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[57] ABSTRACT

A wireless radio modem that may be incorporatedinto a host
system or connected through a PCMCIA orsimilar 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 non-timer circuitry is powered-down
when notin use.

12 Claims, 8 Drawing Sheets
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1
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”, nowissuedas U.S.Pat. No. 5,619,531 on Apr.
8, 1997.

COPYRIGHT NOTICE

Portions of the disclosure ofthis 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 patentfile or records, but otherwise reserves all
copyright rights whatsoever.

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to data communication a
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 standardsset forth in two documents
entitled “PC Card Standard.” Release 2.0, and “Socket

Services Interface Specification.” Release 1.01. both pub-
lished by thePersonal Computer Memory CardInternational
Association (PCMCIA), in September 1991. As will be
appreciated by reference to the specification that follows.
although communication through a PCMCIAinterface is
preferable, the invention is not restricted to a particular
communication interface and may be connected in any
mannerto a host data processing or communications unit
(either, a “host unit”), or integrated into such a unit. The
method and device enablesahost unit to transmit data to and

receive data from a communication network wirelessly so
that the RF interference betweenthe host unit andthe radio

modem is minimized and power consumptionis at areduced
level. It is envisionedthat 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. Overthe 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
PCMCIAinterface have resulted in extremely poor operat-
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2

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 improvementover the state of theart.

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 ofthe various subsystems of
the radio modem (the “on-board processor form”) or (ii)
without an on-board processor. wherebytheessential 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 managementcircuitry, 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 hostunit. 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. Amongthe 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)thatis 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 circuitry 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 conveyedto a digital signal processor (“DSP”)
where the data is recovered and conveyed to the host unit.

Onthe 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, andis 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 (VCTCXO) 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 (1) 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 segmentsthat are pieced
together, taking into accounttheinterrelationship 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 phasesthat the I and
Q channels maybe 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 previousbits.
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The modulationtables, 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 GMSKsignal
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 representthe rate of change of the phase accumulator.
The Sine and COSINE ofvalue in the phase accumulatoris
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 RCfilter
can be forced to correspond with the desired wave form. The
math is performed in a laborious manner, using floating
pointevaluation. For each possible combinationof 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 developmentof 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 GMSKbit 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 GMSKbit. This implements a
decimating filter, producing output samplesat 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 thoughthe effective sampling rate is equal to the bit
rate, repetitious patterns of seemingly lower bit rates, such
as a GMSKBitsync 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 stringentcriteria is used
to determine whether the received signal is a bit sync
pattern. When all the criteria are satisfied, preferably 12
samplesof 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... ete.. The
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two resulting correlations of the SINE and COSINEfunc-
tions are then combined to form a Cartesian vector and

mathematically transformed through rotations of 90 degrees
to be within an angle of +/-45 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-
everis closer), divided by 90 degrees is the fraction of a bit
by which the sampling pointin the decimation filter must be
adjusted to be coincident with the center of the GMSKbit.
In the preferred embodiment, for ease of implementation,
the adjustmentis roundedto 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 previousbit.

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 bythe 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-
mined 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 forillustrative 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 twolocal oscillators.

FIG. 1is a block diagram of the hardware layout for an
alternative embodiment of the on-board processor form of
the radio modem using quadrature modulation anda single
local oscillator.
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FIG. 2 is a block diagram of the hardware layoutfor the
on-boardprocessor form ofthe radio modem using baseband
modulation.

FIG. 3 is a block diagram of the hardware layout for the
microprocessor-less version ofthe 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 ofthe interrupt
handler for the power management hardware.

FIG. 5 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 hostunit through a PCMCIAorsimilar 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
SSBWfilter or what has been commonlyreferred to a leaky
SAW filter. The filtered signal is conveyed to a low-noise
amplifier (4) and imagefilter (5), and to the downconverter
(6). In the preferred embodiments, bandpassfilters (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 (1@) then conditioned by a noisefilter (11).
Theresulting 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 passfilter (16), amplified by
operational amplifier (17), conditioned by anti-aliasingfilter
(18) and converted to a digital representation by analog to
digital converter (19).

Thelimiting amplifier (13) produces a second signal (52)
with a DC voltage proportional to the received signal
strength atthe inputof the limiter. This signal is referred to
as the Received Signal Strength Indicator (RSSI) andis
conditioned by low passfilter (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 SB80L188EB-8 (available from Intel
Caporation. 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 (260), and thusthere 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 SCC is 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 knownin
the art.

Whenthe 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
previousbits 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 passfilters (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
aninety-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
L02 (39). The resulting signal (57) is amplified by exciter
amplifier (40), conditioned by a band-passfilter (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.1b, the two local oscillators of FIG. (1a)
can be replaced bya single oscillator (LO) (43) by bypassing
the upconversion stage affected by the local oscillators (L01)
(36), (L02) (39), the mixer (38) and the bandpassfilter (37).

As illustrated by FIGS. 2 and 3, in the case of baseband
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 Khzfrom 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 schemeis
conveyed by splitter (211) to the exciter amplifier (40),
conditioned by a band-passfilter (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 managementanda 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 LO 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 modemisin its receive

mode, the LO (208) is programmed at the reception
frequency, at the beginning of the receive cycle. In the
transmit mode, the LO (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. 1a and
1b, 2 and 3, frequency modulation discrimination occurs
through the employmentof an electronically coupled piezo-
electric phase shift element (15), such as a crystal filter. The
use of this element represents an improvementover 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)tankcircuits that have been used in the prior
art for frequency discrimination. One advantage of the
present innovationis 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 radio 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

meanscan 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
performanceathigher 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
frequenciesless 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. Bythis
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 18, 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
VCTCXO 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 discussedpreviously, 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, asis
shown in FIG. 7a, for the bit sequence 00100. With refer-
enceto FIG.7a, the bit period a (700) and bit period e (701)
are affected by the bit in period c (702). Therefore, to store
all possible shapes for any bit period c (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 c (705)
and the bit period d (706). Therefore the value of segment c
(705) is only affected by the valuesoffour bits, and therefore
has only sixteen possible shapes.

The method described above yields baseband, but not in
phase and quadrature phasesignals. 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 dependontheinitial phase at the beginning of the bit
period.This initialphase must be known whenthetables 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 continuous0’sis an evenfraction of the

bit rate constraining the starting phase to oneof 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

Thepresent 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 ofthe
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 managementcircuit
are the serial communications controller (27), incorporating
an integrated timer andmemory, and microprocessor (26), as
shownin FIGS,la 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 powersavings 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 backto 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
either 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 whenit 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 downfirst
shuts downthe digital signal processor before shutting itself
down,it would be appreciated by one ofordinary 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.
Whenthe host begins communicating, the circuit has only
about| 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 managementscheme,the processor spends
about 5% ofits time active. and 95% in the fully idle. lowest
power mode.

One of the key elements in the software system is
improvementto the interrupt handler. Normally. in existing
systems, software wouldreturn 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-
dier was written in the manner of prior existing systems.
program execution wouldreturnto 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 knownstate 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 consumptionfor 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
Tequired 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. Thecircuit is similar in operation to an RS flip-flop
that satisfies the additional operational constraints:

1) Whenthe host ‘Turnon’signal (500) is active. power is
supplied to the radio modem through microprocessor power
supply (502) which is preferably a LT1121ACS8-5 manu-
factured by LinearTechnology,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 (‘ONT’) 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) remainsin an inactive state
until the radio modem has completedits initialization cycle
and remainsactive until the expiration of the control power
down cycle.

3) When the host ‘Turnon’signal (500) is inactive, power
will only be removed from the circuit if ‘ONT’ 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

Asdiscussed 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
illustratedin detail, the description is meantto be illustrative
and notlimiting 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. Tabie-building Module «Modtab.c;

#inciude <stdio.n>
#inciude <stalib h>
*include <conio h>
finciude <math.k>

adetinec TRUE |
adefine FALSE 0

' Mode vanables tor controlling wnat the progeam dues
stauc int bGraphit:
statec Int bBaseband:
state int GaussianFullScwe:
auc int bBasesuatiom
static int correct_samples tlie.

Graphing stult
#detine GREEN
#define CYAN
sdefine RED 4
#define BRWHITE 15
#define BLLE it
Adefine WHITE 7

void SecGraphParametersilong MinVal. long Max Val. int PimeSeale. int NumSamoples. char Tittel |).
vord GrapnFuncuontint Funcuons}, int color):
vod Graph2Functuuonint Functiont{}. nt Fuacuon2[}. wat colors
void TimeMarkint SampicPoint, int bBetween, int color.
void Set HiresModet vord ):
void SetTextModet vor:

 
modtab.c-\fake § and @ Tables lar
the DSP,

eee re eee een e cn enee *f 

#define OVERSA MPLING 20 f Ovecsampling rate (samples per bit)

adefine SAMPLING FREQUENCY(double? 8000 * OVERSAMPLING
adetine RESISTANCE double? 3920
adefine CAPACITANCE idauble) 0 0000000101 |
Adefine CORRECTION _FACTOR 075

Adefine GAUSSLENGTH tOVERSAMPLING * $1 4 Totai length of a emsk gaussian.

adefine GAUSSFULLSCALE 8000 i! Maximo ¢/- value for gassian
waveform
tdefine BTSCALE 1.6 4 Scale tactor for BT constant (guessed!

edefine SANDOFULLSCALE 0x 7FFF 4 and Q maximum vaiue

adefine PI 14159
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sdefine BITRATE 8000 “/ Mobttex bitrate
#define FILTER_R 3290 // Filter resistor
edetine FILTER_C 6 8e-4¥ +f Filler capacitero
edetine TIMECONST FILTER_R * FILTER_C * 2" PH

Working arrays for generaung { and Q modulation segments
int Gaussian GAUSSLENGTH1

int GmskShapet|GAUSSLENGTH + OVERSAMPLING*4t.

int (Shape; GAUSSLENGTH + OVERSAMPLING *4}:
int OShape(GAUSSLENGTH+ UVERSAMPLING “4]

"Storage arrays (or precemputed cuassian | and Q segments
int [Tablesi 2*2*2*2*OVERSAMPLING|.
int OTables|2*2*2*2"*OVERSA MPLING|

int EScartTable| OVERS AMPLING* 3},
int QStartTable[ OVERS AMPLING* 3].

* Total sample space required = OVERSAMPLING * 38

slruct |
int * {Pointer:
int * (Pointer:
rc |Sign;
int OSien:

f (Qtnet!-4],

 
stauc void BuildGaussianivoid}
t

tloat power:
inta.b.

if (bGraphiny| .
SetGraphParameters(i.GaussranFullScale, 16" 10.GAUSSLENGTH. “Natural and Moditied

aussian shapes ),
tor lastha<=5.at+ i

TumeMarktOVERSAMPLING ‘2-1. -1. RED):
{

!

#f Calculate the natural gaussian
for (a=0:a<GAUSSLENGTHi:a++¢)/

power= 1a-«(floatrGAUSSLENGTH-2)/2) / OVERSAMPLING.
power = -« power*powerr,

Gausstanla} = cat) ¢((long }GaussianFullScule* 23) * expipower * BTSCALE)).
'

if (bGrapnit: GraphFunctiont Gaussian. GREEN).

/ Normanze the gaussian wsth an 8 khz rate.
tor 1a=v:acOVERSAMPLING at++t{

long Sum.
Sum =)
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tor (b=). b<GAUSSLENGTH.bt= (JVERSAMPLING}
Sum += Gaussiania+bl:

|
for [b=t). b< GAUSSLENGTH:bt= ()VERSAMPLING }{

Gaussiania+bj = sinth(Gaussiania+b] * tong GaussanFuliScale) / Sums4

}
if tbGraphityi

GraphFunctiont Gaussian. CYAN,
getchi):

[eww nneweennnenen sn nee neescan ne neon eneane anenenne ee eeenennnnmnnnentewen tances

f Builds a GMSK wavetorm trom tour bils specified tn bitstream BitArray]
‘ Wavetorm ts placed in array GinskShape;| and is 4 bit umes lune.[fonancnennanenaannecentenna tana ne soenwen nn anne nc aneeenennnanncacmneeaeece acne

stage yord BuilldGMSKiint BaArrayt|
{

int a,but:
for (a=U:acGAUSSLENGTH + OVERSAMPLING*4:a++ if

GmskShapea| = 0{

for (bit=0 bri<4 bire+e
tor (a=.acGAUSSLENGTH t+)!

if (BitArrayjbit] == 1) GmskShapejbit*OVERSAMPLING + a! += Gausstanfa].
if (BitArray(bit | == 11 GmskShapej bits OVERSAMPLING + a) -= Gausstantal:

}
}

J
[nnerennnene tenn eneeennn cena ennnen conenen nencneeneneesae eu nentnneennenernes

// Takes the waveform tn GinskShape and | and Q modulates11 into landQShape
Lf-— warnnen ee en nnn connnene gene eres ne eee tenaeentnane anneomennee cenenen ns

stauc vord landQModulaters aid)
{

double phase.
mt a:

phase = 0).

if (bBaseband)|
4 Shor circunt - de not t and Q modulate tor baseband testing.
for (asU:asGAUSSLENGTH + OVERSAMPLING*4 at+H

[Shapefa] = (3mskShape(al:
QShapeta] = -Cmsk Shape{a]:

}
jelse(

for (a=0:a<GAUSSLENGTH + OVERSAMPLING* 4.a++}{
tShapeta) = 1ntiIANDQFULLSCALE * sinsphaseas:
QShapejaj = aint NIANDQFULLSCALE * cosiphase»):
phase += GmskShapejaj * (PE / OVERSAMPLING / GaussianFuilScale / 2),

!
}

stauc
void
comect_samples( void >
{

int a:
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aouble k.

double temp.
double | temp:
double Q_temp.

in expt (doubler ( doubler ¢-f) (doubler: SAMPLING FREQUENCY* RESISTANCE*
CAPACITANCE) +).

|_temp = iShape: 1) }* CORRECTION FACTOR:
Qutemp = OShape, 0 [> CORRECTION _F ACTOR:

ford asl. a<GAUSSLENGTH+ OVERS AMPLING * 4 at+ + {

temp = (Shape; u |*CORRECTION + ACTOR.
IShapeja] = cant temp -k * Ltempie: de ko,
l_temp = temp:

lemp = QShapet a j*CORRECTION FACTOR:
QShapeja} = cnt((temp - 6 * Qltempors beh.
Q_temp = temp:

!
int Array[4).
int a.
int Basetndlex:

if (bGraphity(
SetGraphParameterst -ANDOFULLSCALE. LANDQFULLSCALE. 1671f). GAUSSLENGTH

+ OVERS AMPLING*2.
“Tand Q patterms +.4

% Based on all 16 combinauon ot the four surrounding bits of a iransiuon. calculate
Jall Land Q segments tor the 16 pussible combimations
tor Array(0) = 0, Array 0] < 2.Amavid]|eed

foraArray| if =.Array( 1} < 2Array, (+e
tor (Arrayj2] =.Arrayy2] < DAgravi2]++rt

for (Array|3) = ):Arravt3] < 2:Array(J}++H
BulldGMS K(Aravi:
jandQModulatet):

if correct_sampies_tlag>|
correct _samples: 1:
!

if (OGraphiit
for (acU:a<¥:a+e|

TimeMarki OVERS AMPLING ‘a. -1 BLUE).
t
GraphFuncuont GmskShape. RED),
GraphFunctiomiShape. CYAN),
GraphFuncuiontQShape GREEN).

I

Baseindex =: Arrayy3] + Arravi2|*2 + Array l}"4 + ArrayjUj*@) * OVERSAMPLING.
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Take the data trom between the second and third bits. where 11 ts

4 least intluenced by unaetermuned outside bits. These segments wall
/ later be used to piece tognether f and Q data for regular modulauon.
for (a=:acO VERSAMPLING at+il

[TablesjBaseindex+a] = [Shape, OVERSAMPLING*3 + OVERSAMPLING/2 + a1:
QTablesi Baselndex+ai = 2ShapesOVERSA MPLING'3 + OVERSAMPLING/2 ¢ aj:

WibGraphin getcney,

/ Nowounld the table tor the startup sequence. based on a | (OO L1001 100 bit syne
“f slaming sequence Startup ts special as i is not surrounded bvbits on the
‘left side. which makes a slipht difference in the gaussian and [and Q xeamenis

if thBasestanon)}
AmaviO) = 1: Arrav¢l{ =.
Anayj2)=0.  Array[3] =u

pelse{
Aray|O] =) Areav{ i} = ah
Aravy(2] = 1 Arrav{3} = |

BuildGMSK(Arrav};
landQModutatec),

Copyihe segments sately away into a storage array. Segments are already
‘7 in ther proper order.
tor (ast). a<OVERSAMPLING * 3 at+ht

IStart Fable{a] = {Shape{a+OVERSAMPLING/2],
QStan Tuble{aj] = QShapeja+O VERSAMPLING/2};

i

' wanna nee e enn nnnene

/ Funcuion tu inalize the table oftsets tor different staring phases.
voud InisPhaseindicest void)

if (bBaseband i[
[Qlai(O} 1Pointer = I Tables:
{Qini{0}.QPointer = QTables:
[Qlan(OLISien = |:
(QInit(0].OSign = |.

[Qtnit( 1 |. [Pointer = [Tables;
[QEnat[ 1] QPonter = (Tables:
[Qtetl 1}. Sign = 1:
tOlna{ tf] QSign = |

[QInie{2].[Pointer = ITables:
1QUnatj 2] QPointer = QTables:
IQtaut 2}.1Sien = ft.
1Otmti2].QSizn = |

IQIniti 3|. [Pointer = (Tables:
QInit(3 |. QPointer = (Tables:
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Ila3] (Sign = i
1QToui3] QSien = |

cise
[Olnu(O}tPointer = | Tables.
1Otnit(0} OPomer = Tables,
[QInittO] TSign = |
1QInsttOl] QSien = |

{QIniti i] .FPointer = (JTables.
{Qlnuf i]. OPotnter = (Tables.
lOlmud |p bSign = |
IOinitt |] QSien = -3

IOfnitl2] IPounter = !Tables.
IOlad2[-OPornter = (Tables:
[Otnuf2].1Siz0 = -1
IOinat{ 2] QSign = +i

1QUnit) 3) [Potter = ()Tables.
{Qlnu[ 3} OPurnter = (Tables.
{Qin} 3] [Siena = -i
{Qtnitl 3] QSien = i

'

[fawse
void TestModulatet)
{
4 Modulation status vanables:

tat BitHistory: ‘4f Contains history of surrounding 61s used
‘fin selectine the appropriate gaussian segment

 

int SumplesLett. 4 Number ot samples remasning in current segment

ut StartingPhase ? Cumulative phasetc 31 of bis no longer under
f duvect consideration in BatHastary

nt * {Pounter. * QPointer. 1 & Q Wavetorm pointers
roedSign, Sten: “1 & Q Suns cee 1h

[foneesn-— senenenmeceseneece ns nepecennenaan nuseetenenensscceneesn teeeesoees

# Following lines ror demo cade oniv
int SourceBits{ 25}. 4 Bit pattern to modulate
s@uc int Outpull[OVERSAMPLING*21}. // Place tor stomng [ part of wave
stauc ine OutpurQ(OVERSAMPLING*21].  // Place tor storing Q part of wave
int Sample: Hf Modulated sampte count
int Bitndex: # Index imo SourceBits{}] Array

if Generate a series ol bsts

tor (Budndea=o Bullndex<25, Bitlndex++ 4
SourceBits[ButIndex) = \.\,

Source Bstsi 2} = |
SourceButs|3} = |

SourceButsi4] = 1:
SourceBtts[5] = |.
SourceBrtsl9] = |
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SourceBitsi I?re
 

‘J Setup the starting sequence of moving trom carner to bitsync
‘This is different trom reguiar bits. as the non bus (neutral bits! have a different
if effect on the | and Q segments to be used than regular bits would. We use a speciai
1 Starting sequence. s hich assumesthalthe start of the modulution 1s 1100. thestart
of the mobile bitsync’

if (bBasestuon;
* Starting conditions for 11001100 - Base stauan *!
SamplesLett = OVERSAMPLING * ?
[Pointer = |StartTabie.
QPointer = (Start Table:
ISien= |.
QSien = |.
BitHistory = 5.
StartangPhase = |.
BitIndex = 3;

felset
“© Starung conditions JorvOUIDOL]—Mbobile wansmit *'
SamptesLeft = (OVERSAMPLING * ?
{Pointer = IStarnTable.
QPointer = (Start Fable.
TSign = |.
QSign= 1.
BitHistory = {.
StartingPhase = |.
Bidndes = 4.

I

4? Generate the wavetorm by sending oul seaments of the precalculated tables
for (Sample = '!:Sampte<lVERSAMPLING* 21 Sampie++1{

if (SamptesLets == 011

4 Take the bit no longer used for selectsng | and Q segment. and
# add its phase conrribution to SaarungPhase
if (ButHistorv & 834

SiarungPhase =: StarungPhase + 1) & 3.
Jetse(

StarungPhase = StarunePhase - 1) & 3.
|

¢ Shift the bits currentiy under consideration to accomodate new bit.
4 MSBis discarded (1s phase contribution ts 1s alread y accounted for).
BitHistory = uBitHisiory << 1) + SourceBits[Billndex++|) & 15:

/ Based on siarting phase and surrounding bits. select the appropnate
“Land Q segments. Phase shift is in increments ot 90 degrees. Use
4 Tables to select the proper phase shifi.

[Pointer = BitHistacy « OVERSAMPLING + IQlntt{SiartngPhase|.JPointer:
QPointer = AuHistory * OVERSAMPLING + [QinitStartingPhase! QPointer:
1Sign = (Qinit{ StarngPhasei.(Sien:
QSien = IOInit(StarungPhasei.QSign:

# Now have OVERSAMPLENG samples betore this calcuJauon nees repenuon.
SamplesLeft = OVERSAMPLING.
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Crank out one samme ata ime. untift its ume to select a new segment.
SamplesLeft = 1

Qutpurt!Sampie| = *Pointer++ + * (Sign:
OutputQ[Sampre| = + OPointer++: © (Sign:

tii bGraphity{

Int as

SetGraphParametersi-[AN DOFULLSCALE. 1ANDQFULLSCALE. |6* !0.
OVERSAMPLING ¢ 16." ang Q segments 5

or ta=tacibatey
TimeMarkiOVERSAMPLING‘a. -i, RED».

|

GraphFunccon Output, CYAN)
GraphFunctioniuiputy, GREEN |

tur asd VERSAMPLING "| fapu.a--s
QOutpuu}a] = (Ourputl aj-Outpudia-t]) © (OWERSAMPLING/2).
OutputQ{a] = (OutpuQ{al-Outpuata: 1 ])? (OVERSAMPLING/3).

1
getcht).
SetGraphParameters( -IANDQFULLSCALE,. [ANDQFULLSCALE.16°10.

OVERSAMPLING?* 16.1 and Q stupes |.
for (astha<ib.aeeH

TimeMarkt(tOVERSAMPLING*a -1, RED).
\

GraphFuncuontOurpuu. CYAN),
GraphFuncuomQutpua). GREEN |.

getcht).

|

Uf ann een eee e ene mw ee nn eenen aeaeeens ceneenen neenneeeeerenanna-seeeeeeenenencenes

HowW use progeam if used wirane[foceneesenaewewewmencnne eo—ncen as coeencan an nen cngneraeecenenwessnernernernane

static vord Usaget)
I

prentft"usage of madtab program:in’
‘modtab |-b] [-g}\n"
‘where:\n"

-b Indicates baseband eraphin’
-g Indicates graphing enabiedin '

( Indicates base transnutin’

-i_use ideal samplesin’ },
ex):

Ufa nme ne ae mee eeneeeaeneeegeeeeenen meee ener se nena

Main program
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Sold maint int asec. char *arev(] )

inta,
char + suttilename = ‘moddata.h”

FILE ‘outtile.

‘t Imerpret the commandline arguments.
bGraphit = FALSE:
bBaseband = FALSE:
bBasestation = FALSE.
GaussianFullScale = GAUSSFULLSC ALE:
cOsrect_samples_tlag = TRUE.
foria = | a<argc:at++)|

1€targy[aj[O} == / Wargv(af[Oj == >
switch tareypa}[1})f

case 'g":
case G’.

printt("Graphing enabledin
bGrapht = TRUE:
break:

case b"
case B"

printti "Baseband instead of | and Qin 3.
bBaseband = TRUE:
break:

case ‘f’.
case F:

printtt “Full scale baseband enabledin’ i,
GaussianFullScale = |ANDQFULLSCALE:
break:

case i:
case T

pant! "Base stauon transmit sequencein”}.
bBasestation = TRUE.
break:

case 1
case T

pont "L'sing ideal samoiesin ).
correct_samples flag = FALSE.
break:

case 'o’:
case ‘O”

pnntf(" creating outputfile “s\n”argvaj+2):
outfilename = arev(a]+2.
goto skipcheck:

default:
Usage):

}
If (argy{alf2]) Usaget):

skupeheck::
telse(

Usapew).

j
if toGraphit) SetHiresModet }:
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: Build we GMISK wavetorm
BurldGaussinnt|:

‘Build the 14 pas of I ang Q segments and starting segments
BuridSeementst|.

‘ (niualize phase index tables
TatPhaseIndicese

Try out the modulution sceme
TestModuiate: ».

HubGraphith)
SetGraphParameterst [AN DQFULLSCALE. ]ANDQFULLSCALE. lotto.

OVERSAMPLING *16."1 and Q seements ‘1:
tor (a=O:a<l6.aten

TimeMarkt OVERSAMPLING* a, -| RED):

!

GraphFoncuontTables. CYAN).
CraphFuncuontQTables. GREEN:

getcht}

if (bGrapnit) SerFextModet

# Generate an outputfile ofall the segments,
outtile = tapenouttilename.“w"):

ft ourtile == NULL )
|

printf('"Fasled to create ‘S-s"wv .outtilename).
exett l},

j

tpnattioutnile. /*n"),
tpnnttiouthile. * %s was created using the command iine:in” outrilename i:
tpanttioutile.'* "},
lor ta=(acarec.are if

fpnnitiouttile,"% 5 ".argvial),
}
fpnniiiouttile. un *\n ‘1

if (Baseband/
fprintt outtile.” * This file 1s BASEBAND\n ‘1.

lelse{
fpnnutiouttile.” * This file is | and Qin’).

|
fpnninouttile.” *An\n' 1.

if ‘bBaseband) fpnnttiouttile. “#define BASEBAND I\n ),

fprintthouttile.INIT TI samptes:sa

fora=0.a< lo*OVERSAMIPLING, ate 41
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ipanttioutrile. “WtOx% AKOU, OX% 4x00, Axe 4x00,
WK 3x0" [Tables{ aj, {Tablesfaeh|.JTublesja+2].[Tables{a+3 i.

iti a< 1@*OVERSAMPLING - 45

fpninttroutfile. Sn),
j

tortntfiouctie. vain’ i:

tpnnttiouttiie. INIT Q_samples sn 3.

tora =U, a < 1O*OVERSAMPLING. ate 4h

romntiroutibe. WitOx% 4x00. O86). 4x00. Ox 4x00,
Ox % 4500" .QTables|a}.QTables{a+ | i.QTables(a+2].QTables|a+3] +.

itta< 16°OVERSAMPLING - 45
i

fpnattiountile. in"):\
|

aifdet NEVER
‘

int Sample:
long MaxMag.
iong MinMag:
int MinSampie:
int MaxSampie:
long Mae:
long [Sum:
tong QSum:
long lAve,
long QAve:

MinMag = Ux7FFFFFFF.
MaxMag = 1)x80000000,
ManSample = 0x 7FFF.
MaxSample = ()x8000:
Sum =o
QS5um = 1).
tor (Sample = ),Sampie<|6*O VERSAMPLING.Sampie++5}

Mag = ulong)[Tables|Sumple}) * ((long)/Tables|Sampie|)
+ Wong )QTables/ Sample |) * (long1QTables( Sample >:

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

printé("Mag: tid MinMag. \t/d MaxMag: %ld\n", Mag, MinMag. MaxMag);

if (MaxSampie < !Tables| Sample}) MaxSample = [Tables{Sample].
if (MaxSampie < QTables! Sample}; MaxSample = QTablesiS ample].
if (MinSamole > ITables| Sample|) MinSampie = ITables/Sample!.
if (MinSample > QTables|Sampie|) MinSampie = (2Tables{Sampie}:

[Sum = {5um + [Tables|Sampte}:
QSum = QSum + [Tables| Sample]:}

tAve = [Sums 16*OVERSAMPLING:
QAvg = QSums |6*OVERSAMPLING:
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pnntt"MinSampie: «/d MaxSamoie ‘i d\n” .MinSample.MaxSampie).
pnnwt (Sum: *¢ld QSum: «std lave. orld OAve: 7idin”SumQSumiAve.QAyve).
poniti’ MagError: 7 F&Fni duuble MaxMagydouble MinMag-1 1° 100}),

welche i:
retum:

1)
sendif

fpnnttrouttile.” nin"),

tpnnitioutttie.” INIT iaiuai_|sampleson

torha=O:a < 2*OVERSAMPLING a+= 32

tprinitioutride. WQOxG% 4a00. OxFU)
Ox%.4x00" [Start Fablefa].[Stant Fablefa+!|.1Siart Pablefa+21).

ifta< 3*OVERSAMPLING - 31
{

tpninittouttile.” sa).

'

tonnttioutnle. sayy" 4:

tpanutouttile.’ ENSIT iniual_Q_sampies:n’).

tor) a= 0. a< }SOVERSAMPLING, at= 3)
|

fprnttcouttibe.“tx 4x00, UX%E.3 CUO,
a% 400"OStanTablela}.QStartTablela+ | |.QStart Pablefae21).

if ac J*OVERSAMPLING - <:
{

fprinttoultile.Say),
}1r

Iprintiiouttile. sn),

tprainttiouttile, s‘).
if (bBaseband

ftprintioutttle.” [NIT carrer _t_.umple: 0x000000 An").
fprintt(outtile.” (NIT camer_Q_sample: 0x000000:\n").

jetset
fprintttoutfile.” {NIT camer .|_sample. 0x000000:\n‘1;
fprintttoutiile.” {NIT camer_Q_sample: 0x7fF(00An"};

!
fprinutoutfile.“Wa ">.

exit OQ},
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Il. Table for Quadrature Phase Modulationfe

* obj umoddatig.h: was created using the commandline:
* sbjumodlab.exe -) -nobymoddatg.b*

* The data is in the 16 MSBofthe 24 bit words, which
* are used by the DSP when gctung data trom program* memory.

* This file is 1 and Qa

INIT 1_samples:
'ixa¥ 1100, OxbOb200, Uxb&d 100, Oxc 1000.
x¢a5300, 0xd39200, Oxdd2800. OxedecU0.
Oxf0d800 OxfadcO0. 0x04e700, Oxeeou0.
x E8d800. 0x229e00, 0x2¢1d00, 6x 357600.
Ox3e6bO0. 0x46Fc00. Ox4 Fl eOU, 0x56c200,
Qxa90500, Oxb0a000, Oxb8b400. Oxc 13500.
Oxcal400, Oxd34000, OxdcaYO0. Dxeo3d00.
Uxefeb0O. Ox f99f00, 0x034700, OxUcct00.
44162500, Ox 1 F3600, 0x27f200. 0x 304500.
0x382400. Ox317fDD. Oxd6d00, Ux4c8500.
x9deBO0. 0x325300, 0xa09c00. Uxaaasvo,
OxaeSf00. Oxb taaWO. 0xb47300, Oxb6ad00.
Oxb84a00. 0xb94300, 0xb99600. 0xb94700.
Oxb85d00, Oxb6e?00, 0xb4t300, 0xb29700.
OxafeaQ0, Oxad0400. Oxa9fd00, OxabeeX0.
Nx9dde00, 0xa24300, 0xa68300, Uxaad300.
Dxae2a00.0xbi5e00. 0xb4200, 0xb61b00.
0xb78500, 0xb83c00. 0xb83c00, 0xb78S00.
Oxb6 1 bOO. Oxb40a00. Oxb 1 5e00. Oxae2a00.
()xaas300, 0x268300. 0xa24300. Ox¥ddeO0.
0xa70300, Oxaal 400. Oxad!b00. 0xb00200.
Oxb2af00. Oxb50c00, 0xb70000, 0xb87700,
Oxb96000, Oxb9b000. 0xb95c00,. Oxb86300.
Oxb6c600. 0xb48c00, Oxb1c200. Uxae7600,
Cxaabt00. Oxabb200. 0xa26800, Ox9dfc00.
()xa70f00, Oxaa2500. Uxad3500, Oxb02800.
xb2e700, Oxb55900, Oxb76cU), Oxb90b00,
Qxba2800, Oxbabav0, Oxbabav0. Oxba2800.
Oxb90b00, 0xb76c00. 0xb55900, Oxb2e700.
0xb02800, Oxad3500, Oxaa2500. 0xa70f00.
0xb35600. Oxb98600. 0xc04900. 0x¢79500.
Oxef5e00, 0xd79700, Oxe02d00. Oxe90e00.
Oxf22500, 0x fbSe00. 0x04a200, Ox0ddb00.
Ox 16F200, 0x 1{d300. 0x286900, 0x30a200,
Ox386b00. 0x3fh700. 0x467a00. Ox4caa00.
02b36300. 0xb99a00. Oxc}6700. Oxc7c100.
Oxcf9f00, 0xd7f200. OxeXac00, Oxe¥bd00,
Oxf31300, Oxfe9b00. 0x064200. Ox0ff700.
Ox 199500. 0x233a00. Ox2ca300. 0x35d 100.
Ox 3eb000. 02473200, 0x414800. 0x56e400.
Nx4c9d00. 0x466600, 0x3f9900. 0x383/00.
0x 306 100. 0x280e00. 0x | F5400. Ox 164300,
OxOced00. 0x036500. Oxf¥be00. 0x100900.
Nxe65b00. Oxdec600. Oxd35d00. Uxca2f00.
Nxe1 5000, Oxb&ceG0, Oxb0b800. 0xa91c00,
(xdeaa0, 0x467400. 0x31b700, Ox 386b00.

38
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"9300200. 04286900. Ox 1£d300. Ux 16f200.
tixOddbO@. 0x04a200. OxfhSe00. 4x122500,
Yxe90e00, Oxed2d00. 0xd79700. UxctSe00.
"x079500, 0xc04900. Ox b98600. Uxb35600.
‘)xS8f100, 0x55db00. Ox52cb00, U.x4 [d800.
3x40 1900. 0x4aa700. 0x489400 0x46f500.
)x45d800. 0x454600. 0x454600. 0x45d800.
9x46f500. 0x489400, Ox4aa700. 0x4d1900.
9x4 fd800. Ox52eb00, x55dbO0. 0x58F100.
Ox58fd00. Ox55ec00. Ox52e500 Ox4ifedd.
)x4d5 100, Oxdat40). 0x490000. 0x478900.
0x46a000. 0x465000. 0x46a400, Ox479d00,
19x493200. 02467400, Ox4e3e00, 085 18000,
0x554 100, Ox 59de00. 0x5d9800. 0620400
1x622200. UxSdbd00. 0x597d00. 0x557U00.
1x5 1d600. Oxdea200. Ox4bf600. 0x49e500,
)x487b00. 0x47c400. Ox87c400. Ox487b00.
0x49e500. 0x4bf600. Oxdea200. 0x51d600.
0x557d00. 0x597d00, Ox5dbd00. 0x622200.
0x621800. Ox5dad00. @x596400. 0555800.
Ox§12100. Ox4e5600. Ox4b8d00. 0x495300
4x47b600. Ox4hbd00. 0x 466200. 0x46b900.
0x47a300. 0x491900. Ux4b0d00. 0x3u690N.
9x501600, O0x52fc00. 0x560300. Ux 591200.
Ox56fb00. 0x4f6000. 0x474c00, Ox3ecbU0.
Ox3Sec00. Ox 2ccV00. 0x 235700, Ox 19c300,
0x101 500. 0x066100. Oxfcb900, Ox#33 100.
Oxe9db00. Oxetica00. Oxd80e00. Oxcibb00.
Oxc7uc00, Oxc08 100, Oxb9b300. Oxb37b00.
OxS6ef00. Ox4f4e00. 0x472(00. Ox3ea000,
0x35ad00, 0x2c6600. 0222d800. 0x 19 1400.
Ox0f2800. 0x052400. Oxfb 1900. Oxf 1500.
Oxe72800. 0xdd6200. 0xd3d300. Oxcaxa0d.
Oxc 19500. 0xb904N0, Uxb0e200, 0xa93e00.

INTT Q_samples:
Oxa20f00, 0x9b8900. 0x952000, 0x90S5f00.
Ox8beev0. 0x87 £400. 0x84d700. Ux827d00.
Ox80e800. 0xB01 C00. 0x801a00. Ox80e 100.
0x827 100. 0x84c 700, Ox87df00, Ux 8bb500.
9x904200. 0x957 f00. 0x9b6300. Oxale600,
Oxa2 1200, 0x9b9800, 0x95b400. 0x907800.
Ox8beb00. 0x88 1500. 0x84fb00. 0x82a000.
0x8 10500, 0x802a00. 0x800c00. 0x80a600.
Ox8 1 F000. Ox83df00. 0x866600. 0x897500.
Ox8cfa00. 0x90de00. 0x950a00. 01996600.
Oxadc800. Oxadc800. 0xa46500, Uxa09d00.
0x9d6a00. Ox9acd00. Ox98af00, 0x97 1700.
0x95fc00. 0x955400, 0x95 1e00. 0x955200.
Ox9SeetiO. 0x96ef00. 01985200. 0x9al 100.
Ox9¢2800, 0x9eBe00. Oxal 3700. Oxad 1500.
Oxadd400. Oxa8d900, 0xa47d00. Oxaube00.
0x9d9700, Ux9b0200. Ux98fc00, 0x977e00,
0x968200. 0x960500. 0.960500, 01968200.
0x977e00. 0x98fc00. 0x9b0200. 0x9d9700.
OxaObeG0. Oxa4d7d00. Oxasd900 Oxadd4d00.
1}x5c0000. 0x5ede00, 0x618600, 0x63eb00.
9x60 100. 0x67c000. 0x692200. 0x6a2300.
OxGabf00. Ox6af300. Ox6abc00. Ox6at 500.
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1x68faG0. 0x676300. 0x6 54b00. 0x62a900,
Ox567B00. 0x5bbO00. Ux574e00. 0x525000.
Ox5cObO0. OxSeeeuO. 0x6 1900, 0x640a00.
91x662b00. 0 x67f800. 0x696d00. 0x6a8600,
1x6b4200, 0 x6bat}00. 0x6ba000. 0x6b4200.
(Jx6a8600. 0x696d00, 0x67f800. 0x662b00.
0Ox640200. 0x6 19c00, OxSeee00. Ox ScOb00.
()x667e06. Gx6ad800. Ox6f0200. Ux72e300.
1}x766500. 0x797200. Ox7bf900. Ox 7decWX).
Ox7f3e00. Ox 7fe900. 0x7 fe900. 0x7 F3e00,
Ox7decU0. 0x 76900. 0x797200. Ox 766500,
Ox72e300, (x6f0200. Ux6ad800. 0x667200.
0x668808. 0x6ae500. Ux6f! 300. Ox72f900.
1)x767 (00. 0x799000. Ox7c 1a00. 0x7e0b00).
Ox76S700. Ox7fF300. 0x7f8700, Ox7eff00.
0x7d6600. Ox7bOd00. U« 77f500. Ux742100,
0x6f97N0. 0x6a5d00. 0x647b00. UxSdib00.
0x668 800. 0x6ae500. 0x6£1300, 0x72900.
0x767 F00, 0x799000. 0x7¢ 1200, Ox7¢0b00.
Ox7£5700, Ox 7fF300, Ux7fd 700. Ox7e ff00.
x7d6600. 0x7 bOd00. Ox 77fS00. Ox 742 100.
x619700. 0x6a5d00. 01647600. UxS5dfb00.
1)x667e00. Ox6ad800. 0x6t0200. Ox72¢300.
{)x766S00. 0x797200. Ox7bf900, Ux7dect).
Ox7PBeQ0. Ox 7 fe900. 0x7 fe900, Ox7F3e00,
Ox7dec00. 0x7bf900. Ux797200. 0x766500.
0x72¢300. 0x6f0200. 0x6ad800. 0x667¢00.
OxScO0b00. 0xSeeeOO. 0x6 1900. 0x640a00.
0x662b00. 0x67f800. 0x696d00. 0x6a8600.
0x6b4200. Ox6ba00. Ox6bav00. 0x6b4200.
0x638600. 0x696d00. 0x67f800. 0x662b00.
0x640200. 0x6 19c00. (xSeeew. OxScOB00.
Ox5cQ000. OxSede00. 06 18600. 0x63eb00.
0x660 100, 0x67c000. 0x692200, 0x62300.
Ox6abiQ0. 0x6af300. Ox6abc00. Ox6ai 500.
0x68fa00, 0x676300. 0x654b00. 0x62a900.
0x5£7800. OxSbb000. 0x574e00. 0x525000.
Oxadd40G. 0xa8d900, 02x047d00. Oxabe00.
0x9d9700). 0x9b0200. 0x98fcO0. 0x977¢00.
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0x968200. 0x960500. Ux960500. 0x968200.
Ox977e00. 0x98fcOO, Ox9b0200. Ox9d9700.
Oxa0be00. 0xad7d00. 0xa8d900. Oxadd400.
Oxadc800. Oxac800. 0xa46500. Oxau9d00.
0x9d6a00. 0x9acB00. 0x98af00. 0x971700.
Ox9Sfc00. 0x955400. 0x95 100, 0x955200.
Ox9Sce00, Ox96eF00. 0x985200. Ox9al 100.
0x9c 2800, 0x9e8e00. Oxal 3700. Oxa4t 500.
Oxa21200. 0x9b9800. 0x95b400, 0x907 800.
Ox8beb00. 0x88 1500. 0x841b00. 0x82a000.
0x8 10500. 0x802a00. 0x800c00. 0x80a600.
0x8 1fD00. 0x83d00. 0x866600, 0x897500.
OxBcfa00, 0x90de00. 0x950200, 01996600.
Oxa20f00, 0x968900. 0x9 52000. 0x905f00,
Ox8bcetvX0. 0x87f400. 0x84d700. 0x827000.
Ox80e800. Ox801cOU. 0x801a00. 0x 80e1 00.
0x827 100. 0x84¢700. 0x87df00. 0Ox8bb500.
0x904200. 0x957100. 0x9b6300. Oxale600:

INIT iruual_I_samples:

42
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xftf800. OveffS00. Uxtret@0.
(x ffe8G0. OxtidedO. Ux trd 100
Ox ffbFOO. Oxtta700. Oxtf8900.
‘xtf6200. Ox ff300U. Gxtet lO.
Oxfeal 00, Oxte3eO0. Oxtde300.
Nxfd2c00. Oxte7400. Gxtb9700
OxfaBeVO. Ox195400. OxrFe LOC.
{xf62f00, 0x143600. Uxti f100.
WxetS900 Oxecd900, UxevicQU,
NxeS6e00. Oxe i 5/00. Uxdcetvo.
0xd82100, Oxd2fb00. Oxcd8500
Nxe7ebOG. xc! dbO0. Oxbbedix)
(UxbS9800, Oxat6ci). Uxay5200,
(xa36000, 0x9dab00. 0x984700
Ox934800, Ox8ebt00, Ox8abcul,
Ox874d00, Ox847e00 Ox8258000,
Ox80e200. 0x802000. 0x801100.
Ox80b400, 0x820200. 0183f300.
0x867a00. 0x898800. Oxsd0b00.
Ox90ed00 0x951 700, 0x997 100,

INIT inigal_Q_samples:
Ox7fFeOO. Ox 7fFeOO. Ox7ffe00.
ONTIfCOO, Ox7fFeOO. Ux 7ffev0.
OxTffeOU, Ox7ffeO0. Ux7ffeO0.
Ox7ffe00. Ox? ffeO0. Ox7ffdO0.
Ox7ffd00. 0x7 ffe00. 0x7 fF900.
Ox? £600. Ox71f200. Ox 7febO0.
Ox7 fe 100. Ox 7fd200. 0x7fbc QU.
Ox7f9e00. 0x767300. 0x773800.
Ox7eeBU0. 0x7e7c00. Ox7deeW,
0x7d3500, 0x7¢4600, 0x75 1900,
0x792000. 0x7 7d L00. Ox759e00)
Ox72fe00. O0x6fe500. Oxocda00,
0x682500. (1x637200, Ox5e2d00.
0x$85600, Ox 51cf00. Oxdati00.
0x438c00. Ox3bal UC, Ox334a00.
0x2a9600. 0x219600, 0218500.
Ox0ef800, 02058 100, OxtoOc00,
OnflabOd, Uxe974N0. Uxe07b00
0xd7d300, Oxct8d00, Uxc7batx).
0xc06700. 0xb9a000. Oxb36d00.

INIT camer _|_sample: Gx000000;
INIT carer _Q_sample: 0x7 ff00:
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IH. Table for Baseband Moduiation

* obimoddatbb.h: was created using the commandline:
* nbpmodtab.exe -6 -f -j -oobj\moddarbb h

* The data is in the §6 MSB ot the 24 bit words. which
* are used by the DSP when getung data trom program
“ memory*

* This tile is BASEBANDst

INIT |_samptes:
x80 1e00. 0x80 1600. 0x801 100. Ox 800d00
x800a00. 0x800700. 0x800600. 0x800500
1}x800500, 0x800400. 0x800500. Ux800500.
1)x800600. 0x800700. 0x800a00, 0x800d00.
x801 100. 0x801600. Ox801e00. 0x802900.
0x808600. 0x80a400. 0x80d300. 0x81 1 100.
9x816400. 0x81d 100. Ox825e00. 0x830f00.
Ox83ef00. 0x850400, 0x865b0), 0x871b00.
NxB9eeUO, Ox8c4500. Ox8f0800. 0x924300.
49x960500, 02925200, Ox9f4c00, Oxa4e300.
Qxab0e00. Ox bl e800. 0xb96u00. Oxc 19300.
xca5000. Oxd38b00. Oxdd2c00. Oxe7! 100.
Oxft1 100, OxfbOO0D, Ox0datO0. OxOdetOO.
0x169400, Ox 1e6d00. 0x255800. 0x2b3300.
Ox2fddOO. 0x 334600, 0x355c00. 0x 361700.
Oxab7600, 0xb27600. Oxba2!00. 0xc29700.
Oxcbaa00, 0xd55500. Oxdf8400. Oxea! bO0,
Oxf4fb00. 0x000000. 0x0b0500. Ox 1 5e500.
0x207c00. Ox2aab00. 0x345600, 0x3d6900.
0x45d 100, Oxdad8a00. 0x548a00. Ox5adi00.
1)x355cO00. 0x334600, Ox 2fddOO, 0x253300.
Ox255800. Ox teGd00. Ox 169400. Ox0def00.
Ox04af00. Oxfb0000. Oxtl 1100. Oxe7 1100,
Oxdd2cO0, Oxd38b00. 0xca5000, Oxe 19300.
Oxb96d00. Oxb e800. Oxab0e00. Oxade300.
x35c400, 0x33400. Ox 309/00. 0x2¢3700.
0x26b200. 0x203700,Ux 18ecU0, Ox LOf900.
0x089900, 0x000000. 0x176700, Uxet0700.
Oxe7 1400, Oxdfc900, Oxd94e00. Oxd3c900.
Oxcf6100. Oxcc2c00. Oxca3cO0. Oxc¥9d00.
0x604c00, 0x65 1800. 02693900. Ox6cb900.
Ox6F9c00. 0x7 LF100. Ox73ba00. 0x74fb00.
Ox7Sbb00, 0x75fc00. Ox75bb00. 0x747000.
0x73ba00, 0x71f100. Ox6f9e00. Ox6cb900.
0x693900. 0x651800, 0x604c00. 0x5ad 100.
0x60b400. 0x652600. 0x69tb00. OxSdbd00.
0x70f800, 0x73bb00. 0x76 1200. 0x780500.
0x79a500. Ox7afc00. 0x7e1 100. Ox 7cf 100.
0x7da200. 0x7e2f00, Ox7e9c00, Ox7eet00.
Ox7f2d00. Ox7f5c00, 0x7 £7200, 0x7f8b00.
Ox9f4c00, 0x9a5a00. 0x960500. 0x924300,.
Ox8f0800. 0x8e4500. Ox89ee0. 0x87F600.
0x865b00, 0x850400, 0x83ef00. Ox830f00.
Ox82Se00. 0x81d100. Ox8 16400, 0x81 1100.
0x80d300., 0x80a400. 0x 808600, 0x807500.
02916400, Ox9aeBO0. 0x96c700, 0x934700.
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9x906200, Ox8eOf00. Ox8e4600, Ux8b0S00.
"yxBa4d500, 0x8a0400, Ox8a4500. 0x8b0S00.
')xBc4600. 0x8e0f00, 0x906200. 0x934700.
96700, Ox9ae800. Ox9tb400. Oxa52f00,
Uxcasc00. Oxce2c00. Oxct6100. 9xd3c900.
Nxd9de00. Oxdic900. Oxe7 1400. Oxet0700,
1)xf76700. OxO00000. 0x089900. 0+ 10f900.
Ja 1Bec00. 0x203700. Ox 26b200. 0x 2c3700.
9x309f00. 0x33d400. Ox 35c400. 0x366300.
9xcaad00, Oxccba00. 0xd02300. Oxd4ced00.
Qxdaad00. Oxe 19300. 0xe96c00. Oxt21 10@.
xfb5 100. 0x050000. Ox0eetD0,Ox | Bef00.
Qx22d400. 0x2c7 500. Ox35b000,0x Je6d00.
'0x469300, Oxde 800. 0x54f200. 0x5b 1400,
{)x548a00, 0x4d8a00. 0x45d 100. (1x 3u6900.
1)x345600. Ox2aab00. 0x207c00. 0x1 5e500.
x0b0500. 0x000000. Ox f4fb00. Uxea !b00.
Oxdf8400. 0xd55500. Oxcbaad0, 0xc29700.
Oxba2f00. 0xb27600. Oxab7600. 0x252f00.
Ox54f200. 0x4e1900, 0x469300. 0x3e6d00.
Ox3Sb000. Ox 2c 7500. Ox 220400.Ox 1 8ef00.
OxOee100, 0x050000. Uxfh5 100, Oxf21 100.
Jxe96c00. Oxe19300. Oxdaa800. Oxdscd00,
()xd02300, OxccbaQ0. Oxcaas00, Uxc¥e900
Ox7E7a00. 0x7 fScO0. Ox7F2d00. Ux7vet0O.
Ox7e9c00. Ox7e2f00. Ox7da200. Ox7cf100.
Ox7c 1100. Ox7afeO0. 0x79a500, 0x780500.
0x76 1200. 0x73bb00. 0x70f800. Ox6dbd00.
0x69f600, 0x652600. 0x60b400. 0x5b1d00.
0x7fe200. Ox?fea00, 0x7 fef00. 0x7fF300.
Ox7FfG00, 0x7FF900. Ox7ffa00. Ox7fG00.
ORTEFDO0. Ox7ffcOO. Ox7Ff00. Ox7FIb0O.
Ox7ffa00. Ox?£900. Ox 7 £600. 0x7F300.
Ox7fef00, Ox7fea00. Ox7fe200. Ox? fd700:

INIT Q_sampies:
0x7e200. 0x7 fexQU, 0x7 fef00. Ox 7ff300.
Ox7Ff600, 0x7fF900. Ox 7fFa00. Ox7ffb00.
OR7EfbOO, Ox7ffcOO. Ox7FfbOO. Ox700.
On7EF200. 0x7 F900, Ox 7 £600. Ox7fF300.
Ox7fef00, 0x7 fea00. 0x7 fe200. Ox7fd700,
Ox7F7a00. Ox7£5cO0. Ox7f2d00. Ox7eet00.
Ox7e9c00. 0x7e2f00. Ox 7da200. Ox?cf)00.
Ox7c1! 100, 0x7afcO0, 0x79a500. 0x780S00.
0x761200. Ox73bb00. 0x701800. Ux6dbd00.
0x699B00. 0x65a600. 0x60b400. 0x5b1d00.
0x54f200. 0x4 1800. 01469300, Ox3e6d00,
0x3S$b000. 0x2c7500. 0x22d400.Ox t&efD0.
Ox0eef00, Ox0SOQ00. OxfbS 100. Oxf21100.
Oxe96c00, Oxet 9300. OxdaakO0. Oxd4cd00.
O2d02300. Oxceba0d. Oxcaai0. 01¢9e900.
0x548a00, 0x4d8200. 0x45d 100. 0x3d6900.
0x345600. 0x2aab00. 0x207c00. Ox 15e500.
0x060500, 0x000000. Oxf4f00, Oxea1b00.
Oxdf8400. 0xd55500. Oxcbaa00. 0xc29700.
Oxba2f00. Oxb27600. Uxab7600. 0xa52f00.
Oxcaa400. Oxccba00. 0xd02300. Oxdécdad.
Axdaas00. Oxe 19300. Oxe96c00. Oxf21 100.
"xf5100, @x050000. OxdeetbO, 041 8ef00.
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"x22d400. 0x207500. 0x35b000. @x3e6d00.
x469300, Oxte 1800, 0x54F200. Ox Sbid00.
Yxca3c00, Oxcclc0d, Oxci6 100. Oxd3c900.
xd94e00. Oxdfc900. Oxe7 1400. Oxet0700.
9xf76700. 0x000000. 0x089900. Ox JOF900.
x 1 8ec0O. 0x203700, 0x26b200. 0x2c3700.
0.x309f00. 0x33d400. 0x35c400. Ox 366300.
x9 fo400. 0x9ae800. 0x96c700. 0x¥34700.
x906200, 0x8e0f00. 0x8c4600, 0x8b0500.
0x8a4500. 0x8a0400. 0xta4500. 0x8b0500.
Ox8c4600. Ox8e0f00. 0x906200, 0x934700,
1)x96c700, 0x9ae800. 0x9fb400. Oxa32f00.
9x9 f4c00, 0x9a5a00. 0x960560. 0x9 24300),
Ox8fO800. 0x8c4500. Ox89ee00. Ox87fb00.
0x865b00. 0x850400, 0x8 3ef00. 0x8 30/00
Ox825e00. 0x8 Id 100. 05816300. 0x81 1100.
0x80d300, 0x80a400. 0x808600. 6x807500.
0x60b400. 0x65 2600. 0x69f000. Ox6dbd00.
0x70f800. 0x7 3bb00. 0x76 1200. 0x780500.
0x79a500. 0x7afcO0. Ox7c 1100. Ox7cf100.
Ox7da200. Ox7e2f00. Ox7e9c00. Ox7eet00.
Ox7f2d00. 0x7F5c00. Ox 77200. 0x7 f8b00,
©x604c00. 0x65 1800. 0x693900, 0x6cb900,
x6F9e00. 0x71 F100. Ux73ba00. Ox 74f00.
Ox75bb00. 0x75 £c00. 0x75bbO0. 0x7 4fb00.
Ox73ba00. 0x7 1f 100. Ox6f9e00, Ox6cb900.
0x693900, 0x65 1800. 0x604c00. Ox5ad 100.
0x35c400, 0x33d400, Ox 309800, 0x2c3700.
0x26b200.0x203700. Ox 18ecO0. 0x 10f900,
0x089900. 0.000000. 0x!76700. Oxet0700.
Oxe7 1400, Oxdfc900, 0xd94e00. Oxd3c900.
Oxef6 100. Oxce2cO0. Oxca3c00. Oxc¥9d00.
0x355c00. 0x334600. Ox 2fdd00. 0x 2b3300.
0x255800. Ox le6d00, Ox 169400, OxOdef00.
Ox04af00, OxfbO000. Oxfl 1100, Oxe71 100.
Oxdd2c00. 0xd38b00. 0xca5000. Oxc £9300.
Oxb96d00. Oxb#e800. Oxab0e00. Oxade300.
Oxab7600, 0xb27600. Oxba2f00. 0xc29700.
OxcbaavU. Oxd55500. Oxd 8400. OxeatbO0.
0x f4fb00. 0x000000. Ox0b0500. Ox | 5e500.
0x207c00. Ox2aab00. 0x 345600. 0x 3d6900,
0x45d 100, 0x4d8a00. 0x548a00. 0xSad 100.
Oxab0c00, Oxb 1e800, Oxb96d00. 0xc 19300.
Oxca5000, Oxd38b00. 0xdd2c00. Oxe71 100,
Oxf11 £00. Oxfo0000. 0x04afG0. OxOdef00.
Ox 169400. Ox le6d00. 0x 255800. 0x2b3300,
Ox2fdd00. 0x334600, 0x355c00. 0x36 1700.
0x808600. 0x80a400. 0x80d300. 0x8 11100.
0x816400. 0x81d 100. Ox825e00. 0x830f00.
Ox83ef00. 0x850400. 0x865b00. 0x87fb00.
Ox89ee00.0x8c4500. 0x8 f0800. 0x924300.
0x960500. 0x9a5a00. 0x9f4c00. 0xa4e300.
0x801¢00, 0x801600. 0x80 1100. OxBOOd00.
0x800a00. 0x800700. 0x800600. 0x800500.
0x800500. 0x800400. 0x 800500. 0x800500.
0x800600. 0x800700. 0x800200. 0x800d00.
0x801 100, 0x801600. 0x80 1200. 0x802900:

INIT inival_I_sampies:
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Uxf€ec00. Oxtfb900. Ox ff9F00_
Oxf€?e00, OxF£5300. Oxff1b00.
Oxfed400. Oxfe7b00. OxfeOb00.
Axfd8000. Oxfed400. Uxtc0300.
xfb0900. Oxf9ddO0. Oxf87b00.
xf6dcO0. Oxt4f900. Ox¥2cbO0.
Axf04e00. Oxed7d00, Oxea5400.
Dxe6d000, Oxe2f!100. Oxdebb0o.
Oxda3000, O0xd§5900. Oxd04100.
Nxcat’500. 0xc58500. Oxcl0200.
Oxba& 100. 0xb5 1200, Oxafc800.
Oxaab200, 0xa5e000. 0xa15b00
x9d2d00. 0x995900. 0x95e500.
0x924200, 0x901d00. 0x8dc600.
Ox8bcdU0. 0x8a2c00. 0x88e300.
0x87f000. 0x875200. 0x870a00.
0x87 1.00, 0x878400. Ux885100.
0x898200, 0x8b1d00, Ox8d2e00.
0x8fbbOO, 0x92ceD0. 0x967 300.
0x9ab400. 0x9Pb00. 0xa52f00.

INIT initial_Q_sampies:
Ux003400. 0x004700. 0x006100.
9x008200. 0x00ad00. 0x00eS00
0x012c00. 0x018500. 0x01 £500,
0x028000. Ux032c00. 0x03fd00.
0x04f700, 0x062300, 0x078500,
0x092400, 0x0b0700, 0x0d3500.
Ox0fb200. 0x228300. 0x1 5ac00,
0x 193000, Ox 1d0f00, 0x214500,
0x25d000. 0x202700. 0x2fbf00.
0x350b00. 0x327b00. 0x3 ffeO0.
02457100. Ox4aee00. 0x503800.
0x554€00. 0x5a2000. 0x5¢a500.
0x62d300. 0x66a700. Oxbalb00.
Ox6d2e00, 0x6fe300. 0x723300.
0x743300, 0x75d400. 0x77 1d00.
0x78 1000, Ox 78aeU0. 0x78f600,
Ox78e60@. 0x787c00. 0x77af00.
0x767¢00. 0x746300. 0x 72d200.
0x704500, 0x6d3200, 0x098d00,
0x654c00, 0x606500. OxSad 100,

-INIT camer_!_sample: 0xO00000:
INIT carmer_Q_sample: 0x000000:

5.764.693
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APPENDIX B

MODULATION/DEMODULTION AND COMMUNICATIONS PROTOCOL SOFTWARE

1. Recetwwe Code

MODLLE/RAM decode.

ainclude’ dsp.h”
ainciude “dspemd.h”
Rinclude ‘hip.h”
 

ENTRY
ENTRY
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
GLOBAL

VAR/DM/CIRC

 
start_decode:
find_next_head.

get_tiltered_sampie:
adjust_sampling _and_read_rssi:
tnit_ filter:
Slart_slot_amer:
queue signal.

network id.
eteenenee tad eee enerenntenon sent nee nee menteenese ae sf

bitsyne_buttTi2+/ |,
INIT bitsync but: 0x2U00, (2000. 0x2000, Ux 2000, Ux2800, 02000, Us 2000

Ox2000. Ox 2004). 032000. Ux 2000. 02000. Ox 2000.

VAR/DM IsSt_save.

CONST NOISE_DECAY = 31130:/"095 "7

CONST DC_DECAY== 32162. /* 09815 */
CONST DC_PASTWEIGHT= -2416; /* 1/12 * 1.106% 108 */
CONST DC_NEWWEIGHT = (020: /* 1/12 * t 106%

VAR/DM networki:
INIT network id: Oxcad?.

VAR/PM/RAM/CIRC simele_bnsi tal,
(NIT singie_bits’ Ox800000 Ux 40U0U0, ()x300000. Ox 100000.

Ox080000. UxU49000, 0x020000, 0x0 1000).
OxO08000), Ox8U4000, Ux002000, x00 1000,
0000800. 01000400. 0x000200, 0x000100:

VAR/DM DC_Level:
PORT debug_out:
19 eewnceenneseeeenenernnanegucee seeneteettererenecceaee:eoccusseeeresenesereercecene?}

start_decode:
call init_félter,
ay = 0x2000-
dmtDC_Levei) = ay.

find _next_head:
ayl =dm(DC _Level): {* avt is used to store dc level */
mal =ayl: /* mxi contains old sample */
abs: ‘* axd is used to store muise total. */
15 = Abitsync_butt:
15 = 124k.
m5 =0:
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vine search:
ral get_filterea sample. /* must preserve 15.18 .m3.av lux tmxbyl */
amidebue_outs = inri.

* does not corrupt: mxi.mv!.axi.avuayi mi
““doesconupt:  sisrU.sr lax. mxU.mv0.mru.mel.mr2 *!

gmuas.ms) = rari:
av¥ = mx i:
y= mri-avJ. mxt = mri:  arnow comains Sn-Sn-| */
my) = ar:

mr = artmy) (987, mx US aK, ‘* (sampie-olusampie? * (sample-oldsample) */
mv0 = NOISE_DECAY:
ow = mr + mxU" my(65):  decaving old notse */
axl = mrl.
"axl now contains updated noise index */

“™ now update the DC level readings */
/“ oi = current sampte *?

mv = DC_NEWWEIGHT.
mrs mxl " myv (ss. mxU = avi. f* mxu = past DC level */
myt = DC _DECAY,
am = mr ¢ mat * my (68). meu = dimes mds" ms = past sample */
myvU = DC _PASTWEIGHT
mr=mr+ mx) * myl (md).
* mri now contains new BC level */

** now apply the ccitena for determining bit svnerhonizauan */

dmidebug_out) = avi.

‘* entena |. ‘notse’ must be above a certain level “7
ay = 550.
ar=axk- ayU, ay! = mrl:
ifjump syne _svarci:

/* centena 2. ‘notse’ must be below a certain level */
ayU = 1600:
ar= ax! = av,

if gt jump syne_search:

/* enterta 3. oldest sampte in history buffer musi be above threshold */
axO = 700:
af = ax0 + avi, ax0 = dmuS.m5),
ar = af - axU, ax0 = mx].

tf gt sump sync_search:

{ enteria 4 newest sample in history buffer must be above threshold */
ar = af - axU:

if gl jump svnc_search:

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

ar = pass 0:
ena = 3:

av) = dmtg.m4). af = pass U:
** mis already | *?
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go sin _loop until ce.
ar Sas + ayu, axU = dmus.m4.
af = ax+ af. avO = dmits.m4i.
ar = ar- avd, axd = dmus.m4i.

sin_ieop: ats at- awd. avi = dmas.m4),

‘" arand af nowcontain sin and cos componenis *!
"15 shouid be wnat nh was belore the ivop 7"

" make sure al <ar */
axO = ar. ar ar - af:
iY ft jump syne_ search.

* make sure at > -ar */
ar=ax0 + at. my! = axu:
ar=ar+¢ 512. #* add tolerance tor border cases */
If tt jump svne_search: ¢* which could have failed on last check */

/* but corssed the border since */

mxU = axU, ar = pass al:
mr = mxu © mv iss}. myd = ur. /* square the onginal ar component ¢/
mr = mr ¢ ar * my (ssi. ‘* square the af component *’
awd = 1700:
ar= mri - av: /* threshold */
/* make sure sinusoidal component ts of a certian size at least */
if lt gump syne_search:

[9 nen ceernmnnen enenesmeennnnneenennenencren=- ene se ne en cnnencenetecncneenes *f

¢* by now we are certain that the bit sync is reai. Now prepare touse mw *’D9 sewn neeemee nnnewe nn nnnneneeeee neeencneeneneenennmwenennnenenceraenencn *f

ay0 = 0):
af = pass axv,

(* @vadend ts in atrayd, which contasns ortginal sin_loop af result */
/*devisorisimsru , which contains onginat sin _tuop ar result */

divs at, ar.
caw= 15;

do dtv_Joop until ce:
div_loop: drvq ar.

' the result of this 1s in avO and can span the fuil range of a signed */
‘* integer, now use this value to compute the adjustment “/

* Adjustment = 5 * 1 243 + 5*3 * -) 25%
™ scate times 768 */

mx® = aviv:
myW = 955: /* tmear scale factor °/
mr = mx0" my(ssi, myO = mx0;
mf = mx * my (mdi
mf = mx * mf «mdi,
maxO = -192, /* cubic scale factor */
mr = mg + mxU * mf(md),

* Result: between -768 and 768 in mei (thanks to 1.15 arithmenc) */
* each increment of 256 is one sample's worth. ed

-* now add an arbitrary value for tweaking. ”
av0 = 712.
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ar= mel + avi

dmidebue_out) = ar.
Jmidebue_out = ar:

™ now divide by 256 to calculate actuai number of samples to adjust */
sr sashaft ar by -8 (lo),

“© result is in the cunge of -6 to +in stv *f
call adyust_sampling_und_read _rvst:

'* av now contains the raw rxstvalue */
UMrssi_saves = avu,

 Ienaccce en econonce cneeenengncnsemeencccenccanecnecnreeenennneecess "

/* Bit sync is completed and RSSI is read. set up for bit decodine “
[? secenncetenenecannnen ennaeencee onveenseceucensoqunaneeneccocennnennnseeeee 4
set_levels:

next: Set the wieger levels */

VAR/DM/RAM Threshold last 1,
VAR/DM/RAM Threshold _l.ast_0).
VAR/JDM/RAM Threshold Nexi_8it.

* ayl contains the DC level Irom biisvac */
ax0 = 200:
dmDC _Levei) = avi:
ar =ax0 + avi.
dm( Threshold_Last_(} = ar:
ar= avi - axU;
dmuThreshold _Last_0) = ar:
dmThreshold Next810 = avi,

 
/* tnetaalize imiuai frame svne to aii 1's. Canadian and us trame */
™ syncs stam with 2 |. so this improves our chance of cettine wt *!
iif we were late by one bit on catching 1! “F
500 = Oxffff:

?* search for frame syne tor 2-4bit umes */
centr = 24:

do fsyne_search untce.

ent = 1.

cali get_n_bits _data: f* uses: AY}. AX], AF. SR. SI. CNTR“!

/* xoc current shifter contents with network id word */
ayO = DM(network au),
ar = st) xor ay:
axO = ar,

#* count numberof incorrect bits °/
14 = Asingle_bits:
ay0 = pmiid.mdi. at = pass U.
cous 16.
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‘™ loop for bits */
do count_errors until ce:

ar = ax0 and avi, ay= pmiis ind),
count_ermors: if ne at saf+ i.

* AF now contains number of musmatches *!
af=af- 1,
if le ump found_frame _syac:

fsvnc_search:nop; /* end atloop +”

f*4f loop termunates normally. bitsyne was not found */
jump find next_head.

© if loop was jumped out of, frame sine was found, */
tound_frame _sync:

‘* pop stack of unfinished loop */
Pop pc. pop cnr. pop ioop:
 UOeccaeraceeenaneenemeeenenennensnenenesanaee cng eeece noe ne nee ceenmeeenen “sf

* Found frame sync. Now decode dula. *t
18 ecaee ne eeee ee:aenanennna nmmnwennanates pew n nnn ons one nenaotnenne nn “Ff

¢* pet fies 8 buts ot first word *!sO = 1):

call get_8_bits_data,
mx= sr:

{* get first 8 bits of second word */
se = 0,

call get_¥_bits_Jata:
my] = se,

'* get remaiming 4 bits a} first word */cre = 4,
wO= 0,

call get_n_bits data.

build first 12 bit word */
sr = Ishift sr0 by Bilo).
ayO = mx!
ar = srO or avd;

f* fee correct and store resulung 3 bit word */
ax0 = ar:
call feccorrect:
mx = ar.

/* get remaining 4 bus of second word */
enr=4,
sr =):
call get_n_bits_data,

bud second |2 bit word */
sr = Ishift. seU bv K (tor.
ayO = myt:
ar = srO or avi:
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aXU = Or.
call fee _correct:

“* pat trame nead data into hip */
dmthip_datav) = mx |:
dmuhip_datal) = ar;

JXU = UMIUPSS) saves:
dmrhip_data2) = ax0:

* check if silence of slot clock bits are set */
av) = (x0004,
at = ar and avu:
if eq jump more_data_tollows.

* signal host head only 1s received *!
ax0 = RECEIVED _FRAME_HEAD_ONLY.
call queve_signal,
jumptind_neat_head:

more_data tollows:

'* signal host that head with data is recerved */
aaU = RECEIVED_FRAME_HEAD.
call queue signal:

f* check for siot clock reset bil */
ac = ar and 4.
if ne cai! stat_slot_tumer:

/* transter bits to host untal there is no mare bus */
shovel data:

call get_¥_btts_data:
mxi = srl:
call get_#bats _data,
my] = s0:
call get_8_bits_data:
dm(hip_data) = mx:
dmitup_datal) = mv}.
dmthip_data2) = sru:

ax0 = RECEIVED_3_BYTES.
cali queue_signal:

jump shovel_data:

[Pa mencee.muncvousquscceceascoecncecccesccmeemnen-—- a+ anneenenessene */

f* subroutine to read a specified numberofbits. *t
* Makes use of the following variables: AYI. AX1. AF. SR.SI.CNTR. AXO. AR °/
te Shifts received bits into the SRO register. Bits already inSRO will=°’
f* conunue to be shifted. numberot bits to read is specified in CNTR athd weerere reneeeeennnnneennee seeneeeeenn se conneceeeeeen Of

VAR/DMURAM  srU_save:

get_8_bus_data:
cnr= 8°

get_n_bits_data:
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iw = dmtThreshold_Next_Bits.

do get_bus unul CE.
dmisrv_save) = sr:
call get_tiltered_sumnple: /* result ia mri *'
srQ = dmtsn)_save):
dmidebue_out) = mri.
dmidebueout) = mri:

/* threshold to determine one-nes or zero-nes */
af = mri - avi:
if It jumpiszero2.

srs t-
' Set threshold for previovs bit | */
ay] = dmtThreshold Last_Is.
/* SET FL2, */

Jump endif_getn:siszerol:
sist):

/* set threshold for previovs bit () */
ay! = dexThreshold Last 0),
/* RESET FL, */

endit_getn:
sre ishifi sa) bv 1 (LO).

get_bits:
sr = sr or Ishift si bv O (lol,

dmThreshold_Next_Bin = AY |:
ris;

[® ceenanenaweeeeneennenencenensceewn nea ne nee ene eeeneee ener neennecence nn Of
¢* subroutine to do FEC currecuon on a |? bit word. *
/* Makes use of ALU and SHIFTER.and [4.L4.M4 and 15, C5. MAC us untouched. */
f* 12 bit word ts passed in AXO “"
* result is retuned in AR *
[4 cnee wenn ene entmnnesanee penetecncenrenenneesenanceretnenteemeccet comeneees ”

VARJPM/RAM=fec_masks/ 12]:
INIT tec_masks: UxOBECOO. UxU04D300, 0x02B ADO, UxG17500.

.VAR/PM/RAM_fec_syndrome_lix{ 16];
INIT fee_syndrome _fix:

66

0x000000.0x000000.0x000000.0x00f700.0.000000.0x000 100.0x000200.0x00 1000,
0x000000 .0x000400.0x000800,0x002000.0x00FfD0.0x00-400.0x008000.0.x00ff00.

fee_correct:
if =(},
15 =0;
m4 = I,

15 = “fec_masks: /* setup for indexnegtec table. */

siz ls /* shifter setup fur creaune syndrome */
sest):

avis.
sO =). /* Clear out focanon tor syndrome *!
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ny = +

do andlp unul ce.
ayo = pmcs.msi * load next bit and vector +/

ar = axu and avi) ‘© do first vector multipiv */
ax = ar. af =axv and avi “move to AX] for bit counting. make AF = 0 */
cotr = 12

if = “single_bitst4 '* setup for going through bit table *¢
ayO = pmud.md i
do count_leop until ce

ar = axl andavy. av = pms mi.
count_loop—ifaeat=ar+ 1.

** AF gow contains number ot sec bits’ *!

srs Ishift srby | clon (* shitt previous syadrome by| *!

axb=t. /*geta i so wecanand with 1°!
at = axi and af. check If lsb was set °/

andip: it me sr = sr or ishift si ilop, * Isb set. sel bitin syndrome */

m4 = sru. '* move syndrome to due tor indexing */
5 = “fee syndrome fix. pee syndorme table address */
modify (1$.m4): /* compute indexed address *!
ayO = pruiS.m4y: /* petentry */
as = axU xor ay), ‘* fix tbe corrupted bit */

Rs:
emeeeeeeee oneneeeee*f

ENDMOD.
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IL Transmission Code

eee eeeeaseeeeRR EERE PARA RRR AEE T APS SETA TaeSee eae SSS

* DSP Transrrut code

* Herb Little*

Cum eeee eee ee eee ee eee EEE cere eee R Eee Era EAE CARA Rasaee eeeFeeeee

MODULE/RAM transmut_code.

tinciude “dsp.h”

#include “dspemd.h”:
#inciude “hip.'

#define TX _ZERO_SAMPLES

EXTERNAL process _dsp_commany.
EXTERNAL want_for_asp_command
EXTERNAL queue_segnal:

ENTRY inutiahize _transmut:
ENTRY process_transmit_command:
ENTRY SPORTO_¢x_interrupt:

fe
* constants
*/

CONSTPOSITIVE_ONE = Ux7FFF:
CONSTPOSITIVE_HALF= 0x400@
CONST NEGATIVE_ONE= |)x8001.
CONST ZERO = 0x0000:

CONST TRUE = uxt.
CONST FALSE = oxo:

CONST INITIAL_BIT_HISTORY= 1x0033:
CONST INITIAL_BIT_SHIFT = 0x0003:
CONSTINITIAL_PHASE = 8x000!.

CONST OLDEST_BIT = 3:

ifdef LARGE_DATA_BUFFER
CONST DATA_BUFFER_LENGTH= 1000:
Helse
CONST DATA_BUFFER _LENGTH = 9:
fend

CONST NUM_PENDING_BITS_THRESHOLD =: DATA_BUFFER _LENGTH- 6) * 8:

CONST OVERSAMPLING = 20:

“ Added an extra 10 msof camer for now to compensate VCO not locking as fast as 11
* sould for now. Remove when PLL is wormng to spec. Matthias
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CONST INITIAL MIN _CARRIER SAMPLES =()VERSAMPLING * & * § + (QVERSAMPLINGeyed

CONST SERIALU_ENABLE_BIT = 12:

* vartaples

VAR/DM (x scale _factor:
VAR/DM tx I_scale_factor:
VAR/DM tx _l_phase _ractor,
VAR/DM tx_{_offset:
VAR/DM tx Q_phase_tactor:
VAR/DM tx_Q_otfset:

VARDM ta _tsign:
VAR/DM tx_Q_sign:
VAR/DMIx_next_l_sign:
VARIDM tx next_Qusign:
VAR/DM tx_num_ samples.
VAR/DM tx _next_num_ samples.
VAR/DM use_num pending _bus threshoid. | copy or NUM _PENDING BITS _THRESHOLDor vi

VARIDM  tx_next_{_,ampie _ptr:
VAR/DM tx_next_I_sampie_leneth,
VAR/DM tx _next_Q_sample pur:
VAR/DM tx _next_Qsampte_leagth:

VAR/DM. tx _readv_foe_more samples tag:

VAR/DM tx _next_Q_sample.
VAR/DM tx_!_sample_Iag.

VAR/DM_ tx _num_bits_aq_sr:
VAR/DM tx_num_pending_bits:
VAR/DM. x phase:

VAR/DM (x_received data tae:

VAR/DM tx _min_cammer_s:mples:

VAR/DMICIRCdata_buffer| DATA_BUFFER _LENGTH ]:

fe
* modulation data
a]

VAR/PM/CIRC carner_|_sampile:
VAR/PM/ACIRC ciumer_Q_sampie:

VAR/PMintuai_{_sampies| 3 * OVERSAMPLING J}.
VAR/PMinttial_Q_sampies[ 3} * OVERSAMPLING|.

VAR/PMI_sumpies[ 16 * OVERSAMPLING |
VAR/PM Q_sampies{ 16 * OVERSAMPLING |

VARJPM phase _dataj 4 * 41.
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“ T_poimter Q_pointer Isign Qusign phase *:PY Leecwece ene fleece ee ene cone e eens eee reeene neeee “;
#/indef BASEBAND
#inciude “ob)\(moddaud nh’
INIT phase data: *!_samples. °Q_samples, Ux? fff00, Ox7FFADO. 7+ 7!

*Q_samples. *]_samples. Ox7Eff00. Ux800100, <1 *’
“L_samples. “Q_sampies. 0x800100, Ox8@0 INO. 2 ++
“Q_sampies, *!_sampies, Ox8001€0, Ox7&ff00. (= 2+!

Relse

(* if baseband 1s specified. alwavs send same positive phase *!
#ynchude “oby\moaddatbb.h °
INIT phase_data: “f_sampies. *Q_samples. Uv 7fff00, Ox7FFADO, (+?

“E_samples “()_samples. Us 71ff00. Ux7fFfOO i+!
A[_sampies “Q_samples. (x 7/HOO. Ox TEFFOQ smh +!
“Lsampies. “Qosiumples. x7 ff00. Ox 7fffOO.

Fendt

ftifdef TX_ZERO_SAMPLES
VAR/PM/CIRC zero_sample.

INIT eeeo_sample: Ox00000U:
4endit

* Wansmut jump tabie
"

CONST FIRST_TRANSMIT_COMMAND=0s 10;
CONST NUM_TRANSMIT COMMANDS = i2,

VAR/PM transmat_jump table{ NUM _TRANSMIT_COMMANDS[.
INIT transmit_jump _tubie:

“process _transmit_scale_factor
“process_transmmut _[_scale factor,
“process _transmut_Q_phase factor.
“process _transmnit_|_offset.
“process _transmit_Q_offset.
“process _transmat min _cumier_.amples.
“process _transmut_stan_curner.
“save_one_byte,
“save_ilwo_bytes.
“save _three bytes,
process _transmui_complete_command.
*wat_for_transmut_command.

[MSSeeeseracrsscranseesenssasseeserasseeraassetsES ESET EEES ESTEE SETS SSSI SOSS*

* initalize ransmit

eOCe cee sas arses eesaseneaeseaas ease eee ee Oae es ennseseaneemet eee keeaeM Ne EaaL

tnualize_transmt:

axU = INTTTAL_MIN_CARRIER_SAMPLES,
dm¢ tx_nun_camer_samples } = axu;

m? =i), /* intwualize dummyvariables */
Ws,
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ris:

ibhbteiLeILLerLLLhk

* process _transmit_command

OCC Re Me een ee RCM EM eeR ERT ReeeeCORE K AERC M ET ESTAS eeeee

process _transmul_commana:

ena m_mode:

call intuahize_transmut_\artables,

sump cheek for valid _0y_. ommand.

wait_for_transmut_command

idle:

“ check if more sumpies required

ax0 = dimt tx_ready_fot_miore_sumples_flag ):
ayO = dm( (x_received_data lag ),
ar = ax0 and ay0:
if ne jump calculate_next _bit_samples.

fe
* check tor data from host
”

ax0 = dmit HSR6_SHADOW).
ar =isibit HSR_DSP_COMMAND BIT of anu:
if eq sump wart_for_transmut_command.

check _fur_valid _ix_command:

i
* reset HSR6

and = Ox0:
dmt HSR6_SHADOW} = axu:

* transmmt command?
"!

ax0 = dmt HIP_DSP_COMMAND_SHADOW}.

ayO = FIRST_TRANSMIT_COMMAND.
af = axU - ay:
if It jump transnut_stop;

axU = NUM_TRANSMIT_COMMANDS.
ar = axO - af:

if Bt JUMP process _1%_command:

* non-lransimut command
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transmit _stop:

cali stop_senal_port:

jump process_dsp_commani.

process _tx_commiand:

* jumpthrough transmuit_jump_table based on command*t

axU = “transrut_jumptable.
ar = ax+ af.
i7 = ar:

axu = pmtiy m7):
17 = axv:

jump 7).

({See ee eeeseeeseamases esr eee ees rresesesesemsataae ss easeassease sa sasaeT ee See

* sel ransmut parameters

COTTE TOPErereertreeds

process _transimut scale_factor:
call get_word_from_HIP;
DM( tx_scale_factor } = mrt:
jump wait_for_transmut_command:

process_transmut _|_scale _factar:
call ge1_word_from_HIP:
DM(tx_I_scale _factor 1 = mru.
jump wart_tor_uransant command,

process _transmut_I_otfset:
call gee_word_from_HIP;
dm w_l_offset ) = mr:
jump wait_for_transmut_command.

process_transmut_Q_phase factor:
call get_word_from_HIP.
dmt tx_Q_phase_factor 1 = nv.

‘*

* phase = | - ubs¢ Q_phase 1”!
af = abs mru:

axD = POSITIVE_ONE.
af = ax- af
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dime ts_]_ phase ‘actor ) = ar:
JUMP Walt_for transmit command,

process _transimt_(_offset:
call get_word_trom HIP.
dmtx_Q_offset += mru:
jump wait_fer_wansmut_command.

process transmit min_currier samples
call get_word_!rom_HIP.
dime tx min_cumer_sampiles ) 2 ry,
jump wait_for, transmut_command.

vet_word_from_HIP
mxd = dem HIP_DATAO_SHADOW5,
mv= tO) 00-
m=mw *mvywilU).
mxU =dm HIP _DATAI_SHADOW 1
maya) = x00 |
mf = mr + mxuU * myu {UU}.
rts:

.

* save (ransmut cata

CMS PSS aM am MAE O RATERS AE MRH ETRE D AMAA RRS HA AHMEHH OS GRRE ee eR ATT eS aeaaseaes

save three bytes:
axU = dot HIP_DATA2_SHADOW°.
dime iO, mu ) = axd:
call increment num _pendingpits fy _s

save_two_bytes:
oxU = dmt HIP_DATAL_SHADOW |
dmt 10, mu) = axd:
call increment _num_pending_bits_bv_¥

save _one_byte’
ax = Umt HIP_DATAO_SHADOW}
dmi 10, m0 | = axu:

call increment_num _pending _bus_by_%,

axO = mt tx _received data_flag },
ar = pass ax0:
ifeq call sewp_botsvnc samples.

axv = NUM_PENDING _BITS THRESHOLD.
dt use _num_pending _orts_chreshold ) = axt:

call transmat_ready_tor_data:
Jump wast_lor_transrmt_command
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increment_sum_ptading_oits_bv_¥7

* merement the num penaine bits by the number ofbits in a byte“f

axQ = dont (x_num _pending_bits: +
ar = ax + &:

dmix_num pending _bits ) = wrrts:

setup_outsvnc_samples:

* Make sure interrupt route dues not run oulof carrier samples
* sot will not copy a halé wuinalized next sample setor]fs

axQ = dme tx_num_samples }.
w= axU +4

ume tx_num samples ; = ar.

* Set Up Iniual wave for biis¥ne
*}

ax0 = “inttal_J_samples:
dmtx _next_{_sample_ptr ) = ax0.

axO = “initial_Q_samples:
dmtx_aext Q_sample_pir } = anu,

ft

“set up Jeneths for instiai samptes

* NOTE. circular butfers must be aiiened on address
* boundries of 2*n words where n is the numberof

* bus required to represent the butter ieneth.
* LE. for lengne 15 align on 16 word boundnes.
* OTHERWISE:set tenght revisters to zero. consider
* the buffer as jinear and there 1s no need to align data.
"

axO = Srinttal _i_<campies:
dmt x _next_num_samples ) = ax:

ax0 = 0:
dmt tx_next_f_sampie_length ) = ax:
dmtx_next_Q_sampie_length ) =a.

ax0 = POSITIVE_ONE:
dmt( tx_next_l_sign | = ax0:
dmt tx_next_Q_sign ) = axU;

siz [NITIAL_BIT_HISTORY.
se = Ishift st bv INITIAL_BIT_SHIFT + & (LO).

axd = Ox8 - INITIAL_BIT_SHIFT.
dime (x_num_bits_in_snd ) = uxdy
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ax 2 INITIAL PHASE.
dim. t\_phase } = au.

axu = TRUE.

dimt ix recetved dataflag ) = axu.

axQ = FALSE,
dmt ix _ready_for_more_sumples tla ) = uxus

rts:

process transmit _complete_command

* save guard bits
“f

aaJ = dmi HIP_DATA! SHADOWi.
dime10, m0) = ax0:

“increment tx_num pending _tits bv the number of cuard bits“7

WAU = met IX_num_pending bits 5

avd = dm¢ HIP_OATAU_SHADOW1.

ar = 3x0 + ay;
dt tx_num_pending_bus } = ar:

is

"if TRANSMIT_COMPLETE command is received. then set num _pending_bils
* threshold to zero. so we wont ask for more dats.
*f
ax0 =),
dmtuse_num _pending bits threshold} = anv;

jump v iwt_for_transmit_command:

{AO U8 MS SOF HRN AR STEM Ree E ATE UT UMA CUT AATT ANNA TT TARR eRe teE ARENA RAs eAS eee see
*

* process _transmut_start_curner*

PORE NS ere Serer senee nee naseeee eee EEE eRee Hee Re Rea BORA RBESeTeSesesuaney

process _transmut_start camer:

calt stop_serial_port.

cail tmeualize_transmit_vartables:

"

* setup carner
* setup next set of sampiesto he currier as well

* NOTE. use 2 circular butters ot { sample each for i and for O"7
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4 = *carrier_l_sampte:
[4 = Stcarner_i_sample.
15 = *camer_Q_sampie.
15 = Scammer _(2_samople,
m4=0xk:

uxt} = “camer _l_sampte:
dmc tx _next_t_sampte_pur = axu:

ax0 = *camer_Q_sample:
dm¢ tx _next_Q_sample_pir ) = axu

ax = “¢carmer_f_sampie.
dmt tx_next_!_sample_tength ) = usu
dmi tx_next_Qusample_Jengih } = aw

axQ = dmc tx_mun_camer samples }
dmt ix_num_samples | = axu.
axU = OVERSAMPLING.
dit tx_next_num_sampies 1 = axu,

axU = POSITIVE _ONE:
dime tx_l_sign p= anu:
dimt tx _Qsign ) = axe
dmt tx_next_{_sign } = axu.
dmtx_next_Q_ sign | = axu,

ax0 = TRUE:
dmt tx_[_sample_flag } = ax0.

axO = FALSE.
dmt tx _ready_for_more _siumples lag ) = ax0.

ye

* copy NUM_PENDING _BITS_THRESHOLDoverto vanable/flag“f

ax0 = NUM PENDING _BITS_THRESHOLD.
Jm (use_num _pending_bits_threshoid) = uxu.

* set up sport clock

sertal clack = $000 bitsysec * 2 chanaels ([ and Q) * OVERSAMPLING sampies/bit
* = 8000 * 2° 20

= 320 000 samples/sec

* main clock = * 6 MHz

modulus = main_clock / senal_clock
. = 9 600 000 / 320 000
. =30
. =1*230

“/
axO=1- I,
dm SPORTO_CLOCK_MODULLS } = axu,

axD = 30- |,
dm SPORTO_RX_FS_MODULUS} = axu:
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* start senal pir u

silt serial word length - t
00. gata tormat UO = nehtyusuty zero fill MSBs

invert receive frame sync
invert tranmit frame sync

. intemal receive frame svnc enable
. ultemal transmit trame svne enabie

*

 
. eedow.. transit frame sync width

* .L... .. bransmut frame syne reauired
"receive frame syne width
Sho PeCerve trame syne requized
Sol. - iNtemai semal clock generation
"OO. u. Multichannel enable

~ OULL TLOT E100 1131 =Ox7DCF<7

and = Ox 7dcf:
dmc SPORT) CONTROL } = axu.

" enable senal port Uor

ax0 = dmt SYSTEM _CONTROL}
ar = setbit SERIALO_ENABLE _BIT ofaxu:
dmi SYSTEM _CONTROL} = ar:

fe

* fanstmut dummy word out senal portof
aaU = tix;
IxQ = axU:

* reset transit D/A flip flop“

resee PL,
nop.
set PL:

‘
j«

° wait for data
"

cali transmit_ready (or_data.

Jump wat_for_transmut_command:

teansmut_readv_for_dau:

ja

* do we need to wansmut Tx Ready_For Data’=f

axQ = dit use_num_pendine _pits_threshold ):
ayO = dim lx_num _pending _buts ):
ar = axU + as:
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ile ms:

* ves

axl = TRANSMIT _READY _FOR_DATA,
call queve_stgnal:
ie

« do not resend TX_READY_ FOR_DATAunul we receive more dataee

axd =i),

diuse_num _pending_ous_thresholll i = axu:

ris:

imualize _transmut_vanablkes

* set up data puffer pointersoF]

10 = *data_butfer:
10 = ¢+data_butfer:
1 = “data_buffer:
Il = @data_butfer:
mO = (}x 1;

i?

* set tags“f
ax0 = 1)x0000:
dm Lx _readv_for_more samples _flag ) = ax0.
dem tx_receiveddata tlag ) = axU.
dimt tx_num_pending_bits 1 = 3x0.

res.

[PB Dees e rete ene seen Mn see e Ree scone OE RERRaaEse Een Dassen ee OER ESS ET OSES TESS!.

* calculate nex1_bil_samples*

calculate _next_hit_sampies:

e

* update phase based on oldestbit
* phase = phase +( oldest_bit? 1} -1 4“f

as = tstbit OLDEST _8IT of sri.

ar = i.

ifeqar=- ary

avi = dmtx phase i:
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de ar + avd,

* phase = phase mod 4

AVU = 1x3:
ar = ar and avi):
dm( 1x_phase > = ur:

fe

* do we need to shift ina byte’"7

ax = dmt ix _num_bits in_sr 1.
ar = pass ax:
if ne jump sbiit_bus:

* 1s there anotherbyte to shift in’“!

ax( = dmtx_num_pendine hits 5.
ar = pass axl.

fie yume transmut completed.
fe

* shaft in new byte
of
si=dmtil. md).

ars sc oc shift st bv B (LO):

fe
" do we have 8 bits’
*!

avO = 48;

ar=axi - avd;
Uf ge Jump adjust bit counts:

avd = axl.

{*

* adjust bit counts
“f

adjust _bit_counts:

dr tx_num_bits_in_srQ ) = ayu:

ar = axl - ay);
dot (x_num_pending _bits } = ar:

i*
* room for more data!
vy

call transmut_ready _for_data:

shift buts

* shift bits

92
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a= sty,
op shift srl bv | CHD:
vrs sror ishsft si by t «LO:

decrement bit counter
"/

av0 = mit (x_num _buls_in_snd |:
ar=avU- 1:
dmt tx_num _buts_in_sr0 } = ar:

* calcuiate offset into ¢ and Q tablesaft

avd = Oxf
iit = srl and avu:

myU = OVERSAMPLING.

mrsar* mvdiUe):
4xb = mru:
*

* decide which samples to play back based on phase and bil_history“yr

mx0 = dmt tx_phase 1.
my0 = 4.
mor = mx0 * my0 (UU).

avO = “phase_data:
af = mrU + avi;

War.

ie

* gett pointer+t

avd = pm17. m4 ):
ar = ant + avd:
dmc tx _next_l_sampte_pu ) = ar.

i*

* gecQ pointer*/

ayO = pm 17, m4 }:
ar = axl + ay0;
dme¢ tx_next_Q_sample_ptr = ar.

e

* gecl sienA]

av0 = pmt 17. m4):
dm tx_next_[_sign ) = av,

“ petQ sign"

avi = pmt 17. m4 ):

94
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Umit Ox _next_stan ys avuh

* set dengtns

NOTE. circular butfers must be aligned on address.
boundries of 2*n words where ots the number of

* Outs required to represent the butter Jength.
* LE. forjeneht 15 align on 16 word boundnes
* OTHERWISE:set ienghtresisters to zero. consider
“the buffer as linear and there ts no need to mien dala.me

and = OVERSAMPLING
dimt ix_next_num samples > = anu,

axv =
dmi tx_next_{_sample_jength ) = aru,
dit tx_next_Q_ sample _Jength } = ax.

* ceset flagsa

axU = FALSE.
dm tx ready tor_more samples tlaz) = aa.

jump wailt_for_transnut_command:

transmit completed:

#ifdef TX _ZERO_SAMPLES

" set up final zero samples
* set up next set of samples tu be zeroes as wet}

“NOTE: use | buffer of | sample for | and tor U

ax = “zero_s.umple:
dm [x _next_I_samplepir > = axu:
dim tx_next_Q_sampile _ptr > = anu.

ax0 = % zero_sample:
dm tx_next_{_sample_length 1 = and.
admtx_next_Qsampie_length ) = axu:

ax0 = 2.
dmc tx_next_num_samples } = axu:

axO0 = POSITIVE_ONE:
dim¢ tx_neat_l_siga ) = anv.
dmi tx_next_Q_sign } = axi):

ax0 = FALSE.
dim( tx_ready_for_more_samples_Wiagz } = ax0:

wait_for_seadv _for_more samplesI.
idle:
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axU = dm¢ tx _readv_ter_more_samoles_nlap '
af = Dass axu:

ifeq pump wait for_ready_tor_more samples |.

axt) = FALSE.

Umi tx_reagy_for_more swinples_tiag 1 = ax:

wan_for_ready _tor_more saumples2:
idle:

axt) = dmt tx _ready tor_more _sumples tag}.
ar = pass axu.

if eq jump wart_tor_ready_for_more_samples2,

sendif

an = TRANSMIT_COMPLETED.
Jali queue _signat:

call stop_senal_port:

Jump « ait_for_dsp_command:

stop_senal_port:
axO0 = dow SYSTEM CONTROL3.
ar= cirbit SERIALO_ENABLE BIT ot axu;
dmt SYSTEM_CONTROL) = ar:

AXO = 4<0000.
DM: SPORTO_CONTROL }=AX0.

mts:

jot 9 Ceneeaaccaasgaccaasasancaanes conga ccanaca Sacanaaaceaaaranan Seaasaaacacas*

* SPORTO_tx_tnterrupt

errrriTtrrr rrr rrr rr rtttr irri rrrrrrrr rit ttttirLy

SPORTO_tx_interrupt:

* enable secondary registers”

ena sec_ree, dis m_mode, ena ar_sat:
mn

* transmit | or Q bit?

axO = dm tx _I_sample_flag |:
ar = pass ax:
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it eg jump transrrut_Q_sampte:

{ransrut_}_sampie:

* calculate | and Q samplesa

mxu = pmi 15. m4 |.
my = dint tx_Q_sign t.
mx| =dmt tx_scale factoc ).
ay = dime tx_Q_otfset b:

mt = mxu * mv($5). * Q_sample =1) * Q_sign “
msmxi*mriSSi * * scale “
if my sat mr:

a= mri + ayth i + Q_oltset “

dmt tx_next_Q_sample i = ac:

myvi = dm t._Q_phase actor |.
mr = mri * myt SS):

MxU = pm rt. m4),
my= dmtx_l_sign )
avusdmets l_offser)

mf =mx0 * myU (SS), '* [sample =! * {sign t
mfi=mxi* mf (SS); " scat !

mx0 = dmt tx_I_phase_factor >.
ny =mr + mx0 * mt (SS), /* *T_phase (= 1-abs( Q_phase)) *f

fe +Q* Q sign * scale * Q_phase 4
myQ = ditx_f_scale_factor ).
me=mri *myv (SS) /* * tscale v

my0 = mrt,
mx) = POSITIVE_ONE:

mr = mr + mxU * mv iS). /* * 2 (since [_scate 1s U to 2 mapped onto U to 1) */

if mv sat mr:

ar=mrl + ay0: ” + loffset !

(xO = ar;

ax) = FALSE:

DMC tx_l_sample_flag ) = axd:

rua:

transmit_Q_sample:
ax0 = DM tx_next_Q_sampie 1
1x0 = axU:

axl = TRUE:
DM( tx_I_sampie_ffag ) = ax:

100
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* jecrement numberof sampleslef to be plavedaf

avd = DMf tx _aum_samples ),
asayu- 1,
DMf1x_numsamples } = ar:

“1f more samples then rtia

if ne mi.

* cet next set of samples“7

14 sdimt tx_next_l_sampie _pur }:
14 =dmt cx_next_I_sample_Jeseth ):
i5 =dmt tx_next_Q_sampie_pur 1.
[5 = dmg tx_next_Qsample _lenaeh

axU = DMC tx_next_num _samptes 5:
DMi tx_num_sampies ) = axu:

axQ = dit tx_neat_I_sign ):
dm¢ ta_I_sign ) = ax.

axO = dw tx_next_Q_sign}:
ditx_Q_sign ) = axd:
ie

* Start mainline processing next bil.f
wl = TRUE,
DMftx _ready_for_more_sumples Nag ) = av:

mi.

ENDMOD,

102



5.764.693

103 104

IIL. Main Code

‘SOO SS SEES ERAS ACES SEK SRR ETE S SE TEMES SSTEK Trees eS PESSsse esas FTFSHSeesksesesese

* DSP Main Line code

* Herb Little

NOOR GAPS Sede Ree ee EEE RCO MM eR Ree RRR ERR ROTOR AAT TOSS TSHR SETS Saw

MODULERAM/ABS=) main _line_c cde:

tdefine EXTERNAL PORT
finclude <dsp.h>
wunder EXTERNAL

adefine EXTERNAL GLOBAL
#include <dsp h>
sundef EXTERN AL

PORT  tHIMASK.

VAR/DM HIP_DATAQ_SHADOW.,
VAR/OM HIP_DATAI_SHADOW
VAR/DM HIP_DATA2 SHADOW:
VAR/DM HIP_DSP_COMMAND SHADOW,
VAR/DM HIP _TIMER SHADOW:
VAR/DM HSR6_SHADOW.

GLOBAL HIP_DATAQ_SHADOW
GLOBAL HIP_DATAI_SHADOW:
GLOBAL HIP_DATA2_SHADOW
GLOBAL HIP_DSP_COMMAND_SHADOW:
GLOBAL HIP_TIMER_SHADOW:
GLOBAL HSR6_SHADOW:

@include “dspemd.h'.

EXTERNAL SPORTO_tx_interrupt:
EXTERNAL sport! _rx_handic.
'* EXTERNAL timer interrupt. 7"

EXTERNAL inualize_transmit:

EXTERNALprocess _transrmut_cummand.
EXTERNAL process_receive command.
EXTERNAL process_RSSI_command:
EXTERNALprocess_parameter_command:
EXTERNAL process_powerdown _command:
EXTERNAL process_delay_command.

EXTERNALslot_clock_penod.
EXTERNAL stop_stot tamer:

ENTRYprocess _dspcommand.
ENTRY w agt_lor_dsp_command:

ENTRY queue_signal:
VAR/DM/CIRC signai _queuel 8 |.
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\ ARJDMwanung_tor_HIP_read_tlag.

ann
(Sane cen enmeesecetnce ses cee teneecee ce eeeeeseceeee terse se eesesaaeesseuaae ee

* Interrupt Vector Tuble
wane ee

TTTeT TPIT PTT TT TTTeeLLLhhene aeems

jump main: ’* Reset “/
nop:
nop:
nop:

rm /* TRO? “F
nop: /* tgnored us
nop:
nop:

jump HIP wrue_interrupt, “* HIP write “f
nop.
nop.
nop,

jump HIPread interrupt,=** HIP read "f
nop: /* 1Bnored “f
nop:
nop;

jump SPORTO_tx_interrupt; ** SPORTOTransnut *’
nop:
nop:
nop:

rt: ‘ SPORTO Receive=*”
nop: /* gnored “r
nop:
nop:

rit: ¢* Software Interrupt | */
nop. /* ignored “t
nop:
nop:

rtt: Software Interrupt 0 */
nop: /* ignored "
nop:
nop:

rt: {© SPORT | Transmit *’
nap; /* ignored “t
nop;
nop;

jump SPORT! _rx_handle. '* SPORT I Receive *’
nop:
nop:
nop:
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rt. “* Timer
nop:
ace.
nop:

idle. '* Powerdown “f
mm. ‘* walt ter reset
nop.
nop:

Pee ek es Teme ats cemen a ee ee OE EEE OER ETAT SSH ATER E MSs TESS aT SAH TES ORS MOSS

* DSP inmalizatien

erree CSO REE EET a EO OOO e CeO E RTE KOS TSE BEES SEETHER TEES TEMES ERS!

man

* Iniualtze interrupt controller

[MASK = +0000. | 10 imterrups enabled }
ICNTL st | no nesung, IRQs level sensitive |

* intualize signal queue registers*

16 = “signal_queue; /* write pointer */
{6 = Ssignal_queue:
mo= i:

i3 = “signal_queye. /* read pointer */
(3 = Gsipnal _queue.
m3= |

aU =,
dt waiting _tor_HIP_read_flag } = axv;

* imualize tlag pinssf
reset f10.
reset tll.
reset fl2:

mualize system control registers

* ...... .00 0000 = baot / program wait states }
* 2.0 00...... = boot page |
PQ. & boot force bre |
"do... = Spot | configure ]
©. Q0 0... = sport | enable |
. VU... . = Sport D enable }* xxx 0100 0000 0000 = 0x0400=

4x0 = 1x0400.
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DM SYSTEM CONTROL } = axu:

AX@ = OXUOOD:
DMi DM_WAITSTATE_CONTROL} = axv:

* imiualize sport“

DMi SPORTO_CONTROL} = axv:

DM: SPORTO_TX_MULTICHANMNEL _CONTROLO | = axu:
DMt SPORTO_TX_MULTICHANNEL_CONTROL| ; = axu:
DMi SPORTO_RX_MULTICHANNEL CONTROL} = axu:
DM: SPORTO_RX_MULTICHANNEL_CONTROLI} = axu.

DM( SPORTO_AUTOBUFFER CONTROL | = axu:

i

* initialize sport tOd}

DMi SPORT! CONTROL 3 = xv.

DMi SPORT!_AUTOBUFFER CONTROL} = axu:

* tmualize the timer

DM( TIMER_TPERIOD) = xd:
DM( TIMER_TCOUNT ) = axu:
DM({ TIMER _TSCALE!= axd:
i

* enable HIP interrupts

Flv... Host HDRO White (Datav)
.s 0. Host HDR1 Wate (Datal)

. .0.. Host HDR2 Winte | Data2)
. 1... Host HDR3 Wnte (DSP Command)

.. Hose HDR4 Write 1DSP Sigaall
.» Host HDRS Write 1 Timer?

  
 

...» Host HDRO Read (Daradi
.. Host HDR | Read (Datal)
. » Host HDR2 Read [Data2)}
... Host HDR3 Read (DSP Command)

Host HDR4 Read (DSP Stgnai)
« . Host HDR5 Read (Timer)

 
* xx01 0000 xxU0 1000 = 0x 1008
or
ax0 = 0x 1008;
DM( HMASK } = axu:

ie

* enable interrupts

seus 1 Timer interrupt
soe aaah. Sport | receive
vee cee -O.. Sport | transmut
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09. Software interrupts
~Oe Spon u receive
7 be Sporty tansmut

od. Hip read
8 eel. Hip wrne
* 2... IRQ?

"xxx xxul 1100 0011 2x01C3

"ys

IMASK =IMASK VALUE.

* inialize tne different secuons of code“

wall anvualize transmit:

bbbtttLittteetertrottee rrrrrr iiiiiiarieiteT ES
.

*“ process Usp_commanda.

* Note: stacks must be reset by this point!.

ope eta ness eccenaBateseacescons seeensssyeenaea Rss seeeeen Seserssseuessacsszas!

fa;

* wafor command from the host
|

wait_for dyp_command.

tdie:

wx0 = dimt HSR6_SHADOW
af = (stbtt HSR_DSP_ COMMAND BIT ol axu.
if eq jump wait_tor_dsp_command:

process sp_command

=

* HDRO contains the command bvic
f

st= DM( HIP_DSP COMMAND_SHADOW }.

i?

* get the command type
at]

st = tshift si by HIP_LDSP_COMMAND_SHIFT (LO):

od

* switch on command pe“

ar = sr0 - TRANSMIT _COMMAND.
if eg Jump process _¢ransmut_command.

ar = stu « RECEIVE_COMMAND.,
+t eg Jump process receive_command:
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ifs cmd - RSS] COMMAND.
if eq sump process _RSSI commana.

ayu = DELAY _COMMAAND.
ar = SfU + avu:

tfeq jump process _delay_command:

avy = POWERDOWN_COMMAND
af = sm - avU;
ifeq jump process _powerdown _command:

ar = pass sr:
ifeq jump process _parameter <ammand:

ia

* invalid commandoy

Jump wax_for_dsp_command.

[*O Ree a wenn eeenntccens ee erenecctaneustacentessen seen cen senecrennen essay eens

* que@ue _sipnal

* expects signal in axU
* uses secondary register set tor variables.

SORA SHATTER seeSee ae PTET SETHEReeseeee ween aateaeaxnaatetaceshnys

queue signal.

dis ints:

fe

* are we waating tor the previous sienal to be read by host!”

ena sec reg:
axl sdimt warueg_tor_HIP_read_ttag ),
ar = pass axi.
if ne jump store _signal;

i”

* no: write signal to HIP“tf
axl =.

dm( waiting_tor_HiP_read_flug > = ax1:

ths sec_reg:

dm HIP_DSP_SIGNAL) = axl:
setflO:

ena ints:
rts,

tw

* ves: Save signal for later“tf

store_signal:
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lis sec_lreg:

dimt i. mo} = axu.

ona ints:
ms.

116

ACCC SS EAMES SSE e TETSU TET RSE A ERE R ATTA H SET eases SST AH TTA Ss SESS Ss

« HIP write interrupt

(08 OT Cg eee OEE ReETE OEMs REE C Ce RRR AEReRTESCOOe

HIP_w mie_interrupt:

* enable secondary registers
f
ena sec reg:

" save HIP registers

axl sdm HSR6 }:
dm HSR6_SHADOW}= axl:

axD = dmt HIP_DATAO).
dm HIP_DATAQ_SHADOW|= wu:

axU = dmt HIP_DATAL),
dm HIP_DATA1_SHADOW| = aav.

ax = dmt HIP_DATA2 |,
dm HIP _DATA2_SHADOW} = axv:

ax0 = mt HIP_DSP_COMMANDi,

avU = OxO0/f:ar = axU and avd,
dow HIP_DSP_COMMAND_SHADOW1 = ar.

rte,

{MOSCA GASH HH EAHA SeMA Meee e MASSER EASA HERES TTAA SSS aS aT TASH AeA S TEM ATA S

* HIP read interrupt.

UO OOP SPOKE ORO SOO SOD OOS OOSTTT LER SOARS SHSET SHO TOS SSO OSEDETESE SPORES SOS SED ODED D /

HIP_read interrupt:

* enable secondary registers=?

ena sec_reg;
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* sheck signal queue lengihad

ax = 14:
avu =13,
ar = axU - av:
if ne jump output_next_signal:

* signal queue ts emptyof

reset £10:

ax0 =
umt HIP_DSP_SIGNAL) = axv.

dom wanine_tor_HIP rcad_flag } = axv.

mu:

* stgnal queue 15 not emply4

jutput_next_sipmal:
axU = amc 13, m3 1,
dmt HIP_DSP_SIGNAL ) = axu:

mae

ENDMOD:
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TV. Delay Code

OOO rere ween ence re eee ene nee ores SOUR ERAS TSO R RTE TEES SESS SS TTS TASSS SSS TS
.

* DSP Delay code

* Herb Little

errrerr rrrrrrrrrrr rit irre eit tTTtir)dls

MODLULE/RAMBelay _coue:

#inciude “dsp.h
#inciude “dspema.h’.
#include ‘hip.h

CONST SPORT! _ENABLE_RIT = IL

fa

* Delays are specitied un muluples ot 125 microseconds. ,

CONST COUNT DELAY PLL STR@BE=s * | mubseconds *!
CONST COUNT DELAY PLL_LOCK = 24 :* J muliseconds °’

EXTERNALhextet_tull:

EXTERNAL process _dsp_command.
EXTERNAL wait_for_dsp command:
EXTERNAL queue _siynal.

EXTERNALstop sport! senat_pon:

ENTRY process delav_command.

)fSSCea Ce tee tessaees eet e eee eeeee SEES Eee eeeeeSeseasaseaes sane

* process sielavy_cummand«

Senne w one rnc ee cores nae esse rateeeeanan se pasaae ee emetussaer eee Sewn arsaasaaer eas

process _delay_command:fe
* reset command that we received.
*
ax= (x0:
DM(hip_dsp_command_shadow ! = axU:

pf

* disable autebuffering
ey

dm SPORT!_AUTOBUFFER CONTROL } = axu,
.‘

* Start spor i

FeePLO senal word leneth - |

OO ..., data format U0 = ment jusuty. zero fill MSBs
- +t... MIVEM Teceive frame sync

*
*
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oe doo. unver wanmit frame sinc
al . Mtemal receive frame svac enavle

. O. .oo.. uteMmal transnut frame svac enable
Sw deaoe Wansmut frame syne width
. w do... Wansmuit frame syne required
“dw... receive frame sync width

.. feceive frame sxTc required

.. intemai senal clock generation
.». Muluchannei enable  

OTLL F101 1100 1110 = fix?dee

axU = Ox7DCE:
dm SPORT! CONTROL: = aw
x

“ set up spon clock for 0.125 ms penod

*delay =46ms/0.125 ms
. = 48

* main clock = 9 6 MHz

*pertod = 4 600 000 * 6 000125
* = 1200
*

avl = COUNT_DELAY_PLL_LOCK - COUNT_DELAY_PLL_STROBE:
axl = COUNT_DELAY_PLL_LOCK.

axO=l-l.
dmt SPORT! CLOCK MODULUS } = ax0:

axO = 1200-1,
dmt SPORT! _RX_FS_ MODULUS| = axu:

io

* enable sport |

axQ = dm SYSTEM_CONTROL1.
ar = sertit SPORT! ENABLE BIT of axu:
dmt SYSTEM_CONTROL | = aR.

i*

* stan transmmung command to DACfo read channel |
* Note: this value 1s constantiv transmutted7]

ax0 = 0x6000:
TX) =axd:

*
* waite for command from the host
"

walt_for_detay_timeout:

ax0 =).
dim( hextet_full ) = axu:

idle:
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ax = DMthip_dsp commandshadowt:
dr = PASS axu:

if eq jump not_lerminate_delav:

call stop_sport!_senai_pon:
sump process_dsp_command.

not_termunate_delav

ax) = dint hextet_tull 4:
ar = pass axv:
if ne jump check _lor_delav_tmeour.

jump wait_for_delav_umeout:

check tor_delav_timeout:

Is

* check for strobe delay completed

ar Saxt- avi:

if ne yump not _pll_swrobe_delav_ended.
ax = DELAY _PLL_STROBE.
call queue _signal:

not_pll_strabe_delay ended.

”

*" check tor lock delay completed
"t

ar=axt- 1,
axl = ar:

Pre yump wait_toc_delav_umeour.

call stop_sport!_semal port:

ax0 = DELAY_PLL_LOCK.
call quewe _signal:

jump wait_for_dsp_command:

ENDMOD.

124
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Vv. 10 Medule

MODULE-RAM 101

minciude “dsp.n”
mnctude ‘Uspcmd.h”
Rinclude ‘hip h'

Iv caeeenenceenen ceceneeneerensnnnee seenennecea peeneneeeeccenneepcesecencenewatee *f

ENTRY sporti rx_handle: {* interrupt service routine tor sport rx ¢/
ENTRY pracess_recetve_command.

‘* calls io herb s modules */

EXTERNAL want_for_dsp_command:
EXTERNAL stop_slot_umer,
EXTERNAL new_slot_value:
EXTERNAL update _stot_tmer:
EXTERNAL process _dsp command:

GLOBAL hextet_tull:
GLOBAL tssi_sample:

‘* calls trom decode.dsp */
ENTRY get_filtered_sample:
ENTRY adjust _sampling_and_read_rssi:
ENTRY imut_filter:

f* calis to decode dsp */
EXTERNAL star_decode:
EXTERNAL. find_neaxt_head:

/* network id (frame syne) for decode */
EXTERNAL network td:

CONST SERIALI_ENABLE BIT =i 1.
CONST READ_AD_DESCRIMINATOR _WORD =1)x6000:
CONST READ _AD_RSSI_WORD = 14700)

CONST OVERSAMPLING = 6.
VAR/JDM/CIRC_—hextet_buffer(OVERSAMPLING].
VAR/IDM hexter_tull,
VARIDM rssi_sample: /* for continuous rssi readines */

CONST PAST_SIZE = 36:
VAR/DM/CIRC _past_samples[PAST_SIZE]:
INIT past_samples: 0x4000,0x4000.0x4000.0x4000.0x 4000,0x4000,

0x4000.0x4000,0x4000.0x4500.0x40000x4000.
0x4000,0x4000,0x4000.0%4000.0x 4000.0x4000,
0%4000.0x-4000,0%4000.0%4000.0x4100.0x4000.
0x4000.0x4001).0x4000.0x9000,0x44)00,0x4000,
0x4000.0x-4000.0x-1000,0x4000.0% 40100,0<5000,

CONST FILTER_LENGTH = 24:
VAR/PMICIRC __tilter_response; FILTER LENGTH].
INIT tilter_response:
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1x00e000 00103 600,0x f1ff00.0xtf99N0.0x ff2c00.0xtefcO0,
WAHFS 100.0x005590.0x0] £900.0x03e700.0x05a100.0x06a500.
AxO6a5u0.0.05a 100.0x032700 0x01 £900 .0x005500,0xfF5 100.
(nfefcOd Ox tf2c00.0%tf9900 0x12 ff00.0+003600,0x003e00:

1tteenceneneneateeee ceeee noooeeeeemaneneanasetenenamecsseneemecccoe '

‘* Command interpreter *FOacee nace nen weceenenaneseeee anne anna perenees eeeeeeeeeeenenewnennn ee Tf

process receive command:
axO = dmihsp_dsp_command_shadow):
ar = axU - RECEIVE_STOP_SLOT_CLOCK.

sf we get issued an invalid receive command from masniine. then we should */
/* not not restore tt as this wil cause an infinite lcop. Puta bogus  “f
/* value into axU and ;umptnto the appropriate place. *f
‘* on the other hand. if we receive a bogus receive command during receive */
/* we pass it back {0 mainline. receive 1¢ here. and then auscard IL. t
axO = 0)
call restore command_impossible_hluge:
jump wait _for_dsp_command.

process command dunnag_recerve:
#* Waminc: This tunction may use axU and ar and the shifter only''"!! */

axQ = Umthip_dsp_ command _shadow). "* read hip host command locauon */
ar = pass(). ‘* wipe out the command. "
din(hip_dsp_command_hadows = ar: * so 1 will mot be re-processed °/

ar = axU - RECEIVE_STOP_SLOT_CLOCK.

** first check for commandsthat execute without interruptng the program flow */
/* these commands wiil execute an ‘fs’ and cause reguiar recerve processing=°/
/* to resume upon compietion. “

restore_command _imposssble_kluge:
f* test RECEIVE _STOP_SLOT_CLOCK */
1f eq jump stop_siot_tmer: ts trom cailed does ourrts as

CONST xxi = RECEIVE SLOT _LENGTH - RECEIVE _STOP_SLOT_CLOCK.
ar=ar- xxl;

f test RECEIVE_SLOT_LENGTH */
if eq jump new _slot_value, f* tts trom called does ourms. “r

* The fallowing commandscause the receive algorithm to be restarted. bd
{* The stack context ts cleared bv popping evervthing a number of times t
{* we may Now corrupt any registers we wantto. "t

POP cnr. pop pc, pop loop:
pop cntr. pop pc. pop loop:
pop ctr, pop pc. pop loop;
pop cnt. pop pc. pop icop:
pop cntr. pop Pc. pop loap:

CONSTxa2 = RECEIVE_LOAD_FRAME_SYNC - RECEIVE_SLOT_LENGTH:
ars ar - xx2;
/* test RECEIVE LOAD_LFRAME_SYNC ‘/
if eq jump luadframesync:

CONST 543 = RECEIVE_NEXT_HEAD - RECEIVE_LOAD_FRAME_SYNC:
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ae = ar - xx3:
/* test RECEIVE_NEXT_HEAD ="
if eq gump find _next_head:

CONST xx4 = RECEIVE_START - RECEIVE_NEXT_HEAD.
ar = ar- xx4,
!* test RECEIVE_START *?
if eq jump :miuahze_receive:

/* The command ts unknownto the receive code. Pass 11 to maaniine. */

{* restore the Command - ax we didi t process IL. "
/* axO still contains the command we were trying to process *t
dmthip_dsp_command_shadow 1 = axu:

axO = dm SYSTEM_CONTROLi. /* rxdone. Disable sporti */
ar = cirbit senal| enable _bit of axu
dmi SYSTEM_CONTROLi = ur.

ax0 = 1}:
dmt SPORTI_CONTROL: = agu.

* exat the receive code */
Jump process_dsp_command:

f¢ aeeeneeeteeneeece ceeternn ememenenenrecssannnnenenennnnnees “/

loadframesync: !* exectue load frame sync command *!

si = dmHIP_DATAQO).
sr = Ishift si: by 8 (lo);
ayO = dm(H{P_DATAI).
ar = sr0 or ayd,
dm¢network_1d)} = ar:
res; !* go back to where we came trom. *!

£4 sannnmoon teenmrcereennt ener cenennanerenca eeeaaneeenee nanaanenennenanece "}

Imtalize receive:

(*------(nitialize SPT conttol registers .---------------se-e-e0-= n--mnnneennenee “"

aHL..LL.... = ex intemal frame syne. altemate framing, acuve low */
fU0 = 1 external frame sync. alternate framing. acuve low */

internal serial clock “I
.00.... = mght jusafy. zero fill unused MBS" "f

1 sesseeeel L1O & 15 bit word length I
OLLI 11011 1001110 = Ox7DCE "

 
 

ax0 = 0x7DCE:
dm(SPORT1_CONTROL)= 4x0: /* {nvernal clock. 15 bit word length */

/* right justify, zero fill unused msb’s */

axO = [-1. f* Make 9 6 Mhz SCLK1 “t
dat SPORT!_CLOCK _MODLULLUS)=axu: * from 9 60 MHz CLKIN t

ax0 = 200-1, f* divide by 200 for 4% khz t
dmtSPORT1_RX_FS_MODULUSj=axau; 6x oversampling "

#*,,.Q0000 ....0. = tx autobuftenne disabled f
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reJO000.1 = rx autobutferne using 1 muLO “f
*B00000000000000 I = 1'x0001 “f

ax0=0x 0601:

dmcSPORTI AUTOBUFFER _CONTROLizaxu:

10 = “hextet_butfer: /= setup hextet buffer “7
O= 6.
md = |.
axO =):
dmthextet_full) = sxu:

axU = READ_AD_DESCRIMINATOR_WORD, " Setup lo read descrimsnator
(xl = axd: ‘* 18 tranimatied by detaul “/

du M_MODE. #* configure MAC for | {5S armhmeuc */

ax0 = DM( SYSTEM _CONTROL1. ‘* enable sport | bad
as = SETBIT SERIAL! ENABLE BIT ol axu.
dm $ YSTEM_CONTROL} = ar.

catl stop_slot_umer: /* amiutatize ¢ Mall old slots “f

jump start_decoue:

DO neeeece weeeenaeene eee cene ee eee neneeee neee enoneween “sf

‘* Want for 6 new sampies and then retum *t1a  
 

get_hextet:
imask = 0): / begin critical section "

¢* check for new commands that may have arrived. */
axO = dmihip_dsp_command_shadow ):
ar = pass ax0,
\f eq yump not_command:

umask = IMASK VALUE.
cal] process command _dunne_receive:
Jump get_heaxtet:

aot command:

axO = dmithexctet_full); f* 18 fifo empty 7 “
ar = pass ax0:
if ne jump got _new _hextet,

/* Note: Manrpuiaung :mask directly instead of disabling interrupt. “r
‘* this is aecessary, as manipulating imask will disable interrupts for=*‘
/* one cycte. which will knock us out of idle mode 1f we enter 1 atabad “/
/* time. td

imask = IMASK _VALUE, ¢* end critical section “f
idle:
jump get_hextet:

got_new_hextet:
imask = IMASK VALUE.
axO0 = 0:
dmthextet_ftull) = axu:
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cal] uogate stot_timer:
TS:

UM enenenausaceon:went ence atecesncenenncceancaecscceeseesecreceeceeeeeeneeeeeeeceene= “J

* mterrupl service routune “ 1

sporti _rx_handie:
ena Sec reg.
axQ = t,
dmthextet_full) = ax;

/* This insuucuon ts anky meaninetul when duine contnuous */
/* RSSL. Otherwise tt has no ettect. r
dmirssi sample) = rxl.
ti:

pO cenceeenepenneteen eeenemeweeent aneeens neetennnnnsnae qenenennwanensee acest «ys
i* Ioiualize filter state “t
8 oo -teecceemacemtancenssancsnacancenetacaseneaesteoceennn ance cc cncecomvensenneene tf
init _rilter:

iL = *past_sampies ¢ FILTER _JLENGTH - VERSAMPLING.
|] = PAST_SIZE.
mi = |

12 = “past_samples,
12 = PAST_SIZE:

ris:

t*, a eeeneeeneee eeemnees cone nennewecennn—-aennneeee.eeenneaeteweanast seenseetetacene= ;
 

= Get one decemated sample
1eeenenmeneeeenercaeeneetmmnenanensnnaeesannneenencasscnsownnns #f

get_filtered sampie:
/* ger 6 bytes «/

call get_hextet:

/* truncate sunk bits and scale 0 - 255 lo U - 65535 *!
i4= “hextet_buffer:
1450.
m= |.

catr = 6,
se= 8,

sa = dmt4,m4);

/* this loop shifts the data left by 8 */
do copy_loop unnl ce:

se =tshift ss do), si = dm¢id.md?:
sopy_loop: dmtil.ml) = sru:

(* apply the tir filler by multiplying and accumulating. */
/* this muluples the data by (6384 “I
4 = “filter_response:
/* [4 = 0: already 0 */
“mast: already */
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cnt = FILTER_LENGTH:-|
MV = dmu2m)). myV = pmirem4), mr =.

do filter mac unui ce:
filter..mac: mr = mr + mxu * MyU (ust .mxU = dmulmb. mvl = pmutimb:

Te = mr + MX * Mv dusk

m2 = PAST_SIZE - FILTER_LENGTH + OVERSAMPLING:

‘* restofe onginal indices */
modatvenl moi:

é* retum vaive in mri. with a range or 0 to 16384 %
ris:

7* Adjust the sampling point and get an rssi sample “
/* sampling adjustment factor 1s in sr) fPOneeeeoe neeeeeeeeeeeen eeeeeeeeeee eee teenTY

adjust sampling _and read _rsst
/* srQ contains number of sampies to Move decimation point forward by *!
* tthe lower sr. the older the samples we uses “f
/* srU contains number of sampies to adjust by, This value MUST be 7!
“* in the range of -6 lo +0 f

m2 = sru:

* modify i2. the read point, bv adjustmentfactor */
modifyti2.n2):
axO =12, ‘* read pointe */
avd =il. /* write point */
ar = avd - anU; /* write point - read point */

/* as could be tn range of +/- PAST _SIZEbutter length. */
ayO = PAST _SIZE:
Wilt ar = ar + avu,

/* af now has a vaiue trom vu to PAST_SIZE-1| *’

f* three possibilities
1) FILTER_LLENGTH-OVERSAMPLING <= ar < FILTER_LENGTH

no adjustment necessary

2) FILTER LENGTH<= ar
add OVERSAMPLINGloread point

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

m2 =0.
avO = FILTER_LENGTH-OVERS AMPLING:
af =ar - avd:
If ge jump notl:

ac c= FILTER_LENGTH-OVERSAMPLING */
m2 = -OVERSAMPLING.

nol.
avQ = FILTER_LENGTH:
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afar - ava,
i810 jump not2.

 PILTER_LENGTH<= ar *‘
m2 = OVERSAMPLING

not2:

modifvii2.m2s:;

‘* busy wait for autobuffer index to reach end of buffer */
* note: nat going into [DLE meae.and notresponding ~*~’
/™ to commandsfor upto 125 uS “

axO = “hextet _buffer + OVER SAMPLING-1.

wale:

ay =10,
ar = ax0- av,

if ne jump wan.

/* swatch channels */

ay0 = READ_AD_RSSI WORD.
txt =ayt:

" wait for next rx sample to be aquired */wait2_

ay=),
ar=axU - ayo:

if eq jump want2,

/* switch A/D back to reading (he descnmsnator output */
ax0 = READ_AD_DESCRIMINATOR_WORD.
oul = ax0:

/* save RSSI sample into avu °/
ayO = dmthextet_buffer+U VERSAMPLING-1),

' fix rss: sample bv copying in sampte from atter i °/
axO = dmthextet_butfer::
dmihextet_buffer+OVERSAMPLING-1) = ax:

‘* rssi sampie is cecured in AY) *!
ns:

ENDMOD.

fe

Index Register alocauon:

lIndex & Length | Modifier {eeee4eennne enoneaneeeee+

OIRX autobuffer {RX autobuffer. always | |eeeeheennn senenennn coneenna+

1 { Past sample write | Always i !
| pointer I |canteennteeeheeeeneeer

2 | Past sample read ! Temporary usage
{ index I {
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4iMAC index tor FIR (reusable: Always | |
‘muluply accumulate treusable: |

Hextet copy source (reusable) !canoes seeea cng nnaaccaneccvececceersesomecsssscecssctcnsenceee cones +

3 [Used by FEC correction code |
| Used for bitsynec detect buffer |ortnaraaetennerneen ee eaeneewp nen etnenene tereneeenn= >

ol
nhenn nnnn enn ne aeneennwenen neenneee ne See ee waneenero

TI
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VL Parameterinitilization Module

(APOC NS ST UTE eeERRORSTeeTTSS PSS SS AAS

* DSP Parameter initializauon code

* Herb Little

CT RPE U SEERA ROT EKA RS OR TO AER E RO ROO TERE OTTOMANS ORERSEKOAA SKE F STS SUES ASSES H

MODULERAM parameter ntualization _code:

finclude ‘dsp.b
#include “hip.

#include ‘dspemd.h”:

EXTERNAL wait_for_dsp_command.
EXTERNAL queue signal:

ENTRYprocess_parameter command.

ORM POOR PURE SOSA ESTEE CERES SERRE EO SS PORES ERR a ws Rese PPR EK SPERMS RHE DS OP SHAD
*

* process_Parameter_command

oeeccaseacccccaganccareccccesayccccccccccacancacahsauacat¢acataatathencaaaaaa;

process _parameter_commiand:

f™ (OSC COME ---—~--nannere rennerenennnnas owenennereccnoreascee- f

axU = Ox0.
dm HSR6_SHADOW } = ax.

ax0 = dmi HIP_DSP_COMMAND SHADOW}.
ar=axu- |,

if ne jump wait_for_dsp_command.

axU = 2.

call queue_signal:

[9ernneesemencnanemnnnnenemmenersennaecencenmnewsceeenenee Of

jump wait_for_dsp_comunand:

ENDMOD:
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VII. Powerdown Module

* DSP Poweraown code*

* Herb Little

ACO ee cer see nec eteeme rear Ese e eee eae ERE TES ROE SEES EERE EEE STE ESET ETOH SO OOOO DE!

MODULE/RAMpowerdown _cude:

finciude ‘dsp.h’

#include “dspema¢.h’.

-EXTERNALwait_for_dsp_command:

ENTRYprocess powerdown_command:

7908 68088085 aS e eet e sees cese sees eee ceesees eseesaeeeaseeeeeesee* Feeceesesea

* process parameier command.

8 eS OS SFOS sec es CBE EO EASE ERODES ETE SES ONS FETE SETS EES MSEETS USES ESHSAESSS S/S

process_powerdawn _command:

f*

* powerdown dsp*f

axU = dm SPORT _AUTOBUFFER _CONTROL},
ar = setbit 13 of axu:
dmt SPORT|_AUTOBUFFER _CONTROL1 = ar:

jump wait_for_dsp_command.

ENDMOD.
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VIIL. RSSI Modute
eon

[xme eo We seeeeesesesas er ne as eerDeen eeesasaeHET RAMESH SAAR A SaaS STSSESS SSS
*

* DSP RSSI code

* Hetb Little

0 eee ee cet een cess stceemanerecdanamnemgscceus ev enaseecessennccesense saaneeenen/

MODULE/RAM RSSI_code:

#include “dsp.h"
sinclude “dspemd.h”.
#include “hip.h"

CONST SPORT! ENABLE _BIT = i 1:
CONST INITIAL_DISCARD_SAMPLE_COUNT = 2:
CONST MAXIMUM _SAMPLE_COUNT = 255:

EXTERNALhextet_tull:
EXTERNAL rsst_sampie.

EXTERNAL process_dsp_command.
EXTERNAL wait_for_dspcommand:
EXTERNALqueue_sigaal:

ENTRY process_RSSI_command:
-ENTRY stop_sport] _senal _pom:

.VAR/DM discard_sample_count:
VAR/DM coilected sample_count:

[nome noe eat ccmesccencennsanean senescence scans oS ous seennnsosensencoososconses.

* process _RSSI_command

oe eeesees nenencsce nennnn Sus netnss ton setheen See casesesssnesesenaaenesanesee}

process_RSSI_command.

set fl2.

fe

* reset flags*
ax0 = 0;
dmhextet_full ) = ax0;

ax0 = INITIAL_DISCARD_S AMPLE_COUNT.
dm( discard_sampie_count } = ax0;

ax0 = MAXIMUM_SAMPLE _COUNT:
dm{( collected_sample_count ) = axu.

”

* initialize regaster vanables.

* axl = numberof sampies
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* wU = L.SW of accumulated samples
"at = MSWo: accumulated sampies

* af ts set to U since we do nal expect to need more than [6 bits
“10 slore the accumulated samples.

axl = tk
aw =f):

af = pass U,

Jump validate_RSSI_command.

* wait for command from the hostar

wait_for_RSSI_command:

idle:

ax0 = dmt HSR6_SHADOW),
ar = tsibte HSR_DSP_COMMAND BIT ut axu:
iF ne yump validate_RSSE_commana:

ax0 = dint hextet_rul ).
ar = pass axU:
if ne jump coilect_RSSI_sumple.

jamp wait_for_RSSI_command:

validate_RSS{_command:

*
" reset HSR6
=f
ax0 = x0;
dmt HSR6_SHADOW ) = axu,
te

* fetch the command byte7

ax0 = dmt HIP_DSP_COMMAND_SHADOW },

fe

* swatch on command type
7;

ayl = RSSI_LSTART_COMMAND:
ar = ax0- ayl:
if eq jump start_RSSI_command:

ayl = RSSILSTOP_COMMAND.:
ar=axU - avi:
if eq jump stop_RSSI_command:

fe

* invalid RSS! command
7)

call stop_sport | _senal_port:

reset (12:
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nop:
serd2,
nop:
reset tll:

jump process_dsp_command:

[Seta nance esseeeeEEE EEE eeeeesEEE eS aE ee OR PEO SS OT OSC SORE

* stanRSSI_command

rrrrrrttttiter ret tttitireDddell

stan_RSSI_command:

fe

* disable autobuffenng/
axrv=).

dmc SPORT! AUTOBUFFER CONTROL } = aau:

* slam sport |

 -. ILLO sertal word fength - |
00 .... Jata format 00 = right jusuty, zero fill MSBs

* wae di... invert recerve frame sync
.. Invert tranmtframe syac

. intemal receive frame sync enable
.. intemal transnut frame sync enable

 

 

 

* ube o.. transit frame syac width
* ou besaWansmit frame syne required
* boa... receive frame syne width
rood. . receive frame sync required
* OL. . antemat senai clock generation
* 0...0...... multichannel enable

= OLLE 1100 1100 2210 = x7dce

ax0 = 47DCE;
dax SPORT!I_CONTROL)= aad:

i.

* set up sport clock*

* sampie rate = 500 bits/sec

* main clock = 96 MHz

* modulus = main_clock / sample_rate
. = 9 600 000 / 500
. = 19200
*
anQ =f. 1,
dmt SPORT] _CLOCK MODULUS)= axu.

axJ = 19200 - I:
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dm SPORTI_RX_FS_MODULUS 5 = axu:

“enable sport |ee

ax = dmt SYSTEM _CONTROL}.
ur = setbit SPORT! _ENABLE_BIT ofaxo:
dmt SYSTEM_CONTROL| = AR:

fe

“ star transmuung command to DAC to read channel |
* Note: this value is constanuly transmitteday

ax0 = 0x7000,
TX1 = axu:

jump wait_for_RSSI_command:

152

[Paaasosaesccssasaasccccessosesen ss wenaataseesstesenearassssseas eases esses ees*

* stop_R SSI_command
Pope eases esesaseseseseaess esa easesesa Hees eset ssa sem s ees eSsSee

stop_RSSI_command.

reset 12.

caJb stop_sport | _senal_port:

fe

* divide accumulated RSSI values by number ot samples

* axl = divisor (number of samples)
“af = MSW ot dividend (0)
* avO = LSW ofdivided (accumulated RSSI value>

* ay0 wilt Conan quotient
“t
ASTAT = 4.

dmi HIP_DATA2)=axi:—/* put # of samples in HDR2 *’

i

* for integer divides we need to shift the dividend left one bit
"“AF.AYO=AYO <<!
*}
sis av0:
sr =Ishift sibv | {LO};
ayO = su:
af = pass sri:

CNTR = 16:
do divide_Joop until ce:

divide_lvop: diva ax |;

{*

* write youentto HIP

aonnseennanes
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<i

dm HIP_DATAO } = avu;

5,764.693
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axO= dmt rssi_sample 1: * put newest sample in HORI */
dmt HIP_DATA1] | = axu:

ax = RSS]_COMPLETED.
call queue_stgnai:

jump wait_for_dsp_command.

[AOR OO AEMaeEESemREE ERMEES ETRE EE

* collect_RSSI_sample

eee

Dawaceae maneamaBons Cet au aU eeUs ss oemoce Tee He re MaeEseDemaNT eee TS TOUT eS Hes

collect_RSST_sample:

toggle fl2:

i”

* reset flag indicaung new sample
“t
ax0 =0.

DM¢heaxtet_full) = ax0;

‘

axO = dmdiscardsampie_count)
ar=axQ- 1.
if eq sump get_new_sampie:

dm discard_sampie_count ) = wr,
jump wait_for_RSS{_command.“f

get_new_sample:f*

* only collect 255 samples maximum“

axO = dm collected _sample_count 1.
ar=ax0- |.

if eq jump wart_for RSSI_command:

dm collected sample_count ) = ar:

f*

“ pet new sample™/

axO = dmi rssi_sample }:

ayi = 255,
ar = axO and av!;
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* accumulate new sampief

ars ar + ayur
ayY = ar;
ie‘

* mcrement number of samples7

as =axl +,
axl = ar;

jump wait_for_RSSI_command.

OCC C Cee Cease eeeeeeeee eReEeeRePeeeee ReeSees
*

* stop sport! _semal_port

SCORE OE EEE EH SKK RED STO SECM sssseseE Moen eSB ESOS TEESE TTT OTR ees eee es eee?

stop_sport i _senal_pon:

ax0 = dat SYSTEM_CONTROL},
ar = clroit SPORT _ENABLE_BITofaxv.
dm SYSTEMCONTROL} = aa0:

a0 = 0,
dot SPORT1 CONTROL| = axl:

rts:

ENDMOD.
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IX. Timer Code Module forslot clock timing

(TPEEERSERe AS TERRES EERE CTT CERES RARER SHES S SES OR EESES ASEH S

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

* Based on Herb Litile’s onginal slot clock code using hardware timer

* Matthias W andel

BOONE RRR EEO EON Se ee REAR SHEER ET REERE RHE ETS ERK S EEE eS ANSAT HSH AEEE HERES SSS AS!

MODULE/RAM  tmer_code:
EXTERNAL queue_sienal:

#include “dsp.h”
@include “dspcmd.h"

ye

* Inidal penod shouid be 4) ms trom trahe head count bitsvne '?7)
* of 35ms trom end of frame head, Added | ms tor mangin on i88 SW
~ 1€ slots are with respect of start of biisync. we must Make decoding
* part ot the DSP code or do it morepipelined in tne 188.
* Matthias
”

CONST INITIAL_SLOT_CLOCK_PERIOD = 35 ° 256 + 256:

EXTERNAL want_for_dsp_command.

ENTRY start_slot_umer:
ENTRY stop_siot_timer;
ENTRYupdate_stot_umer:
ENTRY new _slot_value:

VAR/DMslot_clock _penod:
GLOBAL slot_clock_pertod.

VAR/DM countdown,
VAR/DM slot_count_start:

} ntseeeeweeuepeanneencneecnenceeceeceeeenacceuneecememeeceenasaecceeences tf
/* Start the slot umer - called from decode. “v
PPnnnweeneennnneneennerememenceennneencneeen Of
siar_siot_tmer:

axO = 320: /* 40 mrlisecondsat 8 khz tucks */
dm{countdown! = ax0.
rts;

+* Called to stop the timer trom runing. “[9 nee cneeeumnce macemaneens-={rensennennnneeernnnennnenenenenennemnennnnetee +

stop_stot_tmer:
ax0 = 0,
dovcountdown) = axu:
rts:
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1 Beton momen ecenmennameerenceeemeeepanmnennacenena en naaannnenennenen= ene “v

“© This rouune ts cailed 8000 tumes per second while receive ts active. aa18 sncamretemenneecceeenennenens nerueenprawwerecearconace emeeeeeneeeeesnnet ane “"

update _siot_timer:
ax0 = dmicountdown)
ar = pass ax:
If eq rts;
ar =ax0- |.
datcounidown! = ar.
if ne ms:

counter has just counted down to zero. Time tor slot clock time! */
ax0 = RECE!VED_SLOT_CLOCK:
call queue signal:

axO = dmtsiot_count_start):
dmicountdown)! = axU:
rs:

‘*[9 eenane a eneneeeneeconeenes,pecenececeeeenenecenee "!

/* This routine 1s called when the slot leneth has changed "

 

wenonae awenenneenseeeneeneesfoenenwennnnannaaeneneeee-nanne ene ")

newsiot_value:
si = dmtHIP_TIMER).
sr Ishaft si by 8 (lo). /* convert to multiples of 8 khz "!
sr = Ishaft srby -3 (lo}: ¢* white truncaung unwanted bus with=*/

/* the shifter. “"
drotslot_coumt_start) = seU;
rts;

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) ttansmission/reception meansfor 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
meansand 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 radio modem of claim 1 wherein the

transmission/reception means and the modulation/
demodulation meansare 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

meansfor demodulating data includes a single-step down-
converter connected between the transmission/reception
meansand 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 wireless 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

meansfor 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

miicroprocessor-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

conversionofat 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-
ctimination 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 thedigital
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-uptable;

(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;
iii. and transmitting the waveform to a remote data

receiver.


