0x955400. 0x95100, 0x955200,
0x95e€00. 0x96ef00. 0x985200. 0x9al 100,
0x9¢2800. 0x9¢8c00. 0xal3700. Oxad | 500,

0xa2 [a00. 0x9b98B00. 0x95b400. 0x907800.

0x8beb00. 0xB81500, (x84H00. 0x82a000.
0x810500. 0x802200. 0x800¢00. 0x80a600.
0xB1fD00. 0x83dfD0. 0x866600, 0x897500,
OxBcfa00. 0x90de00. 0x950200, 0x996600.
0xa20f00. 0x9b8900. 0x952000, 0x90500.
Ox8bcetn). 0x87F400. 0x84d700, 0x827d00.
0x80e800. 0x801¢00. 0x801a00. 0x80e100.
0x827100. 0x84¢700. 0x87df00, Ox8bb500.
0x904200. 0x957100. 0x9b6300. Oxaleb00:

INTT inuual _I_samples:
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T fEFB0G. OxFEFSO0. Uxtief00.
Oxtfe800. Oxttdedd. Uxtfd 100
OxFEBFOO. Oxtta700. Ox1FRO00.
DXEF6200. OxfE3000. Gafer100.
ixfeal00. Oxteded0. Oxfde300.
Nxfd2c00. 0x£e7400. Gxfb9700
Oxfa8e00. Ox19540%). Oxt7e 1Kt
1xf62100. 0x143600, Uxtif100.
Uxef5900. Oxeco900. Uxed1c0U.
Nxe536e00. Oxe { SRO0. Uxdcefl.
0xd82100. 0xd2fb00. (xcd8500
0xc7ch00. Oxeldbd). Oxbbedix)
(xb39800. Uxateeli). Uxav5200.

xa36000. 0x9dabl0. Gxy84700.

Nx934800. UxBebfD0. Oxsabclt).

(1xB874400. 0x847e00. UxE25800).
(1xB0e200. (1x802000. Ox¥01100.
Nx8Ob40, 0x820200. 0x83F300.
0xB67a00. 0x898800. 0x8d0bOO.
0x90ed00. 0x951700. Gx997100-

INIT inival_Q_samples:

0xT{fe00. Ox7ffe00. OxTffedn.
UxTfe00. OXT1fe00. Ox 7ffeti}.
0x71fe00. Ox7[fe00. Ux7ffe00.
Ox7{fe00, Ox7ffe00. OxT7fFA).
Ox7ffd00, Ox7ffb00. Ox7ff900.
Ox7ff600. Ox 71200, Ox 7feb00.
0x7fe100. 0x7fd200. 0x7fbe0.
0x79e00. 0x7£7300. 0x 73800,
0x7ee800. UxTe7c00. Ox7deed).
0x7d3 500, 0x7c4600. 0x7b 1900,
0x79a000. 0x77d100. Ux759et)),
0x72{e00. 0x6fe500. Ox6c4al0,
0x682500. Ox637200. 0x5e2d00.
0x585600. Ox51efI0. Ox4at1d0.
0x438c00. 0x3bal0C. 0x334a00,
0x2a3960X). Ux219600, 0x 1 85b00.
Ox0ef800. 0x058100. OxfcOci),
Oxf2ab00. Uxe97400. OxeQ7hol
Oxd7d300. Oxct8d00, UxcTbatx}.
0xec06700. 0xb9a000. 0xb36d00:

INIT carmer_|_sample: 0x000000;
INIT carmer _Q_sample: 0x7fff00:

5.764.693
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[I1. Table for Baseband Moduiation

* nbimoddatbb h: was created ustng the command line:
* nbjmodtab.exe -b -f -i -oobjimoddatbt h

* The data1s in the 16 MSB of the 24 bt words. which
© are used by the DSP when getung data trom program
" memory.

.

* This file is BASEBAND

!

INIT I_sampies:

0xBO1e00. 0x801600. 0x801 100. Ox300d00.
1x800a00. 0x800700. 0x800600. UxB00500
{1xB00S00. 0xB00400, 0x800S00. Ox300500,
11x800600. 0xB00700. 0x300a00. 0x800400.
3x801 100, 0xBO1600. 0x80 100, 0x302900.
0x808600. 0x80a400. 0x80d300. Ux31 1100.
Ox816400. 0x81d 100. 0x825¢00. 0x830f00.
0x83ef00. 0x850400, 0x865bX). Ux871b00.
1x89ee00. 0x8c4500. 0x810R00. 0x924300,
12960500, 0x9a5200. 0xYf4c00, Oxade 300,
OxableU0. Oxb1e800. 0xb96d00. Oxc19300.
0xca3000. 0xd38b00. 0xdd2:00. Oxe71100.
OxfL1100. 0xfb000O. 0x04af00. Ox0def00.
(x 169400, Ox 1e6d00. 0x255800. 0Ux2b3300.
0x2fdd00. 0x334600, 0x355c00. 0x 361700,
Oxab7600, 0xb27600, 0xba2f00. 0xc 29700,
Oxebaal0. 0xd55500, Oxdf8400. Oxeaib0o,
0xf4fb00. 0x000000. Dx0bO500. 0x 1 5¢500.
Gx207c00. 0x 22ab00. 0x3145600. 0x3d6900,
0x45d100. 0x4d82a00. 0x 548200, Ox5adi00.
0x355c00. 0x334600. 0x2fdd00. 0x2b3300.
Ox255800. Ox 1e6d00. Ox 169400, 0x0def0Q.
0x04af00. 0xfbO000. Oxt11100. Oxe71100.
Oxdd2c00. 0xd38b00. 0xca3000. 0xc 19300,
0xb96d00. Oxb 1800, Oxable00. Oxade300,
0x35c400. 0x33d400, Ox 309100, 0x2c3700.
x265200. 0x203700. 0x 18ecU0. 0x LOFI00.
0x089900. 0x000000. (xi76700. OxetQ700.
Oxe71400. 0xdfc900. Oxd94e00. 0xd3c900.
0xef6100. Oxcc2c00. OxcadclO. 0xcv9d00.
0x604c00. 0x651800, 0x693900. Ox6cb900.,
0x6£9¢00, 0x7 1£100. 0x73ba00, Ox74b00,
0x75bb00, 0x75£¢00. 0x75bb00. Ox74b00.
0x73ba00, 0x71f100. 0x69¢00. Gx6cb300,
0x693900. 0x65 1800, 0x604c00. Ox5ad 100,
0x60b400. 0x652600. 0x69fb00. Ox6dbd0.
0x70f800. 0x73bb00. 0x761200. 0x780500.
0x79a500. 0x7afc00. 0x7¢1100. 0x7¢f100.
0x7da200. 0x7e200. 0x7e9¢00. 0xTeet00.
0x7f2d00. 0x75¢00. 0x7{7a00. 0x 78500,
0x9£4c00. 0x9a5200. 0x960500. 0x924300.
(x8f0B00. 0x8c4500. Ox8%eet)0. Ox87FH00.
0x865b00. 0x850400, 0x83ef00. 0xB30f00.
0x825¢00. 0xB1d 100, 0x8 16400, Ox81 | 100.
0x80d300, 0x80a400. 0xB08600. 0x807500.
0x9fb400. 0x9aeB00). 0x96¢700. 0x934700.
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2x906200. 0x8e0f00. 0x8c4600. 0x8H0500.

"1xBa4500. 0x8a0400. 0x824500. 0x8b0500.
1x8c4600. 0x8e0f00. (0x906200. 0x934700,

1x96¢700. 0x9ae800. 0x9b400. 0xa32f00.
fixca3c00. Oxce2c00. Oxcf6100. Dxd3¢900.
1xd94e00. Gxdfc900. 0xe71400. (xefQ700.
Nx£76700. 0x000000. 0x089900. Ox 10900,

x18ecl0. 0x203700. 0x 26b200. 0x2c3700.
11x309f00. 0x33d400. 0x35c400, 0x366300.

Oxcaad00, Oxccba00. 0xd02300, Oxdded00,
+xdaad00. 0xe19300. 0xe96¢00. 0x£21100.
0xfb5100. 0x050000. OxVeetl0. Ox | 8ef00.

(1x22d400. 0x2¢7500. 0x 355000, Ox 3e6d00.
1x469300. Oxde 1800. 0x54f200. 0x 5b 1400,
11x548a00. Ox4dBa00. 0x45d100. 1x3d6900.
N1x345600. 0x22ab00. 0x207c00, Ox | 5¢500.

0x0b0S00. 0x000000. OxF4fb00. Uxealblo.
0xdf8400. 0xd55500. 0xcbaad0. 0xc29700.
Oxba2f00. 0xb27600. Oxab7600. 0xa52£00.
Ox541200. 0x4e 1800, 0x469300. 0x3e6d00.
0x35b000. 0x2¢7500. 0x22d400. Ox 1 Bef0Q.
(1x0ee100, 0x050000. Uxtb5100. 0x£21100.
Ixe96c00. Uxe19300. 0xdaa800. (xddcd00,
xd02300, Oxccba0. 0xcaad00. Uxcedd.
OxTE7a00. Ox7£Sc00. Ox 7£2d00. Ux7eetd.

0x7€9¢00, 0x7e200, 0x7da200. 0x7cf100.

0x7c1100. 0x7afc00, 0x792500. 0x780500.

0x761200. 0x73bb00. 0x70800. Dx6dbd00.
0x69fb00. 0x652600. 0x60b400. Ox5b1d00.

0x76e200. 0x7fea00. Ox7fef00. 0x7{F300.
Ox7£f600. 0x7FR00, 0x7(fa00, 0x 7FbOO.
Ox7ffb00. Ux7€c00, 0x7fb00. 0x7b00.
Ox70fa00. Ox 7{f900. 0x7ff600, 0x7££300.
Ox7(ef00. 0x7ea00. Ox7£e200. 0x7§d700:

INIT Q_sampies:

0x7{e200. 0x7fea00. Ox7fef00. Ox7£F300.
Ox7(600. Ox 76900, 0x7Ffa00. Ox7FHOO.
Ox7Efb00. Ox7ffc00. Ox7fb00. Ox7FHOO.
Ox7€fa00. Ox7£/900. 0x7ff600. Ox 7f£300.
0x7fef00. 0x7fea00. Ox7fe200. Dx7fd700.
0x7€7a00. 0x7f5¢00. 0x7f2400. OxTeet Q0.
0x7e9c00. 0x7e2f00. 0x7da200. 0x7cf100.
0x7c1100. Ox7afc00, 0x79a500, 0x780500.

0x761200. 0x73bb00. 0x70£800, Vx6dbd00.

0x691500. 0x652600. 0x60b400, 0x5b1d00.
0x54£200. 0x4c1800. 0x469300. Ox 36400,
0x35b000. 0x2c7500, 0x22d400. Ox I 8200,
0xOeef00. 0x0S0000. Oxfb5 100, Oxf21100,
Oxe56c00. 0xe19300, OxdaaB00. Oxd4cd00,
0xd02300. Oxcebal00. Oxcaad0. 0xc9e900.
0x548a00. 0x4d8a00. 0x45d 100, 0x3d6900.
0x345600. 0x2aab00, 0x207c00. Ox 15e500.
0x0b0500, 0x000000, 0xf4fb00. Uxeal bOO.
0xdf8400. 0xd55500. Oxcbaal0, 0xc29700.
0Oxba2f00. Uxb27600. Uxab7600. 0xa52M0.
0xcaa+00. Oxceba00, Oxd02300. Gxd4cd0o.
Nxdaag00. Oxe 19300, 0xe96c00. 0x£21100.
Dxfb5100. 0x050000. UxOeetl0. Ox 1 8ef00.
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0x22d400. 0x2c7500. 0x35b000. 0x3e6d00.
Dx469300. Ox4e1800. 0x54£200. 0x5b1d00.
hxeadc00. Oxcc2e00, Oxei6 100, 0Oxd3c900.

0xd9400. 0xdfc900. Oxe7 1400, Bxef0700.

0xf76700. 0x000000. 0x089904. 0x 10900,
Dx18ec00. 0x203700. Ux26b200. 0x2¢3700.
0x309100. 0x33d400. 0x35c400. Ux366300.
0x9fbd00. 0x9ae800. 0x96¢700. 0xY34700,
0x906200. 0x8e0f00. 0x8c4600. 0x8b0500.
DxBa4500. 0x8a0400. 0x324500. 0x8b03500.
0x8¢4600). 0x8e0f00. 0x906200, 0x934700.
0x96¢700. 0x9ae800. 0x9b400. 0xa52{00.

0x9f4c00. 0x9a5a00. 0x960500. 0x9 2430,
0x8f0B00. 0x8c4500. (x89¢e()). 0x871b00,

Ox865600. 0x850400. 0x83ef00. (Hx830£00.

0x825200, 0x81d100. 0x816400. 0x811 100.
0x80d300. 0x80a400. 0x808600. 0x807500.

0x60b400, 0x652600. 0x69H00. Ox6dbd0s.
0x70f800. 0x73bb00. 0x761200, 0x 780500
0x79a500. 0xTafe00. Ox7c1100, 0x7cf100.
0x7da200. 0x7e2100. Ox 7900, Ox7eef00.
Ox7£2d00. 0x7F5¢00. 0x7§7a00. Ox7f8b00.

0x604c00. 0x651800. 0x693900. Ox6cbodn,

0x6£9e00. 0x71£100. 0x73ba00. Ox 74 HO0.
0x755b00, 0x75£c00. 0x75bbON). Ox74fb00,
0x73bato. 0x71£100, 0x6f9e00. 0x6ch900.

0x693900, 0x651800. 0x604c00, 0x5ad 100.

0x35c400, 0x33d400. 0x309600. 0x2c3700.
0x26b200, 0x203700, 0x18ec00. 0x 10900,
0x089900. 0x000000. 0x{76700. 0x&f0700.
0xe71100, 0xdfc900. Oxd94e00. Oxd3c900.
Oxef6100. Oxcc2c00, Dxcadc00. 0xcv9d00.

0x355¢00. 0x334600. 0x2£dd00. Ux2b3300.
0x255800, Ox 1e6d00, Ox 169400, 0x0de 00,
0x04af00, 0xf50000. Oxf1 1 100. Oxe71100.

0xdd2¢00. 0xd38b00O. Bxcas000. Oxc 19300,
0xb96d00. 0xb1e800. 0xab0e00, Oxade300,
Oxab7600. 0xb27600. Oxba2f0o. 0xe29700,
Oxcbaalk). 0xd55500. 0xdi8400. Uxea bOO.
0xf4fb00. 0x000000, Ox0b0500. Ox15e500,
0x207¢00, 0x2aab00. 0x345600. 0x3d6%00.
0x45d100. 0x4d8a00. 0x548a00. 0x5ad100.
0xab0e00. 0xb1e800. 0xb96d0C, Oxc 19300,
0xca3000. 0xd38b00. 0xdd2c00. Oxe7 1100,
0xf11100. 0xf60000. 0x04af00, 0x0def00.

0x 169400, Ox Le6d00. 0x255800. 0x2b3300.

0x2£dd00. 0x334600, 0x355¢00. 0x361700.

0x808600. 0x80a400. 0x80d300, 0x81 1100,

0x816400, 0x81d100, 0xB25¢00. 0x830f00.
0x83ef00. 0x850400, 0x865b00. Ox87(b00,
0x89ecU0. 0x8c4500. 0x8f0800, 0x924300.
0x860500. 0x9a5200. 0x94c00. Uxade300.

OxBO 1200, 0x801600, 0x8C 1 100. 0x800d00.
0x800a00. 0x800700. 0x800600. 0x800500.
0x800500. 0x800400. 0xB00500, 0x800500.
0x800600. 0x800700. 0x800200. 0x800d00.
0xBO1100. 0x801600, 0x801e00. 0x802900;

INIT iniual _[_samples:
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(xffec00. 0xtfb900. OxFI9F00.
Oxft7e00. 0xff5300. OxFf1500.
Oxfed<400. 0xfe7b00. Uxfe0b00.
Nxfd8000. Oxfedd00. Hxfc0300.
Nxfb0300. 0x9dd00. Oxf8THO).
Dx£6dc00. Oxf4f900. Oxf2cb00.
Nxf04€00. Oxed7d00. Uxea5400.
Dxe6d000, 0xe2f100. GxdebbOy.

Nxda3000. 0xd55900. 0xd04100.

Dxcat300. 0xc38500. 0xc00200.
Dxba8100. 0xb51200. 0xafe800.
Dxaab200. 0xase000). 0xal5b00.

0x9d2d00. 0x995900. 0x95¢500.
0x92d200. 0x901d00. 0xBdc600.

0xBbedU0. 0x8a2c00. 0x88e300.
0x87fD00. 0x875200. 0x870a00.

0x871a00, 0x878400. Ux885100.
Ox89B200, Ox8b1d00, 0x8d2e00.

0x8fbb00, 0x92¢e00. 0x967300.
0x9abd00. 0x9PbLO0. 0xa5200:

INIT iniual_Q_sampies:
Ux003400. 06x004700. 0x006100.

Ox008200. 0x00ad00. 0x00e500.
0x012¢00. 0x018500. 0x01£500.
0x028000. 0x032c00. 0x03£d00.
0x04700. 0x062300. 0x078500.

0x092400. 0x0b0700, 0x0d3500,

0x0fb200. 0x128300. Ox | 5ac00,
0x393000, Ox 1dOE00. 0x214500.
0x25d000. 0x2aa700. 0x2{bf00.
0x350b00. 0x3a7b00. Ox I ffe00.
0x45700. Dxdaee00. 0x503800.
0x554€00. 02522000, 0x5ea500.

0x62d300. 0x66a700. 0x6alb00.

0x6d2e00. 0x6fe300. 0x723a00.

0x743300. 0x75d400. 0x771d00.

0x781000. 0x78aet), 0x 78600,
0x782600. 0x787¢00. 0x77af00.

0x767e00. 0x74¢300. 0x72d200.
0x704500. 0x6d3200. 0x698d00,
0x654c00. 0x606500. 0xSad 100;

INIT camer_|_sampie: 0x000000:
ANIT camer_Q_sampie: 0x000000:

5.764.693
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APPENDIX B
MODULATION/DEMODULTION 3ND COMMUNICATIONS PROTOCOL SOFTWARE
|. Recetve Code
MODULE/RAM Jdecoae;
sinciude "dip.h”

sinclude “dspemd.h”
pinclude “hip.h”

.

et e e e e e e e e .t
ENTRY stan_decode:

ENTRY find_next_head:

EXTERNAL get_filtered _sumple:

EXTERNAL adjust_sampling _and_read _rssi;

EXTERNAL init_tulier:

EXTERNAL stan_slot_timer:

EXTERNAL queue_signal.

GLOBAL netwaork _id,

..o e -y

VAR/DM/CIRC bitsvne _buttTi2 44,
INIT brtsync _butl: x 2000 (032060, Ox 2000, 0x 2000, Qx2000, 0x 2000, Ux 2000
0x2000. 0x 2000). 1 2000, Ox 2000, Ox 2000, 0x 2000

VAR/DM ISSE_save,

CONST NOISE_DECAY =31130:/* 0095 */

CONST DC_DECAY = 132162:/* 09815 */

CONST DC _PASTWEIGHT = -2416; /* 1/12* 1.106* 08 */
CONST DC_NEWWEIGHT = i020; /* I/12* 1 106 */
VAR/DM network _id:

INIT network 1d: Oxecdd?.

VAR/PM/RAMI/CIRC single_bisitol,

{NIT simgie _bits: Ux800000. 0x400000. (x 200000, 0x 100000,
Gx0BOO0U. V040G, Ux020000. UxU 1O,
Ux0Q08000, UxUU0, UX002000, UxU0 100,
0x000800. 0x000400. BX000200. DxO00100:

VAR/DM DC_Level:
PORT debug_cut;

..

*!

start_decode:
call init_filter:
ayl = x2000;
dm(DC_Level) = avi:

tind_nexi_head:

ayl = dmiDC _Level): ™ avl 15 used to store dc levet */
mxi =avl; * mxi contans old sampie =/

ax| =1, ™ axi 15 used (0 store noise total. */

15 = ~bitsync_butt:

15=12+1.

m3=0;
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sVAC_scarch:
call get_tiltered _sample. »* must preserve 1315 m3avianh.mxd.yl =/
Jmidebug _outs = i
- does not corrupt: mxi.mv {.axi.avtayi *
‘= does corrupt: si.srU.sr1.axy, mxy.myvd.mru.me bmrl #!

dmad.may = mrl

ivy = mxl:

ar = mrl-ay). mxt = mri: * ar now conains Sa-Sn-j Y/

mwJ = ar

mr = ar*myd) (ss3, mxu = ax i /* (sampie-oldsampiey * t«ample-vldsample) */
myl = NOISE DECAY:

M= M+ mxU”myd (881 /= decaving old notse */

axl =mri;

*axl now contans updated nose index *f

* now update the DC level readings </
/% mi = current sampie
mvU = DC_NEWWEIGHT.
mr=mxl " myy (sshonxy = avle 7 mxu = past DC Tevel =/
myt = DC_DECAY.
Mr = mr + mxd * myvy s, mxU = dmaS.m3n© mxy = past sample */
myV = DC _PASTWEIGHT,
me=mr+ mx * mydimdy
* mri now contans new DC level */

/* now apply the critena for determuming bit svacchonization */
Jdmidebug_out) = ayl;

* critena 1: ‘noise’ must be above a cenain fevel ¢/
avl = 550;

ar=axlt - ayy, ayl = mri;

If 1t jump sync_scarch:

/* cniena 1. ‘noise’ must be below a certam level =/
avt = 1600:

a=axl-avy,;

if gt jump sync_search:

{* cnterta 3: oldest sample 1n history butfer must be above threshold */
a0 = 700:

af = ax0 + avi, ax0 = dmns.m3);

ar = af - ax). ax0 = mx1;

if gt jump sync_search:

/* cnteria 4 newest sample in history buffer must be above threshold */
ar=af - axt:
of gt jump svnc_search:

/* now correlate to 2 khz sine wave to get data for next critena */
/* use AR and AF to teed stutt back.*/

ar = pass (1

onw = 3

avl) = dmaiS.mdy. al = pass O:
* mias aiready 1 */
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4§50 sin_loop unul ce;
A= a0 4+ avy, axV = dmud.m4
af = ax0 « ar. ay0 = dmis.md;
ar = ar - avy, axt = dmiis.me

$In_luop: ar = at - axu. ayu = dmas.md ),

i

i~

" ar and af now contn sin and cos components */
"* 15 shouid be what it was before the loop

* make sure af < ar */
ax0 =ar.ar = ar - af:
11 it jump svnc _search:

* make sure at > -ar */

ar = ax0 + at. my| = axy;

ar=ar+ 312 * add tolerance tor border cases */

1f 1t jump svne_search: #* which could have tajled on last check */f
/* but corssed the border since */

mxt = axy, ar = pass at:
ME=mxuU * mylssy. my) = ar: /% square the ongmnal ar component *f

M=+ a5 * myd (Ss 1, * square the ar compenient * -
avl) = 1700;
ar=mrd - av; I* threshold */

/* make sure sumusordal component s of a certun size at least =/
:f It jump sync_search:

4
/* by now we are cenaun that the bit sync is real. Now prepare o use it */
~/
ayl =t);
af = pass axy,

* dvidend 15 1n at:avy, which comains originat s:n_loop at result =/
'* divisor 1s 1in srU | which contains ongnal sin_luop ar result =/

divs at, ar;
ootr = 45
do div_lnop unul ce:

div_loop: divqar:

/ the result of this ts 1n avl) and can span the full range of a signed */
* integer. now use this value 1o compute the adjustment */

* Adjustment = § * 1.243 + 573 * .).25 %/
™ scale umes 768 */

mx0 = ayy;

myU =955, /* linear scale factor */
mr = mxC * myuU (ss1, myd = mxQ;
mf = mxd * myV (md);

mf = mxV * mf (md,

mx0 = -192: ' cubic scale factor =/
mr = mz + mat * mt (md),

* Result: between - 768 and 768 in mri (thanks o 1.15 arithmete) */
* each increment of 256 ts one sumpie's worth. =

* now add an arbitrary value for tweaking, -
w0 =712

39
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ar=mrl + avi,

Jdmtdebug _outy = ar;
dm(debug_oun = ar;

™ now divide bv 256 to calculate actuai number ol samples to adjust </
sr = ashaft ar by -8 o)

“* result s 1n the range of -6 10 +o 10 st */
call adjust_sampling _snd read _rsst:

= avU now contains the raw rsst valoe. *¢
Jmirssi_saves = avu,

-

/* Bit syac 1s completed and RSS1 is read. set up for tit decoding

i

.

set_jevels:

* next: Set the inigger levels </

VAR/DMMRAM Threshold _Last L,
VAR/DM/RAM Threshold _L.ast_0.
VARDM/MRAM Threshold _Next_ Bt

I

/* ay ! contains the DC level from busvae !
=2

dam(DC _Leveny = avi:

ar = axt) + avl,

dmtThreshoid _Last_{} = ar:

ar=ayi - axy;

dm(Threshald _Last_0) = ar;

dm(Threshold _Next_Bit) = avl;

M

/* Now search for frame sync °f

/*

M

{* tnttialize inwiad frame svne to ail s, Canadian and us trame */
™ syncs sttt with a L. so this improves our chance of getng it =/
*1f we were late by one bit on carching 1t/ !

si0 = Oxf{ff,

/* search for frame svnc for 24 bit imes */
catr = 24:

do fsync_search unul ce.

cntr = 1
call get_n_bits_cdata: /* uses: AY 1. AX1. AF. SR.SL.CNTR */

/* xor current shafter contents with network id word */
ay0 = DM(network _id,

ar = srl xor av(:

axQ = ar;

/* count number of incorrect bits =/
14 = ~single_bits:

ayQ = pmus.md), at = pass U:

cne = 16

40
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* loop for bits */
do count_errors unul ce:
ar = axy and ayt). ayU = pmiis m4d);
count_errors: ifneat=af + -

/* AF now contains number ot rusmatches */
af =af - I
if le jump found _frame _sync:

fsyne_search:nop; /* end of loop */

/= 1f loop termunates normally. bitsy ne was not found =/
yump tind _next_head:

/*1f loop was jumped out or. frame svne was found. *f
tound_frame sync:

i* pop stack of unfirushed loop */
pop pc. pop cntr., pop ioop:
- Found frame sync. Now decode duta, *

________ —"

/* get first 8 buts ot first word */
s =0

call get_8_bits_data;

mx1 = 5r0:

/* get first & bits of second word *!

st =0

call get_R_bits_data:

myl = s10;

/* get remuning 4 bits ot fiest word */
eotr = 4,

srd = (),

call get_n_bus _dua:

* buld first 12 bit word */
st = Ishift sr0 by 8(lo):

ay0 = mxi:

ar = sr0 or avl);

/* fec correct and store resulung 3 bit word */

ax0 = ar:
call fec_correcs:
mx!| = ar:

/* get remarning 4 bits of second word */
cner = 4,

st = {);

call get_n_bits_data;

#* build second 12 bit word </
st = ishift srU by ¥ (o)

ay0 = myl;

ar = srl) or avi);
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axU =ar
call fee _correct:

7 put trame nead data :nto fup </
dmihp_dataus = mxi:
dmihip_dataly = ar;

axU = dmirss _savey;
dmthip_data2y = axQ:

"~ check of silence of slot clock buts are set 7
avd = x0003,
at = ar and avi
if eq yJump more _data_toflows:
™ signat host head only 15 recerved */!
axl) = RECEIVED _FRAME _HEAD_ONLY.
<all queue_signat,
Jump find_next_head:
more_data tollows:

'* signal host that head with data iy recetved *f
axU = RECEIVED _FRAME _HEAD.
cail queue signal,

/* check for siot ciock reset bit */
ar=arand4.
if ne call stant_slot_umer:

/* transter bits 1o host unul there 15 no more bis *f
shovel _data:

call get_¥_bus_dwa;

mxi = sr0:

call get_8_bus_data.

myl = se0:

call get_%_bits _daca:

dmthip_data0y = mx 1.

dmitup_datal) = mvi;

dmihip_data) = <rl:

ax) = RECEIVED_3_BYTES:
call queue signal;

jump shovel _data:

’!' 1/

/* subrouune 1o read a specified number of bits. *

/* Makes use of the follow:ng vanabies: AY1. AX1. AF. SR, SI. CNTR. AX0. AR */
{* Shifis recerved bits (nto the SRO register. Bits already in SRO wall =/

/* conunue 10 be shifted. number of bits to read is specified in CNTR v/

i* -t

VARMDAMRAM  <rU_save:

pet_¥_bis_data:
o = 8

get_n_bits_data:
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vl = dmThreshold_Next_Bity:

Jo get_bus unui CE.
dmisru_save) = spd.
call get_fiitered_sumple: /* result 1n mrl ="
st = dmisiU_save);
dmidebue_out) = mri:
dmidebug_out) = mrl:

/* threshold to determune one-nes or zero-nes =/

af =mrei - ayvl;

if It pump szero2:
s1= |
/% setthreshold for previoys bit 1 */
ayl = dm(Threshold _Last_11.
/* SETFL2; »¢
Jump endif_getn;

iszerol:
s1=1{)
/* set threshold for previovs bit () =/
avl = dmtThreshold _Last 1))
/* RESETFL2, «/

endit_getn:

se=dshiftsm) by 11LO)Y:

get_bits:
st = sroor Ishift si by 0 (lo);

dm Threshold_Next_Bity = AY:

rs;

At EE—. !

/* subroutine to do FEC comrecuon on a 12 bit word. !

/* Makes use of ALU and SHIFTER. and [4.L4.M4 and I5. LS. MAC is untouched. */
* 12 bit word 15 passed 1n AX0 !

/* resolt is retuned in AR !

.. -/

VARPM/RAM  fec_masks! {2]:

INIT tec_masks: 0xOBECO00. UxU4D300. UxU2B A0, OxU 17500,

VARPM/RAM  fec_syndrome_fix{16];

ANIT fec_syndrome _{ix:
0x000000.0x000000.0x000000.0x00£f0.0x000000.0x000 100.0x000200.0x00 1000,
0x000000.0x000400.0x000800.0x002000.0x00FF00.0x 04000.0x008000.0x00£00:

fec_correct:
4=
15=0.
md =1,

15 = Mec_masks: /* set up tor indexing tec table. */

st= 1 7* shifter setup fur creating syndrome */
se=A)
avl = 1)

s = i), /* clear out locanoen for svndrome */
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=4
do andlp unui ce:
Ayl = pmasmds * load next bit and vector */
ar = axv and av) * dp first vector multiply */
ax ] =ar. af =axuand avi, "« move 10 AX1 for bit counung, make AF =0/
ontr = |2,
= "single_bits+4 ** sel up Tor going through but tabie */

avld = pmad.méy;
do count_laop unui ce.
ar = axland aviy. avy = pmod.md

coumt_foop:  fneat =ut + |:

* AF now contains number ot set bits! <!

sr=huftst) by § oy * shitt previous syndrome by t "/
ax I /* geta | so we can and with | =/
at =axl and at: > check If Isb was set ®/
andip: 1t ne sr = <roor ishift si o "+ 1sb set. set bitin svndrome */
md = s * move syndrome 1o dae tor indexing ¢
15 = *ec_syndrome _fix. * get syndorme table address 7
modify 13.md); /* compute indexed address */
ayD = pmiS.md): /* getenury *f
ar = axy xor ayl); f* fix the corrupted bit =/
ns:
[ ¥ oo s w e bt mom e o e e v m mmmn M4
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IT. Transmission Code

LLLEEY
"ll-tt.-al--t----.-‘t----'--------‘-'-x-:x';n-l'u.:t-t-'t'--"“"--“‘ LA

* DSP Transmint code

* Herb Liute

v

Y
---nt-'-‘a-nn.--...---'.u----.--ac----.:-..,---s-..-.------..----n-:s---nn L2

MODULE/RAM transmut_code:
#inciude "dsp.h”

#include “dspemd.h’;
#mnciude “hip.b”

#define TX_ZERO_SAMPLES

EXTERNAL process _dsp_commanuy;
EXTERNAL wart_for_dsp_command
EXTERNAL queue _signal:

ENTRY inutialize_sransmuc:
ENTRY process_transmut_command:
ENTRY SPORTO _tx_interrupt:

M
* constants

¢/

CONST POSITIVE_ONE = ux7FFF:
CONST POSITIVE_HALF = 0x4000
CONST NEGATIVE_ONE = 0x8001 .
CONST ZERO = 6x0000:

CONST TRUE = ux |
CONST FALSE = OxU:

CONST INITIAL _BIT_HISTORY = x0033:
CONST INITIAL_BIT_SHIFT = 0x0003;
CONST INITIAL_PHASE = 0x0001:

CONST OLDEST _BIT =

#ifdef LARGE_DATA_BUFFER

CONST DATA_BUFFER _LENGTH = 1000:
Helse

CONST DATA_BUFFER _LENGTH = 9:
#endif

CONST NUM_PENDING _BITS _THRESHOLD = (DATA_BUFFER_LENGTH - 61 * &;

CONST OVERSAMPLING = 20:

" Added an extra 10 ms ol camer for now to compensate VCO not locking as 1ast as 1t
* souid for now. Remove when PLL iy wortng to spec. Matthias
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CONSTINITIAL MIN CARRIER _SAMPLES = OVERSAMPLING * ¥ * § + (OVERSAMPLING

LR

CONST SERVALU_ENABLE _BIT =12

.
¢

* vanables

YARDM x_scale factor:
VAR/DM ¢ _I_.cale_factor:
VARDM tx_{_phase _factor:
VAR/MDM tx_{_olfset:
VAR/DM tx Q_phase _tactor:
VARDM 1x_Q_otiser

VARDM 1 f_sign:

VAR/DM tv_Q_sign;

VAR/DM 1x_next_|_sign:

VAR/DM I1x next_Q_sign:

YAR/MDM ix_num _sampies:

VAR/DM tx _next_num_samples.

VARDM use_num _pending_bus threshoid; ¢ copy of NUM_PENDING _BITS_THRESHOLD orv

b

VARDM tx_aext_[_-ampie_pir.
VAR/DM 1x_next_|_sampie_lenirth;
VARDM o _next Q_sample _pur:
VAR/DM tx _next_Q_sampte_iength;

VAR/DM tx _ready_for_more samples _tag;

VARMM tx _next_Q_sumpie.
VAR/MDM tx_{_sample lag:

VAR/DM (x _num_buts _n_srU:

VAR/DM 1x_num _pending_bits:
YAR/DM x _phase:

YAR/MDM 1x_received _data_tlag:

VAR/DM tx_mun_camer_sampies:

VAR/DM/CIRC data_buffer| DATA_BUFFER_LENGTH [:
M

* madulation data
.t

VARPM/CIRC carner _|_sample:
VAR/PM/CIRC camer_(Q_sampie;

VAR/PM inunal_{_samples( 3 * OVERSAMPLING |.
VAR/PM iniual_Q_samples| 3 * OVERSAMPLING |,

VARPM I sumples( 16 * OVERSAMPLING |1
VARPM Q _samples{ 16 * OVERSAMPLING |

VAR/PM phase _dataj 4 * 413,
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* lpomter (_pomter Lsten (Q_sign  phase *:
_____________________________________________ “

#ifndef BASEBAND

finciude “objimoddaug n’

INIT phase_data: ™ _samples. “Q_samples. UX7fFI00, OxTEERDO, ;= 1 =i
"Q_samples. *|_samples. Gx7EFR00. Ox800100. /< | =
*L_samples. “Q_sampies. Ux800100. 0x800100. /< 2 =
*Q_samples. * I_samples. Ux300100. Ox7€H00; ;- 2 =

#else

1f baseband 15 specitied. abways send same posiuve phase */

#inciude "ob)\moddatbb k-

INIT phase_data: M _samples. “Q_samples. Ux 700, DL FEERO0. 1= 0 =
*1_sampies. “()_samples. UNTIFFON. OxTFRO0 1+ 0 =/
*_sampies. “0Q_samples. OxTEFO0. OxTHO0 /= 0 =
“l_sampies. “Q_samples. oxTIEFQ0, Ox DO, 2+ 0 <

sendif

#ifdef TX_ZERO _SAMPLES
VAR/PM/CIRC 220 _sample;

INIT zero_sample: 0xQ0000K):
#endit

* transmut jump abie

-

CONST FIRST_TRANSMIT_COMMAND = 0x 10
CONST NUM_TRANSMIT _COMMANDS = {2

VAR/PM transmut_jump_tablef N1'M _TRANSMIT_COMMANDS |,
INIT transmn_jump_table:
“process_transmri_scale_factor,
“process_transmut_[_scaie _factor,
“process_transmmut_Q_phase tactor.
“process_transmt_|_offset.
“process_transmut_Q_offset.
‘pmcess_tr:msmn_mm,cnrner_\umplc&
“process_transmut_stan_carmer.
“save_one _byte,

“save_two_bytes,

“save_three _bytes,
"pmccss_Lransnul_compicle_command.
“wat_for_transmit_command:

’(t..----tu---.t----l‘-tn't---------.t--u‘t--o--t-.ao-n---“ll"l-"""“""'
.

T malize transmt
B L LT L L LT T PR

imtalize _transmut;

ax0 = INITIAL_MIN_CARRIER _SAMPLES,
Jdmy Ix_pun_camer_samples ) = axu;

m7 = /7 imualize dummy varables </
17=0
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rs.
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* process _transmit_command

-
R L R L e PR R L L LR R L A L bbbt A7

pracess _ransmil_command:
ena m_mode:
call inetiahize _transmut_variables:
jump check _lor vaid _tv_command.
wait_for_transmut _command:

idle:

.

* check 1f more sampies required

o
ax0 = dmu tx_ready _for _more _sumples_tlag 1
avl = dm tx _recerved_data_tlag ),

ar = axV and ay0:

if ne yump calculate_next _bit_samples:

1o
* check tor data from host

-

ax0 = dmi HSR6_SHADOW &

ar = tstbit HSR _DSP_COMMAND _BIT of axu:
1f eq yump wai_for_transmit _command.

vheck _for_valid _tx_command:

/‘

" reset HSR6

.t

axt) = 0x0:

dm¢ HSR6_SHADOW ) = axu:

/-
* transrmut command”?

.

ax0 = dmt HIP_DSP_COMMAND_SHADOW ),
ay0 = FIRST_TRANSMIT _COMMAND.

af =axV - ayQ;
if It jump transmut_stop:

ax0 = NUM_TRANSMIT_COMMANDS:
ar = axf} - af:
if gt jump process _I1x_command:

® non-transmut command
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transmit _stop:
<ail stop_senal _port:

jump process_dsp_command:

process _tx_command:

* Jump through transmn_jump _table hased on command
-t

4xU = “transmut_jump _table:

W= axt + ar;

i7=ar

axU =pmt 17 m7 )

17 = axu;

Jjump 17y,

i T,
.

' settransmil parameters

e i R L T

process _transmut_scale _factor:
call get_word_from_HIP;
DM tx _scale_factor } = mrQ:
Jump wat _for_transmut_command:

process_transnut _|_scale _factor:
call ge1_word_from_HIP:
DM tx_I_scale _factor 1 = mru:
jump wait_for_transsut _command.

process _transmut_I_otfset:
call get_word_from_HIP:
dmt x_I_offset y = mru;
jump wait_for_transmut_command.

process_transmmut_Q_phase lictor:
call get_word_from_HIP;
dmt Lx_(Q_phase_tactor 1 = mry:

‘-
* U phase = | - abs( Q_phase )
*/

af = abs mru:

axt = POSITIVE_ONE:
ar = axy - at;
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Jmt s |_phase sastor r = an
ump wat_tor _‘ransmit Ccummand.

process_wansmt_()_offset:
cail get_word _trom _HIP:
dme tx _(Q_otfset 1 = meu:
Jump wait_for _transmut_¢cmmand.

Process _transmut _mun_carrier samples
call get_word_rom_HIP:
dmi 1_min_camer_sampies 3 = mro.
ump wat _for_transmut_command:

pet_word_from_HIP
mxt) = dmt HIP_DATAO_SHADOW
mvy = Ox IO
me = mxy * myi (LU,
mxU =dmt HIP DATAL_SHADOW

myd) = OxB0O! .
mr=mr + mxu * myu {UU},
rns;

R e R S N S T S PN R NN NS R E I AN A L EE N NN E I RN S TN IS NN NS R R RN AR RSN GRS NS N

.

* <ave transmit ¢ata

B R L P L LY PR LR L e L Lyl

save _three _bytes:
axy = dmt HIP_DATA2_SHADOW
dm( i, mu Y = ax0:
call increment_num _pending _bits _hy_x,

save_two_bytes:
axl = dmt HIP_DATAL_SHADOW
dmt 0. mu ) = axd;
call increment _num_pending _bits_bv_8

save_one_byte:
ax0 = dmt HIP_DATAQ_SHADOW 1\
dmi 10. m0 ) = axy:
call increment_num_pending_bus_by_%,

ax0 = dmi tx _recerved _data_tlag ¥
ar = pass ax0:

il eq call setup_bitsync _samples:

axt = NUM_PENDING_BITS _THRESHOLD.
dmi use _num_pending _brs _threshold 1 = axy;

call transmut_ready_for_data:
Jump wat_for_transmt _command
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tncrement_oum_peading_oits_byv_%
154

" merement the num pending bits by the number of bits in a bvte
-t

XU = dmy IX_num _pending_bits 4,

ar = axyd + 8:

dm¢ 1x_num Jpending_bits ) = ar:
rts:

setup_oitsync_samples:

* Make sure Interrupt routine dues not run out of carrier samples
* 501t wiil not capy a half imnalized next sample set

.y
/

axl = dmy Ix_num _sampies 1

W= asy + o4

M ix_oum_samples ) = ar;

" setup inital wave for busvne

*f

ax0 = Minitial_I_sampies;

dmi tx _next_{_sample_ptr ) = ax0;

1x0 = “imal_Q_sampies:
dmi IX_next_Q_sample_ptr 1 = axy;

I

" setup fengths for imual sampies

* NOTE: circular buffers must be ahigned on address

* boundries ot 2*n words where n 15 the number of

* bits required to represent the butfer lennth.

* LE. for lengnt 15 align on 16 word boundnes.

* OTHERWISE: set tenght reeisters to 7ero, consides
* the butfer as inear and there 15 no need to align data.
!

ax0 = “inital_I_samples:

dm( tx_next_num_sampies ) = axy;

ax0 = 0.
dm( & _next_{_sample_length ) = axd;

dmi tx_next_Q_sampie_length ) = ax0:

ax0 = POSITIVE_ONE:
dmi tx_next_[_sign 1 = ax0):
dme tx_next_Q_sign ) = axy;

31 = INITIAL_BIT_HISTORY:
sr=ishift sby INITIAL BIT_SHIFT + » (LO):

axU = X8 - INITIAL _BIT_SHIFT.
dme e _num_bits_in_sn ) = axy:
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axu = INITIAL PHASE.
Jdmi tx _phase 1 = axy;

axt = TRUE;
Jdmix_recerved daa_tlag » = axy:
axU = FALSE.

dmt Ix_ready_tor_more samples _tlag ) = uxu:

s

process_transmit _complete _command
* save puard bits

-
!

U = dmit HIP_DATAT_SHADOW .
dme 1, mO ) = axt:

mnerement tx_num _pending _tits by the number of guard bits

.t

WU = dmt X _nom_pending _bus ),
ayU = dme HIP_DATAU_SHADOW

ar = ax( + avu,
dmi (x_rum_pendmng_bits ) = ar;

-
!

“1If TRANSMIT_COMPLETE command is recerved. then set nam _pending_bits
* threstiold to zero. so we won't ask tor more data.

*f

axQ =0,

dmtuse _num _pendang_bits rhresholds = axy;

Jjump wwt_lor_transmit_command:

e A T T P P TP P T

-

" process _transmat_slart_camer

R T T T T T T T T TT TR POy
process _lransmul_siart _camer:
calt stop_senal _port:

cadl sntualize _ransmut_variables:

/e
* set up camer
* setup next set ot samples 10 be camier as well

“ NOTE.: use 2 circular butters ot | sampie each for i and for Q
=
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4= Acnrmr_l_sampie:
4= %c:lmcr-l_;ample.
15 “eamer_()_sample:
5= “carmer_(J_sample;
md = Ox};

axid = ~carrier _|_sampie:
Jdmi 1x -next_l_sampte_ptr ) = axy;

axl = ~carner_(Q_sample:
dm tx_next_Q_sampie_ptr1 = axu

axu = “rcamer_i_sample.
dmt tx_next_i_sample _tength » = axu.
dmi IX_next_Q_sampie_jength 1 = axg):

ax0 = dmt 1x_min_carner _samples )
dm¢ 1x_num_sampies 1 = axy;

at = OVERSAMPLING.

dmt tx_next_num_sampies 1 = axy,

axth = POSITIVE_ONE:

dme e sign = axu;
dmetx_Q_sign ) = axy:

dm( x_next_{_sign ) = uxy:
dmi e next_Q_sign ) = axy;

ax0 = TRUE:
dmi tx_I_sample_flag j = ax0;

axt = FALSE:
dmy tx_ready_for_more _sumples_tlag ) = ax0;

m
* copy NUM_PENDING _BITS_THRESHOLD over to vanable/flag
<!

ax0 = NUM _PENDING _BITS _THRESHOLD:.

Jm tuse_num_pending_tits_threshold) = axy:

‘o

* set up sport clock

* sental ctock = 8000 bits/sec * 2 channels ( and Q) * OVERSAMPLING sampies/bit
* =8000*2~20

- = 320 000 samples/sec

* main clock = 9.6 MHz

* modulus = man_clock / senal _clock

. =9 600 000/ 320 000
- =30

. =1*20

.

ax0=1-1,

dm¢ SPORTO_CLOCK _MODULLUS 3 = uxy:

ax0 = 30 - |,
dm( SPORTO_RX_FS_MODULLS = ax0:
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start senal pun u

il senal word length -
data format U0 = night jusuty, zero fill MSBs
wnvert recelve fTame sync
iNVert ranmit frame svnc

.. wternal recerve frame svnc enable

. intemal transmit frame svnc enabie

.. transmut frame svnc width

. lransmut frame svac required
T .. L receive frame svnc widih
- L. ... receive trame sVNe required
R PR . intermai senal clock generation
© 0. .. ... .. multuchannei enabie

s 0L TI0) 1100 L1 = 0x7DCF

«t

axy = Ox7dcf;

dm¢ SPORTH_CONTROL 1 = axu:

® enabic senal port Q

.

ax = dmu SYSTEM _CONTROL 5,

ar = setbit SERJTALC_ENABLE _BIT of axy:
dm( SYSTEM _CONTROL ) = ur:

lr'

* transmut dummy word out senal pon

.t
al = Uxi):
1x0 = axy;

* reset transmut D/A thip tlop
]

reset FL1,

nop.

set FLI:

‘-
!

* wait for data
-
call transmit_ready _for_data;

Jump wat_for_transmut_comrmand.

transmut _readv_tor_dat:

=
* do we need to yansmut Tx_Readv_For_Data’

.

4x0 = dmi use _num_pending _bits_threshold ):
ayd = dme x_num_pending_buts );
d4r = - avy:
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ifle ns:

ves
”

axU = TRANSMIT_READY _FOR_DATA,
call guene_srgnai:

fe
J

Y

“ do not resend TX_READY_FOR_DATA unul we receive mere data
axd =t

dmt use_num _pending_bus_threshold 1 = axy:

s,

mualize _transmut variables

° set up data ouffer puinters
.

10 = “data_butfer:

10 = < data_butfer:

1l = ~data_butfer;

Il = < data_butfer;

mQ = (ixti;

/e

* set tlags

</

ax0 = 1x0000.

dmt 1x_readv_ftor_more csamples _tlag 3 = axg.
dm 1x_recerved _data tlam ) = axih
dmt tx_num_pending_tuts | = axy.

res:
.
/""I‘..‘--I‘-.--‘lll-",.l-----ll-I--------.Il'--‘lI'...I""'.‘-"’.'-.
.

* calculale _next_bi_sampies

-.----------------..--v-----------n..-----‘-u.c---ctn--m-t""'-"""""‘_‘
Ca!culawanexl_hil_snmplcs‘,

e

* update phase based on oldest bit
* phase = phase +  oldest_bit 7t .1
b4
ar = 1stbit OLDEST _BIT of sri:

a=i.
fegar = -

avi = dmt tx _phase
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=ar+avl;

* phase = phase mod 4

-
vt = fix3;

ar = ar and avu:

dm( 1x_phase » = ar;

I
“ do we need to shift tna bvee !

.
axl = dmil tx_num_bis_in_sn) 1
ar = pass axy:

if ne jump shiit_bus:

* 15 there another bvte to shift in?
!

axl =dm 1x_num_pending _hits 1
ar = pass axi:

e yump ransmut_compieted.
* shaft 1n new bvic

*f

st=dmt il mO):

st = sc of tshift st by B (LO);

i
{

* do we have 8 bits?
*f
avl = 1x8:

ar = ax}i - avu;
if ge Jump adjust _bit_counts:

avl = axi.

1

* adjust bit counts
y

!

adjust_bit_counts:
dm{ tx_num _bits_in_sr0 ) = ayu;

ar = axd - av;
dm( tx_num_pending _bits 1 = ar:

IAd

* room for more data’!

*f

call transmut_ready _for_data;
shift_bits

* shift bits

56
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NE- R
se=ishaftsrl by | (HIK
sr=seor ishuft s by 14LOY:

«

* decrement bit counter

L

4¥0 = dmy tx_num _bus_in_sr 1
ar=av- |
dmt x_num _bus _in_sr0 ) = ar:

* calculate otfset o § and Q tabics

-t
avl = Hxt;
ar = srl and avy;

myl = OVERSAMPLING.

mr = ar * myg (ULY;
axi = mru;

.

* decide whnch samples 1o play back based on phase uad bit_history

-

mx0 = dm¢ tx_phase 1.
myl =4,

mr = mx0 * my0 (UUY,

av0 = *phase _data;
W= mr 4+ oavl);

17 =ar;

i

© get i pointer

4

av) =pmui7. mé )

ar = axt + avo:

dmu tx_next_[_sampie_pu 1= ar;

izl

* get Q pointer

«!

ay0 = pm(17. m4 );

ar=axl + ayQ,

dm( x_next_Q_sample_ptr ) = ar.

i
* get|sign

*

ay( = pmi 7. m4 §;

dm( tx_next_[_sign ) = av0:

" getQ sign

=t

avU=pmt 17, md );

57
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dni X _nexL_L_sign § = v

setlengths

NOTE: circular butfers must be alizned on address
boundries of 2*n words where 1> the numbper ot
bits required 1o represent the butfer length.

ILE. for lenght {5 align on 16 word boundnes
OTHERWISE: set fenght registers to zero. vonsider
the butfer as iinear and there 15 no need to alien data.

.

mt

axt) = OVERSAMPLING.

dmt Ix_next_num_samples 1 = axu.
axy = U

dmi tx_rext_{_sample_length ¥ = uxu:
dmi tx _next_Q_sample_jength 1 = axu:

" reset flags

-

ixl = FALSE,
Jdmi ta_ready tor_more samples tlag = uxi);

jump wal_tor _transnul _command:

transmiut _compleled:

#ifdef TX _ZERO_SAMPLES
" set up tinal zero samples
“ setup next set of sampies to be zeroes as wetl

* NOTT: use | buffer of | sample tor [ and for U
.

axy) = “rero_sample:
Jdmd Ix _next _|_sampie _pur ) = axu:
dmy (x_next_Q_sampie _ptr ) = axy.

axQ = % zeto_sample:
Jdm( tx_next_{_sample_length ) = axy.
dmi o_next_Q_sampie_length ) = axu:

ax0 =2,
dm( tx_next_num_samples 1 = axU;

ax0 = POSITIVE _ONE.:

Jdmie tx_next_|_sign 1 = axy.
dmt tx_next_Q)_sign 1 = axy:

ax0 = FALSE:
dm( tx_readv _for_more _samples_tlag = ax(:

want_for_ready _tor_more samples|
idle:
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axu = dm Ix_readyv_ter_more_samples _flag ¥
Af = DASS XU,

if eq jump w ait_for_readv_tar_more sampies! .

axt) = FALSE.
Jdmy tx_ready_for_more swmples_flag | = axy;

walt_for_readv_tor_more samples:
dle:

axvU = dmy tx_ready_tor_more sumpies _tlag 1.
A = pass axy;

if eq Jump wan_tor_ready_for_more _samples 2

#endif

0 = TRANSMIT_COMPLETED.
<dll queue _signai;

call stop_senal_port:

Jump waut_for_dsp_command:

stop_senal _port:
ax0 = dm¢ SYSTEM _CONTROL 3.
ar = cirbit SERIALO_ENABLE BIT of axy:
dmt SYSTEM _CONTROL ) = ar:

AX0 = UxQ000,
OMi SPORTO_CONTROL 1=AX0.

s:

[ R L Y

-

* SPORTO_tx_tnterrupt

ttl-‘.--'!t‘.‘t‘.--l.t‘l--‘tlttttlllv-------Il--.-.‘tt---tttt-‘tll.xt.-.-tt/

SPORTO_tx _interrupt:
“ enable secondary registers
*/
ena sec_reg, dis m_mode, ena ar sat:

ihd

“ transmut | or @ bie?

*/

ax0 = dm( x_I_sample _fag 1
41 = pass axu:
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L EQ JumMp transmut_Q _sampie:

transruyt_i_sampte:
* calcuiate | and Q samples
~f
may = pmg 15, md
myl = dmt tx_Q_sign .
mx| = dmi (x_scale factor ».
ayy = dme 1x_Q_offset b

mf = mxV * my0 (SSY, * Q_sample =1) * Q_sign o
mr=mxl “mr (S8 - * scale !

f mv satmr:

ar=mrl o+ aw, - +Q_oitser =7

dmi x_next_Q_sample 1 = ar:

myl = dmi tx_Q_phase 1actor .
mr=rmrl * myt (SS):

mxy = pmt 4o md ),
mvi) = dmi el sign g

avu = dme tx _|_offser ),

mf = mx0 * myQ (SSY. = [_sample =1 *1_sign !/
mf = mxl * mf (S8}, ¢~ = scaie !

mx0 = dm¢ tx_{_phase_tactor »:

mr=mr + mx0 * mt (SS), /* *{_phase (=l -abs{ Q_phase)) *f
IAd +Q * Q_sign * scale * Q_phase N

myU = dmi &x_lI_scale_factor 1

mr=mrl " myl(SS)  J* * I_scale !

myl = mri;

mx{) = POSITIVE_ONE:

mr=mnu + mx0 * myiSSy, /" * 2 (since | _scaie ts U to 2 mapped onto U to 1} */
if mv sat mr:

ar=mrl + ay0: fAd + 1 _offset ./

1x0 = ar

axt = FALSE;

DM{ 1 _[_sample _flag ) = axy:
ru;

transmut _Q_sample:
ax0 = DM tx_next _(Q_sampie 1

1x0 = axuy;

axU = TRUE:
DM tx_{_sampie_flag ) = axv:
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° Jecrement number of samples left to be plaved

!

= DM( tx_num_samples );
a=ayy-];

DMt Ix_num_samples ) = ar:

* 1f more sampies then ru

Ly

fne my;

© zet next set of sampley

]

14 = dmi tx_next_|_sampie _ptr 3

4 =dmi x_next_I_sample_length 1
5 =dmt IX_next_Q_sample_ptr )

15 = dmy x_next_Q_sampie_leneth 1

axu = DM IX_next_num_samptes o
DM Ix_num_samples 1 = ax:

axU = dory Ix_next_l_sign )
dme I _sign ) = axy;

ax = dm tx_next_Q_sign 1.

dmi tx_Q_sign ) = ax0:

.

° start mainline processing next bit

-/

axl = TRUE,

DM¢( !x_rcnd_v_fnr,_morc_mmplcsJlag )= axy;

(g N

ENDMOD:

61

102



5.764.693
103 104

I Main Code

Al R L P . R L L L T R L E T L L

* DSP Main L.ine code

* Herb Liltle

b b N L Y I R R L A b b ey

MODULERAMABS =0 muin_hine_cnde:

#define EXTERNAL PORT
#include <dsp.h>
Fundef EXTERNAL

#define EXTERNAL GLOBAL
#include <dsp h>
#undef EXTERNAL

PORT HMASK:

VAR/DM HIP_DATAO_SHADOW.
VAR/DM HIP_DATAI _SHADOW

VAR/DM HIP_DATA2 SHADOW:

VAR/DM HIP_DSP_COMMAND _SHADOW:
VAR/DM HIP _TIMER _SHADOW:

YAR/DM HSR6_SHADOW.

GLOBAL HIP_DATAO_SHADOW

GLOBAL HIP_DATAI _SHADOW:
GLOBAL HIP_DATA2_SHADOW

GLOBAL HIP_DSP_COMMAND_SHADOW:
GLOBAL HIP_TIMER_SHADOW:
GLOBAL [SR6_SHADOW:

#sinclude "dspemd b

EXTERNAL SPORTO _tx_interrupt:
EXTERNAL sportl _rx_bandic:
/* EXTERNAL umer interrupt; =/

EXTERNAL itualize _transnut:

EXTERNAL process_transmut_command.
EXTERNAL process_receive _command.
EXTERNAL process_RSSI_command.
EXTERNAL process_parameter command:
EXTERNAL process_powerdawn _command:
EXTERNAL process_delav_command:

EXTERNAL slot_clock _period:
EXTERNAL stop_slot _umer;

ENTRY process_dsp_command.
ENTRY wait_tor_dsp_command:

ENTRY gueue_signal:
VAR/DM/CIRC signai _queue} 8 |
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VARMDM w aung_tor_HIP_read_tlag:

106

B e R R R K R X e R R R

* Interrupt Vecior Tuble

--xun--.n-.-------y-.-.--nnx--------xn-::---...---.:.......:‘---;cnt----stt:(

jump main: '* Reset el
nop;
nop:
nop:

r; /*IRQ2 -
nop: * ignored !
nop:

nop:

ump HIP,\»nlc_:mcmxpl. * HIP wnite !
nop.
nop.
nop,

jump HIP read nterrupe; /* HIP read !
nop: /* ignored -

nop;

nop;

Jump SPORTO_1x _interrupt;  /* SPORT 0 Transmn =~ */
nop:
nop:
nop:

r: /* SPORT 0 Recerve =/
nop; /* 1gnored ot
nop:

nop:

i /* Software Interrupt | =/
nop; /* ignored “t
nop.

nop:

ru: 7* Software Interrupt © */
nop; /* ignored .
nop:

nop;

. /* SPORT | Transmut  *¢
nop: /* ignored “
nop;

nop;

Jump SPORT! _rx_handle: /* SPORT | Receive  */
nop:
nop;
nop:
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. ’* Timer o

anp:
[{leleh

dle: /* Powerdown !
IR i walt for reset
nap.
nop:

exxmw
M R L T T T R R T R R LT T )

* DSPamuahizavon

axemann
B L L R R L L T T A R A A L T T Y 7]

mam

" Imualize mterrupt controller
MASK = 11x0000: i noncrrups enabled |
IONTL =1, | no nesting. IRQs fevel sersiuve |

* intbalize signal queue reessters

-y
/

16 = “signal_queue: /* write pointer */
16 = <Fsignal_queue:
mo=i:

13 = *signal_queuc: ’* read pointer =/
13 = wsignal _queue:
ml=1:

axd = 1),

Jmi waiang _tor_HIP_read_flag ) = axu:
* mualize tlag pins

Y

reset f10;
reset 111
reset 112.

* mualize system control registers

" . ... .00 0000 = boot / proeram wait states }

. 000.. .. =boolpage t
. .. = boot force bt t
" ..l = sport | configure !
.0, .. .. =sport | enable !
* (L ... = sport U enable ]
© xxxd 0100 0000 0000 = HxB00

=4

Ax0 = 1x0400:

64



5,764,693
109

DM SYSTEM_CONTROL 1 = axt:

AXO0 = Ox0U00;
DMi DM _WAITSTATE_CONTROL } = uxi:

* imualize sport )

wy

DM{ SPORTO_CONTROL 1} = axy;

DM{ SPORTO_TX_MULTICHANNEL _CONTROLO } = axu:
DM SPORTO_TX_MULTICHANNEL_CONTROL| i = axy:
DM SPORTO RX_MULTICHANNEL _CONTROLO ) = axu:
DM SPORTO_RX_MULTICHANNEL_CONTROLI 1 = axu:

DM( SPORTO_AUTOBUFFER _CONTROL ) = axv;

i

* mnalize sport |

.t
]

DMi SPORTI _CONTROL » = axu;

DM SPORT!_AUTOBUFFER _CONTROL 1 = axu:
" mualize the umer

DM( TIMER_TPERIOD ) = ax(:

DM( TIMER _TCOUNT ) = axy:
DM({TIMER_TSCALE ) = ax(:;

.

/

* enable HIP interrupts

* .. ..0 Host HDRO Write «DataUi
v .0 Host HDR1 Write (Datal)
~-...0.. Host HDR2 Write (Data2)
- 1... Host HDR3 Write (DSP Command)
- Host HDR4 Write 1DSP Signai)
.. Host HDRS Write ( Timer

Host HDRO Read (Datad)
... Host HDR | Read iDartal)
- Host HDR2 Read (Data2)
< Q.. ... ... Host HDR3 Read (DSP Command)
* ..l......Hest HDR4 Read {DSP Stgnal)
* 0. .....Host HDR5 Read Timer

* xx01 0000 xxu0) 1000 = )x 1008

.

axQ = Ox [008;
DM HMASK ) = axy;

i*
* emable 1nterrupts

<o} Timer mnterrupt
e b Sport | recerve
- 00 Sport | transmut
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S 000 Software interrunts

=

Sportu receive
. -~ b Spontw wransmn
R Hip read
Tl Hipurie
© 0 IRQ2

XXxx xxul 1100001 = ox(1C2

.
oy

IMASK = IMASK _VALLE.

* mitialize e different secuons o1 cude

.y

<adl imtuabize ransmat;

[LZ T T ¥
i LT Y

.

* process _dsp_commana

.

* Note: stacks must be reset by this pornt’

----..-----.---.----.-----------.----cs--u-------a----s---------z--.-----.--g

I
i

* wait for command from the host
-t

wait_for dsp_command;
idle:

1x0 = dmt HSR6_SHADOW .,
4r = tstbit HSR_DSP_COMMAND _BIT oi axu:
1feq jump wan_tor_dsp_command:

process _dsp_commang:

* HDRO contains the command bvie
!
st = DM( HIP_DSP_ COMMAND _SHADOW

-
* get the command type

!

sr = ishift si by HIP_DSP_COMMAND_SHIFT (LO};

e

* switch on command tvpe
.

ar = sr) - TRANSMIT _COMMAND.
if eq Jump process _transmit_commana:

ar = st - RECEIVE_COMMAND:
it eq JUmp process receive _command:
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AF = 2r) - RSS] COMMAND;
i 2q jump process _RSSI_commana:

a0 = DELAY _COMMAND.
ar = se0 - avy;
if eq jump process _delay_command:

av0 = POWERDOWN _COMMAND.
4 = sl - avy;
if eq Jump process _powerdown _command:

Ar = pass sry;
i eq Jump process_parameter command:

‘o
* invahd command

.y

Jump wist_tor_dsp_command;

' --.--a'.---..--..;x----------.--..--..u:..---.----s:--t--u'-----tt!t-'li---

* queus sipnal

* expects signal in axy
© uses sccondary register set for vanables

.

--t-----.----------s-.:-.c--------o'::c-------,-.------g.-----x-----:x-...-!

queue_signal:
dis inls;

o
© are we waiting for the previvus signal to be read by host?
o
ena see _reg;
x| = dmy waiung_tor_HIP _read fag o,
ar = pass axi.
if ne yjump store _signal;

/-

* no: wnite signal 10 HIP

.t

axl = 1;
dmy wamng_tor_H[P_rend_ﬂug r=axl:

dis sec_rep;

dm( HIP_DSP_SIGNAL ) = axu:
set f10;

€na ints.
rs;

fw

" ves: save signal for later
=t
store_signal:
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s sec_reg:

dmiib. mo 1y = axu:
eNa ints:
ns:

R Y R R N KA N R R N KN AN N A RN AR TR AR AN A SR E X AR NK RS RN AS R KA ER AR R SR

* HIP write interrupt

»
e e Rl e L e ey

HIP_wnite _interrupt:

“ znable secondary regisiers
B
!

©na sec_rep:

" save HIP registers

.

axl = dmi HSR6 +;
dmt HSR6_SHADOW ) = uxl:

ax0 = dmt HIP_DATAO ).
dmt HIP_DATAO_SHADOW ) = axu;

axt = dmt HIP_DATAL ),
dmt HIP_DATAL_SHADOW ) = ax0:

axid = dmt HIP_DATA2 ),
Jdm( HIP_DATA2_SHADOW 1 = ux0:

ax = dmt HIP_DSP_COMMAND .,

al = OxQ0ff

ar = axt and avy,

dm¢ HIP_DSP_COMMAND_SHADOW ) = ar.

i

e A L L L Ty T R Y T P

* HIP read interrupt

.

e e L L R L T e Y A L LY

HIP_read _interrupt:

* enable sccondary registers
-t

ena sec_reg;
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“ check signai queue lengih

i

axy = 16;

EVERER

A= axy - avy;

if ne jump output_next_signal:

“ signal queue 15 empry

.
reset f10:
axQ =0,

dm HIP_DSP_SIGNAL ) = axu:
dmy waling_for_HIP _read_tlag j = ax0:

.

"

* signal queue 15 not empty

.

UtpUL_next_sipnai:
axl=dme 3, m3 g
dmt HIP_DSP_SIGNAL ) = axy:

e

ENDMOD:
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IV. Delav Code

A e e N T T T T L L T T T T

* DSP Delay code

* Herb Litile

-

‘.‘l.-'..--...‘l-l“.llll(‘l',‘l‘l"-'l‘-'I-.‘(".-l-lI"-l.--"‘-"’.'."‘--‘/
MODULE/RAM Delav_cinie:

#inciude “dsp.h
#inciude “dspemah',
#include “hip.h

CONST SPORTI_ENABLE BIT=1l.

I

* Delays are specitied i muluples ot 125 microseconds

]

CONST COUNT_DELAY PLL STROBE = 5. .- | muhiseconds */
CONST COUNT_DELAY PLL_LOCK =24 .* 3 muliscconds *’

EXTERNAL hextet _tull;

EXTERNAL process _dsp_command:;
EXTERNAL w ant_for_dsp_command.
EXTERNAL gueue _ipgnal:

EXTERNAL stop_sport! senal_pen:

ENTRY process delav_command:

A L T P T I T I T

* process delav_commana

.

R N A A NN NS S PN A AU SN E N A SN E AN R R RSN AR TR SR PR X RSN ST RSN KR E NS W/

process _delay_command:
!‘
* reset command that we received.
./
ax0 = 0x0.
DM(hip_dsp_command shadow) = axQ:

o
* disable autobuffering

=/

dm( SPORT!_AUTOBUFFER _CONTROL ) = ax,
start sport {
........... 1110 senal word length - |

0N ... Jata format Ut = aeht jusuty, zero §ill MSBs
... Inver receive frame sync
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* - - Lol inver ranmit frame $yNC

- b .. intemal recerve frame svac enaole
-0, . internai ransmut frame svnc enable
-l .. uansmut frame svne width

- L. wransmut frame svne required

.. fecerve frame svac width

.. fecelve frame sync required

- intermai senal clock generation
.. multichannel enable

© 0111 1101 1190 1110 = ixTdee

axi = 0x7DCE;
dmt SPORT! _CONTROL; = awy.

i
i

* setup spon clock for 0.125 ms penad

“delay =éms/0125ms
- =48

* main ciock = Y 6 NHz

T pented =4 600 000 * 0G00I 28
* = 1200

.

ayl = COUNT_DELAY _PLL _LOCK - COUNT _DELAY_PLL_STROBE:
axl = COUNT_DELAY_PLL_LOCK.

nl=1-1,
dmt SPORT! CLOCK _MODULLS = 4x0):

axd=1200-1;

dmt SPORT!_RX_FS_MODULLUS } = ux0:
" enable sport |

.

U =dmt SYSTEM _CONTROL 1.

ar = sethit SPORT!_ENABLE BIT of axy:
dmt SYSTEM_CONTROL ) = AR

/e
* stan transruung command 1o DAC (o read channel |
* Note: this value 15 constanity transmitted

.l

ax0 = 0x6000;

TX1 = axQ;

/u

* wait for command from the host
=t

wait_for_detay _umeout:

axQ =10:
dm( hexter_full Y = axy:

1dle;
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1xU = DM(thip_dsp_command _shadow .
dr = PASS axy:

if eq Jump not_terminate _delay;

call stop_sport! _senai_pon:
Jump process_dsp_command:

not_termunate_delayv:
axy) = dm( hextet_tull .
ar = pass axy);
if ne jump check _lor_delay_tmeout:
Jump wa_for_delay_umeout:
vheck _tor_delav_timeout:
Ja

* cheek for strobe delay compieted

ar =axi - avl:
if ne jump not_pll_suwrobe_delav_ended:
ax = DELAY_PLL _STROBE.
call queue signal:
not_pll_strobe_detay _ended:
m
* check for lock delay compteted

*/

ar=ax{ - |,
axl = ar

il ne jump wait_tor_delav_umeout.
call stop_sportl _senal _port:

ax0 = DELAY _PLL_LOCK:
call queue _signai:

Jump wait_foc_dsp_comrnand:

ENDMOD:
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V. 10 Module
MODULERAM 10:
#inciude "dsp.h”

#include “dspemd.h”
finclude "hip.h”

T e e e e e e e e e e e b

ENTRY sport] _rx_hundle: I* ingerrupt service routine tor sportl rx */
ENTRY process_recetve _cummand;

/* calls 10 herb's moduies */

EXTERNAL wall_tor_dsp_command:
EXTERNAL stop_slut_timer;
EXTERNAL new_siot_value:
.EXTERNAL update _stot_timer:
EXTERNAL process_dsp_command:

GLOBAL hextet _tull:
GLOBAL ssi_sample:

#* calls from decode dsp +/

ENTRY get_filtered_sample:

ENTRY adjust_sampiing_and _read_rssi:
ENTRY nie_filter;

f* calis to decode dsp */
EXTERNAL start_decode:
EXTERNAL find_next_head:

/* network 1d (frame svnc) for decode */
EXTERNAL network _1d:

CONST SERIAL!_ENABLE BIT = |1
CONST READ_AD_DESCRIMINATOR WORD = 1x6000:
CONST READ _AD_RSSI_WORD = <7000

CONST OVERSAMPLING =o;

VAR/DM/CIRC hexter_bufferflOVERSAMPLING]:

VARDM hexter_tull:

VAR/DM rss1_sample: /* for continuous rssi readines */

CONST PAST_SIZE = 36:

VARDM/CIRC  past_sampies(PAST _SIZE].

INIT past_samples: 0x4000.0x4000.0x4000.Cx4000.0x4000.0x4000,
0x4000.0x4000.0x4000.0x 4000 0x4000.0x4000.
0x4000.0x4000.0x4000.0x 4000 0x-4)00 0x4000.
0x4000.0x4000,0x4000.0% 4000 .0x43100.0x 4X0.
0x4000.0x-400.0x4000.0x 3000,0x44)00.0x 4000,
0x4000.0x4000.0x4000.0x3000.0x4000.0x 3000

CONST FILTER LENGTH = 24:
VARPM/CIRC lilter_response FILTER _LENGTH].
INTT tilter _response:
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OX0C 3 WLONG0IH00.0x tTFFO0.0xII9N0.0x1T2c00.0x fefcO0,
1S 103.0x003500.0x01 £900.0x03e700.0x52100.0x06a500.
063U 0030 100 0x(03e700.0x0 | 1900 0x005500.0x 15100,
IdefcQUNXIT2000.0£££9900.0x 1100 0 x002600.0x003e00:

i

{* Command interpreter *!

i

process_recerve_command:
axQ = dmthip_dsp_command _shadow -
ar = axy - RECEIVE _STOP_SLOT_CLOCK.

=1 we get issued an invalid receive command from mantine. then we should */
/* not not restore 1t s this will cause an tnfinite luop. Put a bogus  */

/* value Into axV and jump o the appropriate place. =t

/= on the other hand. 1t we receive a bogus receive command during recewve  */
/* we pass it back to mainkine. secerve 1¢ here. and then discard it M

axQ =1,

call restore _command _impossible_kluge:
jump wail_for_dsp_command:

process_command dunng_recemve:
/* Warnine: This tunction may use axd and ar and the shifter only ' */

axy = dmchip_dsp _command _shadow). * read hip host command location =¢
ar = pass (). /* wipe out the command. -
dmthip_dsp_command_shadow) = ar; /* so 1t will not be re-processed */

ar = axy - RECEIVE_STOP_SLOT _CLOCK:

/* first check for commands that execute without interrupung the program flow */
/* these commands w1l execute an 'ns' and cause reguiar recetve processing  */
/* to resume upon comptetion. *

restore_command _impossible_kluge:
* test RECEIVE _STOP_SLOT_CLOCK */
1f eq Jump stop_siot_umer: /* rts trom cailed does our rts f

CONST xxi = RECEIVE _SLOT _LENGTH - RECEIVE _STOP_SLOT _CLOCK.
ar=ar - xyJ;

/* test RECEIVE_SLOT_LENGTH */

if eq jump new slot_value; * 1ts trom called does our r1s. !

/* The following commands cause the receive algonthm to be restarted. ~
/* The stack context is cieared by popping evervihing a number of limes -
/* we may now corrupt any registers we want to. =/

Pop cnr. pop pc, pop loop:
POP <N, pop pc. pop toop:
POPp cntr, pop pe. pop loop;
pop cntr. pop pe. pop ioop:
pop cntr. pop pe. pop ioop;
CONST xx2 = RECEIVE_LOAD_FRAME _SYNC - RECEIVE_SLOT_LENGTH:
ar=ar - xx;
/= test RECEIVE_LOAD _FRAME _SYNC *¢
if eq jump loadframesyne:

CONST xx3 = RECEIVE_NEXT HEAD - RECEIVE_LOAD_FRAME SYNC:
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ar = ar - xx3:
/= test RECEIVE_NEXT _HEAD =
if eq jump rind_next_head:

CONST xx4 = RECEIVE _START - RECEIVE_NEXT_HEAD:

ar=ar - xx4;
/* test RECEIVE _START */
if eq jump nitiahize _receive:

/= The command is unknown to the receive code. Pass 1t to mainiine. */
/* restore the command - s we didnt process it. "

* ax0 still contains the command we were UVIng 10 process =
dmthip_dsp_command _shadow1 = axy:

ax0 =dmi SYSTEM_CONTROL 1. / rx done. Disable sport] */
ar = clrbit senal | _enable _bit of axu.
dm¢ SYSTEM_CONTROL 1 = ar:

ax0 = 0;
dmt SPORTI_CONTROL i = axy:

* exat the receive code */
Jump process_dsp_command:

..... .
{oadframesync: /* exectue load frame svnc command  *!

ar = sy or ayy;
dminetwork _id) = ar;
rs; /* go back to where we came from.  *!
*/
iutralize _receive:

------ Initialize SP1 control registers - *
/1L Ll = momternal frame svnc, altemate framuag, acuve iow  */
Ao B {11 SO =tx external frame sync. alternate framing. acuve low  */
. = internal senai clock !

/% 00 = nght jusafy, zero fill unused MBS’ /

1% i, 1110 = i5 bit word length !

/*O111110111001110 = 0x7DCE */

ax0 = 0x7DCE:

dm(SPORT1_CONTROL) = ux0: /= lnternal clock. {5 bit word length */
/* aght jusufv, zero fill unused msb’s */

ax0=1-1. /* Make 9.6 Mhz SCLK1 !

dm(SPORT!_CLOCK _MODULL S)=axu: * from 9.60 MHz CLKIN

ax0 = 200-1; /* divide by 200 for 48 khz !

dm(SPORT!I_RX_FS_MODULUS}=axu: f* 6x oversampling

#*....00000.....0. = tx autobuttenng disabied *

st =dm(HIP_DATAO),
sr = Ishifu si by 8 (lo);
ay0 = dm(HIP_DATA ),
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IO JO00O. 1 = rx autobutfering using 1w md 10 !
30Q00ONN0O0000 T = KOO =/
axU=0x000 1 :

Jm(SPORTI _AUTOBUFFER CONTROL1=axu:

10 = ~hextet_buffer: /= set up hextet butfer !
D=6

md=1:

axQ =1

dmthexter_tull) = uxi:

x0 = READ _AD_DESCRIMINATOR_WORD. = setup 10 read descnminater 7Y

1x1 = ax0: s ranmuued by defaull =/
dis M _MODE; = contipure MAC for 1,15 arnhmeuc */
ax0 = DMi SYSTEM _CONTROL 1. ¢* enable sport | =f

ar = SETBIT SERIALI_ENABLE _BIT uf ax.
dm( SYSTEM _CONTROL i = ar.

catl stop _stot_timer: S amabize ¢ hall old stots !

jump start_decode:

.

-
A !
 Wait for 6 new sampies and then retum )
. .y
get_hextet:
imask = 0; /* begin criucal secuon *
/* check for new commands that may have amived. */
axl} = dmihip_dsp_command _shadow):
ar = pass ax(;
if eq jump not_command.
imask = IMASK_VALUE.
call process _command _dunng_receive:
Jump get_hexet
not_command:
ax0 = dmthextet_full); =15 fifo empty ? >/
ar = pass ax0;
if ne jump got _new _hextet;
* Note: Mantpulating tmask ditectly 1nstead of disabling interrupt. =t

/* this is aecessary, as manipulaune imask will disabic interrupts for  */
/* one cycie. which will knock us out of 1dle mode1f we enterinata bad */

/* ttme. *f
imask = IMASK_VALUE: /* end cnitical section *!
idle:

jump get_hexiet:

got_new _hextet:
imask = IMASK_VALUE;
ax =0,
dmthexter_full) = uxuy;
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call upaate siot_timer:

134

=/

. INIErTUpt service routine -
e

*f

sporti _rx_hanaie:
ena sec_reg;
=t
dmthextet_fully = ax:

#* This inswucuon s onty meamnetut when duine conunuous */

/* RSSI. Otherwise 1t has no effect. .
dmirssi_sampler = rx |,
Tti;

.
;

>/

/* Imualize filter state *f

it _tilter:

1t = “pasi_sampies + FILTER _LENGTH -
I1 = PAST _SIZE:
ml=|

12 = *past_samples:
12 = PAST_SIZE:

ns;

/*

OVERSAMPLING:

/* Get one dectmated sample

I ¥ emnnm

*f
*/

get_filtered _sampic:
/* get 6 bvies =/

call get_hextet:

/* truncate junk bits and scale ) - 255to U - 65535 ¢/
4 = “hextet_butfer;

4=

méd = I;

si = dmad,m4);
/* this loop shifts the data left by § */
do copy_loop unul ce;
st =1Ishift 51 1o}, st = dmcid.md»:
copy_toop: dmtil.ml) = sry;

/* apply the tir filler by muttiptving and accumuiating. */
/* this mulupies the data by 16384 *f

4 = *filter_response:

/%14 =0 already 0 */

i*md = | already +/

*f
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ontr = FILTER _LENGTH-1.
mxu =dma2.min, myo = pmid.m4), mr=1):

do filter _mac unul ce:
filter mac: mr = mr + mxu * myy {usc.mxy = dma2.min mve = pmishmy

M = mr + mxU * myvuiush
m2 = PAST _SIZE - FILTER_LENGTH + OVERSAMPLING:

/* restore onginal indices */
modifvii2.m2y:

/% rewsmn vaue mmri. with arange ot 010 16384 */
fs;

-t
I !

* Adjust the sampling point and get an rssi sample !
/* sampting udjustment factor 15 in sry -

rr.

adyust_sampling_and read rssi
/* srU contuns number of sampies 1o move decimanion pownt torward by </

/= tthe lower sru. the older the samiples we uset !

/% STU contuns number of sampies to adpest by, This value MUST be 77
* in the range of -6 10 +6 -/

m2 = sry;

/* modify i2. the read point. by adjustment factor */f
modifyiiZ.m2);

axi} =12, /* read point */

ayl =11l /* write pount */

ar = ayd - axU: /* write point - read point */

/* ar could be tn range ot +/- PAST _SIZE butfer length. =/
avl = PAST _SIZE:
ifltar =ar + ayu;

{* ar now has a value from U 1o PAST _SIZE-I =/
/* three possibilities
PYFILTER_LENGTH-OVERSAMPLING <= ar < FILTER _LENGTH

no adjustment necessary

2 FILTER LENGTH <= ar
add OVERSAMPLING 1o read point

3) ar <= FILTER_LENGTH-OVERSAMPLING
subtract 6 from read point

*!

m2=0

ay0 = FILTER _LENGTH-OVERSAMPLING:
af = ar - avy;

if ge jump notl:
/* ar <= FILTER _LENGTH-OVERSAMPLING */
ml = -OVERSAMPLING.

noti:

av0 = FILTER _LENGTH:
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it = ar - awy,
it jump not2;
™ FILTER_LENGTH <= ar <
m2 = OVERSAMPLING
not2:
modify(i2.m2):

/* busy wait for autobuffer index to reach end of buffer */
/* note: not gotng 1nto IDLE mode. and not responding  */
/* to commands for up to 125 u$ =t

ax0 = “hexiet_butfer ~ OVERSAMPLING-1 .

wait:
ayl) =10,
ar = axl - avl,
if ne jump wait;

/* switch channeis */
ay0 = READ_AD _RSSI_WORD.
] =ayy;

% wait for nexi rx sampie to be aguired </
waitl.

ayl = yJ;

ar = ax0 - ayQ;
if eq jump wan2;

/* switch A/D back 10 reading the descnmunator output *f
axQ = READ_AD_DESCRIMINATOR _WORD:
xl = ax0;

/* save RSSI sample into avu =/
ay0 = dmithextet_buffer+UVERSAMPLING-1).

* fix rss: sampie by copying in sample from atter ¢ */
ax0 = dmthextet_butter:
dmibextet_buffer +#OVERSAMPLING-11 = axQ:
/* rss1 sample s returned i AYD *2
ris;
ENDMOD,

.
{ndex Register alocauon:

{index & Length | Moditier i
0 1RX autobuffer ! RX autobuffer, aiways | |
1t Past sample write | Always i !

| pointer f |
2 | Past sample read | Temporarv usage

{ 1ndex ! |

3 ! |
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!

+EMAC index tor FIR (reusable) Wwavs | I
rmulupty accumuiate treusable: I
Hextet copy source ireusable) }

.

31 Used by FEC correction code I
I Used for bitsvnc detect buifer !

6l
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VL Parameter Initilization Moduje

L e T e e,

* DSP Parameter initializauon code

* Herb Linle

-
o o 8 0 X m R T  K S  RRR R e R R sexy

MODULERAM parameler _niualization _code:

#inciude “dsp.h
#inciude "hip.h

#include "dspemd.h”:

EXTERNAL wait_ tor_dsp_command:
EXTERNAL queune signal:

ENTRY process_parameler _command.

xe
e b L R T e B

»

* process_parameter_command

----------------.--‘:--------n-a--.-'----cuu---.---------‘;----a‘-na---.:---‘;

Process _parameter _command:

* test code /

ax0 = Ox0;
dm( HSR6_SHADOW ) = ux0;

axt = dmi HIP_DSP_COMMAND _SHADOW 1,
ar=axu- i,

if ne jump wait_tor_dsp_command:
axly =2

call queue_signai;

i*

Jurep wait_for_dsp_command:

ENDMOD:
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VII. Powerdown Moduie

LT
R e L L L L P R L T R PR ST L E L L bl E b

* DSP Powerdown code

=

* Herb Litlle

amzenan
R L L e P P L I R AR E TR R L A bt /

MODULE/RAM powerdown _cude:
#include “dsp.h”

#include "dspemd b

EXTERNAL wal_for_dsp_command:

ENTRY process_powerdown_command:

I YT Y]
R Y T e e L L AL R R L R el *

" process _parameler command

“mEnm
L L N L L R R T e T e T R A R R L Ll s I

process_powerdown _command:

Iz
* powerdown dsp

*/

axU = dmt SPORTI _AUTOBUFFER _CONTROL ».
ar = sewbit 13 of axu:

dmi SPORTI_AUTOBUFFER _CONTROL 1 = ar:

jump wait_for_dsp_command.

ENDMOD,
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VIII. RSSI Moduie

-
.“l‘t-n-t.-.u--ltt‘.---lln-lt------x-',.-:--t--t!-i-t--a'lt‘!'.*""““."'
.

* DSP RSS! code

* Herb Little

-t.-----a-:-nttx-‘----------.w-----t--------tt-l-.------;:---nstt:tu-n-att--/
MODULE/RAM RSSI_code:

#include "dsp.h”
#include "dspemd.h™;
#include “hip.h"

CONST SPORT1_ENABLE BIT = |1:
CONST INITIAL_DISCARD_SAMPLE_COUNT = 2:
CONST MAXIMUM_SAMPLE_COUNT = 255:

EXTERNAL hextet_tult:
EXTERNAL ss1_sampie:

EXTERNAL process_dsp_command:
EXTERNAL wait_for_dsp_command:
EXTERNAL queue_signal;

ENTRY process_RSSI_command;
ENTRY stop_spon| _senal_pon:

VAR/DM discard_sample_count:
VAR/DM coilected _sample_count:

“xmens
S R S et s et e et s RN NS REN A SRR E AR A AR AR A

.

* process _RSS!_command

-
B L L T e e . !

process_RSSI_command:
set f12;

’.

* reset flags

*/

ax0 =0;

dm{ hextet_full ) = ax0;

axQ = INITIAL_DISCARD _S AMPLE_COUNT;
dm( discard_sampte_count ) = ax0:

ax0 = MAXIMUM_SAMPLE_COUNT:
dm( collected _sample_count ) = axu:

I
* initialize register vanables

* axl = number of sampies
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© avl = L.SW of accumulated sampies

“af = MSW or accumulated sampies

* af is set 1o U since we do not expect to need more than 16 bits
" 10 store the accumuiated sampies.

.

axl =
avy =)
1l = pass U,

Jump validate_RSS1_commang:.
* wait for command fram the host
.y

wait_for_RSS[_command:
idie:

ax( = dm¢ HSR6_SHADOW ).
ar = tstbit HSR _DSP_COMMAND BIT ot axy:
if ne yjump vahidate _RSS!_commana:

axQ = dm( hextet _tutl ¥
a1 = pass axy;
if ne jump collect_RSSI_sumple:

jump wat_for_RSSI[ _command.
validate_RSS!_command:

e
* reset HSR6

*f

ax0 = Nx0;

dmt HSR6_SHADOW ) = axt:

i

* fetch the command bvte
*t

ax0 = dmt HIP_DSP_COMMAND _SHADOW ),

/l

* swatch on command type

*

ayl = RSSI_START_COMMAND:
a=ax0-ayl:

if eq jump start_RSSI_command:

ayl = RSSI_STOP_COMMAND:
ar=axU- ayl;

if eq jump stop_RSSI_command:
”

* invaitd RSS1 command

\T

call stop_sport| _senal_port:

reset t12:
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nop:
ser
nop:
reset 112:

Jump process_dsp_command:

E e bt L L L L L L LT e T e R T L

* start_RSSI_command

e T L S T L L L P L L L Y]

start_RSSI_command:

It
* disable auobuffering

.

axyy =0,

dm( SPORTt _AUTOBUFFER _CONTROL ) = axi):

T

* start sport |
.
we oo LU0 sersal word fength - |
- .00 ... Jata format U0 = right jusuty. zero fill MSBs
* . ...l...mmvenreceive frame sync
mnvert tranmut frame svne
.. intemai recerve frame sync enable
- internal transmut frame sync enable
.. ransmmut frame sync width
.. ransmut frame sync required
.. feegave trame syac width
.. recerve trame syne required
* ... .. imemat senai clock generation
¢ 0O........ muluchannel enable

* OLL1 TI01 1100 V110 = Ox7dce
o

ax0 = 1 IDCE;

dmi SPORTI_CONTROL) = ax0;

je
* set up sport ciock
»

* sample rate = 500 bits/sec
* main clock =9.6 MHz

* modultus = main_clock / sampie _rate

. =9 600 000 / S00
- = 19200

*

ax =t .1,

dmi SPORT!_CLOCK _MODULLS ; = axu:

axl = 19200 - i:
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Jmt SPORT1_RX_FS_MODULLS & = axu:

" enable sport |

e

ax0=dmt SYSTEM _CONTROL ».

ar = setbit SPORT!_ENABLE_BIT of ax0;
dm( SYSTEM_CONTROL 1= AR:

I

® stant ransmuung command to DAC to read channel |
* Note: this value 1s constantly transmstted

o

axt = (x7000;
TX1 = axv:

Jump wat_for_RSSI_command:

152

e T e R L R R A L ]

.

* stop_RSSI_command

.

N A N T AN RS S A A E SN P A NS KA S SRS N TR RRT I ERER AT SRR RS SNBSS/

stop_RSS1_command:

reset {12;

calk stop_sport| _senal_port:

Iis
° divide accumulated RSSI values by number of samples

* axl = davisor (number of sampies)
* af = MSW ot dividend (0}
* avQ = LSW of divided taccumpiated RSS! vaiue)

* ayl wiit contun quouient

.
!

ASTAT =,

dm( HIP_DATAZ)=axi:  /* put# of samples in HDR2 */

.

* for integer divides we need to shift the dividend left one bit
*AFAY0=AY0 <<}

*/

s1=avl;

st = ishift si by { (LOY;
ay0 = sr;

af = pass sri:

CNTR = 16;

do divide loop unul ce;
divide _fuop: divag axi;

I
* write gouent to HIP
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.

dm HIP_DATAD i = avi:

%0 = dmq rss1_sample 1.+ put newest sampie in HDR 1 ~/
dmt HIP_DATA1 § = uxu:

ax0 = RSS1_COMPLETED:
call queue_signal:

jump wan_for_dsp_command;

o M e s s e E R R Me  r o R AR AN AR R AN AN AR AN RN R AT

* collect_RSSI_sample

-o----a---------.:;--n-a----.---n-..---.-.-.-:.--.--c.----.,-c-ast---tnt-:f

collect_RSSI_sample:
toggle 12;

/.

* reset flag indicaung new sample
=/

x0 =10,

DM(hextet_full) = axy;

I
ax0 = dmt discard_sample_couat ).
ar=ax0- |
if eq jump get_new _sampie:

dm¢ discard_sample_count ) = ar;

Jump waie_tor_RSSI_command:
./

gel_new _sampie:
s
* only collect 255 sampies maximum
*/
ax0 = dm( collected _sample_count 1;
ar=ax0- I
if eq yump wait_for _RSS!_command:

dm( collected_sample_cuount 1 = ar:

/‘

* get new sample

~t

axQ = dmi rssi_sample 1

ayl = 255,
ar = ax and avi;
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* accumulate new sampie

-y
AL = ar 4+ ayw:
avl = ur,

.
I

" increment number of samples
-

ar=axl + i
axl = ar;

jump want_for_RSSI_command:

e A L et R e L L R e L ]

.

* stop_sportl _senal_pornt

e
e L L T R LT L)

stop_sporti _senal _pon:
ax0 = dayw SYSTEM_CONTROL »,
ar = clrbit SPORTI_ENABLE_BIT of ax0;
dmt SYSTEM _CONTROL ) = ax0;

g =,
dm( SPORT1_CONTROL ) = axy:

rns;

ENDMOD:
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IX. Timer Code Module for siot clock timing

o o B K KR 8 KX R KR R KA R R E RN RS R RS

* DSP Timer code for slot clock uming using the sampling mterval as a
“ time reference,

* Based on Herb Lutle’s onginal slot clock cods using hardware umer

-

* Matthias Wandel

lt.-lI‘t.---'..n't--nl't!.t"illtl..tlt--lt'1]“"t-tt".‘ltlll""l-"'t-‘l/

MODULE/RAM timer_code:
EXTERNAL  queue_signal:

#include “dsp.h”
#include “dspemd.h”

re
™ Iniual period should be 40} ms trom frahe head tcount bitsync 77

* of 35ms trom end of frame head. Added | ms for mangin on (88 SW
~ If slots are with respect ot s1an of bitsync. we must make decoding

“ pant ot the DSP code or do it more prpeitned tn the 188

= Matthias
!

CONST INITIAL_SLOT_CLOCK _PERIOD = 35 » 256 + 256:

EXTERNAL wait_for_dsp_command:

ENTRY start_slot_timer:
ENTRY stop_siot_tumer:
ENTRY update_siot_timer:
ENTRY new_siot_value:

VAR/DM slot_clock _penod:
GLOBAL slot_clock _pertod:

VAR/DM countdown:
VAR/DM slot_count_start;

j»

. =
/* Start the slot imer - called from decode, */
f" t,
siart_slot_timer:

ax0 = 320: /* 40 muhiseconds at 8 khz ticks */

dra{countdown) = ax0:

fs;
I s
#* Calied to stop the timer trom runing. f
L. ‘ *f
stop_siot_timer:

ax0=0;

dmcountdown) = axu;

fs:
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.

-
* This rouune 1s catled BUOO tumes per second while receive 1s active, =
i* - -
update siot_timer:
axU = dmicountdown)
ar = pass ax(;
If eq ns;
ar=axt)- |
dmicountdown) = ar,
if ne nts:

/= counter has just counted down to zero. Time for slot clock ume! */
ax0 = RECEIVED _SLOT_CLOCK:
call queue signal:

ax0 = dmusiot_count_start);
dmicountdown} = ax();

ns;
;H‘ -1'
/* This rouune 15 called when the siot length has changed i
[ .t
new _siot_value:
st = dmiHIP_TIMERY,
st ={shuft 51 by 8 (lon. /= convert to multiples of § khz i
st = Ishift srU by -3 (lo): /* while truncaung unwanied bits with ~ */
{* the shifter. -
dratslot_count_start) = sr0;
ns:
ENDMOD:.
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We claim:

1. A wireless radio modem for transferring data between
a host data processing device and a remote data processing
device or a data transmission/reception network station
comprising:

(a) transmission/reception means for transferring data at
radio frequencies between the host data processing
device and at least one of the remote data processing
device and the data transmission/reception network
station; and

(b) modulation/demodulation means, wherein the
modulation/demodulation means comprises
i. means for demodulating data received from the
transmission/reception means; and
ii. means for modulating data generated by the host data
processing device;
wherein the means for demodulating data includes fre-
quency discrimination means for discriminating at a high
intermediate frequency digital data signal states expressed in
a signal of interest received from the transmission/reception
means and the means for modulating data includes a digital
signal processor with a waveform transition lookup table for
storing a set of precomputed waveform segments that are
pieced together by the digital signal processor to form a
modulated waveform.

2. The wireless radioc modem of claim 1 wherein the
transmission/reception means and the modulation/
demodulation means are together physically enclosed within
the host data processing device.

3. The wireless radio modem of claim 1. wherein the
frequency discrimination means includes one or more
electronically-coupled piezoelectric phase-shift devices.

4. The wireless radio modem of claim 1, wherein the
means for demodulating data includes a single-step down-
converter connected between the transmission/reception
means and the frequency discrimination means, for convert-
ing the signal of interest from a reception frequency to the
high intermediate frequency in a single-step.

5. The wirceless radio modem of claim 1, wherein the
modulation/demodulation means operates at frequencies
outside the host data processing device internal circuitry
operational frequency range.

6. The wireless radio modem of claim 1, wherein the
precalculated waveform segments represent baseband
modulated data.

7. The wireless radio modem of claim 6, wherein the
means for modulating data includes a baseband modulator
connected to the digital signal processor for converting the

precalculated waveform segments into an analog modulated -

signal.

8. The wireless radio modem of claim 1, wherein the
precalculated waveform segments represent in-phase and
quadrature phase modulated data.

9. The wireless radio modem of claim 8, wherein the
means for modulating data includes a quadrature modulator
connected to the digital signal processor for converting the
precalculated waveform segments into an analog modulated
signal.

10. A microprocessor-less radio modem for use in con-
junction with a computing device containing one or more
microprocessors, wherein at least one of the one or more
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microprocessors of the computing device is utilized to
establish communications between the computing device
and one or more remote communications devices. the
microprocessor-less radio modem comprising:
(a) a receiver for the receipt of one or more received
signals from one or more of the one or more remote
communications devices;

(b) a transmitter for transmitting data to one or more of the
one or more remote communications devices; and

(c) a demodulator for demodulating data received via the
receiver., the demodulator comprising:

i. frequency conversion elements that perform a single
conversion of at least one of the one or more received
radio signals from its reception frequency to an
intermediate data discrimination frequency; and

ii. discrimination elements that perform frequency dis-
crimination at an intermediate data discrimination
frequency, wherein the discrimination elements
include one or more electronically-coupled piezo-
electric phase-shift devices that retrieve baseband
information from the received radio signals.

11. The microprocessor-less radio modem of claim 10,
wherein the frequency conversion elements and the dis-
crimination elements operate at frequencies outside a given
operational frequency range of the computing device inter-
nal circuitry range.

12. A method for assembling waveforms from precom-
puted wave segments for transforming digital data into a
modulated waveform based upon the waveforms so precom-
puted and assembled. and the digital data received. wherein
the precomputed waveform segments represent in-phase and
quadrature phase modulated data, the method comprising
the steps of:

(a) pre-calculating the effect of a digital multibit trans-
mission stream on a waveform shape associated with
one or more particular bits contained within the digital
multibit transmission stream to create a set of the
precomputed waveform segments;, wherein the pre-
calculating step includes the steps of:

i. generating a set of baseband modulated waveform
segments;

ii. accumulating the phase change of the baseband
modulated waveform segments to form phase accu-
mulated data; and

iii. calculating the sine and cosine of the phase accu-
mulated data to form the in-phase and quadrature
phase modulated precomputed waveform segments;

(b) storing the set of precomputed waveform segments in
a look-up table;

(c) receiving digital data; and

(d) transforming the digital data into a modulated wave-
form by;

i. retrieving the appropriate waveform segments from
the look-up table that are associated with the data;

ii. assembling the waveform segments retrieved into a
waveform;

ili. and transmitting the waveform to a remote data
receiver.
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