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[57] ABSTRACT

A wireless radio modem that may be incorporated into a host
system or connected through a PCMCIA or similar port to a
host system includes radio frequency modulation/
demodulation circuitry employing electronic device ele-
ments that operate in a frequency range that minimizes the
RF interference between the radio modem and the host

system. Radio modem power conservation is maximized by
1) simplifying signal modulation processing by use of a
two-point waveform transition table. thereby reducing pro-
cessing requirements; and 2)incorporating a “sleep mode”
feature in which all non-timer circuitry is powered-down
when not in 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 US patent
application Ser. No. 08/337341. filed Nov. 14. 1994 entitled
“Wireless Radio Modem With Minimal Interdevice RF

Interfaence". nowissued as US Pat. No. 5.619.531 on Apr.
8. 1997.

COPYRIGHT NOTICE

Porl'ons of the disclosure of this patent document. includ-
ing the appendices. contain material that is subject to copy-
right protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document or
the patent disclosure as it appears in the Patent and Trade-
mark Oifice patent file or records. but otha'wise resa'ves 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 pasonal digital assistant (PDA). a two-way
pager or other equipment for data communications or
processing) or attached directly through an external data
interface. such as one that is constructed and controlled in a
manner that meets the standards set forth in two documents
entitled “PC Card Standard." Release 2.0. and “Socket

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

receive data from a communication network wirelessly so
that the RF interfa'ence between the host unit and the radio

modem is minimized and power consumption is at areduced
level. It is envisioned that in its preferred use. the invention
will be used to communicate between a host unit and a

remote data processing or communications device. eitha'
directly or via a network through a data transmission]
reception network station.

BACKGROUND OF THE INVENTION

Wireless radio modems are used to pamit remotely
located computers and other data communications equip-
ment to communicate with one or more other computas or
equipment for data communications. usually as part of a
computa' network. Over the past several years. a numba' 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 modern designs
usually involve a flexible cable connection to the host unit
and a bulky extanal battay pack to supply the necessary
power. Previous attempts to incorporate a radio modem
within a host unit or to connect a radio modem through a
PCMCIA interface have resulted in extremely poor operat-
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ing performance predominately as a result of radio fre-
quency interference caused by electrical noise generated by
the host unit.

SUMMARY OF THE INVENTION

The present invention has utility in allowing a host unit to
communicate with a wireless network. The present inven-
tion is a wireless radio modem that is designed to be located
within a host unit. or connected to a host unit through an
external port. such as a PCMCIA interface. so that the host
unit can communicate with other units for data processing or
communication via a wireless data network. In its preferred
embodiment. the radio modem is designed to opa'ate in a
wireless data network that uses packet-switched communi-
cation such as a network that uses the MobitexTM network

protocol. the Ardis'm network protocol or the Celluar Digital
Packet Data (CDPD) wireless network protocol. The radio
modern design allows difiu'ent 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. refa'ence is made to the MobitexTM

standard. which is a published communications standard for
the MobitexTM 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. NJ. 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 inta'face (the PCMCIA
version). although the design may be incorporated into a
stand-alone modem separate from the host unit. Both the
size and performance of the present invention represent a
significant improvement over the state of the art.

The radio modem hardware and software of both the

OEM version and the PCMCIA version are carefully
designed to minimize power consumption. In the preferred
embodiments. each version can be configured in one of two
forms: (i) with an on-board microprocessor that provides
overall control of the operation of the various subsystems of
the radio modem (the “on-board processor form") or (ii)
without an on-board processor. wherebythe essential control
functions that are performed by the microprocessor in the
on-board processor form are paformed by the host unit
microprocessor (the “microprocessor-less form”). To reduce
powa' consumption significantly in each vasion. the key
powa-consuming components are placed into lowa' powa'
modes when they are not needed and are placed in a higher
powa' mode only when data that the radio modem is to
process are detected or when a predetamined period time
has elapsed from the point the components have been put
into a lower powa' 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 powa-
consuming components in the on-board processor form. In
addition to the power management circuitry. the method of
opa'ation of eachvasion of the radio modem was optimized
to reduce power consumption using low-power components
and power-efficient design where possible.

Opa’ational paformance is also enhanced over the state
of the art because both vasions of the radio modem are

designed to opa'ate in the high electrical noise environment
present within. or immediately proximate to a host unit. The
major electrical noise immunity strategy employed is the use
of circuitry designed to operate outside the electrically noisy
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frequency bands that are present within an operating data
processing unit. Among the features that enable the modun
to avoid the RF interference of its host data processing unit
is the implementation of frequency discrimination at an
intermediate frequency (at or above 10.7 MHz) that is well
above the noise frequencies emanating from the operation of
a host unit.

In order to generate the intermediate frequency at which
discrimination takes place. the receiver 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 conveyed to a digital signal processor (“DS ")
where the data is recovered and conveyed to the host unit.

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

Quadrature Modulation
In the implementation in which the data are quadrature

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

Baseband Modulation

In the implementation in which the data is baseband
modulated. the DSP presents the signal to the modulation
circuitry in the form of two modulation voltage signals for
the Voltage Controlled Temperature Compensated Crystal
Oscillator (VCI‘CXO) 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 fa propagation.

Modulation Lookup Tables
The modulation scheme. in the preferred embodiment.

relies upon [re—calculated wave segments that are pieced
together at run time to produce smooth Gaussian Minimum
Shift Keyed (GMSK) or GMSK Inphase (I) and Quadature
Phase (Q) modulated waveforms. For elficiency 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 manory is employed as a part
of the modulation process.

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

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

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

bracketed. extracted and placed in the table.
When generating tables for baseband code. the phase

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

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

Even though the efl’ective sampling rate is equal to the bit
rate. repetitious patterns of seemingly lower bit rates. such
as a GMSK Bitsync of the pattern 110011001100. can
nevertheless be recognized. as such a pattern produces a
wave form similar to a sinusoid at a frequency of one fourth
the bit rate. A series of increasingly stringent criteria is used
to determine whether the received signal is a bit sync
pattern. When all the criteria are satisfied. preferably 12
samples of the bit sync are correlated to SINE and COSINE
functions. Because 12 samples represent three complete
periods of the sinusoid. compensating for difl’erent direct
current (DC) levels is not necessary. Because the SINE and
COSINE functions need only be evaluated at 90 degree
intervals. this process is trivial. The SINE function. for
example. takes on values of 0.1.0.—1.0.1.0.—1.0 . . . etc.. The
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two resulting correlations of the SINE and COSINE func-
n'ons are then combined to form a Cartesian vector and

mathematically transformed through rotan'ons of 90 degrees
to be within an angle of +l—45 degrees. A cubic function of
the slope of this vector is then used to approximate the
arctangent of the resultant vector. The diiference between
the resultant angle and 45 degrees (or -45 degrees. which-
ever is closer). divided by 90 degrees is the fraction of a bit
by which the sampling point in the decimation filter must be
adjusted to be coincident with the center of the GMSK bit.
In the preferred embodiment. for ease of implementation.
the adjustment is rounded to the nearest AID sample. As one
of ordinary slill 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 AID
sample When the adjustment is performed. samples coin-
cide with the centers of bits. so bit decoding can be done
using a threshold that is a function of a DC level calculated
from the 12 samples used for bit synchronization. as well as
the value of the previous bit.

OBJECTS OF THE INVENTION

Accordingly. it is an object of the invention to provide a
radio modern 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 invenn'on to provide a radio
modem in which frequency disu'imination occurs at a data
discrimination frequency of 10.7 MHz or higher.

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

It is another object of the invenn'on 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 acn'vated 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 sll'll in the art will become apparent from the
detailed descriph'on and in reference to the drawings that
follow. The specific examples that are set forth in the
detailed description of the preferred embodiment should be
understood to be given for illustrative purposes only and are
not intended to limit the spirit and scope of the invention.

BRIEF DESCRIPTION OF FIGURES

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

FIG. 1b is a block diagram of the hardware layout for an
alternative embodiment of the on-board processor form of
the radio modem using quadratm'e modulation and a single
local oscillator.
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FIG. 2 is a block diagram of the hardware layout for 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 of the radio modem using base-
band modulation and an external interface to the host unit.
such as a PCMCIA interface.

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

FIG. 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 host unit through a PCMCIA or similar port. Each radio
modem generally comprises transmission/reception means
and a modulation/demodulation means.

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

The demodulator consists of a limiting amplifier (13) to
produce a signal having constant amplitude. This signal is
split into two parts which are mixed in a mixer (14). with one
ofthe 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 aystal 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 (M) is preferably an ADSP—2171KST—l33 oom-
meru'ally available from Analog Devices. Inc.. Norwood.
Mass. The conditioning and conversion to a digital repre-
sentation is performed by low pass filter (16). amplified by
operational amplifier (17). conditioned by anti-aliasing filter
(18) and converted to a digital representation by analog to
digital converter (19).

The limiting amplifier (13) produces a second signal (52)
with a DC voltage proportional to the received signal
strength at the input of the limiter. This signal is referred to
as the Received Signal Strength Indicator (RSSI) and is
conditioned by low pass filter (20). amplified by operational
amplifier (21). conditioned by anti-aliasing filter (2) and
converted to a digital representan'on by analog to digital
converter (23).
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In the on-board processor version. the digital data is
conveyed to the host unit via the microprocessor (uP) (26).
preferably an Intel SBSOL188EB-8 (available from Intel
C(rporation. Santa Clara. Calif.). and a serial communica-
tions controller (“SCC") (27). preferably a Phillips SCC
9291 (available from Phillips Electronics North America
Corporation. Sunnyvale. Calif.). In the microprocessor-less
version. as seen on FIG. 3. the modem utilizes the micro—

processor of the host (200). and thus there is no need to have
a microprocessor resident within the externally connected
modern. 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 sldll in the art will appreciate
that each of the aforementioned components for which
particular part numbers are not referenced are well known in
the art.

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

As illustrated by FIGS. 2 and 3. in the case of baseband
modulation. the digital signal processor (21) similarly
generates. from the look-up table store in the associated
RAM (5). the appropriate modulation voltage segments fa
the Voltage Controlled Temperature Compensated Crystal
Oscillator (VCI'CXO) (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 VCl‘CXO (201) to shift the
local oscillator frequency by a maximum of 2 [(111 from its
nominal frequency. As one of (rdinary skill in the art will
appreciate. a single DIA converter may perform the func-
tions of the two conva'ters (28) and (29). The resultant local
oscillator signal (210) in the baseband modulation scheme is
conveyed by splitter (211) to the exciter amplifier (40).
conditioned by a band-pass filter (41). amplified in a three-
stage power amplifier (42) and is transmitted from the
antenna (1) via the transmit/receive switch (2).

During operation in a baseband modulation configuration.
in both the receive and transmit modes. the local oscillator
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(L0)(208) comprising VCI‘CXO (201). VCO (202) and
synthesizer (209) operates to pass its output signal (210) to
both the receive and transmit section of the radio via splitter
(211). If the radio modem is in its receive mode. the signal
(212) is “ignored"—the transmit circuitry is not active
because of power management and a signal is not conveyed
to the antenna (1) as a result of the TIR switch (2).
Correspondingly. when the radio modem is in its transmit
mode. the L0 signal (213) thatis 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 modemis in its receive

mode. the L0 (208) is programmed at the reception
frequency. at the beginning of the receive cycle. In the
transmit mode. the L0 (208) is continuously updated by the
VCO and VCI‘CXO 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 employment of an electronically coupled piezo-
electric phase shift element (15). such as a crystal filter. The
use of this element represents an improvement over the prior
art due to the fact that electronically coupled piezoelectric
phase-shift devices have a steeper phase slope relative to
changing frequency compared to the resistor inductor
capacitor (RLC) tank circuits that have been used in the prior
art for frequency discrimination. One advantage of the
present innovation is that the discriminator can be operated
at higher intermediate frequencies. which is of particular
importance to this invention. and is discussed in greater
detail below. A second advantage is that the steeper phase
slope associated with an electronically-coupled phase-shift
element makes the resulting discriminator more sensitive.
thereby increasing the sensitivity and receiver performance
of the radio modem. The use of a frequency modulation
discriminator anploying an electronically tuned phase shift
element is not limited to use within a radio modern. Such

means can be used to discriminate any frequency modulated
signal in other systems as well. In addition. as one of
ordinary skill in the art will appreciate. because of the close
relationship between frequency modulation and phase
modulation. the frequency modulation discriminator dis-
closed means could also be used with minor modifications to

discriminate a phase modulated signal.
As discussed above. the discriminator disclosed in the

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

Again with reference to FIGS. 1a and 1b, 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
VCI‘CXO modulation voltages. Ineach case. the waveform
segnents 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 (5). The
operation of this method is described below.

As discussedpreviously. Ire-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 undm' the Mobitexn‘ standard with
a bandwidth time product of 0.3. the actual waveform used
to identify a bit is in excess of three bit periods long. as is
shown in FIG. 7a, for the bit sequence 00100. With refer-
ence to FIG. 7a, the bit period a (700) and bit period e (701)
are affected by the bit in period c (702). Thu-efore. to store
all possible shapes for any bit pm'iod c (702). thirty-two
difierent segments are required to represent all possible
values for the five bit periods shown. By realiu'ng that the
signifith 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 enties can be reduced by half to
sixteen. The segments are centered on one intm'bit paiod
(703). as shown in FIG. 7b. With refm'ence to FIG. 7b, the
bit center (704) is positioned between the bit pm'iod c (705)
and the bit period d (706). Therefore the value of segment c
(705) is only aflected by the values offour bits. and thaefore
has only sixteen possible shapes.

The method described above yields baseband but not in
phase and quadrature phase signals. If baseband modulation
is desired no further calculations are needed. I and Q
signals. howevm'. for quadrature modulation. are readily
calculated from the tabulated data described above. using the
following approach. The in-phase and quadrature phase
signals depend on the initial phase at the beginning of the bit
period. This initialphase must be known when the tables are
calculated In the Mobitexn‘ system. the modulation is such
that the frequency diflm'ence between a stream of continuous
1's and a stream of conlinuous 0’s is an even fraction of the

bit rate constraining the starting phase to one of a discrete set
of values. For example. in Mobitexn‘. the frequency devia-
Iion 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. whm'eas a 0 transmitted
Feviously will cause a phase shift of —90 degrees. Thu-e 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 rotalion 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 difi'm'ent starting
phases. In particular. only trivial trigonometric calculations
or look-up tables are required

Power Management

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

The major components of the powm' management circuit
are the serial communications controllm' (27). incorporating
an integrated timer andmemory. and microprocessor (26). as
shown in FIGS. la and lb. Through implementalion of the
power management means, the radio modem circuitry con-
sumes approximately one half the power of othm' known
systems. In genm'al. maximum power savings in any situa-
tion are accomplished by completely mming the device 01$.
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The microprocessor (26) has the ability to enter a dormant
mode of opaation where it consumes virtually no power.
The circuit has been implemented such that the processor
can also shut down other circuitry that is not in use. The
processor is brought back to active mode by activating reset
or providing an extanal non-maskable interrupt signal.

The lxesent 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 lime 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 microlxocessor. is set such that
it Foduces an output pulse to the Focessor aftm' the
expiration of a selectable. predetermined lime period As
seen in FIG. 4 in block (401). the timer is set when it is
determined that the microprocessor does not have any tasks
left to be completed in its task list therefore the micropro-
cessor and the digital signal processor are permitted enter
their lowest power mode. Although in the preferred embodi—
ment the microprocessor when directed to shut down first
shuts down the digital signal processor before shutting itself
down. it would be appreciated by one ofordinary skill in the
art that the digital signal processor could first detainine 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 pm- second
When the host begins communicating. the circuit has only
about 1 millisecond to initialize to prevent informalion from
being lost. By using a serial communications controller (27)
with a built in memory. it is possible to store the first few
charactm's external to the processor. This allows the fixes-
sor over four times longer to initialize and respond to the
host.

Masking the Non-Maskable Intarupt
If the external serial communications controller were

connected directly to the non-maskable intarupt of the
processor. ineflicient opaation would result as an non-
maskable interrupt requires longm' to savice than a standard
interrupt. To ova-come this problem. the non-maskable
interrupt is connected through standard logic gates to pro-
vide a masking operation. By enabling the Focessor to mask
the non-maskable inturupt. faster response time. reduced
processor ‘on' time in a fully-powered state. and Iowa
powm' consumption result. Masking a non-maskable inta-
rupt for the purposes of power saving is previously unlmown
in the prior art.

Power Management Software Description
The Powm' 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 entm' 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 communicalions so as to initiate an
activating interrupt to the microprocessor to begin an acti-
vation cycle. Addilionally. the timer associated with the
serial communications controller (27) is set to iniliate an

n
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output pulse that will also serve to activate the micropro-
cessor prior to the initiation of the activating interrupt by the
serial communications controller (27). In normal operation
under this power management scheme. the processor spends
about 5% of its time active. and 95% in the fully idle. lowest
power mode.

One of the key elements in the software system is
improvement to the intarupt handle. Normally. in existing
systems. software would return to the instruction following
the point at which the interrupt occurred However. there is
a window of vulnerability when using a maskable non-
maskable interrupt as previously described. If an intarupt
occurs at the instant that the interrupt is unmasked
(unexpected non-maskable interrupt). and the interrupt han-
dler was written in the manner of prior existing systems.
program execution would return to the instruction following
where the interrupt occurred In this case. the instruction
would be a halt instruction. Therefore. the processor would
be caused to halt execution by an interrupt. when what is
required is an interrupt that initiates execution. As seen in
blocks (402). (403) and (404) of FIG. 4. the present inven-
tion inccrporates modifications to the standard operation of
the processor by modifying the program stack and forcing
the code to execute from a specific known state that would
be ‘safe' after either an expected. or unexpected non-
maskable interrupt. The unexpected result of implementing
the above power management scheme combined with the
previously described circuit that includes a serial commu-
nications controller (27) to provide a masked nonmaskable
interrupt. is the power 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 "l‘urn-on" Operation
The function of the soft “turn-on" circuit is to allow the

host to turn the radio on and of 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 of 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 011’ state. The circuit is
required to operate at varying supply voltages. such as when
the system battery is substantially discharged or
overcharged. with the circuit most importantly maintaining
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correct operation of the radio modem by keeping the radio
ofl’ or on as desired. Standard ofi-the shelf components and
circuits generally have undefined operation below a few
volts making them unsuitable for this purpose.

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

1) When the host 'I‘urnon' signal (500) is active. power is
supplied to the radio modem through microprocessor power
supply (502) which is preferably a LT1121ACSS-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 (‘ONI') signal (501) is active
while Turnon signal (500) goes from active to in-active.
power remains supplied until both control power down
functions are completed and the Turnon signal (500) is
determined to be constantly active. Also. as FIG. 6
illustrates. the ONI signal (601) remains in an inactive state
until the radio modem has completed its initialization cycle
and remains active until the expiration of the control power
down cycle.

3) When the host 'I‘urnon' signal (500) is inactive. power
will only be removed from the circuit if ‘ONI' is also
inactive. This is illustrated as well on FIG. 6 at the point
(600) where the control power down cycle ends.

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

Waveform Table Generating and DSP Software

As discussed previously. the waveform tables were gen-
erated from two software modules that can be found. in

source code form in Appendix A. In Appendix B. can be
found the software used to processing the received signals
and to generate the transmitted signals. Although the inven—
tion is fully described in the specification without reference
to the appended source code modules. the Appendices are
presented to provide further insight into the advancement
over the prior art.

Although the present invention has been described and
illustrated in detail. the description is meant to be illustrative
and not limiting the spirit or scope of the invention. which
is limited and defined with particularity only by the terms of
the appended claims.
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APPENDIX A

WAVEFORM TABLE GENERATING SOFTWARE AND ASSOCIATED TABLES

l. Tubie-huildinn Module 1.\lodlab.C»

fitncludc <sldlo.n>
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:define HITRATE 8000 ./ Mobiles blualc
:define F ILTER_R 3290 H Filler reslslor
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.touble k.
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N Ttke the data trom between the second and thtrtl btts. where ll ts

II least tntluenceu' bv uttcetemuned outstde bits. These segments wzll
4/ later be used to ptece tognethcrl and C) data for regular modulatton.
for Iu:).:l<0VERSAMPLING.:|++II

lTubleSIBasclndcx+al : |Shape(()\’ERSAt\lPLl.\'G'3 4» OVERSAMPLING/E + m:
QTahIesi Baselnu'enut = QSthutOYERSA MPLING'} . OVERSAMPLIXG/I + tti;

Il'tbGruphmgL-tcntt.

x Now uutld the table tor the startup sequence. based on a l IUOI IOOI llll) bu sync
.‘l (meg sequence Surtup ls spectul as It Is not surrounded bv bus on the
3/ left Sldct whtch makes a sltghtdtfference tn the gaussmn undl and 0 segments

If thBas:stattnn)I
Anus-I0] = II Arravl II = II
Arraytll =IL .t\rrav|3] = n

Iclsel
.-\rr.1\-I()| =ll .\rrav[ ll =II.
Arravlll = I Arms-I3} = I

ButldGMSKIArrav);
IandOModulatet I.

H Copy the segments salely nwav Into a flange array. Segments are already
II m thetr proper order.
[or Ia=t7 a<OVERSAMPLlNG ‘ 3 .u4w II

ISIartFabcha] = IShapela+OVERSAMPLlNG/2I.
QSun lublclul = (JShnpcIu+()VERSAMPLlNG/II.

I

r _...-..--._.......

I Functxon tu tntttalth the table uttscts Iur dtllcrent atarttng phases.
I. ma Intzf’haselndtccxt vmdl

thbBasebandIl
lannIOI lPomter = lTables:
lQ]mtl0].QPoimer = QTubles:
llethHSign = I:
lletIOIQSign : I.

Ianul I LIPomter = ITables;
Ianttl I I Ql’omter = QTablcs:
IletI I ”Sign = I:
IOlnttIll QStgn = I

IanttIl].lPointer = lTubles;
lantllll QPOtnter = QTnblcs:
IanttlllJSign = I.
IOlmtIZIQSign : I

IanItIJIJPointer = lTabIes:
|let[3 I‘QPotnter = QTublcs:
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lljlmtljl [Sign = i
IQInIIiH QStgn :1

Sm ‘
IOInItIU} [Pointer : [Tablcm
Ilellt)‘; OPumter = QTablcs.
lletltJI [Saga = I
lanttltH QSIgn =I

Iletl ll [Painter : t)T.tbl:s.
IQInttl 1| OPotmcr = lTables.
lQIntti H 131m =t
[Olmtl | ! Qngn : -i

IOlnitlll lPutnter = ITables.
IOImtllIOPotntcr = KJTabl=>z
IanulllJStgn = -l
IOlmllll QStgn = .1

IanuUHPomtcr =1‘ITubles.
lOlnttIJ] OPulntcr = lTables.
(anlll31 [Sum = -l
lQInIlIN OStcn =1

l

//----
vntd TcfilMOdulalcll
l
// Modulauon status yanablcs:

mt Bllllntnrv: fl Contains htstnrv nl surroundtng bus usad
:’I In selecting the appropriate gausstan segment

 

mt Samplechn: I! Number 0! samples rcmaxmng m :urwm segment

mt Slamngphacc v‘l Cumulatn‘: phas: Ill 1:: 3: 0! bus no longer under
1/ dtrccl CDI‘ISIdCfCJlIOfl m Btthstuty

:nl ' lPounter. ‘ QPmntcr. all & Q Wavcmrm painters
mt lSngn. tJStgn; l 8; (J Signs (H- II

n......................................................................

I! Followmg ltnes tor demo code unit.-
ml SuurceBilleSl; ll Bit pattern to modulate
\lauc mt OutputHOVERSAMPLING'ZI1'. ll Place for stonng [ part 0! wave
«an: mt 0ulpth[OVERS.-\MPLING‘2l]. Ii Place tor storing Q pan of wave
Int Sample: I/ Modulated sample Counl
mt Bulndcx: H Index mto SourccBilsfl Arrav

:‘f Genemte a scncs ol bats

lor (Bltlndcxwflttlndculfi .Btllndcx++ u:
Sourccananlndcx] : L),ll

SourceBttsll} = 1
Sourceuusl]; = 1

SuurceBtlsl-H = L
SourceBuslS] = l.
SourceanlQ] = l
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SourceBitsi l '.‘;w

 

1'" 55' "P the stamng sequence 01' movmg tram came: to busync
N This is dtfferenl tram rcgutar puts. us the non bus (neutral bllsl have n dtfferen!
H effect on the | and Q segments lo be used than regular blts would. We use a spccxnt
N Sumng sequence. as htch assumes that the star: or the modululwn ts l IOO. the sun
1/ of the mantle thSynCV

1ftbl3asesuttoml
1' Smmng condtttons t‘nr 11001100 - Base slntlon "
SamplesLett=OVERSA.\IPLI.\'G ' ‘
lPotnter = IStartTable.
QPomter = QStart Fable:
lSign = I.
QSign = I.
Btthstory = m
Stuungl’hase = l 1
Billndex = 3.

lelsel
Starung concuttons lnrlllll lt10ll \lobtlc transmtt "

Samplcslgl't = I)VERSAMPL[\'G ‘ ‘
lPointer = IStanTablc.
OPotnter = ()Stan fable.
lSign = l.
QStgn = l.
BitHistory = 1.
SumngPhag = l 1
Blunder: = 11

l

ll Generate the waverorm bv sending out segments 01 the precalculztted tables
for lSample = 1i:Sunpte<t)VERSr\MPLlNG‘Zl.Sanlple++tl

1f (SamplesLett == till

1‘! Take the bit no longer used for scleclxng I And Q segment. and
ti add its phase conmbuuon tn Suntngl’hnse
tf lBtthstorv 6: 8H

StantngPhase =1StarungPha5c + I18: 3.
Ielsel

StarlmgPhase = t§mungPhase - ll 6r. 3.
I

ll Shift the buts currently under consrderauon to accomodate new but.
(I MSB is discarded I tts phase contnbulton ts ts already accounted for).
BitHistory =1tBitHislory << I1 + SnurceEitsIBitlndex++|1 & I5:

// Based on stantng phase and surrounding bits. select: the appropnate
fl! and 0 segments. Phase shtfi is m tnaemems or 90 degrees. L'se
ll Tables to select the proper phase shtfi.

lPointer = Btthstorv ‘ OVERSAMPLING + IanltISIal’IlngPhaselJPulnlcr:
QPointer = HllHistort' ' OVERSAMPLING + lanitlStamngPhasel QPo'tnter:
ISign = lOlnitlSmnmgPhaseLISign‘.
QSign = IOlnithtantngPhasel.QSign:

1/ Now have OVERSAMPLING samples belure thus calculauon nees repettuon.
Sampleslxlt = OVERSAMPLING.
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Crank mu nnv: camme m :1 mm. mm: us nm: In mice! a new segment.
Smnp'lcchil - i

UutpullfSnmnIcl = ‘rlPointcr+«. - legn:
()utpulUlSamplcl = ‘|()P01ntcr++n ' ()Sngn:

[I (bGrapmlll

mm:

SelGruphPammuerShlANDQFL'LLSCALE. I.\.\'DOFL'LLSCALE. lc' HO.
IWERSAMPLING‘ 1b."! and Q segmcnls »

mna=fl..1<lb.aM-H
TlmcMaIMOVERSAMPLING '.1_ - I. RED.

1

GraphFuncuanulpull. CY.\.\)
Uraphk-‘uncuomoutputo. GREEN I

h): la=t)VF.RSA-.\1P'I..II\'G' If! Win-~41
Oulpuum : l0ulpulnui-Uulpullm»lII ' LOVERSA-AIPLINGIZL
Outpululul = I()ulpuxU[nl-()ulpulula-| I) ' (OVERSAMPLINGIZL

i
gelchl L
SctGraphPatamelcrsL-lA-\'DQFL‘LLSCALE. IANDOFL’LLSCALE. 16‘ ll).

OVERSAMPLING‘ [63'] and U shlpcs L
(or (a=u:a<lb.u++»|

TlmeMaxleVERSAMI’LIXG‘a - l. REDI.
l,

GraphFuncuonIOutpuu. (SYAN L
GraphFuncuomOulpulQ GREEN L

gcxcm I.

)

/;.._....__..__.._.___.._-__-........____.._-___.-....-____...............----.

:7 How (U use. progtam 12' used wmngw

in": mid Usage: )
[

pnnlfl"usagc or modlab progrnm:\n'
‘modlab I-b] [-Bhn"
‘whcrc:\n“

»h Indncatcs baseband graphm'
-g lndacalcs graphing enablcd‘m ‘

l [ndncalcs base: Lransnuun ‘

-I use Ideal samplcsm' t.
«mum.

‘, ..............................................................................

w' .\1 am program



5,764,693

29

\ ma mam: In! Ange. chat ‘argvtl )

ml 3,
char ‘ nullilennme = 'moddam.h '

FILE 'nulfilc.

“I lnlemrel [he command line argumams.
bGraphIl : FALSE:
bBascband = FALSE:
bBasesmuon = FALSE.
GaussmnFullS cal: = GAL‘SSFL'LLS (SALE.
correcLsnmplchIag = TRUE.
:or In = I.a<argc:a++n|

K'lnrgvlflHO) == I II argvlaHOE == x
iwflch larg\'|:l}[ IN

case ‘g“
cast ‘6‘,

pnmlf'CmphmgenablEdm I
bGraphn = TRUE;
break;

mas: b"
case B"

pnnll'l"flns:bnnd msluaa ol land Q‘m a.
bBaseband = TRUE;
break:

case 1‘,
case ‘F‘:

pnnlfl "Full scale bzueband enabledm' I.
GaussuanFullSculc = IANDOFULLSCALE:
break:

case 1’:
case 1"

pnmtl "Base stauon transmn sequencexn" 1'.
bBasesmuon : TRUE.
bleak:

case I'
use I‘

pnnm "L's‘mg Ideal samnicsm L
comc!_samplts flag = FALSE.
break:

case '0':
case '0"

pnmfl"crcaung oulput file ‘E’rs'\n".nxgv[ai+2);
onlfilename = n:gv[a]+2.
gala skipcheck;

default:
Usagco:

5
Ifmgvmlm) Usageu:

.knpcheck:
iclsel

Usage”.

3
If tbGraplul) SclfllrcsModel ):



5.764.693

31 32

‘ Build the UUSK waxetorm
BuxldGausstam v;

3 Build the m pans o! I arm 0 segments and stamn': segments
ButldSegments: I.

:' [nntialize phase Index tables
ImlPhaselndttest r.

f Try out the modulauon sceme
TcstModulatet r.

:I leruphuu
SetGraphParameterSI JANDQFL'LLSCALE. l-‘tNDQFL'LLSCALE. 10' IO.

OVERSAMPLL‘JG' 1631 and Q set-menu ‘1'.
{v‘)r(3:\J:a<10.2l++ll

TimeMarklOVERSAMPLING'u. -1 RED);

1

l}raphFunEllOfltITablcs. Ct’AN s.
GraphFuncuomQTables. LiREENw

getcht )

If lemphu) SctTexxModct I,

I! Generate an output fil‘! of all the segments.
uuu‘llc = tnpemoutfilename."w"l:

1floutfile == NULL)
I

pnntl'l"F:t1¢d to create ‘4}s\n' .outtilename I.
exlu l L

i

tpnmtmuu'tle. I'm").
tmntxt auntie. ' ' "’rs was created mm! lhl: command hncnn ' ouuilenantcn;
tpnnmoutnle. ‘ ' "L
lot Ia:U:a<ar2c.:t Hui

fpnmtloutt'tle."”. s ".mgvlal).
>
fpnnmoutfile. "m '\n ‘1;

If beaseband)(
fpnnmouuile." ' This file IS BASEBANDM ‘I.

1clse£
fpnnmouu'llc." ' This tile )5 | and Q\n‘ 3‘.

J
fpnmlloutrilc." "\n\:t"l.

n’ tfthascbandI fpnmnoumle. “Ndefine BASEBAXD |\n I.

fpnntltoutme.” INITLtunpleswn L

3an a = H a < lb'OVERSAMPLING. 4+: ~l I
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:pnnmoumle. “.z‘.t0x‘7c.4xUU. Dx‘iAKUO. nx‘E’c.4xkx).
‘1ka «1100“ .lTablesi a],lTablcsiaH IJ'hblesia+llJTablcs1a+3i r.

m a < lb‘OYERSAMPLlNG - ~1 i

r'pnnmouuilc. ‘.‘n ).
i

l‘pnnmouu'xle. Emn‘ 1'.

r'pnnm ouu'nc. 21XIT 0_>umplcs’\n I.

[on n =0‘ 3 < lo‘OVERSAMPLING "=4 l

‘ r'pnnmouuilc.”\1\10x‘7z 4x00. 0w “(NOVA n00.
WP:.4100".QTableslu].OTablcslLn-li.QTablcslulLQTublcsrn+3i ‘r.

m a < IO‘OVERSAMPLING - 4 u
I

Fpnnmoulfilc.".‘n"):lx
\

Infdct NEVER
1

In! Sample:
long MaxMag;
long MmMag:
ml MinSamplc:
Il'll MaxSample:
long Man:
long lSum:
long QSum:
long lAvE:
long QAvg:

MmMag = ”Hf-Fm.
MaxMag : HXSOOOOOOQ
MInSamplc = OxTFFF.
VluSample = (IxEOOO'.
lSum =0'
()Sum = 1L
tor [Sample = 1LSamp1e<1b‘OVERSAMPLlNG.Sample++H

Mag = ulongalTablcslSampIeh ' HIonngTableslSamplen
9 (llong;QTnblesl Sampiel) ‘ l(lmngTables[ Samplel):

1ftMaxMag < Mag] Manag = Mag:
1f(MmMag > May MmMag = Mag;

pnnlfl“Mag: ‘Hd MmMng. fl'cld Manag: “Haw. Mag. MinMag. MaxMag);

iftMaxSm-Lplc < lTables1 Samplel) MaxSample = lTableslSumplel.
If I‘MaxSamplc < OTnblesl Sampleh MaxSample = QTablesISamplel:
If‘MinSamplc > lTnblcsl Samlel) MmSample = ”ables-{Sample};
If (MmSnmple > QTabIcslSumplel) MmSample : QTableslSamplcl'.

[Sum = {Sum + [TableslSumplek
QSum = QSum + lTublulSumplci:;

[Avg = lSum! lé‘OV‘ERSAMPLlNG;
QAvg = QSum/ lb'OVERSAMPLING:
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pnmfi".\‘hnSamme: “A! Muslim»: n?J‘n“..\1mSumple..\1axSample).
pnnm"lSum' "PM OSum:-1M leu \‘rld OAvg »'rld'm".lSum.QSumJAx-gQAvg)2
pnnm"\1ugEnnr 2; (“fix-m .mJuublc NuxMagndoublcvaMug»!1'l00))'.

gclcht 3:
return'

‘A
lendlf

fnnnmouuile.“.'nm ),

Ipnnmnulmc,” JNIT imnmjgunvlevn 1,

ton a : 0: a < E‘OVERSAXIPLIXU 4.: A)

I'pnmnoullilcfll‘aflxfi} 4x00. UVT'E 4‘00
(ME 4x00".ISzan fableIu] .lSun TubltiaH HSlm hblelnzl ).

In a< 3‘0VERSAMPLI.\G » ‘~ 1
I

fpnnmnuxtilc.” 1:) ‘).

»

rpnnmnuuilc. ‘fmn ‘ 1.

lpnnlltouxfilcj ,lNlTinuul_Q_~.-mp1:s m ‘1.

lo“ a = U; a < K'OVERSAMPLING. 4+: 3)
(

fpnnmounil:."‘.t\:0x‘/( 4x00. (NIL-nut).
0x9: 4‘W".QSIanTublelal,OSun l'ubleluv I LQStzm I'ubldznlh.

m a< J'OVERSAMPLING - i ‘
{

fpnnmoulfilc.".‘dl' ).
ivr

lpnnlfl outlilc. ‘;‘.n )2

Ipnmlloulfilc. ".n ‘I.
J (bBascbandH

fprinumulfilc." {NIT carncr_l_~4mplc: 0x000000.\n‘ 3.
fpnnmounilc." [NIT camer_0_sumple: 0x000000:\n" L

Jelsei
fpnnmoulfilc." INIT cmr.l_samplc. 0x000000:\n“1:
fpnnmounilc.“ INIT cumcr_Q_sample: 0x7ffl00:\n“):

}
fpnnm uuu'lle.”\n ‘).

:qu 0 I
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II. Table for Ouadratur: Phase Modulation,.

' nbnmoddaxiq h: was crcmcd usmg the :ommnnd lmc:
‘ ablunodubcxc 4 -nob}\m0cidallq.h

' The 621L315 mme I6 MSB of the 2-3 bu words. which
‘ are Ux‘td by me DSP when gcxung dam 1mm program’ memorv.

‘ This file Is 1 and QN

INIT Igamplcs
Uxa91100.0xb0b200. Ubed 100. Owlhfloo.
’cha5300. de39300. 0xdd2800. Utcéccd).
Uxf0d800 OxfadCOO. DKO-lc700. owawo.
0x I Bd800. 0x229c00. Oxlc'ldOO. 031357600.
0x3e6b00. 0x46fc00. 0‘4fl:00. 0660:200.
I)xa90500. ()xb0a000. 0xb8b400. 0):: [3500.
OncaMOO. Oxdlm. Oxdca‘JOO. DchJdOO.
IJxefcbOO, om9m. (MOS-£700, UKUCCIOO.
'Rl62500. 0x l [3600. 05271200. 0x304500.
0x382“). ounmo. mm». (“468500.
IJx'JdctSOO. 0x325300. Uxao9c00. Uxmauo.
OxaeifDO. Oxb ”.100. 0xb47300. OtbfmIOO.
0xb84300. 0xb94300. 0xb99600. Uxb94700.
Uxb85d00. 0xb6e700. 0xb4!300. 0xb29700.
OxafenOO. Oxmx). 0139fd00. Oxabecflo.
0x9ddc00. 0x324300. 0xa08300. 0xu8300.
0x1:2300.0xbl5c00.0xb40a00, 0xb6lb00.
0xb78500. 0xb83c00. 0xb83c00. 0xb78500.
Dxb61b00. 0xb40100. 03b15c00.0uc2300.
OxaaSSOO. OxabHJOO. 0xa24300. 0x9dde00.
0x370300. 0x13] 400. Oxnd I bOO. 010300200.
010123900. 0xb50c00. 0xb70000. 0xb87100.
0xb96000. 0xb9b000. 0xb95c00. 0xb86300.
Oxb6c600. 0xb48900. OxblL‘ZOO. Uxae7600.
l‘rxaabKX). OxabeOO. 0x326800. Ox‘idchO.
()xa70fll). OxaaZSOO. 0x1d3500. 0xb02800.
Ikb2c700. 0xb55900. 0xb76c00. 0xb90b00.
UxbaZSOO. OxbabaUO. Oxbabauo. omzaoo.
0Lh90b00. 0xb76c00. Oxb55900. 0xb2c700.
0xb02800. Oxad3500. OxaAZSOO. 0‘370100.
0xb35600. 0xb98600. 0xc04900. 0xc79500.
0xcf5c00. 0xd79700. 0xc02d00. 0xe90e00.
0x92500. OxbecOO. 0x0432m. 0x0ddb00.
0x 16(200. OxlfdJOO. 0x286900. OXJOaZOO.
0x386b00. 0x3fh700. 0x467a00. Ox-kaaOO.
01b36300. 0xb99300. 0xc06700. 0xc7c100.
0xcf9l00. Oxd71200. Onwacofl. 0xe9bd00.
0x8 1 300. 0xfc9b00. 0x064200. 0fof700.
0x 19.1500. 0x233a00. 0x2c3300. 0x35d [00.
OXJebOOO. 0:473:00. 0x4t'4800. 066:400.
0x4c9d00. 0x466600. 0x3f9900. OXJHSIDO.
0x306 IOO. 0x280e00. Ox I f5400. 0x164300.
0x0ced00. 0x036500. 0xf9be00. 0xm900.
IchbSbOO. Oxdcc600. 0xd35d00. chalfOO.
0xc15000. 0xb8ce00. 0xb0b800. O‘a‘) lcOO.
0x4caa00. 0x467300. 0x35211700. 0x386b00,

38
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fR30n200. 0x386900. 0x1fd300. leéfZUO.
IJXOddbDO. 0x043200. 0x2b5e00. (“122500.
>1xe90¢00.0xc02d00. 0xd79700. chtScOO.
Inf/9500. Ono-1900. 0xb98600. Uxb35600.
'3x58f100. OXSSdJOO. 0x52cb00. UN (6800.
‘Jx4dl900. 0x4n700. 0x489400 0x46l'500.
‘7145d800. Ox454600. 0x454600. 0x45d800.
'Ix46f500. 0x489400. 0x4aa700. 0x4dl900.
Tlx4fd800. 0K52cb00. 0x55db00. 0x58f100.
UxSSfdm. OLSSeCOO. 0x52:500 Ox-HfEOO.
0x4d5 IOO. 0x4al'400. 0x490000. (Ix-178900.
macaw). 0X465000. 0(46a400. 0x479dm.
*Jx493300. Ox4b7400. Ox-kBeOO. 0x5 lBaOU.
01654100. 0x594e00. 0x5d9800. 0x620400
(1x622200. 0x5dbd00. 0x597d00. 0x557d00.
0x5 M600. Ox4ca200. 0x4bf600. Ux49c500.
0x487w0. 0x47c400. Duh-£00. 0x487b00.
0x492500. 0x4bf600. 0x4ca100. 0x51d600.
()xSS'IdDO. 0x597d00. 0x5dbd00. 0x622200.
0162l800. 0x5dad00. 01596400. 0.655800.
OXSIaIOO. 0x4e5600. 0x4b8d00. 0x495300
Ux47b600. 0x4bbd10. 0x466n00. 0x46b900.
(“4733“). 0x491900. Ux4b0d(X). (lx4d6900.
0601600. 01:52ch. 0x560300. 0x59 l 200.
0x56311300. 0x4f6000. Own-3600. OxjechO.
0x35cc00. 0x2u000. 0x235700. 0x |9c300.
0x101500. 0x066100. 0xfcb900. 0xf33100.
0xe9db00. Onocdlo. 0xd80d)0. 0xcfbb00.
0xc7dc00. 0308100. 0xb9b300. 0xb37h00.
0x56ef00.014f4c00. 0x472f00. 0K3:3000.
0x35xD0. 0x2c6600. 0:22d800.01|9|400.
0x012800. 0x052400. Oxfb 1900. Oxl'l 1500
()xc72800. 0xdd6200. Oxd3d300. Oxcnsnoo.
0xc|9500. 0xb90400. OxbOe200. 0x393c00.

[NIT Q_s;umles:
DvaDIUO. 0x9b8900. 0x95n000. 01905100.
0:8bce00. 0x87f-IOO. 0x84d700. 0x827d00.
0x80e800. 0x80] c00. 0x80|300. 0x80: Id}.
()x827100. 0x84c700. 0x87d100. 0.1.8bb500.
01904200. 0x957fl)0. 0x9b6300. Oxaleéoo.
0x32 1300. 0x9b9800. 0x95b400. 0x907800.
0x8bcb00. 0x88l500. 0x84fb00. 0x82a000.
0x8 [0500. 0x802a00. 0x800c00. 0x803600.
0x8 1 [000, 0x83df00. 0x866600. 0x897500.
0x8cf100. 0:604:00. 0x950w0. 01996600.
Oxadc800. Oxaficm. 0x346500. 0x309dm.
0x9d6300. 0x9ac800. 0x983f00. 0x971700.
0x95fc00. 0x955400. 0x95 [:00. 0x955200.
0x95ec00. 0x96ef00. 05985200. 019a] 100.
Dx9c2800. 0x9e8e00. Oxal3700. 0nd I 500.
OxadeOO. 0M900. 0xa47d00. OxnochO.
0x9d9700. 0x9b0200. 0x98fc00. 0x977e00.
Dx968200. 0x960500. 0x960500. 01.968200.
0x977e00. 0x98fc00. 0x9b0200. 0x9d9700,
0x30b900. 0xa47d00. 0x18d900 Oxadd400.
0x5c0000. 0x5odc00. 0x618600. 0x63eb00.
DILGOOIK). Uxfi'lcom. 0x692200. 0x632300.
OxéabiOO. 0x6af300. OxbabCOO. Oxbal500.
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1'1168an(). 01676300. 07(054hOD. 0162:1900.
0150300. 015bb000. 0:674:00. 0.1525000.
015c0b0().015eee00. 016 I9C00. 01640::00.
0x662b00. 0 1670300. 0x696d00. "16.18600.
016b4200. [316de00. 016ba000. 0x6b4200.
(J16a8600. .1696d00. 01671800. 01662b00.
01640n00. 016l9c00. 015ecc00. 015c0b00.
0x667:00. UXOAdBOO. 016N200. 0702:300.
0x766500. 01797200. 017M900. 0x7deL‘00.
0:00:00. 017fc900.017fe900.017l3c00.
0x7dccl1). 017M900. 01797200. Ox 766500.
0x72e300. ()xbeZOO. Uxbad800. 01667e00.
0x63618800. 016ae500. 01be 300. 01721900.
[1176“00. 01799000. 03:76; I :00. 017:0b00.
0175700. Ox7ffl00. 017M700. 017efi00.
0x7d66m. 017b0d00. 0177600. 01742100.
0165;700. 01615d00. Oxb47b00. UdeibOO.
0x668800. 0x6ae500. Oxbf1300. 01720900.
01767 mo. 01199000. 017:1:100. 017c0b00.
0175700. 01711300. Ux7fd700. O17cff00.
017116600. Ox7b0d00. 0177f500. 01742100.
01619700. 016a5d00. 016-17th1 UdeIbOO.
()x667eOO. 016M800. 01020200. 0172:300.
01766500. 01797200. 017bf900. Ux7dcc01).
0:05:00. 017fe900. 017fc900. 0170:00.
0x7dedX). 017M900. 01097200. 01766500.
0172c300. 016E200. 016M800. 0x667c00.
01560b00.015==e00. O16l9c00. 01640800.
01662b00. 0167f800. 01696“. 01638600.
016M200. 016bal)00. 016b3000. 016b4200.
016::8600. 01696d00. 01671800. 01b62b00.
0164an0. 016 l9c00. (J15eceo0. 015c0b00.
015:0000. 015mm. 01618600. 0163cb00.
01660 I“). 0161:000. 01692100. 016:12300.
ammo. 0161800. 016abc00. 016M500.
016Bfa00. 01676300. 01654b00. 0162.190“.
01517800.015bb0m. 0:674:00. 01525000.
nudd400,0138d900. 01a47d00. 01:0be00.
019d9700. 019b0200. 0191mm. 01977c00.
01968200. 01960500. 01960500. 01968200.
0x977200. 0198fc00. 019M200. 0x9d9700.
ambeoo. 01:17d00. 01a8d900. 01add400.
OxachOO. 01a8c800. 01146500. Oxw9d00.
01%300. 019x800. 0198ai00. 0197l700.
0195fc00. 01955400. 0195 leOO. 01955200.
0195300. 0196ch0. 01985200. 019a| l00.
019c2800. 0119:8500. 013113700. 0134 I 500.
01:21:00. Ox9b9800. 0195b400. 01907800.
Oxflbeboo. OXBBISOO. 0184000. 01823000.
01810500. 01802100. OXBOOCOO. 01.301600.
01811000. 018mm. 01866600. 01897500.
OxflciaOO. 0190de00. 01950300. 01996600.
01:20f00. 01968900. 0195:1000. 01905200.
01811100. 01875100. 018M700. 01827000.
Oxmefim. OXBOICOU. 01801.100. OXBOEIOO.
01827100. 0184c700.0137df00. 018bb500.
01904200.0x957m0.019b6300. 0131:6002

[NIT inmal _l_:amples:

42
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mfflEOO. Oxl’TfSOO‘ (lxttetIO.
Oxffc800. OxtfchO. UmleO
UKfbeOO‘ UxflamO. OKITB900.
<1xt‘f6200. 0xff3000.0.\re|100,
OxfealOOflxl‘cScOD. (mchOU.
OxdeCOOA 0xfc7dm Uub‘fmfl
OxfflBCOO. 0m‘954m. 0M7: 100,
'1xf62f00. 0x143600. umfmu
Uxeffi900 Oxccu900_ “3:9ch.
r)xe§6c00.0xe15f00. U‘dcemn.
Oxd82lm. Otdlt‘DOO, tlxcdHSUI)
ch7cb00. U I«:1 dbOfl, ()xbchlX]
(be59800. UxafchU. Uxa95200.
”“3600”. 0x9dab00, Gum-$700
0:93-8800, UXBCDIDO. (stabclxt.
()x874d00. 01847€00 UXSZSSOU.
0x80¢200. 0x802000‘ 0.130] IOO.
mach-mo. OXBZOZOD. 0&83300

museum. 0x59252500. Naomi.
()x90cd00 01951700, 0x997 l 00'.

[NIT inmal AQ_s:1mchs:
()x7ffc00. Ux7ffe0tLUx7ffc01),
()‘7ff200. 0x7l'fc00. 0x7fchX).
()x7ffc00. Ox‘ll‘feOO‘ Ux7ffc00.
Ux7ffc00.0x7ffc00.017ffd00.
0x7ffd00. 017111900. 017K900.
()x7ff600. 0x7ff200. 0x7feb00.
Ox7fc100. 0x7fd200. Dx‘lfcht).
0x7f9e00. 017N300. 0x7BBOO.
()x‘lcesUO. Ux7c7c00. 0x7dc:00.
()x'ldJSOO. 0x724600. 0x7b l 900‘
()x793000. 015/7le. 0:059:00
0x72chO. [)xbchOO. Oxbc4ullo.
0x682500, 01637200. 0x5c1d00.
0x535600. OxSchTXJ. 0 NIHOU.
0x438c00. 0x3ba I 00. 0x3 34:100.
I)x2a9600. 01219600. 0x I 85W.
I)x0¢f800,01058l00.0dc0cw‘
OfoabOO. ch97~100. Unco7h00
de7d300. Oxcflidw. 0xc7baOO.
0xd)6700. 0x b9a000. 0xb36d00.

INIT camer_|_sample: UxOOUXX)‘.
INIT camerVQAanmlc: 017N100:
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[11. Table [or Baseband Modulation

' nbvmoddmbbh: was created usmg the command line:
‘ nbymodlab.exe -c -f-i -oobj\moddmbb h

‘ The dam 15 in the 16 M58 or the 2-1 bu words. which
‘ an: used by the DSP when gcmng data trom program
' memory.

' This 111: is BASEBAND'I

13111 Liamplcs:
11x801200. 0x8016m. 011801 100. 0x11001100
(11800300. 0x800700. 0x15006110. 0x800500
0x800500. 011800400. 0x800500. 011800500.
011800600. 011800700. 0.600300. 0x800d00.
0x801 100. 0x801600. 011801200. 00502900.
0x808600. 0x803400. 0x80d300. 0x81 1 100.
011816400. 0x81d100. 0x825c00. 011830100.
OxBchOO. 011850400. 0x865b00. 0x15711300.
01189::00. 0x8c4500. 00510800. 011924300.
011960500. 0x9a5300. 0x9f4c00. Uta-0:300.
maweoo. 0xble800.0xb961.100. 0xc19300.
OxcaSOOO. 0xd38b00.0xdd2c00. 01:71 100.
0x111 100. 0x1b0000. 0x11431100. 0x0dc100.
0x169400. 0x le6d00. 011255800. 0x21133300.
0x21131100. 0x330600. 0x355c00. 011361700.
0x15157600. 0xb27600. 0xba2100. 011229700.
OxcbnaOO. 0111155500. 0xdf8400. 016111300.
0xf4lb00. 0x000000. 0x0b0500. 0x15e500.
0x207c00. OxmeO. 0.645600. 0x31161900.
0x45d100. 0x4d8300. 0x548a00. 0153:1100.
0113551100. 0x334600. OxlfddOO. 0x2b3300.
0x255800. 0x1e6d00. 011169-300. 0x0def00.
010043100. 0x11200100. 0x11 1100. 0xe71100.
Oxddlcoo. 0xd38b00. Oxca5000. 0::19300.
Oxb96d00. Oxb le800.0xab0e00. 0134:300.
0x35c400.0x33;1400. 0x11091110. 0x2c3700.
r)x26b200. 011203700. Ux 18x00. 0x101900.
0x089900. 0x000000. 0x176700. Uxet'0700.
Oxe71400. Oxdfc900. 0xd94c00. 0nd3c900.
Oxcf6l00. 0xcc2c00. Oxcnjcoo. 0xc99d00.
OXM. 0x65 1800. 0x69 3900. 0x6cb900.
01:68:00. 0x71f100. 0x73ba00. 0x741'b00.
0x75131300. 0x75fc00. 0x75bb00. 01174000.
0x73ba00. 0x7”100. 01:68:00. 0x6cb900.
0x693900. 01:65 I 800. 0x604d)0. 0xSad 100.
0x60134013. 0165:1600. 0x61911300. 0x6dbd00.
0x701300. 0x73bb00. 0x761200. 0x780500.
0x793500. 0x7afc00.0x7c1100. 0x7cf100.
Ox7da200. 0x7e2100. 0x7e9c00. 0x7ee100.
0x7Dd00. 0x7f5c00. 0:717:00. 0x718b00.
0x9f4c00. 0119353100. 0x960500. 0x92431210.
Ux810800. 0x8c4500. 0:692:00. 0x87fb00.
0x865b00. 011350400. Oxslcfm. 0x830f00.
0:625:00. 0x81d100.038|6400.0x811l00.
1)x80d300.0x80a400. 0x15081500. 010507500.
0x9tb400. 0x9ae300, 0x96c700. 0x934700.
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‘)x906200. OxSeOfOO. 0x8c4000. 0x8bOSOO.
"‘le34500. (”820400. 0x8a4500. OXKIflSOO.
0x864600. 018:0?00. 010906200. 063-1700.
'Ix96c700. 0x93121500. 0x9t'b400. 0x352f00.
0xcalc00. OXCCECOO. 0xcf6|00. delc900.
0xd9chO. owl-.900. Oxe7l-IOO. 0xc1‘0700.
0xl'76700. 0x000000. 0x089900. 0x l0f900.
QXIBCCUO. 0x203700. Oxzbbm. 0x2c37m.
0x309f00. 0x33d400. 0x35c400. memo.
Oman-$00. OxccbaOO. 0xd02300. 0xd4cd00.
OxdaadOO. Oxel93m. Oxegécm. Ixtll 10..
0xbe [(X). 01050000. 0x0eet00. 0x I BefOO.
«022.1400. 0x2c7500. 0x35b000. 0x 3e6d00.
0x469300. 0x4c [800. 0x54f200. 0x5b ldOO.
0x548300. 0x41183110. 0x45d100. flx3d69m.
03645600. 0x2aab00. 0x207c00. Oxl 5:500.
0x0b0500. 0x000000. Oxt'flbOO. chalbOO.
0xdl'8400. 0xd55500. Oxcbaam. 0‘c19700.
OxbaZIOO. 0xh27600. Oxab7600. Oxajlmo.
0x54f200. 0x4e1800. 0x469300. Oxkédoo.
ousbooo. 0x2c7500. 01:231-100. Ox 18:100.
0x00fl'00. OXOSOOOO. UxtbS 100. 0x12] "30.
0xe96c00. 0xcl9300. 0xdnn800. DxddchO.
0xd02300. OxccbaOO. 01can4t1).0xc9e900
01717300. 0x7fSc00. 0x7fld00. Ux7-ze100.
0x7c9c00. 0x7e2fi)0. 0x7d3200. 017cfRX).
070: l 100. 0x7afc00. 0x793500. 01080500.
01061200. 0x73bb00. 0x70l300. Oxédbdoo.
076911100. 0x653600. 0:60b400. ObeIdOO.
0x7fe200. 017fe300. 0x7fef00. 0x70300.
0x7l'f6m. DUI'SOO. 0x7l’fn00. ammo.
01701300. 017ffc00. ommoo. 0x7fib00.
017“”300. 0x7l'l900. 0x7ff600.0x7f1300.
Ox'IfeiOO. 0x7fe100. 0x7fc200. 0x7fd700:

INIT Q_samp6es:
0:7fc200. 0x7feao0. 0x7fef00. 0x7ff300.
0x7ff600.017fl900. Ox7ffa00. 0x7ffb00.
0x7l‘fb00. 0x7fl'c00. 0x7ffb00. 0x7flh00.
0:717:00. 017(5)“). 0x7rf600. 0x7l‘f300.
0x7!:l00.0x7fc100.0x7 (4:200. 0x7fd700.
01:70:00. 01:76:00. 0x7l'2d00. 0x7ecl'00.
Ox7e9c00. 017e2l00. 0x7d3200. 00ch 00.
0x7c| [00. 0x7afc00. 0x79a500. 01780500.
0:761:00. OxTJbboo. 01000300. 0x6dbd00.
01690300. 0365:1600. 0x60b400. 0150 l d00.
01541200. 0x4e|800. 0x469300. 0x336d00.
0x35b000. 0x2c7500. 0x22d400. 0x memo.
010eef00. 0x050000. cubs 100. 0xl21100.
0x¢96c00. Oxel9300. OxdaaBOO. Oxddcdoo.
Oxd02300. OxcchaOO. Oman-£00. Oxc9e900.
0x548a00. 0x4d8300. 0x45d l00. 0x3d6900.
01345600. OXZanbOO. 0x207c00. 0115:2500.
OXObOSOO. 0x000000. 01030100. OxcalbOO.
0xdl3400. OdeSSOO. Ouch-1.100. 0xc29700.
0xha2f00. 0xb27600. Uxab7600. OanZIDU.
Oman-400. Oxccbaoo. 0xd02300. OxddodOO.
011132800. 0x: l9300. 0xe96c00.0xf21l00.
')xfb5100. ”050000. 0x0eel00. 0tl8ef00.
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['Jxlld-XOO. 0x2c7500. 0x35b000. 036:6“.
0x469300. 0x4c1800, 0x54t200. ObeldflD.
'HcaJCOO. OxccchO. 0xcf6100. 0xd3c900.
0xd94c00. 0xdfc900. 0x57 MOO. OxefO'IOO.
‘th76700. 0x000000. 0x089900. OXJOFJOO.
0x183c00.0x203700. 0x 26b200. 0x2c3700.
0x309100. 0x33d-100. 0x35c400. 0x 366300.
0x9 fb400. 0x9acBDO. 0x96c700. 0x934700.
l)x906200.0x8e0f00. 0x8c4600. 0x8b0500.
0x834500. Oxflamm. 0x8a4500. 0x8b0500.
0x8c460f]. OxBeOtDO. 0x906100. 0x934700.
0x96c700. 0x9ae800.0x9fb400.0x.152f00.
0x9f4c00. 0x935300. 0x960500. 0x9 24300.
0x8f0800. 0x8c4500. 0x89ec00. 0x87fb00.
0x865b00. 0x14504100. Oxflleflm. 0x8 30(00
OxBZSeOO. 0x8ldl00.0x8l6400. 0x8] 1 I00.
0x80d300. 0x803400. 0.1808600. 0x807500.
0x60b400. 0x65a600. 0x69fb00. Oxbdbmo.
0x70f800. 0x73bb00. 0x76 I200. 0x780500.
0x79a500. 0x7afc00. 0K7C l 100. 0x7cf100.
0x7d3200. 0x7e2m0. 0x7e9c00. 0x7eet'00.
0x7fld00. 0x7f5c00.0x7f7:100. 0x7f8b00.
Ox604c00.0x65 I800. 0x693900. 0x6cb900.
0x6f9e00.0x7 l (100. Ux'JanOO. 0:040:00.
0x75bb00. 0x75fc00. 0x75bb00. 0x74fb00.
0x73ba00. 0x7|f|00. 0x6f9e00. 0x6cb900.
0x693900. 0x65 I800. 0x604c00. 0x5adI00.
0x35c400. 0x33d400. 0x 309030. 0x2c3700.
0x26b200.0x203700. 0xl8ec00. 0x [01900.
0x089900. 01000000. Oxl‘76700. Oxem700.
0xe7l-100. 0xdfc900. 0xd94e00. 0xd3c900.
Oxcf6 l 00. OxcclcOD. DxcajaO. 0xc99d00.
0x355c00. 07034600. 0x2fdd00. Ox2b3300.
0x255800. 0x Ic6d00, 0x 169400. Odeem.
0x04af00. Oxmoooo. Oxfl I IOO. 0xc7l 100.
0xdd2c00. 0xd38b00. OxcaSOOO. Oxc 19300.
0xb96d00. 0xb3e800. oxaweoo. 01:34:300.
Oxab7600. 0xb27600. Oxbazmo. 0xcl9700.
OxcbaaUU. 0xd55500. ommam. OxealbOO.
0xf4fb00. 0x000000. 0x0b0500. 0x 15:500.
0x207c00. OXZaabOO. 01645600. 0x 3d6900.
0x45d100. OXMSIJO. 0x548300.0x53d100.
OxabOeOO. Oxb le800. 0xb96d00. 0xcl9300.
OmeOOO. 0xd38b00. Otdd2c00. 0xc7l 100.
Oxfl I [00. OXIbOOOO. 0x04al00. 0x0del00.
0x169400. 0x le6d00. 0x255800. OXZbJJOO.
0x2fdd)0. 0x29294600. 0x355c00. 0x36 1700.
0x808600. 07603400. 0x80d300. 0x8 l l [00.
0x816400. 0x8ld IOO. 0:825:00. 0x830|00.
0x83cf00. 0x850400. 0x865b00. 0x87fb00.
0x89e¢00.0x8c4500. 0x8 {0800. 0924300.
0x960500. 0x9aSaOO. 0x9 f4c00. 0xa4¢300.
0x80le00. 0x80l600. 0x80 I l00. OxKOOcDO.
0x800a00. 0x800700. 0x800600. 0x800500.
0x800500. 0x800400. 0x800500. 0x800500.
0x800600. 0x800700. OxHOOaOO. 0x800d00.
0x801100. 0x801600. 0x80le00. 00502900:

KNIT iniua] _l_wmplesz
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MffccOO. Oxl'fb900. Oxl'f9fD0.
Oxffieoo. 0xff5300. OxfflbOO.
Oxfed-ADO. Oxfe'ibOO. 0xfeOb00.
OxdeOOO. Oxfcd400. Uxfc0300.
0xfb0900. 0xf9dd00. Oxt’87b00.
‘)xf6dc00. 011M900. OfoCbOO.
0xf04e00. 0x0d7d00. Duns-800.
Dxe6d000. 0xe2f100. DxdcbeO.
Dxda3000. 0xd55900. 0xd04100.
DxcafSOO. OXCSBSOO. OXCUOZOO.
DxbaEIOO. Obe 1200. OxafCBOO.
()xaabZOO. OanEOOO. 0xal5b00
019d2d00. 0x995900. Ox95e500.
0x92d200. 0x901d00. 0x5dc600.
OxebchO. 0x832c00. 0x88e300.
01.87000. 0x875200. 0x15703011.
0x871“. 0x878400. 0x885100.
0x898200. OLSbMOO. 0x8d2300.
OxbebOO. 0x92ce00. 01967300.
019ab400.0x9fib00.0x352m.

[NIT inmaLQ_s:unples:
0x003400. 0x004700. 0x006l00.
OXOOBZOO. 01003d00. 0100:500
0x0 l2c00. 0x018500. 0x0ll'500.
OIOZBOOO. UxO32c00. 0x03l'd00.
0xo4n00. 0x062300. 0x078500.
0x092400. 0x0b0700. 0x0d3500.
0x0lb200. 0x|28300. 0xl5ac00.
0x|93000. OxldOIOO. CHI-$500.
0x25d000. 0x2317m. Oxllbl'OO.
038501300. 0x337b00. OxlfchO.
0x457l'00. OHM”. 03603800.
01.55%00. 01.531000. 0x5ea500‘
0x62d300. 0x661700. OxbalbOO.
OxédZCOO. 0x6fc300. 0x723“.
0x743300. 0x75d400. 0x77 ldOO.
0x78|000. 0:083:00. 0x78f600.
0:08:600. 0x787“. 0x77af00.
0:067:00, 0x74c300. 0x 72d200.
0x704500. 0x6d3200. 0x098d00.
0x654c00. 0x606500. Oxjad 10').

.INIT camer_l_sample: OXDOWOO:
[NIT camer_Q_sample: 0x000000:

5.764.693
52



5.764.693

53 54

\PPENDIX B

\IODL'LATION/DEMODL'LTION -\.\‘D COMMUNICATIONS PROTOCOL SOFTWARE

l. Receive Code

\IODL'LEI’RAM decode.

slnciudc' dsp.h"
:Includc "dspcmdh"
chlude 'hxp.h"

 ENTRY im_dc:odc:
ENTRY find_nchhead.
EXTERNAL geLfiltcrw‘umpic.
EXTERNAL udjuscgamplmgynuflrcadrrssu
EXTERN AL Inn_fi llcr‘.
EXTERNAL slan_<lul_umer:
EXTERNAL queuc‘svgnal.
GLOBAL networde.
. __________________________________________________________________________________ .,

\'ARID.\1/CIRC bllsvnc mum 27' I.
NT bnsvnc_hun': moon. (mum (mom. meow. mew”. uxzom. mzooo

0x20“). (him). M3000. UxZUOU. Ux2000. 0: 2000.

VAR/BM rssn_suve;

CONST NOISE_DECAY = HUOJ' U 95 '.’

CONST DC_DECA\‘ = 32162. 1‘ 0 9815 ‘/
CONST DC_P!\ST“'F_IGHT = -I-H6'. J‘ l/l'l ' 1106 ' 4| B '1
CONST DC_NEWVL'EIGHT = i020: /' l/IZ ' I 106 '/

VARIDM nelwanId:
[NIT flflwofkflldi 0xc4<l7.

VARIPM/RAM/CIRC unglc_husl lol.
[NIT ungleihnw 03800000 (13400000. 03.200000. OxlOOOOO.

01080000. Uxmnmm. 03010000. UXUIOOHO.
UKOOHOOU. UxUU-“KKI. UxUOlOOU. UKUOIOUO.
01000800. 0.1000400. DxOOOlOO. 03000]le

VAR/OM DC_L:vel:
PORT debug_ou:'.fl . ....___.____---._-_..-.._.............._...._.__-..-______...._ -.-.-.-..---..-—-.- 'f

“ardecode:
call innfillcr.
ayl = 01(2000:
dmlDCchveII = uyl;

find_ncx1_hcad;
uyl = dmlDC_chclu: ." nvl I; used to slot: dc level 'I
mxl = n)’ I; /' mxl conuuns old sample "
:ul :1). " ax! 1x used (0 store now: [01:11. ‘1
15 = ‘hnsyncjult:
15 = lZH.
(115:0.
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>f-‘nc_=.e:|rch:
:all gel_filzereu_s;|mple. e‘ must preserve ti.l5.m§..w l.u.\l.mxl.yl ‘l
Jmldebug _ouu = mrl.
' does not cmrupt: mxl.mvl.a.tl.a\ll_ayl ’3
" does conupr «$0.er .axu. mtumvulmmmrlmrl ‘4'

amuSlmJl = mrl.
aw: ml:
.1: = mrl-ayu. mxl = mrl‘. 4“ arnov. comatns Sn-Sn-l 'l
mvt] = :u".

m: lu‘my” (5.5:_ m u: :ul. r" (sarnplc—uldsamplev ' lx'amplevuldsamplel “I
rnvO = NOISE'DECAY:
mr = mr + mxo'mvu (9»); we decaying; old name 'y’
axl = mrl:

l ' axl nuw cnnlmns upualed mm: mdcx '1

-" now update the DC level readmgs ‘/
4" mxl : current sample ‘1

mm] = DC_NEWWFJGHT.
m: = mxl ' myu 13M. mxu = avl. f' mu) 2 [nut DC level ‘/
mm) = DC_DECAY.
m! = mr + m0 ' rnvu (w. my“) =tlmu5,mjr..=‘ mm: pusl sample 'r'
mth = DC _P.-\STWE[GHT
m: = rnr + mxl) ' myo (mu).
"' mrl now conuuns new IC level ‘.‘

I‘ now apply the cmenn t'nr delenmmng bu svncrhomzatmn ‘/

dmldebug_uutl = nvl.

!' cnlena I. hand must be above a ccnam level ‘n’
a“) = 550:
Jr=axl - uyu.ayl = mrl:
If II Jump sync gearch:

l" cntena 2. ‘nouse‘ must be below a ecrmn level 'l
IN = l600:
at: ul - avU;

l! glJump sync_te:m:l1:

l‘ cmena 3‘ oldest sample In hlslorv buffet must be above threshold ‘I
310 = 700:
af: m0 4» ayl. .110 = amnimjl.
ar=af- axu.ax0=mxll

Ifguump syn:_semch:

/' cntem 4 newest sample m hLSlOrV buffer must be above threshold ‘I
u: If - tutu:

If glJump svnc_se:m:h:

r- now correlate to 2 khz sme wave to get data lor next cntena ‘I
I' use AR and AF to tread sum ba:k.‘/

ar = pass 0:
cnu’: F.

33.0 = dmuSmdl. al’ = pass 0:
:- ml Is aireadv l '.'
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I10 sm _lnop unnl at.
.u' = ar + ayu. aw : amnimh;
:f = aw . ar'. an) = drnIIS.m4I.
3: = nr - aw). an) = dmIISm-II:

sanI-Up: at = III - am. avU = dmtISmM.

" :r arm at now cnntatn San and cm; components ‘I'
" IS should be what It It as belore the loop "

' make sure at < at ‘1
at) = tlr. at = :Ir - all:
If it Jump s_\nc_scarch.

‘ make sure at > -ar ‘1
ar=ax0 v ut,myl = axu;
u = ar + 512. 1' add tolerance for border cases 'I
II' ltjump smc_search; J' whtch cuuld have tailed on last check 'I

I' but Corssed the border smce ‘!

mxu = an). ar = pass at:
ml’ = mxu ' mvl (ssI. mvtl = at: /' squarethc ongtnal ar component '1
mr = mr «- a: ' rnyU (st. " square the at component '1
.1310 = I700:
a: = mrl - no: /‘ threshold 'l
I' make sure smusmdal mmponent Is at a ccrum me at least 'I
If luump sync_scarch:

/' ---—.-—--_._.-_—-...-............................. .._._....._____.--. t]

l' by now we are ccrtam that the bit sync ‘Is real. Now prepare to use It '1I‘ _. ....-__-...........____........ _....._...__....._......._...._.-----.... 'l'

Jyo =1);
31’ = pass an).

I" dvrdend Is In at:avtl, thCh contams ongtnal stn_loop at result 'I
." dmsor Is In sm , whtch conlatns on gtnal sm _luop ar result '/

divs at. at;
:ntr: l5;

do drv_loop untIl ce:
dIv_luop: dzvq at".

f‘ the result of this Is In rm) and can span the full range at a srgned ’!
." Integer. now use thts value to compute the adjustment ‘/

I' Adjustment = S ‘ l 243 +s‘3 ' -U 25 'I
I" scale umes 768 '1

ms. =ayU'.
myt) = 955; /‘ lmur scale factor 'I
m; = me ' myu (ssI. myU = mxt):
mf=rnx0 ' myU (mdl;
mf = mm] ' mt'Ide.
m0 = , |92; cubIc scale factor “I
In: = m: + mxu ' mt‘tmdt.

' Result: between #68 and 768 In mrl (thanks I0 LlS arithmencl -/
' each Increment 015256 is one sample's worth. "
I' now add an arbtuary value {or tweaking. ‘f
$34) = 7| 2.
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.tr = mrl 4» 4m.

tlmtdebugfiun = ur.
Jmtdebug_nun = at:

-" now dtvtde bv 256 to calculate actuni number of samples to adjust ‘!
\‘l’ = ashtl't :tr by -8 that,

" result Is In the range at -6 to a.» m stU '(
call ld)u§l_§ampllng_Jnd_fl:3d_lh§l.

" avl) not». contatns the raw mt value ‘/
Jt'ntrsst_s:tvet = uvu.

 r' .................................................................... 'I

/' Bil sync ts completed and R55] 1) read. set up for btt decodmn '
l' _________________________________________________________________________ .,
sct_lcvels:

e' next: Set the tngger levels '/

VAR/DM/RAM Threshold _I.JSl _l‘
VAR/DM/RAM "treshold_l..tst_n.
VARIDM/RAM Threshold _Nt:xl_8tl:

I" ayl contntns the DC lure! Irom bttsync ‘!
Mo = 200:
dmtDC_chelt = :tvl:
at = tutu + av l.
dmlTltresnold_La5t_ll = nr:
.1: = IlVl - nu:
dmtThreshokLLastJh = nr;
dmtThreshold‘NextJttl = :w I.

 
." mtunltze tntual frame sync to all h Canathan and In frame ’/
y" syncs start wnh a l. so thts ImprOVCS our chance ot gutttm; u "
I" ll we were late by on: btt on cmcmng ttf ‘1
510 = tlefff:

I' search for frame sync for 1-1 hut nmes '1
em: = Z-I:

do l'sync_se:trch unnl cc.

em: = I.

call get_n_bits_dau; /' uses: AYI. AX]. AF. SR. SI. C.\TR '!

/' xor current shtftet contents \t Ith network Id word ‘J
ayo .-. DMtnetwork_tdl.
ar = m) xor 3:10:
:utO = ar;

/' count number at Incorrect bus '.’
t4 = A.cinglejnts:
ayO = pmqu-‘H. at = pass 0.
Cflfl’ = If).
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,- loop for bils 'I
do coum_en'ors unul cc:

.u = axU and am. .1le = pmm‘ mJ).
:ounLcrrors: Ifne al =af+ i:

1‘ AF now commas number m rmsmulches '!
of: of - I.
If I: lump foundjramc jync:

fsvnc_»cnrch:nop; I' end of loop ‘ '

.f‘ 1floop lcrmmmes normalh. bluync was not round '1
Jump find_ncx1_hcad.

5' Ifloop w1\' )umpca om or. from u m: was found. ‘!
tound_fmme_sync:

«' pop slack of unfimshod loop v
pop pc. pop cnlr. pop loop:
 ...................................... -.I

" Found Frame svnc. Now decode dun. "
r' ...................................................................... 'l

/' gen rim 8 bus ol firs! vmm '!“0 = I):

call gel_8_bils_dam.
ml = ml:

r- get first 8 bus of second word ‘.'
«0 = 0.

call ch_H_bils_dnm-.
myl = m);

1' gel rcmmmng 4 has a! first wow 'lem: = $.
m) = 0.

call gcl_n_blls _dala.

f' build first l2 bu word 'I
sr = lshifl 5:0 by Bllo)‘.
ayo = mxl:
ar= 5:00: ayfl:

I' fec correct and slore rcsulung s but word 'I
:10 = at:
can fcc_con:clz
m1 = an

I' get remammg 4 bus of second unrd ‘/
Cl'lfl’ = 4.
no = I):
call geLnJms _dula.

:- build second I! bx: word '/
sr = lshift sm bv K Hm:
ayO = myI:
a: = m) or ayu:

62
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“U = or.
.111 fee _c nrrecl;

.' put 1mm: nead dam mm mp -;
Jmlhnp_dalam = m l:
dmlhnp_dalal l : ur:

nu = Um(rssx_savel:
dmlhip_dau2| = axU:

" :heek If silence 0! 51m clock bus an: set '/
m) =1le003.
.n = er and aw:
1f eq Jump more_daia_mllows.

" signal hosl head only Ia; received ‘3
.110 = RECEIVED-FRAME_HEAD_0NLT.
call queue_sxgml.
Jump find_ncxt_head:

more_dau jollows-

" signal hosl that head with LL'AlJ :5 received 'I
.110 = RECEIVED_FRAME_HEAD.
call queue Signal;

x' check for slot clock reset bu ‘/
at: nrand4.
If n: call slan_slol_umer:

/' (muster blls In host until there lS no more bus '/
:hovel_dau:

call gcl_H_hus_da1a-.
mxl = «0:
call gel_8fibns_dala;
myl = srt):
call geLLblu _dau:
dmlh1p_d:nat)) = null:
dmllup_datall = mvl.
dmlhlp_du:all = s10:

n0 = RECEIVED_3_BYTES.
call queue_sxgnal:

julllp shovel_da:a2

,1 _________._,_______________________“______ _____ _____.____._.__ tf

f’ subroutine to read a speclfied number of bits. 'I
1' Makes use oflhe followmg variables: AYl. AXI. AF. 5R. Sl. CNTR. AXO. AR 'l
*‘ Shifis received bus Into the SRO reglslcr. Bits already In SRO wnll "
1' conunue [0 be shxfled, number or bits [0 read is speclfied in CNTR "J' ._.--......-__-......._____________-. ._.........______..._.. --....-.-...._-‘I

VAR/DMIRAM mLsave:

gel} Vbus _d.na:
cnu’ : a“

gel_n_blls_dala:
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w I = dmfl‘hreshold_f\exx_flmz

do gc(_hus unul CE.
dmlsmgaveu = an);
:nll chfiitcdemnplc: }' result In mrl "
5:0 : dmlsanavcl;
dnndebuLuun = mrl.
dmldebug_oun = ml:

1" thresnold to delenmnc one-nus or zero-nus '!
31‘ = mrl - uvl:
1f1lyumplszcr02.

51 = E,
r" seuhreshold forprevmvs bu I 5'
fly] = dml'l‘hrcshold VLusLl L
l' SET FLZ: ‘.’

jump cnduLgcm:Iszerol:
SI :0;

I' set threshold for prcvmvs bu (J '/
uyl = unuThreshuld _L..\.~.'L .0).
I‘ RESET 1-1.2. ‘4'

endllggcm:
sr=|$hlflSMhV I 1L0).

chbm:
it = wr or lshifl sI bv 0 Hal",

dmlThreshold_Nexl_flin = AY l:
us:

/'_...__...___..._._..__......._._.___.______._.._....-..._....____.__.....——'I
I‘ subrouune to do FEC currecuon on a I: b1: word. 'f
1‘ Makes use of ALL! and SHIFI'ER. and LIL-8.344 and L5. L5. MAC As untouched. 'l
1* 12 bn wnrd IS passed In AND 'I
1' result Is mtuned m AR 'I
,. ................................................................ 'I

VARIPMIRAM fec _masksl (2|.
[NIT lec_masks: UXDSECOD. UXU4DZOO. OKUZBAOO. UXU | 7500.

.VAR/PM/RAM fcc_synd:ome_fix(161:
INJT fec_syndrome _I‘|x:

moooooonxooooooomooooo.moomoomooooonmoo100.0xooozoo.0xou 1000.
010000“).0x000400.0x000800.0x002000.0x00ffl)0.0100-“X)0.0x008000.0100ffl10.

fnc_conect:
[4 =0;
IS = 0:
m4 = I;

15 = "f=c_masks: I‘ set up for nudeuung fer: Iable. ‘/

51 = I'. /‘ shlftcr setup fur crcnung syndrome 'l
5: = (l:

Jyl = 0.
5n) = I). I‘ clear Du! IDCJHOI‘I tor syndrome ‘4’
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:nu = 4

do andlp unm ca.
uy!) = pmllsfil—U ' Inad next bn and vector ‘1

.1: = run and am " do first vector multxpiy ‘f
HI = nr. 31‘: aw and av! ‘ move [0 AX] for bu counung. make AF = 0 ‘I
can = I:

H ="<1nglc_h1Ls+-$ “ set up [or gomg through but mble "
ayo = pmu-Lm-h:
do coum_lnop unul cc

a: = axl and aw. .nu = pmm m-H.
coumjuop' wine at = :u + l.

/' AF mu. cnnmms number m 5:: bus’ "

if = Mun 5m hv l 1109‘. y" ‘hm previous syndrome by E '1'

nxl = I. /' gala l so we can and wuh I'.’
at = as] and af. r" check If lsb was set 'I

Jndlp’ n ne sr = <r nr lshlfl 5| :Iul. ' Isb SCI. scl bu m syndrome '1

m4 = m). “' move nndromc In (Lug lnr Indcxzng ‘4
x5 = “the gyndmmefn. 1' get syndorme table We“ '!
modifv “5111M; /' compute 1ndcxed address 'I
3310 = pm! ISJTHII l‘ gar entry ‘/
31' = axu xor aw. 1' fix Lhc corrupted bu ‘1'

ns:
‘r- ....................................................................... ‘J

ENDMO D.
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11. Transmission Code

mun-gcnnnnnnuunnnnu.u-u-u-uI-I..--.---uuu--..u-v-nunnnnu-Illlllflfl-"nu"

' DSP Trmsnul cod:

’ Herb Lmlc.

-.------.-un.---------..u-uu...-....--.-.-.-.u.-u..-u-unnnnnuunu-s-n-n-n-r

MODULE/RAM Lransnut‘codc‘

"Include "dsp.h"

Rmclude "dspcmd.h";
“include "hlp.h‘

fidcfinc TX _ZERO_S AMPLES

EXTERNAL process _dsp_¢umma.nu.
EXTERNAL wulJ‘orjspJommand
EXTERNAL qu=u=_<ugnal:

ENTRY Inmahzc _u-ansnur.;
ENTRY proccss_trmsnm_command:
ENTRY S PORTO_Ix__|m=rrupu

f.
' consmms
-/

CONST POSITIVE_0NE = mam:
CONST POSITIVE‘HALF = 0me
CONST NEGATIVEONE = waOL
CONST ZERO = 010000:

CONST TRUE = L); I.
CONST FALSE = 0x0:

CONST INITIAL_B[T_HISTORY = «Ix0033:
.CONST lNlTlAL_BlT_5HlI-'T = 0x0003:
CONST lNlTlAL_PHASE = ”1:000 l'.

CONST OLDESTJHT = I:

rifdef LARGE_DATA _BI!E-1-IR
CONST DATA_BUH-ER_LENGTH = IDOO'.
lelse
CONST DATA_BUFFER_LENGTH = 9:

lendlf

CONST NUM_PENDI.\'(J_BITS,THRESHOLD = I DATA_BUFFER_LENGTH - bi ‘ 3:

CONST OVERSAMPUNG = 20‘.

‘ Added an extra 10 ms 0: came: for now to compensate VCO not locking as last as n
‘ soutd for now. Remov: when PLL is worms to spec. Matthias
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CONST INITIAL _.\IIN‘CARRIER _SAMPLES =x)\’ERSA.\lPLING ‘ K ' 5 + (OVERSAMPLINGQ‘I‘KW

COXST SERIALU_I:NABLE_BIT = [1.
‘ ar

' -. anaoles.1

\‘ ARI’DM
\‘ARJDM
VAR/D31
VAR/DH
VAR/D.“
VAR/DH

VAR/D51
VAR/D.“
VAR/D.“
V A RJDM
VARIDM
VAR/OM
\‘ARJDM

‘r

V MUDM
VAR/OM
V ARIDM
VAR/DM

V ARIDM

VAR/0M
VAR/BM

VAR/OM
VAR/OM
VARI'DM

VAR/DH

VARID M

l\_5cale J'ucmr:
u ,|_‘;ale_l'acmr:
Ix J_phasc Jaclor.
n_l_«>l‘fsc\:
H A(J_phasc>xa:mr:
tx_Q_nrfscl:

u _l_mgn:
H _Q_sxgn:
Ix_ncxt-l_slgn;
Ix _ncxl_Q_s|gn:
lx_num jamples.
u _n:xc_num_s;unplcs.
U\€_nl.lm _pendmu_bus _lhrcxnuh.l,

l1_ncxl_l_»amplc_pu'.
1x _nc:u _l_s:1mple_lcn um;
(I _ncxt _Q_s:1mplc _er:
u _nex| _Q_samplc_lcn gth:

lx _rcndv_l'or_more _~.|mp|:s flag:

u _nux_Q_s:melc.
u_l_~amplc_llag.

Ix _num_bns_m_sr0:
lx_num_pendmg_bns:
Ix _pnasc:

m_rccewed ,dala 114g:

lx_m|n_camu_s;1mplesz

1 mm ul NL'.\1_PE!\'DI.\'G iBlTS_THRESHOLD or u

VAR/DMICIRC dam_buffcr| DATA_IUFER_LENGTH ]:

fa
' modulation dam
‘I

VAIUPMICIRC camer_l_umpie:
VAR/PMICIRC c.‘un:x_Q_<ampl::

VAR/PM mluaLLwnplcsl 3 ' DVERSAMPUNG 1,
VAR/PM Inlual_0_sampies[ 3 ' OVERSAHPLING I.

VAR/PM l_sumplcsl l6 ‘ OVERSAMPLING l
VAR/PM O-samples[ 16 ‘ OVERSAMPLISG t

VAR/PM phase_dalal 4 ' 4 L
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' Lpolmer u_pum1cr I‘fign Q_s1gn phase",- ............................................. -/
=Ifndef BASEBAND
“Include “obykmoddauq n ‘
|.\'lT phasc_dam: “Lsamplm. ‘Q_<amples. Ux7fff00.0x7fff00, , ' u 'r“

‘Q_samples. “‘l_c.1mple$.ux7fffl)0. 0A300100. I‘ | "
ALumples. -“Q_<ampic;_ UxSOOlOO. U\SIOIDO. I' ‘_‘ -‘
‘Q_samples. "Lsamplcs. UxSOOIIfl. DUMBO; I' .‘ "

«else

4" If baseband 15 specnfled. alwavs send sum: posluvc phase '-
mnclude "nb;\muddatbb.h‘
KNIT phasc_dala: "t_<ampicx~. “Q_s:1mpics. m7fff004 UfofDQ “ "

“Lsamples AQ_s.xmplt-s.Us'lleOO.Ux'lfffOO 1'1.)
Al_sampies "()_samnies.m7l'f200. {Jx's'fffOO I‘ (I '1
"Lsamplcs. "Q_9ilfl'lpll2$. ILGfl'fUO. UfoftOO. 3‘ 'i "

scndxf

m [def T.\' _ERO _SAM PL ES
VAR/PMICIRC uro_samplc.

INIT L:ru_samplc' 01000000:
Hamill

‘ uansnuljump table
'I

CONST HRSTJRANSMILCOMMAND =I)x|0:
CONST NUM_1RANSMIT_CO.\IMANDS = 12.

VAR/PM lfansmllJumpJJblcl NL'M _TRA NSMIT_CO.\1MA.‘£ DS I.
IN” transmit ~Jump _u blc:

"process_lransmu_s:ale_faclor
‘pmcesLu'ansmn _l_wnle jaclor.
‘pmcessgransnuLQJahase Jamar.
“process _Iransnm_l_offs:1.
“process _Irnnsmu_0_offscl.
‘pmcess _lr:nsmxl _mm _L‘;u11el _\.‘Amplcx.
‘proc:ss_:ransmn_s un_c:1mer.
"uve_nne_byIC.
‘save_lwo_byms.
“saveJhm _byles.
“process_transnul_complclc_command.
"wm_for_lrnnsnm_command.

J-cocoon-unc-uoucuuco-ccuuuaaoaaaaaaoo-cocoa-uncouuuuucccuuuo-ucaucus-gut...-.

' Imlahzc Jransmu

it‘ll-lll-llllllllllll-.-Ill-l-I-lllll-II-I-III----------I-Itl‘ltllllllllIC-I

Imualize_uansnm:

Mo = INITIALJJIN _C.-\RRIER_SAMPLES.
dm( lx_nun_camer_sumplcs ) : uxL):

m7 = a). /' Inmailzc dummv mnnblcs ‘I
I7 = U.
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HS:

”stanzas-.ngggnnutuuusun-unnuu-nnuunggnugouuuounon-uncut..----------------

' pI‘OC E55 _lrnnsmu _ccmm:.nu

.nun-.--..-.-.n-n-n-u..u-u-u-o-nuuu.-.--.--u----au..--..o-----..--.non-nun”;

process _1mnsnul_commanu,

cnn m_rnod:;

call inrualnze _lra.nsmu_\ anablts.

jump check _I'or _\-.1lrd _l \. _. ammanu.

uu_fnr_l ransmn _command

Idlcz

s.

' check 1i more samples required.a

n0 = nlml lx_ready_!nr rmore _~umplcs _flag '1
43:0 = umt :x_recewed_d.na_l1ag I.
ar = an) and ayO:
If n: )ump calculale_nc u _bu_wmples.

I"
' check lor data from host
'1

”.0 = dml HSR6_SHADOW I.
If = mbu HSR_DSP _COMMAND _BlT 0! an):
If eq lump wau_l'or_lrnnsmu_commnnd.

check _t'ur_\-;u 1d Jx;ommand‘

,ro
' reset HSRb

:10 = 0x02
dmt HSRLSHADOW l : uxu:

,-
' msmn. command?
'/

ax!) = dmr H[P_DSP_COMMAND_SHADOW L

ayo = FIRST_TRANSMIT_COMM.-\ND.
at = no - ayO‘.
If I! jump uansnm_slop:

no: NUMJ‘RANSMILCOMMANDS;
1r : axO - nf'.

1f g1 Jump process _u_comm:nu:

' non-uansnu! command
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lransmu _swp;

call SIOP_R€flfll_p0fl:

Jump process_dsp_comm:md.

procu: _[K_C ommnnd:

' jump through transanumpJable hum: on commandII

at) = "Iransnm_)ump_ublc.
.1: = an) 4» at.
:7 = at:

uxU = pm( 17 m7 )2
I7 = :10:

jump 117‘];

“I‘ll-llllI-llllInn...uni-Ill!-Hitch-I-uuuulllIII-lllll-Ill-lll-Oll-I'Clll.

' fiCl IIJIISI'NX paramclcrs

III-III-IIIII-unuuunnonluu--.-------------I..-..‘.nan-nu-nun-unn-uuoounuuul

procesLIransnuLscaleJnclor:
call ge[_wud_from_HlP:
DMt lx_scale_facaor D = rm):
Jump wmljotJransnuLcnmmand:

process_uansrmt _l_\‘c ale _I‘ucmr;
call ge|_wnrd_from,HlP:
DMr tx_l_scale_l'acmz r = mm.
Jump wan_t‘or_lransnul _cnmmnnd.

process_uansnul_l_offsetz
call gcl_w0fd_fr0m_HlP;
dml u_l_offsel I = mm:
Jump wall_for_lnnsrml_c ommand.

process_zmnsnul_0_phnsc ,Iuctor;
call gex_word_fmm_HIP:
dim Lx_Q_phase_{actor 3 = run).

I“

' Lphase = I - ubst thasc: l'I
if z abs an:

3x0 = POSITIVE#O.\'E.
at = mu] - at;
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dm(1x_l_phase '::1or u: .u';
:ump wau_lor_:r1nsm1l .commanu.

process Jransm: I_O_ol‘fset:
call gel_\\-nrd_rr3m _HlP.
firm [1 _Q_offsel 1 = mm.
Jump wm [jor _ unnsmnjummanu’.

procm_1ransmu _mm_cmxer ,mmpius
call gu1_wnrd_:':nm_H[P.
dml Ix‘nungumergmplcs : = mm.
Jump v. an Jar, transnuLcnmmund.

gel) nrd_fmm 7 H l?
mu = drm H!P,DATAO_SHADOW L
mvl) =IN0100,
mr = mu) ' mm l L'L’t.
me : lec HIP _DATA 1 fiHAUO“ I
rrm) =mu00l
mt: mr + nuU ' mvu(UUL
rts:

u

' mv: xransrnn chm

ullllllIll-llltlllIIll-IIIIOIIUpull-IIII-lllllllllIll.-Ill-IIII-CCCCOl-oll‘)

saveJhrcc _hylcS‘
MU = drn‘ HlP_DATA2_SHADOW 5:
dm( :0. mo ) = 3x0;
can Increment .nurn_pcndln2_hus _h\ _K

\ave_tuo_hyles:
3x0 2 dm! HlP_D ATAI 'SHADOW I
dml :0. mt) I = no:
call anrcmem _num_p:ndmg_bus_hr_s

save _nn:_b we
no = drnl HIPADATA0_SHADOW )
dm‘ [0. m0 l = an):

call incr:mem_num_pendmn_hus_hy_&

1x0 : dmt u_rcce1ved _duu_n.xg x
at = pass 31.0:
:f cq call sclnp_hnsvnc _sampl¢x.

:uu) = NUM _PENDING_BITS ,THRESHOLD.
Jmi us:_num_pcnding_blls_thresh0ld l = no;

call unnsmu_rcady_lor_dulaz
J urnp wan_I‘ur_lranszml_command
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mcrcmcm_num_p-:numg_nus_b_v_xA.

' mcremcm the num panama bus bv 1h: number ul'biu m a bu:I!

nxu = um! (x_num_pendmg_bus o.
:r = an) + K:

dmt 1x_num _p-:ndmg_bns » = ur:rm:

:cxup_mlsvnc_samp|es:

' mak: sure Interrupt rouun: dues nm run oul or carrier sample:
‘ so u. wlll not copy a halfxnummcd ncu sample set.v

.le = dmu lx_num_sampl:s ).

.u = an) + 4

cm! Ix _num jamplcs »= :u.

' m up Inmal wave Ier bnsync
‘/

.u0 = "InmaLLsamplcs:
mm H _nex1_t_s:mplc_ptr I = uxl):

u0 = “Inllifll _Q_samples;
dml lx_ncxl<Q-samplc_rflr 1 = uu:

J’-

' m up lengths [or mum! samples

' NOTE. urcular bulfexs must be attuned an address
' boundnes DI l‘n words where n Ix the number 0!

' bus requlrcd m rcpnscnt Ihc butter Iuncm.
' l E‘ for lengnl IS align on 16 mm! boundnes.
' OTHERWISE: scl Icnghl rcmslers (0 7m). cunslder
' the buffer as imear and there :5 no necd to men dam.
'I

no = F-‘rimuaLLsamples;
dnu u_nem_num_samples ) = am:

no = 0'.
am u_nexl_l_samplc_lunglhl = uxl)’.
dml :x_nexl_Q_snmplc_lcnth I = an).

no = POSITIVLONE:
dmt tx_nexLl_sign I= uxO'.
dmt tx_ncxt-Q_s:gn )=flKU:

51: INITIAL_BIT_HISTORY.
\r = lshifi SI bv lNITIAL_BlT_SHll-‘r « H 1L0):

.150 = 0x3 - INITIAL_BIT_S HIFT.
dm! lx_num_bns_.m_sn1 )= am):

82
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at: = INITIAL PHASE.
dm1u_phnse I = uxu.

nu = TRUE.

Jml Ichccaved _dau_II.'Ig I = uxu.

axu = FALSE.
Jml l.\_rc:ldv-fdr_morc_~..Implcs_I1.1g I = uxu;

(IS:

process _lr.1nsm1l _cumpIctc Ammmanu

' save guard bus
‘I

no = dmI H[P_DATA I _SIIADOW I.
mm ID. m0 I = 3x0;

' Increment Ix _num _pcndmc _hlls bv Ihc number or guard bus.r

.uu 2 Am Ix_num_pcndxnu_hus l

m) = drnt IIIP_DAI'AU_SI<IADOX\‘ I,

.l' = no 4» ayU'.
dml lx_r.um_pendmg_bus I = at:

/l

' If TRA NSM IT_CO.VI PLETE command Is received. then sul num _pcnd1ng_b1ls
' threshold to zero. N we want ask for more dau‘
‘I
.110 = II.
dmluse_num _pcndmg_bus Jhrcshuldr = :xxU'.

Jump u :ulml’nrJransmn_cnmm:md:

(cu--u-uuto-ul-ull-I-u-u-u-u-u-uucu-unu-unu-u-nu.-u.-unusuau-IIIIIIIIIIIII-I
a

‘ process_lrnnsmn_slan _c‘.\mer.

II.-In“...nun-Inn-unsung-III-III-nuuInns-II-I-IInu..-Inn-UI-IIIIIIIIIIIIIII

process _l.ransmu_<lan .camer:

can sxop_scnnI _pon.

can ‘II'IIUJHZCJIJI’ISHIIIV\‘MIflblCSI

,.

' set up camel
' cc: up next set or samples IO he cumcr as we”

' NOTE. use 2 Hum.“ butters m I sumpI: cach for l and for Q'I
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\4 = “camer_l_sampl::
H = ‘T’zcamgLLumple.
‘5 = "camer_0_sumple;
IS = ‘D'rcmncr_Q_<-'1mpl:.
m4 :1)“;

m) = "c amu _l_>ample:
dmt Ix -nex1_l_.\umpke_pu' n : am;

mm) = "camcLQJamplc:
dm( tx_nexI_Q_sumplc_mr a = mm

.m) = “P cam=r_!_sumple.
dml u_ncxt_l_sumple_lcngm p : uxu
dml Ix_nuxl_Q_snmpI:_lcnth » = “U

m) = drm tx_nun_cumcr _>umph:3 J
dm( lx_num_s:lmptcs I = axU.
uu = OVERSAMPLING.
dm« |x_ncx{_num_umplcs l = am.

410 = POSITIVE_0NE:
Jml u_l_\:gn )= aw:
Jml xx _Q_ngn l: mu):
dml xx_ncle_sngn I: uxu.
dml Ix_n:xx_Q_sIgn I = axu.

1x0 = TRUE:
dml u_l_samplc_flag ) = :IxU.

axl.) = FALSE;
dmt u _rcadv _for_mor: _s;unples Jag J = :ul)‘.

,-

‘ copy NUM_PENDING_BITS _THRESHOLD over lo variable/flag'I

and = NUM _PENDIN G _BITS _TI{RESHOLD.
Jm Ius:_num _pcnd: ngjms _lhrcsholdl = uxu.
,.

' 5:1 up spun clock

(anal clack = 3000 blmscc ' '1 channels (I and O) ' OVERSAMPLING samples/bit
’ = 80% ' 1‘ ' '31)

= 320 000 sampleslscc

‘ mam clock: 0 6 MHz

modulus = mun_clock / scnaLciuck
' =9600000/3100m
‘ =30
‘ =I'30

yr
ax0=i , I.
am SPORTO_(TLOCK_.\1ODL'LL S > = .le.

.ml] = W . l.
Jm( SPORTO_RX_FSJ-IODL’LL'S J = :nle:
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mm senai pun U

.. 11H senal mm] length — t
.. .00 4.1!: Ionnm U0 = ugh! ,usun zero fill MSBs

mven recen'e frame sync
xnven unnmu frame sync

,. :memal receive frame svnc enable
. mtemal lmnsmu frame wn: enable 

' . ,1“ . Iransrmz frame svnc u'ldlh

‘ e, l ., . u-ansmu lramc sync rcquured
' .1 0 receive frame 5V. nc “'ldlh
‘ 1‘ H . receive tramc sync required
‘ l ...... . anlemax sunal clock ecneruuon
' I) . ‘ N . mullschanncl enable

‘ 0|l||l01|lDOHXl=Hx7DCF«I

.uU=()x7dcf‘
er SPORTO-(IONTROL 1:11.“).

' enable senm purl U-I

no = lel SYSTEM _CONTROL )
.u = wtbu SERIALO_ENABLE_BIT of an):
dml SYSTEM_CONTROL ) = .u:

‘r-

' Innsmu dummy word out scnal pun'I
int) = (th;
1x0 = mu):

' reset uansmn D/A mp flop'I

resel f1] .
nop.
m FL I :

m

' war for data
-/

call Innsmn_rcady _I'or_dnu.

jump wau_for_u-ansnm_commnnd;

transnm_readv _for_dzua:

,.

' do we need to unnsmn “Ready-far .Duu’II

JXU = dim use_num_pendm2 _bus_lhresho|d ),
:yo = min lx_num_pendmg_bus ):
.u' = mu.) - nyuz
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xfle m:

' yesa r

3x0 = TRANS.\1IT_READY ~FOR _D.-\T.-\.
call queue_<xgnal;
«-

‘ do not resend TX_READYJFOR_DATA unul we receive more data

.110 = 0,

dmt usc_num_pcndmg_bus_lhrcshold I = :nxu.

{ISL

xmuallzc _!r:m smu g. .xrlabk‘s

' m up dam puffer pummrs-/

I0 = “dam_butfcr:
IO = "r dnu_bu2fcr:
II = "dam_buffct:
II = “rdnuLhutfcr:
[110 = IR 1'.

I.

' :el flags'1
3x0 = OxOOOO;
dml lx _rcadv_|'nr_mort _~'Jmp|cs_flag ) = HO.
dun Lx_rccelved_dau flag ) = nxU;
dmi lx_num‘pcndm2_bm I = no.

rlS'.

[vain-coacuulnnluno-uunusual-annou-II-u-l-u-u-u-I3....-III-Incusnau-ocov-uuno

’ Calculate _nex1_hll_$ampiesu

calculalc -nexl_hi1_samples:

,.

' update phase based on oldest b'u
' phase = phase H oldest_hn " l -l I'I

nr = mbn OLDEST‘EIT of srl;

nrzi.

:fcqar=-.u'.

ayl =zlm<1x ‘pmsc r.
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..Ltut+ uyl.

‘ phase : phase mad 4. A

.MJ = m3:
at = a: and an):
drnt “Jinn: 1: Lu':

,.

‘ do we need to shxft m a hue’.1

MD = dml 1x_num-bns ,m_an l.
.u' = pass and):
If me jump :hm_bus:

' Is there another bylc l0 shlfi m ’'l

axl = dml xx_num_pcnnmc MK I.
ar = pass Ml .

Ale puma transmLcnmpielem

' mm m new by":
‘I
5| =dml ll. m0 ).

sr = sr or Ishxfl 5| bv 8 (L0).

‘4.
' do we hav: ti be5'
'I

2310 = 0‘3:

at = ax! - avu;
lfgcJumpadpusLhILmums;

:yU : ML

fl

' must bn counts
-r

adjusl_bn‘coums:

dim Lx_nuln_bils_m_slu ) = uyu:

:u = ax] - «3.1):
mm lx_num_pendmg_bus I = u:

I.
' room for more dam!
'I

can trmsmu_xcady_fnr_dauz

»h:f(_hus

' min bus

5,764,693
92
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n = w.
w: lshlflsrl bv I (HI):
‘1' = \‘r or lshxfi 5| by l «LO I:

' decrement bil counler
-«

dyU = dml lx-num_bus_m_m) ):
4: = an - 1;
‘Jml |.\_num Jms _m_srU I = ar:

' talcum: olfscl Imo I and Q tabla.7

am=0xf1
at: = srl and an):

myu = OV’ERSAMPLING.

mr= ar ' mvaL').
m=mxuz
c

’ decide whxch samples I0 pm} hack based on phase and bilJ’uSlorv‘1

m0 = lel lx_phasc L
my0=4_
mr = null ‘ myO (UU):

.1910 = "phasc_dau:
u = MN 4» avl):

I7=ar.

p

' get I pomlcr'l

'4th =me 11ml):
ur : mu 4» avu:
dml l.\_nexl_|_\‘:lmpi€_plr a: m.

[a

' gelQ painter‘!

ayO = prm I7. m4 ):
ax = axl + ayt);
drm Ix_ncxt_Q_sample_plr I = ar.

,.

' get! sxgn'I

avt) = pm 17‘ m4 D:
drnl Ix_ncxt_l_s:gn v = uvu.

' gen) sign‘I

M): pml I7. m4 )1
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arm u_ncxx,l‘<_ugn 2: NJ.

:45: lcn gms

VOTE cucumr butfcrs must be aligned on uddrcss
boundncs or Z‘n words where n :5 me numntr ux

' bus rcquued m [cprcsem me bun'er length.
' IE. for team 15 align on I6 wnrd boundncs
' OTHERWISE: m :cnghx rchsters to ztro. mnsxda
' the buffer as lmcar and thcre [S no need 10 mm dnla..4

cull = OVERSAMPLING
dml |x_nexl_num‘hamp|cs ) = um.

«10 = (I.
am: 1x_ncxt_l_»ampl:_icngm l: .mu.
lel xx ‘nchQQJmpthcngth l : ‘xxu;

' rcsct Ilags. r

.uU : FALSE.
Arm urn-adv mr_mon:,mmplc~. flux )= um.

Jump u :nliluuumsnul_mmmand.

Iransmn _compleled.

midst TX _ZERO _SAMPLES

' m up finak zcro samples
' WI up ncu 5:! of samples to bc zcmcs as “g“

NOTE: use 1 buffer cl | hample fur l and tori.)'I

no = "termumplc;
drm lx_nexl_l_snmple_plr ) = and:
dm! lx_ncxl_Q_san1plc_pu ) = an).

no = 9-? mlo_sample'.
dml lx_ncxl_!_sample_!cngm l = nu.
dml u_nexl_Q_samplc_lcnglh ) = uxu:

axO = 2.
dm( u_ncn_num_samples \ : an):

no = POSITIVE_0NE;
dm( lx_ncxl<l_51gn I = :m).
dmt lx_nexl_Q_SIgn ) = an);

.u0 = FALSE.
dm( 1x_rcadv_l'or_more_samplcs_lhg )= :IxU:

wan_f0r_r::ldv _Mr_mare _samplcs I.
idle:
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an) = drm u_rcad\r'_mr_m0rr:_i(Immcs‘lhg ):
Jr = pass aw

:feq 3ump nun_rbr_rcadv_tnr_more _sumplcs 1.

all] = FALSE.

dm4 lx_reaa_v_l'or_morc_s.unpies_fi.:g 1 =uxU;

wan_for_rcad\ _Inr_morc ,sumplesl:
Idle:

3x0 = dml u_rcadv‘t'nr_vnorc_\..mplcx flag a.
at = pass aw.

lfcq Jump wa|t_tor_readv jnr_more_<.lmple.»2.

uendn’

at) = TRANSMILCOMPLETED.
:an qucuejlgnal:

call slop_scnm_p0n:

Jump u m_1'or_dsp_command;

slop_scnal‘pon:
3x0 = dnu SYSTEM _CO.\'TROL i.
a: = cirbn SERIALU_ENABLE BIT u: nu;
dml SYS'fi-LM_CONTROL ) 2 an

AXO = ‘Hm.
DMI SPORTO_CON‘I‘ROL )=AXO.

HE

('UIIIll-Illlllllulllllll-ll.lllO.tml.-fill-l.-.llllI'll-lIll-ll-tlllllllulullU

‘ SPORTO_lx_mtmupl

.I-IIIIIIIIIIIIICIIll-IIIIOIIIIO.IIIOIIIll-lllllllll..--IIIIII--.--.-----..I

SPORTO_u_mm-mpl:

‘ enable secondary regxslcrs-/

cna scc_rcg. dis m_mudc. L-na ar_s;|r.
1--

' transmit l or Q bu“-/

:xt) = dml Ix _l_samp!e_l1ug y:
.u = pass an):
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u sq jump IransnuI_Q_~ampte:

lransnu1_i_eump1e:

' calculate l and Q samplesH

mm : pmx IS. m4 I.
mvu = um: u_Q_sxgn r.
mxl = dml ULSCEUC fact-Jr >.
uyu = dmt xxdq_offset r.

ml = me ' m“) (55). ' Q_Samplc = Q " Q_\'|gn 'r‘
mr=n1xl“mr (SSI, ' “scale ‘r’
Lfmv sax mt:

.u = ml 4» .m); ." v Q_oltscl ‘J

drm lx_nexl_Q_sample l : .u’.‘

mvl :drm lx_0_phas:_lncxnr r.
mr = rnrl ' my! (SS):

mm = mm :4. m4 L
mvu = Jmt lx_l_sxgn I
mm = dm( lxr Lnffsex )

mf: mxl) ’ myO (SS); " I_samplc =1‘1_sngn "
ml: mxl ' mf (SS): 4' ' scale "

mm) = dml tx_|_phasc_factor r.
mr=mr+mx0‘mllSS),/‘ 'thasc l=l-abs(Q_phascH ‘f

" 4* Q ‘ OJIgn ‘ male ' Q_phas: '!
mm = dml u_|_.\'calc‘l'ucwr 1.
mt: mrl ' myU (SS): 1" ‘ Lscalc '1

mm) = mrl,
mu) = POSITIVE_ONE:

mt: n1: 4. mo - mvu ISSL /- ' 1' (snncc Luna: :5 L) In .1 mapped oan to 11‘!

Ifmv u! mr;

a: = mrl + ayU: /‘ + Loffsel "

(x0 = at:

31.0: FALSE:

DMl u-l_s.unplc_flag I = :leL

ru:

transmx_Q_s'umple:
no = DMr Ix_ncxt_Q_unmple r.
110 = nxU:

.le = TRUE:
DMt u_|_sumpleflag ) = :IXU'.

100
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' jecremcnl number of samples Inn to be plaved.1

M0 = DM! Ix _num_samples r.
:u' = nyu - l .
DMr lx_num_samples ! = ur:

‘ if more samples then mu

|fne m,

' gel ncxl set of samples.1

L4 =dml tx_nexl_l_sampic_ptr >;
14 =dml Kx_ncxl_l_samplc_lungm 1'.
a5 = dml rx_ncxt_Q_samplc_plr r.
15 = dm lx_ncleQ_sumple_|cngl(h l'.

MU = DMI [ananum Jumnlcs ):
DW lx_num_s.1mples )= an):

M0 = drm Ix_nexl_l_ugn ):
dm( u_l_s|gn )= an).

:10 = um u_nexl.Q_5Ign I;
am lx_Q_sngn l = no;

,1.

' “an mmnlme process mg next bu'I
m) = TRUE;
DM! Ix_rcndy_fnr_rnorc_s.nmplcs flag ) = an):

m:

ENDMOD:

102
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Ill. Main Code

104

‘IICOIIIIIIl-lI-lllIll-l-Illlll-Inn‘s-Ill.-III!lllllllllIll-lll'llll"'---lll

' DSP Mam me code

‘ Herb Lxllle

"cu-un-u-gn--.-------.--nan--u..-.-u-u-u.....-----u.-nan-I-ugunnngga-unnnnu‘n

MODL'LElRAM/ABSd) mum _hnc_u me;

fidefine EXTERNAL PORT
mncluae <dsp.h>
sundcl' EXTERNAL

kdefin: EXTERNAL GLOBAL
Mnclude <dsp h>
uundcf EXTERNAL

PORT ”MASK.

V ARIDM HIP_DATAU ,SHADOW.
VARIDM HIP_DATAI_'~£HADO\\“
VARIDM HIP_DATA2 _SHADO\\‘.
VAR/DM I‘HP_DSP_CO.\1MAN DfiHADOWL
VAR/DM HIP‘TIMERfiHADOW'
VAR/OM HSR6_SHADO\\X

GLOBAL HIP_DATAO‘SHADOW
GLOBAL HIP_DATAI _SHADOW:
GLOBAL HIP_DATA2_SHADOW
GLOBAL HIP_DSP_COMMAND,_SHADOW'
GLOBAL HIP_TIMER_SHADO\\K
‘GLOBAL ”SR6_S HA DOW“

nmcludc "dspcmdh ‘;

EXTERNAL SPORTO_tx_mxcrrupl;
EXTERNAL sponl _rx_handl::.
/' EXTERNAL um:r_m1errup1. '1

EXTERNAL nmuahze_unnsmxl;

EXTERNAL proc:ss_lransnul_cummanl.l.
EXTERNAL process_reccwc _command.
EXTERNAL proc:ss_RSSl_conunnnd:
EXTER NAL process _pnrametcr _c ummand:
EXTERNAL process_powerdown _n:ommand:
EXTERNAL pxocess_dclay_commnnd.

EXTERNAL slox_clock_penod,
EXERNAL sxop_sluI _nmcr:

ENTRY process _dsp_cnmmnnd.
ENTRY um_lor_tlsp_commnnd:

ENTRY queucfixgnal:
\‘ARIDM/CIRC ugnn]_qu:u::| R 1,
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\ ARJDM umung_mr_HlP_rcad_flag.

n.-
"-"-------.-.---....-.-::----.--..---:.-—--:---n-...--.ugacccuuc-II-ctt-

' Interrupt Vector Tdblc
---- tt

-.x.---..---...u...---u-.-nx...n-..nxu-xu-.-....-—n‘-.u-nuuta-I-‘t‘t ' H

jump mum; 3' Reset '1
nop‘.
nop:
nop:

ru: 1‘ IR02 ' '
nop: ," xgnurcd ‘I
nop:
nap:

Jump HIP ,MIICJMermpL " HIP “me "
mop.
non.
nap.

Jump HIP_ruan_|n(exrupl. " HIP mad 'f
nop: 1‘ ignored '!
nop:
nap;

Jump SPORT0_lx_Inzerrupl: J“ SPORT 0 Transnul ' ’
nop'.
nop:
nop:

m: /' SPORTO Rcccn'e "'
nop: P Ignored "
nop:
nop:

rn: u“ Schwar: InlBrrupl I '1
"0P1 1' ignored ‘/
nop:
nap:

m: !' Soflware lnten'upl 0 'l
nop: I‘ ignored "
nap:
nop:

m: /' SPORT 1 Transmu ”
nap; /‘ ignored ‘l
nap:
nop:

Jump SPORT! _rx_handle'. " SPORT l Recent "
now
nop:
nop:
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m; 3‘ Timer
n00:
MD:
{1001

Ldle. ," Powcmown ‘3
m; r" wan tar resal
nap.
nop;

108

v.13...-Inn-.3-n-nggug'ngluuuuu..--u-u-u---------.---.---i--IIII-"U"""'I

' DSP mmullznuun

---u—-u--u...-o-.----...---no....cuuuuuuunnonnunnuIII-.-.u-o-u-u-ov---¢¢--.-}

mam

' innualuu uucnupl cummllcr

[MASK = HxOlXXX 1 no Inlcrrups ambled f
ECKTL :n. 1 no ncsung. IRQ: {cvel \cnsnmc 1

‘ lmlmllzc sxgnal queue rchstcrs_,

I6 = “ugnnliqueuc; I' wnl: polmet '.‘
[6 = ‘7rsignanueuc:
mo : i ‘

:3 = Augnal_quem:; " rend polmcr 'I
[3 = ‘u'rsngnanueue.
m3 = l

mun,
Jml v.an:ng4lor4HIP_rcad_l1ag ) : :uU;

‘ mmahz: flag plnsU

reset flO‘
reset fl I.
reset 112;

:muahzc syslcm control registers

. ‘00 0000 = boot I program wan slams
' 000 ._ =boolpage
‘ H “0,. ,... = boo! forte bu
' .l . = spon I configure
' ,. 0‘ _ .. = sport I cruble
' o ‘ . = <pon 0 enable

“x0 ()I 00 0000 (XXX) = (”(0400-1

1x1) = UKCNUO.



5 ,764.693

109 110

ON“ SYSTEMJ‘DNTROL I = axln

«\XO = MUOOO:
mu D.\l_‘v\'AlTSTATE_CONTROL r: um:

‘ xnluallzc sport Uu

DM( SPORTO_CONTROL D: ale:

DMI SPORTO,TX_.\!ULTICHANNEL _CONTROL0 o = emu:
DM! SPORTO_T.\'_.\IULTICHANN EL_CONT'ROL1 ‘y =axu;
DM‘ SPORTO_RX_.\1ULTICHANNEL_CONTROL0 ) = 1m):
DMI SPORTO_RX_.\1ULTICHANNELVCONTROLI ) = nu),

DM! SPORTO_AUTOBUFFER _CONTROL I = an):

In

' mlualne spofl lc I,

DM‘ SPORTI _('.ONTROL ):;1xll

[)Ml SPORTLAUTOBUFFER _('().\'T'ROL > = MU:

' lmuallze Ihcumer

DMr TNERJT'ERIOD ) = an):
DMI’ T1MER_TCOUNT ) = no:
DMI TIMERJSCALE 1 = m):
(-a

' enable HIP inlen'upls

‘ .... “‘0 Hos! HDRO Wm: (Dam!
0. Host HDRI Wm: (Daull

, .0.‘ Host HDR2 Wme I Dalal)
_, I .. Host HDRJ Wme IDSP Command)

4.. Host HDR4 Wmc IDSP Sngnah
Host HDRS Wm: l rimen

  

 

. . .. Host HDRO Read IDaum
Host HDRI Read IDaIal)

. .. Host HDR2 Read lDaIaJ’.)
Host HDR] Read (DSP Commard)
Host HDR4 Read (DSP Stgnall

.. . Host HDRS Read (Timer:
 

' XKUI 0000 “DO |000=lel008
I]!
11x0 =0x1008‘.
DMI HMASK 1 = an];

‘4.

' enable Interrupts

...... l Timer xmerrupl
.. ....LSponlrece1ve

' ,. .0‘. Sport l transmu
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M U D Solmmc mtenum»
‘ H NU. . man u receave
' .. .. I. .. Sponutransrm!
' 1‘ Hip read
- , ...1 .Hipume
- ”.0” IRQE

‘ xxxx no! 11000011=umlc3

'/

EMASK =|.\1ASK _\‘ ALL'E.

' mmnlnze me dxfferem secuons 0| code‘4

:31] mmallzeJnmsmu;

{0.0.0.0000-Ilug-cc....-II.-IInIlloooooottoon-oooolIloco-occllullltlolutl.In:
.

‘ process _usp_cnmmanu~

‘ Vow; stacks must be reset bv lhlS puml‘

--.---..uu.....-----..........--.--..--.--..-.---------.n...--------------..f

(-r

‘ wan {or command from the host
'I

wmjor dnp_cnmmnnd.

we:

no = mm HSR6_SHADOW u‘
u = mbu HSR_DSP_COMMAND _8 IT ul an).
Ifemump wanjoridspfiommmi:

process 319p _c n mmand

,-

' HDRO conmns the command bvle
'l

u = 0M! HIP_DSP _COMMAN D_SHADOW \.

/.

‘ gel lhc command type
'/

sr = lshifx 5| by H[P_DSP_(.‘0MMAND_S HlFI' (LO):

‘r‘

' swuch on command u p:‘I

:u' = m) - TRANSMIT_COMMA.\'D.
Ifeqwmp pmccseransnuLcummand.

.Ir = m) - RECEIVE_COMMA.\'D.
vl eq1ump procqss _reccn'e_cummand:
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A! = m) - RSSLC‘OMMAND
If :q ;u mp process_RSSl _cumm:mu.

:yu = DELAY_COMMA.\'DV
Jr = m) - uvU:

:I'eqjump procass_uL-lav_command.

1W = POWERDOWN_COMMAXD
A! = m) - am;
if eq jump process powerdown _cumm:md:

at = pass srU:
Il'cqjump processjmamelergummanu.
,.

' 1nvahd commandn

Jump wm(_for_dsp_command.

mIQ-CCQVOIICCCI-CIII-nlDIICI-‘clcucuclInc-III..-CI.-tau-IIQIIIIIOIIIIII-I-U

' queu:_mgm1

' expccxs sngnal 1n uxu
' uses secondarv register set In: vnnablcs-

IIIIODIIII'IOCOCIOCIIIlt-III'II'D-IIIIIOICOCIOIIIll.Il-ll-IIIIICCI".IIQ¢.-/

qucu=_ugnal.

dlS mu:

,.

' are we wamng !or the prevmus Signal to be read by host}:1

en: sec _rcg:
HI = dml walunanrJHPJud_lhg 1.
a: = pass .111.
If nc )ump Slorc_ugnal:

ll-

' no: wme slgnal IO HIP'/
as! = I;

dun wul|ng_tor_H[P_rcad_flug ) = axl:

ms sec_rcg;

dmt HIP_DSP_S[GNAL > = am:
5:! [10:

En: lnlSL
ns:

’-

' yes: save Signal for lawr'l

nore_s:gnal:
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ll; segmg:

Arm :6. mo I = :m).

CH3 H1152
HS.

mno...uttittlttnfltotiinitutllilanal-llooololitttolI'll..."OOU““.."““‘

' HIP wnlc Interrupt

'""IIIll-Ill-ICI-III-I'-t-llatuIll-Ill].-.ll-n-n-n-I-utlll-IIIIi-Illllltar

HIP_=\ nlc_|menupl.

‘ enahlc secondary reglsms
'1
cm sec _rcg:

' save HIP rcglslers. 1

4x1=dthSRhH
dml HSR6_SHADOW ) : :ul:

u!) = dim HIF_DATAO ).
dn'u HIF_DATAO_SHADOW I : AM):

.110 = um! HIF_DATA1 ).
dn'll HIP_DATA|_SHADOW I = and

.110 = 11ml HIP_DATA2 I.
dun HIP_DATA2_SHADOW 5 : 4x0:

1x0 = llml HW_DSP_COMMAND 'u.
.n‘U = lixOOI'f:
a} = an) and Mt).
dmt HlP_DSP_COMMAND_5HADO\V l = M.

(H:

/...uuuuuuuuuuu.utuuuuuuuuuuuuuuuuuu...uuutuuntttttuuuuuutttttttstunttttt

' HIP read Imen'upt.

I'D-DI"Uta-Innnnnnnnno-no-v-unno-n-n-u-Innnunon-non...-Icon-unnnnnnu-nncUD/

HIP_!L'Jd _nn(crrupl:

' enable secondauy regxslcrsIf

en: sec_reg;



117

‘ :heck Signu queue length‘1

3x0 2 16;
ayu : \ i.
.u = uxU - ayl):
1f nc jump outpuanxLSLgnal;

' signal queu: :5 empty'/

resel $10:

an) = ()
dml HIP_DSP_SIGNAL b: an).

dmt Walllng_fnr_H[P_n:ud_fiag p = um.

m:

«-

' signal queue n no: amplyw

autpuanstxgnah
uxU = mm :3, m3 I.
dml HIP-DSP_S|G.'\'AL I = am):

I'll:

mDMOD;

5,764.693
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IV. Delav Code

‘aI-Ix-I-Iul-nu-.-.t----l'l-tu-I-l-IIIIIIInn-ll-llIIlllll-C..I..I"'-......"

‘ DSP Dcla) cad:

‘ Herb Lmle

III-ll-Il-II.IIIIOIlllllxlliltlllllllllI'IIII.I.IIIIICIIIOIIIOOOOOIIIOOOIOOOJ

HODL'LEIRAM Icluy Luau:

”Include ‘dsp h
fllncludc "dsocmu.h‘.
amcludc ‘hlph

CONST SFORTI _E.\'ABLE_BIT = ll

p

' Delays am spccxficd m muluplcs or 115 mlctoscuunds. I

CONST COL’NT DELAY PLL ST'RIBE = 5 ' l nulmemnds "
CONST COUNT DELA Y Vl'l.L_l.0CK : 14 “ J [mhsucunds "

EXTERNAL hcxtcLlull:

EXTERNAL process _dsp_commnnd.
EXTERNAL wau_lor_dxp_cnmmnnd.
EXTERNAL queuc_ugnal;

EXTERNAL 510p jponl _xcna!_pon:

ENTRY process dclavgnmmand.

,uoo.-u-u------u-.----nun-gun‘-.-.n-u-n-u-utuuuu-u-n-.u-n-n-nu-u-nu-u-n-uu-u-

' process _LJ-:lnv_cumm andc

nun-u-Inc-Inna.-nu-nuns-u..-----.---..-.--...u-.u.----..u-n--u..u-II-Iuo-uu

process _(klav_cummand.[O
‘ reset command that v»: recewed.
'!
310 = 0x0:
DM(th.dsp_command_shadnw I = w):

,-

' disable autobuffcring
I"

dun SPORTLAUTOBUFER _(.ONTROL ) = a“).
.;

' flan spon 1
v

.. HIU sennl word lcnmh» I

. 00 Jam tnrmal on = rlghl jusut‘y. zero fill MSB;

..i ‘ ‘ mven receive tram: sync

‘
‘
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1‘.1..mvcn1mnmnlrnmes'_mc
.‘ mnemal recexve frame sync cnnule
 

..0. .. . . 1. Imemal Imnsmu name svnc enable
‘ .. .1 . .1 ‘ transmit trame smc \udlh
' . I.“ ., , lransmfl frame sync required
' .. 1 rccem: frame 5m: mdlh

.. receive frame sync requued
,. mlemai senal cIr-ck generation

muluchannei enable  
0111 1101 1100 lliU=|ix7dce

Am): ()x7DCE.
dml SPORT] ‘CONT'ROLI : .Iw

‘ a

' :et up spun clock f0r0.115 ms PEflOd

'delay =fims/11125ms
' =48

' mam c1oCk = ‘I 6 MHz

‘ penod :14 600 000 ‘ I» 000125
‘ = 1200
u /

avl = COUNT_DELAY_PLL _LOCl\' - COUNT_DELAY_PLL_STROBE:
Ml = COUNT_DELAY_PLL_LOCK.

:10: l - 1.
Am! SPORT] _CLOCK VMODL‘LL'S 1: an):

M0 = IZOD - 1.
mm SPORT1_RX_FS<MODL'LL'S ) = no:

1 t

' enable sport I.1

.110 = dml SYSTEM _CONTROL 1.
mr= “-bu SPORTLENABLE VB IT ul axU;
dml SYSTEM_CONTROL I = AR.

I.

‘ Stan unnsmmng command (0 DAC lo rend channel I
' Non: this value I: constantly lransmmed
'1
no = M6000:
TX] = 110'.

,.
' wan. for command from the host
-/

wm_fnr_delay_nmeoux:

.uO =0:
dml hextcxjull 1 = an):

Idle:
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nu = DMIhanlsp _comxmnd_shudowc:
¢r = P ASS aw:

:r‘ eq jump not_lermmm=_dciav:

call slop_spon1_senai_pon:
Jump process_dap_cnmmand.

no:_xcnmnaxc_dclav‘

no = dml hcxlcl_!ull );
a: = pass axU:
if ne jump check_lor_dclav_hmeuut;

jump u :uljor _dc|av_umcoul:

:heck _2'or_dclav _u meolll:

,.

' Chcck for strobe delav completed

If ne Jump no! _17ll__suobe_dn:|av _cnded.
aw = DELAYJ’LL _STROBE.
call queueygnal:

noLpll_<lmbc_dc|a_v_tndcd.

I.

' check lot lock dalav Cumpleled
'l

u=nxl-l‘
ul=un

If ne Jump wau_for_dclav_nmeoul.

call sIop_spon I _scnal _pun:

no = DELAY_PLL_LOCK.
call queueygnal:

jump wan_for‘dsp_cummand;

ENDMOD;

5,764,693
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\'. IO Module

\-lODL'LE/RA.VI l0;

mncludc "d:p.n"
nncludc 'dspcmd.h"
mncludc 'hxp h'

- ..-.._-...._.. _._..--_._.._..__.._--..__._.. ......_....... ........_.. ... .___.--.- '/

ENTRY s'ponl _n_hundle: f‘ intcmlpt sumac mulm: [or spunl rx '!
ENTR Y process_rccelvc _cnmmand.

f' :nlls lo herb s modules ‘.'

EXTERNAL wau_fm_llsp_cummaml;
EXTERNAL «op_slm__umer.
EXTERNAL ncw_=lm_valuc:
EXTERNAL updalc_slm_nmer:
EXTERNAL process_dsp_command:

GLOBAL hcneIJulL
GLOBA L rs suampl c:

A" calls from decodcdsu '/
ENTRY gcz_fi ltcrcd_sumplc;
ENFRY adjust _s amph‘ ng_and_rcad_z<:x ;
ENTRY lnll_fill€l:

"' calls (0 d:codc.dsp ‘/
EXTERNAL sun_dccodc:
EXTERNAL finthch head;

/' network :d (frame svncl for dccode ‘!
FJHERNAL netwnrk _|d:

CONST SERIALLENABLE -BIT =11.
CONST READ_AD _DESCR|MINATOR M‘ORD = axoOOO:
CONST READ_AD_RSSI_WORD = 0‘7000

CONST OVERSAMPLING = ts:
VAR/DM/CIRC hcxlcl_bufferIOVERSAMPLlNG].
VAR/OM hcxmjull.
VAR/OM rssLsample: /' for Cunllnuous rssl readings 'l

CONST PAST_SlZE = 36'.
VAR/DM/CIRC pul_sa.mp|cs[PAST_SlEl-.
lNlT pasLsamples: 0x4000.0x4000.0x40(X).Cx4(X)0.0x4IXX).Ox4000.

0x4000.0x4000.0 x4000.0x4000 .OXJOOO .OXQUOO .
0x“X)0.0x-$(m.0xm.0x4000.0x 4000.0x-“D0.
0x4000.0x4000.0x4(X)0.0x4(m.0x-H DOODX-lUOO.
014000.0x4tMDxMXXJDx-IUOODX-LUOODx-MDO.
Oxm.0x4{X)0.0X‘K)O0.0x-lllm).01 4( 100.0x 4000.

CONST FIL'IER_LE;\'GTH = 24:
\‘AR/PM/CIRC ll Itct_response| FILTER _LE.\'0TH I ,
KNIT I‘Iller_rcsponse:

126



5.764.693

127 128

t)xl)03e()n.0\t11036m.0x t'l'ffOt),0xtl99m).0xft2c00.0xtechO.
Uxfls IOQDXOOSSDODXOI t'900.0,\03e700.0x05a100.0x063500.
0(Oba5ul).O\U5a100.0xt)3e700.0x01I!(X).Ox005500.0xff5!00.
UxfefcooflxtflcOUflttB'Jm 0stzfm.0\w3600.0x003e002

w ........................................................................ -r

I‘ Command tnterpreter "I. _____________________________________________________________________ ‘t‘

ptocess_rccen-e _co mmana:
axO = dmthtp_dsp_command_shadow I:
a: = axU - RECEIVE _STOP~SLOT_CLOCK.

," If we get lssudd an tnvahd recent-e command from matnhne. then we should ‘I
f‘ not not restore It as lhls wrll cause an tnfintte loop. Put a bogus ‘I
1‘ value mto am and tump tnto the appropnate place. "
1' on the other hand. 1t we recewe a bogus recetw: command during recewe ”
1' WC Pass u back to matnlme. rccetve u here. and then utscard ll. ‘1
1x0 = a:
call restore _eommand_impossrbie_Lluge:
jump wan _fnr_dsp_command.

process _cummand_ dunn LTCCCIVC.
I' Warntng- This tuncuon may use mu and at and the shtfter unly‘”!I '/

3&0 = lethtp_dsp_commanu_shadowt. 9' read htp host command Iocauon "
at = pass I). I“ wrpe out the command. '-’
dmthtp_d.tp_command‘.maduwl = at: r~ so It will not be re-processed 'r

at = .110 - RECEIVE_STOP_SLOT_CLOCK.

I' first check for commands that execute wuthoul :nterrupung the program flow 'I
1' these commands u til execute an ‘ns' and cause regular recetve processmg 'l
l’ to resume upon completion. '1

restore_cummand _rmpossnble_kluge:
t' test RECEIVE_STOP_SLOT_CLOCK '/
If eq Jump stop_slut_umer: 1' "5 [mm callai does our rts 'J'

CONST xxI = RECEIVE ‘SLOT_I.ENGTH - RECEIVE _STOP_SLOT_CLOCK.
:u' = or - u]:

1' test RECEIVE_SLOT_LENGTH 'I
If eq Jump new_slot_value. (' rts lrom called does our ns. "

I' The followtng commands cause the recetve algonthm ID be restarted. ‘/
l‘ The stack context ts cleared bv popptng evervthtng a number of times 'I
l‘ we mav now corrupt any regtsters We want to, '/

pop cntr. pup pc. pup loop;
pop cntr. pup pc. pup loop:
pop cntr. pop pe. pop loop;
pop cnu'. pop pc. pOp ioop:
pop cntr. pop pc. pop loop:

CONST xxl : RECEI\’E_LOAD_FRAME_S YNC - RECEIVE_SLOT_LENGTH:
as = ar - xxl‘.
/' testRECEIVE‘LOADIRAMLSYNC 'f
If eq jump luadfrnmestnc:

CONST u} = RECEIVE_.\'EXT‘HEAD - RECEIVE_LOAD_FRAME_SYNC:
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M = a: - xx}:
.-" lcsl RECE!VE_T\'EXT_HEAD "
If eq jump find ,nchhcnd:

CONST mm = RECEIVE_START - RECEIVE_;\‘EXT_HEAD;
nr = ax - xx4'.
/- lest RECEIVE_ST.-\RT ..
if cq Jump xmunhzeJccewc:

/' Th: command :5 unknown m m rccclve code. Puss II to mamlinc. ’.'

!' rcstox: In: command - as we dldnl process u. 'I
If. axl) still contains Ihe command me were xrymg to process "
dml hlp_dsp _cummnnd_shndou 1 = .110):

no =de SYSTEM‘CONTROL z. ." rx done. Disable sponl ‘1
at = clrbit scnal | Jumble _bu or axu
dml SYSTEM_CONTROL 1 = .lr‘.

no = 0:
dmt SPORTLCONTROL : = um.

/' cm the renew: code ’1
jump process_dsp_command:

1‘ ------—-— --—--...._........_....-.. .......... ......-...-..........----._..-...-- - I

loadframcsync: y" cxectuc load (mm: sync comde ' '

s: = dmlHlP_DATAO)‘.
sr = lshih S: by 8 [10);
no = dmlH[P_DATAll.
:u- = w or :yl):
dmnelwnrk‘ldl = at:
NS: 1' go back In whcrc we came from.

1‘ —————— -..-——.-~-..——--....-....-......--....---—..-....—-—-—-.-—--——-- 'I

Imualize _rc:cwe:

/‘--~---lniliahlc SP1 control mglsltrs --------------------------------------- ‘v'

/‘..l I...|.l = rx Inmmal flamc sync. ullcmate framing, acuvc low “I
I'....l l0.l = 1x external frame sync. alternate framing. acuve low '1
I'.l inmal semi clock 'I
I' .....00 : ugh! justify. zcro fill unused MBS' "
v... ......1110= leinmdlenglh ‘1
l‘OlllllOlllOOlllO=0x7DCE '/

  
   

:10 = 0x7DCE:
dnKSPORTl _CONTROLI = mu): /' lnemal clock. 15 bit word length 'I

I‘ right lusufy. zcm fill unused msb's 'I

:u;0=l-l'. I' Make‘JfiMthCLKl 'l
duISPORTl_CLOCK_.\10DL'LL'S)=ou: /‘ from 9 60 MHz CLKIN

nxO = "00-l. 1‘ dmdn by 100 for 48 khz ‘1
dmlSPORTl _RX_FS_.\IODL'LL'Sl=axu; " 6x oversamplmg '1

I'....L}0000 ...0 = Ix aumbuflcnng dxsnblcd ’/

130
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‘ ........ JDOOOI = n uuwbutt‘crmt mm n, mu [0 ‘1
'UOOOOOOOOOOOOOOI : ()x0001 "

uO:()x0Oi)l:

dm( SPORTI A UTOBL‘FFER VCONTR OLI=uxUL

:0 = “hex1e1_but'fer: I" <e1 up hexxet buffer "
[0 = (L
m] = I:
an) 2 I):
dmlhextelfilulll = an);

ext) = READ} D_DESCRI.\I I,\ATOR _\\'ORD. ' set up [0 read dcscnmxnalor "’
(XI = am)‘ a" IS Irannuucu bv detnull ‘/

dls M _MODE. P configure MAC for I lSarnhmenc ‘.'

axO = DMI SYSTEM _CONTROL I. I‘ enable spon l 'I'
:u' = SETBIT SERIAL! AENABLE_BIT ul m).
dml SYSTELLCONTROL D = ‘u.

all stop_siot_llmer: Imuhzc / kxll old slms ‘V

Jump slanfiecode.

" Wan for 6 new samples and men mum1' .....

geLhextel:
xmask = l): I' begun crmcal secuon ‘1

   

/‘ check for new commands :hal mav have arrived. ‘J
M0 = dm|h|p_dsp_commam _shadow )1
at = pass axll.
Lfeq1ump nol_command:

mask = IMASK_\'ALUE.
call process_command__dunn2_rccewc:
Jump gCLhCKIEl:

no: _command:

Mo = dmlhextetjull): I' IS Mo empty " 'I
'u = pass at):
If ne Jump gol_ncw_hexlel;

/' Nolc: Mampulaung xmask du-ecxlv msnead of disabhng mlenupL ‘/
1' this n necessary. as mampulaung lmask mil disable inlenupls for “
1' one cycIe. which wl" knock us out of Idle mode If we enter II at a bad ‘I
/' lime. 'l

Al'l'lllk = IMASKAr’ALUE. /‘ end cnucnl section '/
1dle'.
Jump gel_hcx1et:

goLnewjexlet:
Imask : IMASK‘VALUE.
m) = ()1
dmmexxeljulh = nxU'.
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call usual: -sluulmcr:
ns:

‘- .............._______________________________________________________________ -/

:' intermpl semce rouunc "'

\ pen I _r.\_handle:
cna sec _r: g:
axO = l.
dmlhcxxcxjulll = an);

A' This msuucuon Is 0an mcumnmul when dump cununuous '/
/‘ RSSl. Ilherwnsc ll has no enact. "
umrssu_samplel = rxl'.
ni:

u _________________________________________________________________________ If
1' lmualu: filler slam 'I’
l. ...__......_._.____....____....____.__._....._________ ____ __>_________________ a,
mu filler:

ll = ‘pasljamplcs 4» FILTERJ.ENGTH ~U\'ERS.-\.\IPL1.\'G.
II = PAST_SIZE.
ml=|

12 = "pasl_samplcs;
l2 = PAST_SIZE:

n5!

/'-----------—..—.........................._............................... ‘l

!' Get one dcctmalcd sample
 

/- ._._-...__-_-_______._.._._..._...-.._.___.___._..._..-.-_..----——-‘I

gelJmered .samplc:
/' gel 0 bylcs '!

c all gumcxtcr.

J‘ Imncal: tunk bus and scale 0 - 5510 U - 65535 "
I4 = "hextcl_bul'fcr:
I4 = O.
m4=|.

cmr=b.
se=8‘

il = dmll4.m4):

I‘ this loop shifts the data left by 8 'I
do copy_loop unnl cc;

5!: lshjfl :1 do), it = dmti4.m:n:
copyJuop: dmnlmll=uu1

,r- apply Ihe fir filler bv multiplying and accumulmng. 'I
4" this muluples Ihe data by 1638-: ‘l
'4 = ‘filercsponse:
r- I4 = 0: already U -!
a‘ m4: l: alreadv ‘I

134
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cur: = FILTER_LENGTH-|
mm = dmulml l. myu = pml|4.m4l. m: t).

do fillcr_mac unul :1“.
ffltcnmac: mr = mr + me ‘ mvu mu .me = dmulml 1. mm) = pmu-l.m~l):

nt=mr + ImU ' vams):

ml = PASTjIZE - FILTER_LENGTH + OVERSA MPLIXG.

J' restore original mamas ‘1
mudu'yulmll:

/‘ mum vmuc m mri, mm a range ox 0 lo ”138-! '/
ns:

.r
,f‘ .................................................................................. ‘

/' Adgusl the sampling polnt and gm :m rssx sample "
/' sampnng udlusuncm [actor 2s m 5n) "f!_..______’.___.__.. ____.______.‘<_____.___‘ '~~‘~._’__ ______‘___________....‘__, ‘7’

Jd;u51_samphng_and rcudJssl
,r- <11) conums numom m samples to move danmalmn pmm Iorwaru by “
x‘ (the lower an. m: 0!ch the samples w: uxc: ‘f
.‘ nu conmns number 0! Samples m august by This \uluc MUST be "
9' in thc range 0| -() to H: ‘T

m2 = w:

/' modlfv I2. the read pmm. bv adjuslmcm factor ‘1
modnfyIiZJnl):
n0 =11. /‘ read pom: ‘1
.1310 :11. /‘ wnle pom! 'I
u = avu - uu; I' wnu pom: - read pom! 'I

l' at could be In range m +l- PAST_S!ZE buncr lunglh. “
ayt) = PAST_S[ZE:
lfltar=ar + am;

I" a: now has a value Immu m P.-\ST_SIE-l "

/' (hm: possxbulilies
I ) FILTER_LENGTHvOVERSAMPLXNG a: at < FILTER _LE.\' GTH

no adjustment necessarv

I) FILTER LENGTH <= 3r
add OVERSAMPLING lo read pom!

3) u <= FILTER_LENGm-OVERSAMPLING
subtncl h from read pom!‘l

”12 = I),
avl) = F1LTER_LF_\'GTH~OVERSAMPLING;
1! = at . :34):
If geJump notl:

r' at <= FILTER_LENGTILOYERSAMPLING 'I
m2 = VOV'ERSAMPUNG.

not].
:yo = FILTER_LE.\’GTH-.
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af = ar » qu‘.
If It lump nozz.

r" FILTER_LE.\‘GTH <= ar "
2 = OVERSAMPLING

r1012:

modifyulml):

”" busy wml for autobuffer index to reach end of buffer ‘f
l" note. not gomg Into IDLE meat. and nm responding
I' lo commands for up (0 [25 us '!

3x0 = "hEXIel _hul‘fer + t )VERSAMPLING- I.

want:

ayo = :0.
a: = axo - dyu.

1f ne Jump want.

I‘ swuch channels “I

an = READ_AD_RSSI _‘L\‘ORD.
lxl = ayu:

r‘ wan for next rx sample In be aqulred 'lwanl.

ayu = I“,
at: ale - «w:

11' eq jump wanl:

/' swnch AID back [0 reading Inc descnnunamr output '/
axO = READ_AD_DESCRl.\1l.\'r\TOR_WOR D;
[xi = axO:

/' save RSSI sample mm asu '/
ayl) = dmlheXIeLbuffenUVERSAMPLING»l 1.

" fix rssx sample bv Copying m sample from aner u ‘/
an) = dmlhuleLbul'fen:
dmlMueLbuffenUVERSAMPLING-lJ = an):

I' rssu sample IS returned m AW) '1
I'll:

ENDMOD.

I.

Index Reglsler alocauon:

llndex & Lenglh \ Modifier !.«4—-—----——~.-—-—--._........‘........................4,

0 l RX aulobuffer I RX aulobuffcr. always I I_.-§—-------------------------------o--------------------------+

l lPasl sample wrne I Always i l
I pointer l I,__+__--....____...--_“.._.,,,Vm---"_.__e_--_---.___.-_---u_-

2 | Past sample read 1 Temporary usage
I Index I I

.1
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J I MAC index tor FIR (reusable: Klwuvs i I
1muluplyaccumulmcxrcusablca ‘
chlcl copy source (reusable) ‘A.................................................................-

F IL'scd by FEC cormcuon code |
\ L'sed for busync detect buffer ‘.-._._.........._._.._................. .- ...........................+

b |
..¢............._._. _.._.__.. ..__......-........ ._ .-_.. .. ........—..+
‘ 1
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VI. Parameter lnitilization Module

M0".I-II---n-Inl-u-I‘ll-Inl--n-.-u-uu-u-n-u--n-u-n-n-n-nu-I-o-IIIIIIIIIIII

‘ DSP Parameter lnuinhznuon code

‘ Hub Lmle

IItil--III-II...CU....I-I-x-UCHI-Ill-UOI-Itttnnnttill—UU-U'.l-.IIII---IIIIIa!

MODULE-RA M parameter _lmual|zuuon _:ode:

mnclude ‘ mph
”include "h|p.h

#mclude “dspcmdh”:

EXTERNA L u m»for_dsp_commm;
EXTERNAL queue _sugna1:

ENTRY prncstummeLer _cummund.

‘Illlltlllllllll-ICCIIllIllIUIOIIllllotullllllll-ll Int-llltll-IIIOII.IOOIll.-
.

‘ process_pnrm|ewr_conunand

.-----.--.-----.--nun-nu...-on.-------.......nun-u-n-n-ac.-n:--on:n------..,

process_pmlmler_command:

r" (:51 code -.~-..............-.-_....._...-..................._. -/

3x0 = 0x0.
dml HSR6_SHADOW i = mu).

no = dml HIP_DSP_COMMAND_SHADOW L
.1: = axU - I.

If ne Jump v.-an_fur_d.~:p_cumm:md;

310 = 3.

call queue_sxgnal:

P .___..--_.....__.____.___________-__ ______-__________-’

jump wan_for_dsp_conunand:

ENDMOD;
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VI I . Powerdown Module

‘ DSP Pcwemown codeu

‘ Herb L) llle

“on“...u-nnn.....-.--...........-u....-..nun-"unc-I-O"”-”"'!

MODULE/RAM powerdown_rude:

Mnclude ‘dspn‘

muclude "dspcmuvh'l

EXTERNAL uml_for_d5p_mmmand:

EmY process _powerdown_cummand:

r"‘IIIII-II-IIIII-u.-Iu...-u...-u.-nun--I...-----------......---¢u.-nun-I...

' process parameter .cnmmand

uc-uuuuuoceo-uuouuuc-uuunus-u.-no-ccccccoooc-Iooo-Iunun-unnc-IIItenuous-ucclf

pmc:ss_powerdawn _c onu'nnnd:

I.

' powerdnwn dsp'/

nxU = lel SPORT1_AUTOBUFFER_CONTROL ).
at = setbu I] 0! no;
drm SPORTI_AUTOBUFFER_CONTROL I = ar:

Jump wm_for_dsp_commnnd.

ENDMOD.
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VIII. RSSI Module
0--

:t-I-Inu-u-u-u-u-IIIu----------nun-nun...-It‘ll-unnluuuuuuaunt-itflfl'flflflflll

' DSP RSSI code

' Herb Lillle

.--....-........-...u-u.u"..nun..."-nun------------"""""""'l

MODULE/RAM RSSl_code:

#inelude "dsp.h "
“Include "dspcmd.h".
#mclude "hip.h"

CONST SPORTLENABLEJJIT = l l;
CONST lNITIAL_DISCARD_SAMPLE_COUNT = 2:
CONST MAXIMUM _SAMPLE_COUNT = .55:

EXTERNAL hexlelJull;
EXTERNAL rs5|_samp|e.

EXTERNAL process_dsp_cummnnd.
EXTERNAL wan_for_dsp_cummand:
EXTERNAL queue-sngnnl:

ENTRY prucess_RSSI_command;
ENTRY stop_spon l _scnal _pon:

.VAR/DM discard_sample_coum:
VAR/DM culleeted_snxnple_cuunl:

l...-u.---.---------.--..---.---.-----.---...-:-u.-.----.---.-----------..----

‘ process _RSSI_conunand

uInn-.--------------.u....u...-....n....--.-----Inn-u..-noun-II-nnununnunnuu’

process _RSSl_cummand.

sfl I12;

I.

‘ reset flags'I
no = 0;
dm hemetjull ) = axO:

330 = lNlTIAL_DISCARD_SAMPLE_COUNT;
dm( discard_sample_coum )= no:

u0 = MAXIMUM_SAMFLE_COUNT;
dint collected_sample_cnum I = no;

[I

' initialize register unable:c

' 1x1 = number of samples
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' JVU = LSW of accumulaled samples
' at = “SW 07 uccumulmed snmpies

' :n‘ls SCI [0 0 slnce we do not expect to need more than It: bus
' '10 mar: the accumulated samples.

3.x] :1}:
JVU = 0'.

ul‘ = pass 0‘

Jump \‘alidal:_RSSl_cummnnd.

' wan Ior command from the houIr

uanl_for_RSSl_currunand:

Idle:

1x0 = dmt HSR6_SHADOW );
Jr = lslbll HSR_DSP_COMMAND _8 IT or :30:
\f ne Jump valudate_RSSl _cnrnmanu:

.IXU = dm hellciJuH ).

.1: = pass 3.10;
Afne Jump coilecx_RSSl_mmple.

Jump wm_for_RSSl_conumnd:

validate<RSSl _commnnd:

,.
' reset HSR6
‘I
no = m0:
dmt HSRG‘SHADOW ) : uxu.
[-

' fetch the command bylc'l

1x0 = mm H!P_DSP_COMMAND_SHADOW L

[I

‘ swuch on command Iype
'l

ayl = RSSI_START_COMMAND:
a: = no - ayl:
If eq jump slan_RSSl_command;

ayl = RSSLSTOP_COMMAND:
a: = axl) - ayl:
Ifeq Jump stop_RSSl_commnnd:

(-

' invahd RSSI command
'I

call slop_spon l _sennl_pon:

resel I12:

148
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nop:
eel I] l.
nap:
reset 112:

Jump process_dsp_command;

[I[Cumin-III..-III-l-la...-IIII-lit-III-InnlfillllIII-II..l-DDUIIII'IIIIIIIII

‘ sun_RSSl_Lumrmnd

lIII-IIIIIIOIIUIIllllIIII[--IlllIlIII:[III-Innnlnlll-IUIIII-Ilntlllllltt-unf

\‘Ian_RSSl_commnnd:

r.

' dxsable auxobu ffenng'I
.110 :11.

dmt SPORTI .AL’TOBUFFER _CDNTROL I: uu:

' sun sport !

 .. . lllO senal word lcnglh- |
..00 data format (10 = rIghIJusmy. zero fill MSBs

- . . .1.. anCfl rccerve frame sync
mvcn tranmll frame sync

. inlemal receive frame sync enable
.. xntcmal transnut frame svnc enable

 

 

 

' . ,..1., .v. uansrmt frame sync wrdlh
‘ .. 1... uansmxx frame sync requued
' ”,1 .. . receive frame sync wudlh
' 1.11 . rccen-e frame sync required
' .1.. lmcmal semi clock generation
‘ 0... 1.. muluchannel enable

' 0l ll IlOl 1100 lllO =llx7dce
'I
no: 017DCE:
dml SPORTI_CONTROL‘1 = an):

I.

' set up sport clock0

' sample me = 500 hits/sec

‘ mam clock = 9 6 MHz

' modulus = mzun_clock I sampchale
‘ = 9 600 000/ 500
' = 19200
'/
M0 = I - 1.
11m! SPORTLCLOCK_MODULL'S )= axu.

1x0: I‘JZOO- i:
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dml SPORTI_RX_FS_.\1ODULL'S I = uxU:

‘ =nabl=spon 1u

no = dml SYSTEM _CO.\'TROL ).
at = <Clbll SPORT! _ENABLE_B[T ul' axl):
dml SYSTENLCONTROL I = AR:

[-

‘ :lanlmnsnuung command to DAC la read channel I
' Note: lhlS mlue IS consxnnllv transmmed-r

3x0 = 0x7000‘.
TXI = uxU:

Jump wanjnrfiSSl _:ummand:

(-c-o-n-o-o-n-c-o-o-n-nno.-n-n-.-o-not.stag-noocnoocnonnoogonausea-Icon...-'

' slop_RSSl_wmmando

u-u..--------------non-.--.--nos-o..-gano.anon-coon.---------I---IO""'--I

¢top_RSSl_conunand.

reset "2.

call slop_spon |_s<nal_pon:

[I

' dlvxdc accumulalcd RSSl values by number 0! samples

' ul = dmsorlnumber ol‘samplcs)
' af = MSW m dmdmd (U)
' :y0 = LSW nfdmdcd (accumulaxed RSSI value)

' ayo WI“ conum queuem
V
ASTAT = 0.

tin! HIP_DATA2 l = axl : /‘ pul ll of samples In HDRZ '.’

I.

‘ for Integer dmdes we need to shift the divtdcnd left one bu
' AEAYO: AYO <<l
'I
:1: MO:
sr= lshlflsi bv 1 (L0):
:y0 = «0:
if = pass srl:

CNTR: If):
do divichoop unul cc:

dlvxchuop: dwq ax l:

[I

' wmc qouent to Hl‘P
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.4

dml HIP_DATAO I = uyu:

1x0: dmt rssx_samp|c :; ‘ put new“ sample In HDRI '/
dml H[P_DATA1 I = uxu:

axl) = RSSLCOMPLETED.
call queue_s:gnnl:

Jump wan_for_dsp_cnmmand.

.- --.
/IU’.'~¥.U-ntttactunu-Il-u-u-Iu-In-utu-llnhtlIlt‘fl.x.ufl‘*‘l'"-.-*" "'

‘ CO“:CI_RSSI_S.lmpIC

III-OOCIIIIIOIIIIOIOOOICII.III-It‘llooo.ttuttttllltittlll-IIOCOCOIOIIOCIfit!

collect‘RSSl Esample:

loggle {12:

I.

' reset flag Indicating new ‘nmplc
‘I
no = 0.

DM(hc:uequll) = an):

I.

u0 = dml dlscnrd_sample_coum )
a: = 3:0 - l.
Ifeq Jump ge:_new_::lmple:

dnu discard_snmple>coum : = Au;
Jump Wau_for_RSSl_command.'!

get_new_sample:I.

' only collect 255 samples maxxmum'I

no = dm( colleclcd_sample_cuum I.
at = .130 - I.

if nq Jump wall_for_RSSl.cummmd:

dml colleaed‘samplefiuum l = at:

lI.

' gu new sample'f

3x0 = dml rssn_sample a:

ayl = 255'.
3r: axl) and am;
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1::umulale new eample‘4

a: = :1: + aw:
aw = at;
m,

' mcrement number or samples-r

ar=axl + L.
ul=ar:

Jump wau_for_RSSl_wnunnnd.

v-------------lCC-C-CC-C-C-C-Cll.-I.ICC-.-ll.-.‘CI-C-C-Cl.‘CI.-‘-----I----I
n

' slop_spon I _scnal_pon

.uuggggaaaau.an..."--"u...“u-uuuu...----....u--u..-nun-u;

.mpjpon |_-cnal_pun:

u0 = drm SYSTEM_CONTROL I.
a: = clrbn SPORTI _ENABLE_BIT of no.
mm SYSTEM_CONTROL ) = all):

no = 0.
dm( SPORTI __CONTROL I = all):

r15:

ENDMOD.
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lX. Timer Code Module for slot clock liming

158

flIt-I-IlIIII-I‘l-UxIl-l~..II-U‘llnitull-CIII’UII33ll-fllII‘I-IUI-I0....."..'-

' DSP Timer code for slol clock ummg uslng the sampling lnlCl’VJl an a
‘ tune reference.

‘ Based on Herb Llule's onglnol slot clock code usmg hardware timer1

' Manmas Wandel

uun-I-cun-uuyuugg.-...-..uno:oust...-.u-u-u-ans-u-attlt-Imoustac-It—ctI-cu-l

MODULE/RAM umcr_r:ode:
EXTERNAL queueisxgnal:

“Include “dsph ‘
fimclude "dspcmdh"

,-

‘ lm‘ual penod should be 40 ms tram nahe head [count bilsvnc "."Yl
' or Sims 1mm end of frame head. Added I ms [or mangm on 188 SW
' If slots axe wnh reSpeCI 0! sun of blenc. we must make dccodxng
' pan or the DSP code or do u mate pipellncd 1!: me 188.
' Mallhms
v;

CONST lNlTlAL_SLOT_CLOCK_PERIOD = 35 ' 356 + 156:

EXTERNA L wan_for_dsp_command:

ENTRY slan_slol_nmer:
ENTRY slop_slol_umer:
ENTRY updale_sl0l_umer.
ENTRY new_slol_value:

VARIDM slol_clock_pcnod:
GLOBAL slol_clock_penod.

VAR/DM countdown:
VARIDM sl Dl.counl_slan:

p .__ ._________,.-._______________________._____.______..______.......... 'I
l' Sun the slot umer - called {tom decode. '/
/' -—_...—--...._...._._.-_.---_.-.-..._._._.._...-___.-__.__.-n..' I
slan_slol_umcr:

no = 320: l' 40 mnhseconds .1: ll khz ucks '/
dmlc oumdownl = on):

l Called l0 Slop the umer {mm rumng, '1A ................................................................ '/

stop_slot,umer:
axl) = O:
dmlcoumdowm = all):
ns:
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, ' ...................................................................... -/

" This rouunc IS called 800) urnes per second while receive is acuve.
,-*-*..._.._............................................................... -/

updale_slol_llmert
axU = dmlcoumdov. m
a: = pass axU:
If eq as:
at = :1le - l .
dmlcounzdownl = at.
if ne ns:

f' counter has just counted down to zero. Time lor slot clock urne| '/
uxO = RECEIVED_SLOT_CLOCK;
call queue ygnal:

at) = dnusloLcouanmm:
dmlcuunmwnl = uxU'.
m:

m‘ ._.....—......--

/‘ This rouune :5 called when the slot Icnglh has changed "

 

_..............................._______________________________ -/

new_slol_v alue:
51 = dmIHIP_TI.\1£Rl.
st: Ishlfl H by I! lie). I' convert Io multiples of 8 khz '1
sr = lshll’x srU by -3 (lo): I' while truncaung unwanted bus wnh "

1' me shmer. 'I
dmslm_coum_stam = «U:
m:

EN DMOD.

160
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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 a a data transmission/reception network station
comprising:

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

(b) modulation/demodulation means. wherein the
modulation/demodulation means comprises
i. means for demodulating data received from the

transmission/reception means; and
ii. means fa modulating data generated by the host data

processing device;
wherein the means for demodulating data includes fre-
quency discrimination means for discriminating at a high
intermediate frequency digital data signal states expressed in
a signal of interest received from the transmission/reception
means and the means fa modulating data includes a digital
signal processor with a waveform transition loolmp table fa
storing a set of precomputed wavefa'm segments that are
pieced together by the digital signal processor to form a
modulated waveform.

2. The wireless radio modern of claim 1 wherein the

transmission/reception means and the modulation/
demodulation means are together physically enclosed within
the host data processing device.

3. The wireless radio modern of claim 1. wherein the

frequency discrimination means includes one or more
electronically-coupled piezoelectric phase-shin devices.

4. The wireless radio modem of claim 1. wherein the

means for demodulating data includes a single-step down-
converter connected between the transmission/reception
means and the frequency discrimination means. for convert-
ing the signal of interest from a reception frequency to the
high intermediate frequency in a single-step.

5. The wireless radio modern 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 modern of claim 1. wherein the

precalculated waveform segments represent baseband
modulated data.

7. The wireless radio modem of claim 6. wherein the

means fa modulating data includes a baseband modulata'
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 daim 8. wherein the

means for modulating data includes a quadrature modulata'
connected to the digital signal processor for converting the
precalculated waveform segments into an analog modulated
signal.

10. A miuoprocessa-less radio modem for use in con-
junction with a computing device containing one or more
microprocessors. wherein at least one of the one or more
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microprocessors of the computing device is utilized to
establish communications between the computing device
and one or more remote communications devices. the

microprocessor-less radio modem comprising:

(a) a receiver for the receipt of one or more received
signals from one or more of the one or more remote
communications devices;

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

(c) a demodulator for demodulating data received via the
receiver. the demodulator comprising:
i. frequency conversion elements that perform a single

conversion of at least one of the one a mae received

radio signals from its reception frequency to an
intermediate data discrimination frequency; and

ii. discrimination elements that paform frequency dis-
crimination at an intermediate data discrimination

frequency. wherein the discrimination elements
include one or mae electronically-coupled piezo-
electric phase-shift devices that retrieve baseband
information from the received radio signals.

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

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

(a) pre-calculating the elfect of a digital multibit trans-
mission stream on a wavefa'm shape associated with
one or more particular bits contained within the digital
multibit transmission stream to create a set of the

precomputed waveform segments;. wherein the pre-
calculating step includes the steps of:
i. generating a set of baseband modulated waveform

segments;
ii. accumulating the phase change of the baseband

modulated waveform segments to form phase accu-
mulated data; and

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

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

(c) receiving digital data; and

(d) transfa'ming the digital data into a modulated wave-
fmn 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.


