United States Patent [
Hepp et al.

4,751,726
Jun. 14, 1988

(111 Patent Number:
(451 Date of Patent:

[54] EKG TELEMETRY BASE STATION

[75] Inventors: Dennis G. Hepp, Coon Rapids; Paul
J. Beckmann, St. Paul; Thomas C.
Evans, Fridley; Robert A. Neumann;
Maynard J. Hoffman, both of Blaine;
Thomas L. Jirak, Plymouth, all of
Minn.

Futurecare Systems, Inc.,
Minneapolis, Minn.

[21] Appl No.: 838,997

[73] Assignee:

[22] Filed: Mar. 10, 1986

[51] Int. CL4 ..ovocrcnnnnen .. H0O4M 11/00
[52] US. Cl viiiricencnrcnirernienseas 379/93; 379/38;
379/106
[58] Field of Search ............ 179/2 A, 2 DP; 128/904,
128/903; 379/93, 97, 98, 104, 106, 38

[56] References Cited

U.S. PATENT DOCUMENTS

3,872,251 3/1975 Auerbach et al. .....cccvenunnee 179/2 A
3,872,252 3/1975 Malchman et al. . 17972 A
3,882,277 5/1975 De Pedro et al. ..oceceevernne 379/106

/6

3,885,552 5/1975 Kennedy ........ooooooommrren 128/904
4,004,577 1/1977 Sarnoff 128/904
4,173,971 11/1979 Karz ....... 128/904
4,428,381 171984 Hepp ..... 128/904

Primary Examiner—James L. Dwyer
Attorney, Agent, or Firm—Kinney & Lange

[57] ABSTRACT

A telemetry base station for use in a system also includ-
ing a patient worn EKG monitor and transmitter, and a
physician monitoring station. The base station is micro-
processor controlled, and includes a receiver for receiv-
ing FM EKG transmissions from the patient transmit-
ter, an A to D converter, a conventional telephone set,
used as an intercom to communicate with the physician,
and a data modem which is used for digitized transmis-
sions of the EKG signals. Base station functions includ-
ing selection of data or voice transmission are con-
trolled by a physician monitoring station. The base
station includes simulated telephone ringing functions
which assist in its use by patients without specialized
training,.

3 Claims, 13 Drawing Sheets
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1
EKG TELEMETRY BASE STATION

BACKGROUND OF THE INVENTION

The present invention relates generally to EKG and
patient monitoring systems, and in more particularity to
telephonic electrocardiogram monitoring.

Transtelephonic EKG monitoring has become rou-
tine for patients with implanted pacemakers. Typically,
such monitoring is short-term, and involves the patient
contacting the physician by phone, and employing an
EKG transmitter of the type described in U.S. Pat. No.
4,151,513, issued to Menken et al. Use of such device
typically requires the patient to apply EKG electrodes
to his or her body, and to subsequently couple the moni-
toring device to their telephone to allow for a brief
period of monitoring.

Long-term monitoring has typically been accom-
plished by means of a holter monitor, or similar device,
which stored long sequences of EKG strips either on
magnetic tape or in a digital memory as described in
U.S. Pat. No. 4,360,030 issued to Citron et al. With such
systems, the physician typically does not have the abil-
ity to monitor the patient’s condition in real time. As
such, when long-term real time monitoring is required,
patients often must remain in the hospital.

SUMMARY OF THE INVENTION

The present invention provides a system which al-
lows for continuous long-term transtelephonic EKG
monitoring. This system provides the benefits of long-
term EKG monitoring without requiring that the pa-
tient remain in the hospital.

The system includes a patient worn EKG monitor
and transmitter. This small, battery-powered device is
worn by the patient during the intended period of moni-
toring, and provides an FM modulated EKG signal. In
addition, the transmitter provides 2 KHz tone bursts
superimposed over the EKG signal in the event of ei-
ther a sensed pacemaker spike, or the pressing of a
patient alert button on the transmitter.

The base station includes an FM receiver which re-
ceives the transmitted EKG and 3 KHz bursts. The base
station includes an A/D converter and a modem, both
under microprocessor control, and sends a digitized
version of the EKG, along with the pacing spike and
patient alert indicators to the physician’s monitoring
station where they may be displayed and analyzed. In
addition, the base station includes a telephone set which
allows the patient to speak to the physician.

The base station is designed to allow operation by a
patient with a minimum of training. When the base
station is initially powered up and coupled to the pa-
- tient’s telephone line, it simply functions as a telephone.
This allows the patient to contact the physician or the
-physician to contact the patient in order to begin the
monitoring procedure. Once the monitoring procedure
has begun, the telephone is disconnected from the tele-
phone line, and the base station is coupled to the physi-
cian monitoring station by means of a 1200 baud
modem. While coupled, operation of the base station is
under control of the physician’s monitoring station. The
base station may be instructed to couple the telephone
to the phone line to serve an intercom function, to pro-
vide a calibration signal, to adjust the gain of the EKG
signal, to transmit a measured pacing rate, and to per-
form various other functions.
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One important feature of the base station is that in the
event the patient desires to contact the physician during
EKG monitoring, the patient need only remove the
hand piece of the telephone set and press a call nurse
button. This will initiate a digital transmission to the
physician’s base station indicating that voice communi-
cation is desired. While the base station waits for a
response, it causes a simulated ringing signal in the
earpiece of the base station telephone set. However,
digital EKG transmission continues uninterrupted until
and unless the physician elects to initiate voice commu-
nication and use the intercom function. Similarly, when
the physician desires to contact the patient, although
the telephone portion of the base station is not con-
nected to the phone line, a telephone ring occurs to
signal to patient that voice communication is desired.
This simulated telephone function is believed to be
particularly beneficial in that it is easily understood by
and familiar to almost all potential patients.

The structure and functioning of the base station is
described in more detail in the following brief and de-
tailed descriptions of the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan drawing of the base station.

FIG. 2 shows a plan drawing of the patient transmit-
ter.

FIGS. 3A through 3I are schematic drawings of the
circuitry within the base station.

FIG. 37 is a schematic drawing of the circuitry within
the patient transmitter.

FIG. 4 is a state diagram illustrating the basic func-
tional operation of the base station.

DETAILED DESCRIPTION OF THE
DRAWINGS

FIG. 1is a plan drawing of the telemetry base station.
The base station 10 includes an external telephone 12
coupled to the base station by means of a standard,
modular telephone jack 14. This station also includes a
telescoping antenna 16 which is coupled to the RF
receiver within. On the front of the base station are a
Call Nurse button 18 and two indicator lights 20 and 21
which indicate that the unit is transmitting information,
or that the Call Nurse button 18 has been pressed, re-
spectively. On the back of the unit, not visible in this
drawing, are two standard modular telephone jacks,
one of which is used to couple the base station 10 to the
patient’s telephone line.

FIG. 2 is a plan drawing of the patient transmitter.
The transmitter 22 is intended to be coupled to three
EKG electrodes by means of snap connectors 24, 26 and
28, mounted to conductors 30, 32 and 34, respectively.
The device includes a patient alert button 36 which the
patient may press in the event that the patient perceives
some cardiac abnormality or related sympton, such as
shortness of breath, dizziness, etc. The device is battery-
powered, with batteries accessible to the patient via
battery cover 38.

In use, three EKQG electrodes are attached to snap
connectors 24, 26 and 28, and placed on the upper right
chest, upper left chest and lower right chest, respec-
tively. The transmitter provides an FM modulated out-
put signal with a center frequency of about 216 MHz,
around which the EKG signal is modulated. In the
event that the device detects a pacemaker spike, a 10
msec., 2 killocycle tone is sent to the FM modulator,
and it is superimposed over the EKG signal. In the



4,751,726

3

event that the patient alert button 36 is pressed, a 60
msec., 2 killocycle tone is provided to the FM modula-
tor within the transmitter, and is superimposed over the
electrocardiogram signal. As will be discussed below,
these three killocycle tones are digitized by the base
station, and are distinguished by their differing dura-
tions.

FIGS. 3A through 3I illustrate the circuitry within
the base station. The circuitry is comprised of generally
available integrated circuit chips, and is discussed in
more detail below. For reference purposes, a parts list is
provided following the written description of the cir-
cuitry.

FIG. 3A illustrates the microcomputer chip 100 and
its associated reset circuit. Timing functions are accom-
plished using a 6.00 MHz crystal 102. The power-up
reset, which resets microcomputer 100 at either power-
up or a push-button reset via reset button 105, is con-
trolled by inverters 104, 106. Capacitor 108 charges via
resistor 109 at power-up and holds the pin 36 (RESET
IN) of microcomputer 100 low until it charges up, giv-
ing the internal circuitry of the chip enough time to
reinitialize. Microcomputer 100 as illustrated is an Intel
8085 processor chip.

FIG. 3B illustrates the circuitry controlling the ad-
dressing functions performed by microcomputer 100.
Microcomputer 100 has a multiplex bus in which the
data lines and the low order address lines are multi-
plexed on pins 12-19, coupled to the data/address bus
log 109.

In order for the microcomputer 100 to operate, the
address and data lines are separated out by latch chip
110. Each address cycle, the low address lines are
latched by latch chip 110 and coupled to the address bus
112. Driver chip 114 increases the drive capability of
the upper order address lines. Buffer chip 116 is used to
increase the drive capability of the eight data lines from
microcomputer 100 and is coupled to the data bus 118.
NAND gate 120 enables buffer chip 116 only during

memory read and write cycles.

"~ Selection of memory chips and memory mapped
input/output devices is done via decoder chips 122 and

"“124. Both decoders 122 and 124 are one of eight line

" decoders. Decoder chip 122 is used to select among the
random access and read only memory chips (FIG. 3C).
AND gates 126, 128 and 130 are used to further decode
the addresses for the RAM and ROM chips. Decoder
124 is the 1/0 decoder which accepts the high order
address lines and divides them into individual banks of
I/0 addresses to enable input to and output from the
various circuit chips. Resistors 132 and 134 are pull-up
resistors to hold the read (RD) and write (WR) lines
decoded by NAND gates 136 and 138 high between
read and write cycles, a facility which the microcom-
puter 100 does not provide. Inverters 140 and 142 are
hysteresis inverters which buffer and invert the RD and
WR lines prior to driving NAND gates 136 and 138
which in turn gate the RD and WR lines to the power-
up reset circuitry. NAND gates 136 and 138 ensure that
during power down conditions when the RAM chips
(FIG. 3C) are powered off of the internal battery (FIG.
3H), no spurious red and write signals will be applied to
the RAM chips.

FIG. 3C illustrates Input/Output RAM and timer
chip 144 and associated circuitry. This chip contains
256 bytes of RAM, a 14-bit binary counter, and 23 8-bit
input/output port chips. The clock signal for the inter-
nal timer is provided by the clock out/pin 37 of mi-
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4

crocomputer 100. The internal timer provides a 1.5
MHz CLXK signal on pin 8 which is used as a base timing
signal through the rest of the circuitry. Port A including
pins 21-28 of chip 144 is configured as an output port
used to drive various I/O devices which will be dis-
cussed individually. Port B including pins 29-36 of chip
144 is configured as an input port which is used to take
various input signals and supply them to the microcom-
puter 100. Port C including pins 37-39, 1, 2 and 5 of
chip 144 is used as an output port which again controls
various functions of the circuitry.

Timer chip 146 is a triple timer chip. This chip takes
the CLK signal at 1.5 MHz and in turn creates three
separate timing signals. A 20 Hz signal used for internal
timing and also to control the ringing functions is pro-
vided on pin 17 of chip 146. A 300 Hz timing signal
which is a 3.3 msec.interrupt for the microcomputer 100
and is the basic analog sampling signal for the system is
provided on pin 13. A 1 Hz timing signal is provided on
pin 10 and is used whenever intervals of 1 second or
more are required. Output of timing signals on pins 17,
13 and 10 are controlled by pins 37-39 of 1/0 chip 144.

Memory chip 146 is a read only memory chip. The
socket for chip 146 is configured via a jumper block 147
to be able to accept various types of read only memory
chips including 8 K, 16 K and 32 K byte ROM chips.
Real time clock chip 150 functions as a real time clock
source. It is programmed and set by microcomputer
100. Real time clock chip 150 employs its own 32.768
Killocycle crystal source including crystal 152 and
start-up capacitors 154 and 156 and maintains the real
absolute time independently of whether or not the unit
is powered.

FIG. 3D illustrates chips 158, 160, 162, 164, 166 and
168 which are 8 K by 8 random access memory chips.
Chip 168 is the fixed random access and temporary
storage memory chip for the entire systemn and is used
for temporary storage of variables. The remainder of
the random access memory chips are selected using
output port lines PC3, PC4 and PCS from pins 1, 2 and
5 of chip 144.

In FIG. 3DD, LED’s 170 and 172 correspond to the
power on and data transmitting indicator LED’s 20 and
21 (FIG. 1). Power LED 120 is on whenever power is
available in the unit. LED 172 is controlled by the AC-
TIVELITE line from pin 22 of 1/0 chip 144 and is
turned on via driver transistor 174. Switch 184 is a
momentary push-button switch with an integral light
emitting diode 186 and corresponds to Call Nurse
switch 18 (FIG. 1). The light emitting diode 186 is
controlled by transistor 188, controlled by the CALL-
NURSELITE line from pin 21 of I/0 chip 144. Switch
184 is read by microcomputer 100 via pin 30, I/0 chip
14.

FIG. 3E illustrates the telephone interconnect section
of base station 10. Modem chip 200 is a self-contained
1200 baud modein. This module functions as a complete
Bell 212A and Bell 103A compatible modem which can
be directly interfaced to a microcomputer bus, and also
allows direct connection to a telephone line on the
public switch network with pass through FCC registra-
tion. The modem chip 200 also has audio output and
inputs to allow analog audio signals to be coupled into
the phone line via microcomputer control. Modem chip
200, as illustrated, is an XE 1203 modem chip manufac-
tured by XECOM, Inc., Milpitas, CA.

Octal buffer chip 202 is used to buffer the data lines
going into the modem 200 and to provide additional
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digital drive capability and isolation. Buffer chip 202 is
a bidirectional bus buffer allowing both reading and
writing of data to the unit. Buffer 202 interfaces directly
to the microcomputer 100 via multiplexed Address-
/Data Bus 109, and uses the chip select pin 38 to read
and write. The hardware reset pin 39 is controlled by
the XERESET line from pin 25 of I/0O chip 144. This
provides microcomputer 100 with hardware reset con-
trol of the modem 200.

Jack 204 is the main phone line connection of the base
station 10 to the external telephone line. Standard tip
and ring connections are used. Pins 1 and 4 of the Jack
204 are not connected. Inductor 206 and resistor 208
and inductor 310 and resistor 212 are series components
used for surge protection between modem 200 and the
telephone line. These are standard telephone industry
interconnect components. Jack 214 is a two conductor
four position RJ type connection jack which is used to
connect the internal circuitry to the external telephone
12 (FIG. 1) mounted to the top of base station 10. Exter-
nal telephone 12 is not continuously connected to the
telephone line, but is connected selectively to the tele-
phone line via relay 218 controlled by microcomputer

100. When relay 218 is unenergized in the normally .

closed position, telephone 12 is connected directly to
jack 204. This connection allows the base station 10 to
function as a standard telephone set when the unit is
unpowered or if it should lose power for any reason.
Relay 218 is energized by transistor 220, controlled by
the ELITERELAY line from pin 27, 1/O chip 144.
When relay 218 is energized, telephone 12 is discon-
nected from the telephone line and connected to relay
216. Relay 216 in the normally closed position connects
the telephone set to a pseudo ring circuit. The psuedo
ring circuit is composed of transistor 224, resistor 226,
and AND gate 228 and allows a simulated ringing
sound to occur in the hand set of telephone 12. The
pseudo ring circuit is controlled by the PSEUDOR-
INGER line from pin 23 of 1/0 chip 144. The patient
hears a simulated ring back suggesting that the phone is
ringing at the physician’s monitoring terminal. In real-
ity, only a digital control signal has been sent and EKG
transmission continues across the telephone line. When
the pseudo ring function is enabled by the PSEUDOR-
INGER line, the 20 Hz signal which originates at pin 17
of timer chip 146 is applied to relay 216 by AND gate
228 and thereby applied to telephone 12 via relay 218
and jack 214,

When relay 216 is in the energized position, telephone
12 is disconnected from the pseudo ring circuit and
connected via relay 218 to transformer 232. Trans-
former 232 is used to create a high voltage signal of 250
volts AC which is used to ring the ringer inside the
telephone 12. The ring signal is created via the 20
HERTZ line from timer chip 146, gated with the RING
THE BELL signal from pin 24 of I/O chip 144 through
series of NOR gates 234, 236 and 238. The 20 Hz signal
is fed to power FETs 240 and 242 which provide the
primary drive circuit to transformer 232, the secondary
of which creates the 250 volt ringing signal at 20 Hz
which is provided to telephone 12. Telephone 12 will
ring only when it is in the on hook position with the
hook switch closed either in the cradle or with the hook
switch depressed by the patient when holding it in the
patient’s hand which is standard telephone set function.
Jack 204 is coupled to the hook switch of telephone 12
via optical isolator 250 which is powered through resis-
tor 252. When the telephone 12 is in the on hook posi-
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tion and presents a high impedance, the signal out of
optical isolator 250 is high. When telephone 12 goes off
hook, it presents a low impedance and the signal from
optical isolator 256 goes low. The signal on the ELI-
TEOFF hook line from optical isolator 250 is read by
microcomputer 100 through pin 36 of I/0O chip 144.

A second jack 254 is provided which allows a second
telephone line to be connected to the unit. In some
clinical applications, the base station is used on two
telephone lines simultaneously. Typically, in such an
application, a 49 MHz full duplex cordless voice system
is added to the unit. In this application, relay 218 is not
installed in the unit and telephone 12 is continuously
connected to Jack 204. In such application, connector
256 would connect jack 254 to the 49 MHz cordless
phone base circuitry and would provide power and
ground voltages and a digital signal to control the hook
switch. The hook switch control is provided by the
AUXHKSW line coupled to pin 26 of I/O chip 144.
When relay 218 is not installed in the unit, telephone 12
is effectively isolated from all other circuitry except
jack 204 and is not under any control of microcomputer
12.

FIG. 3F illustrates detection chip 258 and its associ-
ated circuitry. Detection chip 258 is a Teltone M981
call progress tone detection chip which allows mi-
crocomputer 100 to assess the operating condition of
the telephone line. An optical isolator 260 is used in
parallel across jack 204 and processes the sounds which
come across the line via resistors 262, 264, capacitors
266 and 268, resistors 270 and 272, operational amplifier
274, resistors 276, 278 and 280. This resistor capacitor
amplifier network amplifies and level shifts the signals
coming from opto-isolator 260 and applies them to de-
tector chip 258. Detector chip 258 has its own 3.58
MHz crystal 282, provides a filtering and selection func-
tion with four outputs which indicate receipt of call
processing tones on line CPTONE 1, 2, 3 and 4. These
outputs are available to microcomputer 100 via pins
32-35 of 1/0 chip 144. This allows microcomputer 100
to detect the presence of a 100 Hz call waiting tone
which is typically sent across the phone line in pairs of
two at 4 second intervals. When a call waiting feature is
installed on the patient’s phone line, detector chip 258,
in combination with microcomputer 100, circuitry al-
lows the detection of an incoming telephone call. The
base station 10 can then notify the physician’s terminal
and, on command of the physician’s terminal, allow the
telephone 12 to ring and allow the patient to access the
second incoming call.

FIG. 3G illustrates the power supply circuitry within
base station 10. Transistor 300 in combination with
xener diode 302, resistors 304, 306 and 308, transistor
360, diode 312 and battery 314 comprise the auxillary
battery power for the real time clock chip 150 and the
random access memory chips 158-168. In case of failure
of the external power supply or if the unit is not plugged
in, this network provides 2.7 volt battery voltage which
preserves the data in the random access memory chips
158-168 and keeps the real time clock chip 150 operat-
ing.

In FIG. 3GG, connector 316 is the main power con-
nector for the base station 10 and provides power to the
main circuit board from an external power supply (not
illustrated) which provide voltage of +12, +5and —12
V. Capacitors 318 and 320 are incoming filter bypass
capacitors. Voltage regulator 322 is an adjustable regu-
lator which via resistors 324 and 326 is set to provide
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the +9 volt power for the RF receiver circuitry (FIG.
3I). Voltage regulator 328 is a fixed regulator which
provides a=+5 V power supply for the digital circuitry.
Capacitors 330, 332 and 334 are output bypass capaci-
tors for the voltage regulators 322 and 328.

FIG. 3H illustrates the analog ECG processing cir-
cuitry of the base station 10. Connector 336 connects
the main circuitry to the RF receiver circuitry (FIG. 3I)
which provides EKG and patient indicator signals to
the main circuit. Connector 336 also provides the +9,
+5 volt and ground power to the RF circuitry.

The ECG processing circuitry is configured as two
independent analog ECG channels with independent
digitally programmable gain controls 338, 340 and an 8
channel A/D converter chip 342. Each channel pro-
vides both filtered and unfiltered ECG signals to mi-
crocomputer 100 and thus four complete channels are
capable of being processed by microcomputer 100.

The demodulated analog EKG signal enters through
amplifier 344, capacitor 346, resistor 348, resistor 350,
and capacitor 352. Capacitor 354 provides AC coupling
and level shifting for the incoming signal. The incoming
signal is typically a one volt peak to peak analog ECG
level shifted at a positive 23 volts. Resistor; 356 provides
a set level shift to allow the output of amplifier 344 to be
referenced back to the 0 volt ground reference of the
system. Chip 338 is a digital to analog converter chip
configured as a digital gain control. Sixteen gain steps
are provided. Gain control chip 338 connects directly
to the Data Bus 18. Amplifier 358 is the output amplifier
of the digital gain control section. Capacitor 360 and
resistor 362 provide feedback and filtering. The output
of amplifier 358 is fed directly into the EKG 1 input (pin
9) of the A/D converter chip 342, and fed simulta-
neously into a filter section which provides a 5 Hz to 50
Hz filtered version of the signal through the network
comprising amplifier 364, resistors 366, 368, 370, 372
and capacitors 374 and 376. The filtered ECG signal is
provided to pin 2 of A/D converter chip 342. The resis-
tor network, comprising resistors 378, 380 and 382,
provides various voltage taps into the unused A/D
converter channels and allows sampling of the ECG at
various amplitude levels. The alternate path from the
pin 3 of connector 336 to pins 8 and 5 of A/D converter
chip 342 is identical in function to the upper section
described earlier. Amplifiers 384 and 386 provide the
voltage references for the A/D converter chip 342.
Voltages of +5 and —24 volts are provided. The —2%
volts is provided via resistor 388. Capacitor 390 is used
to bypass the input voltage to amplifier 384. Amplifier
384 is used as a unity gain noninverter buffer. Amplifier
386 is also a noninverting buffer and the +5 V reference
voltage is provided via resistor 392 bypassed by capaci-
tor 394.

FIG. 3I illustrates the RF receiver section of base
station 10. This receiver is a dual superhetradyne 217
MHz RF receiver which takes in the frequency modu-
lated signal from the patient transmitter unit 22 and
provides the analog ECG output to connector 336
(FIG. 3H). The circuit employs a telescoping RF an-
tenna 16 followed by an amplifier 396 and filter section
398 and a mixer 400 from its own internal first oscillator
402. Because the circuitry herein is conventional, no
detailed description of its operation is believed neces-
sary. Local oscillator 402 provides a 57 MHz signal.
The signal is fed to the FM demodulator 404 which has
its own 10.245 MHz fundamental crystal source 572 and
a 455 KHz local oscillator. In conjunction with its ex-

10

15

20

25

30

35

40

45

50

55

60

65

8

ternal components, demodulator 404 demodulates the
FM signal and produces a data out signal which con-
tains the analog ECG signal with 2 KHz patient alert
signals and pacer spike signals superimposed. The data
out signal is fed to a filter section 405 including low pass
filter 406. Schmitt trigger 408 produces a TTL compati-
ble signal on output 410. Low pass filter 406 separates
the ECG signal (0-200 Hz) from the 2 KHz spike/pa-
tient alert signals. ECG signals on line 411 are provided
to pin 1 of connector 336 and the spike/patient alert
signals are provided to pin 9 of connector 336.

FIG. 3K illustrates the circuitry of the transmitter 22
which the patient wears. Operational amplifiers 412,
414 are used as a dual differential amplifier which ampli-
fies a signal from the two patient electrodes 418 and 420.
The electrodes are bypassed to ground by capacitors
422 and 424. Amplifiers 412, 414 are used as unity gain
buffers which are then fed into amplifier 426 which
provides an overall gain of 20. The amplified EKG
signal from each electrode is fed in parallel to a Med-
tronic 180297 Teletrace TM chip 428 manufactured by
Micro-Rel, Inc., Tempe, Ariz., which is used in this
application simply as an EKG spike detector. The cir-
cuitry andoperation of this chip are similar to that de-
scribed in U.S. Pat. No. 4,226,245, issued to Bennet, and
incorporated herein by reference in its entirety. Chip
428 has internal circuitry which provides amplification
and edge sense triggering and provides an output at pin
14 when a pacemaker spike is present on the skin. Am-
plifier 430 provides the drive current to the reference
electrode 432 of the unit which is the algebraic sum of
the signals created on two electrodes 418 and 420 and is
used to drive the patient’s skin to a common reference
voltage to increase common mode rejection. The ampli-
fied ECG out of amplifier 426 is fed to an additional
amplifier 434. This unit level shifts the ECG signal and
drives the RF oscillator circuit via diode 436. The trans-
mitter circuit uses a 70 MHz crystal 438 in conjunction
with a tank oscillator 440 and provides frequency mod-
ulated signals centered about 216 MHz. Amplifier 442
provides a reference voltage for the system. A 560 mi-
croamp constant current diode 444 is used via the feed-
back loop of amplifier 442 and provides a regulated bias
supply for the FM transmitter section. This circuit pro-
vides constant transmitter modulation and output re-
gardless of the internal battery voltage.

The output of the pacing spike detector chip 428 is
fed through NOR gates 446 and 448 which are config-
ured as a one-shot and provide a 10 msec. squarewave
signal. This 10 msec. squarewave is fed into the EKG
path via counter 450. If a pacing spike occurs, counter
450 is started and a 10 msec. burst of 3 KHz is sent to the
FM modulator. When the patient alert button 452 is
pushed, a minimuin 60 msec. burst of 3 KHz is provided
to the FM modulator. The two signal sources are inter-
locked by NOR gates 454 and 456 such that a pacing
spike via NOR gates 446 and 448 shuts off automatically
at 10 msec. The patient alert button 452 uses a separate
output path and oscillates for the 60 msec. period of
time, providing absolute differentiation between pacer
spike outputs and patient alert button pushes.

COMPONENT LIST

Integrated Circuits Type

100 80C85 Microprocessor
104,106,140,142 74HC14 Inverters

120,136,138 74HC132 Hysteresis NAND Gate
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-continued -continued
COMPONENT LIST COMPONENT LIST
126,128,130,228 74HC08 AND Gates 608 047 uH
110 74HCT573 Octal Bus Driver 5 310 035 uH
114 74HCT541 Octal Bus Driver
116,202 74HC245 Octal Buffer Transformers Type
122,124 74HC138 Decoder 538 10 MHz IF (Green)
144 81C55 1/0 RAM Timer 588 455 KHz IF (Yellow)
146 82C53 Timer -
143 27C256 ROM " Resistors Value (ohms)
158,160,162,164,166,168 TC5565 RAM 109 15K
150 MM358167 Clock 132,134,176,178,182,192 10K
200 XE1203 Modem 180,190 270
258 M981 Detector 145,147,149,155,230,226 10K
234,236,238,446,448,454,456  T4HCO2 NOR Gate 247,222 2K
274,344,358,364,384,386 CA3240 Amplifier 248,244,237,252,368,370,556 10K
250,260 LDA200 Opto-Isolator 15 246,514 120
338,340 AD7524 D/A Converter 284,264,262,263 5K
328 L.M320 Regulator 276,270,272 499K
322 LM317 Regulator 278 57.5K
342 AD7581 A/D Converter 280 49.5K
412,414,426,430,434,442 8023 Amplifier 203,204 22
740,742,744 7631 Amplifier 20 356,388,392 20K Adjustable
450 CD4060 Counter 357 180K
404 MC3359 Demodulator 350 7.5K
- 348 15K
Transistors Type 362 110K
174,188,220,235,300 2N2222 366 39.2K
224,310 2N2907 25 372 22K
240,242 4N15 378,380,382 300
506 3N211 308 10K
530 3N212 304 1K
558 2N918 306,336 47K
612 2N2857 326 1K Adjustable
Diod T 30 324 120
il e 500,502,526,528,584 100K
107,233,253,312,712 1N4148 534,542,544,548,592 100
444 1N5291 566 470
436 IN832 596 5.1K
302 LM103 - Zener 602,557 200K Adjustable
7 IN914 35 626,638,644 470K
Capacitors Value 628,636,656,666,670,654 82 M
630 62K
108,334 22 uF 623,646,650 91K
154,156 200 pF 656,664,720,722 100K
226,268,604,726,728,730,734 001 uF 676,674 110K
265 1 uF 660,694 10K
354 22 wF 40 672 56K
346,352,390,394,318,320,580, .1 uF 682,686 75K
582,738 690,724 47K
360 015 uF 702 20K
374,376,332 33 uF 104 270K
330,590 47 uF
504,518,532,536,552,568,620, .01 uF 45 706,724,726,728 22M
708 43M
622,684 714 18 M
508 1.8-6 uF Adjustable 716 1'5 M
512,554 2.8-12 uF Adjustable 718 S'ZK
516 01 uF
522 33 pF
524,554 2.8-12 pF Adjustable 50
546 5 pF DETAILED FUNCTIONAL DESCRIPTION
560,614,736 68 pF ) )
570 9-50 pF Adjustable The operation of the telemetry base station can most
5;; 150 uF conveniently be described in terms of a finite state ma-
3 68 uF chine. FIG. 4 illustrates the various functional states of
586,688,700,678,595 150 pF ) - i
598,680,692 1uF 55 the machine, and summarizes the conditions for chang-
592 10 mF ing from one state to another. Understanding of the
2(1)(6) 3-112: pF Adjustable functioning of base station 10 may be facilitated by
3p . referring to FIG. 4 in conjunction with the following
616 4-40 pF Adjustable X . e
624 100 pF detailed description of the states and transitions be-
634,652,648 4T uF 60 tween states of the base station. The function of the base
g‘;g,g‘z 88 -10%33 uF station in each state, as well as the conditions for chang-
2442273 4;0 gl; ing states and the operations involved in changing states
668 68 UF are all controlled by the program stored in the read only
Inductors Valoe memory 146‘ (FIG. 3A). The source f:ode for the pro-
YT oo 65 gram stored in read only memory 146 is set forth below.
520 02: ot The program as set forth is written in Pascal and in
550 1uH assembly language. Compilaton and assembly of the
564,618 47 uH program for loading into read only memory 146 is ac-
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complished via a Hewlett-Packard 64000 Microcom-
puter Development System.

STATE X

State X, as illustrated in FIG. 4, is the initialization
state. During the initialization procedure, all interrupts
to microcomputer 100 are disabled. The 1/0 chip 144 is
then started up, and the output states of gates PC0, PC1
and PC2, at pins 37-39, are set to control the operation
of timer chip 146. Timer chip 146 is then set to provide
a 300 Hz (3.3 msec.) signal on line INT 75 which func-
tions as the basic sampling frequency signal and is pro-
vided as an interrupt to the microcomputer 100. In
addition, timer chip 146 is programmed to provide a 20
Hz signal on the 20 HERTZ line from pin 17. This 20
Hz signal is used for a variety of functions including as
a clock input to pin 9 of chip 146. Subsequently, the
input latch (pin 7) to microcomputer 100 from interrupt
line INT 7.5 is reset, and the interrupt function of this
latch is masked. All other interrupts are enabled. Fol-
lowing this, timer chip 146 is set to provide a one sec-
ond time out signal on line INT-55 (pin 10). This one
second interval is used to time all intervals measured in
multiples of one second. Following set-up of the timing
intervals, the variables RING NURSE, PT CALLING,
and PT GAVEUP are all set false. The amplifier gain is
adjusted to an initial setting by gain control 338, the
Call Nurse light is turned on, and NEXT STATE is set
to A.

TRANSITION TO STATE A

Upon determining that the NEXT STATE=A, and
that STATE, indicative of the present state of the ma-
chine, is not equal to A, the transition to state A begins.
This transition begins by turning on Active light 172,
and turning off the Call Nurse light 186. In addition, the
one second timer is set to time a period of one second.
- After this one second interval, reset of the modem chip

200 begins.

.. Reset of the modem chip 200 includes hanging up the
;- internal phone hook within the modem 200, and subse-
quently setting the modem to operate in an asynchro-
nous data transfer mode, with parity disabled. In this
mode, the modem provides 10-bit asynchronous signals
consisting of a first start bit, eight data bits, and a final
stop bit. The 8-bit data words may signify an amplitude,
if the modem 200 is transmitting digitized EKG signals,
or may be a command or indicator code. Finally, the
modem 200 is enabled to receive and transmit data by
entering appropriate commands through pins 27-34.
Following the reset of the modein 200, the Call Nurse
light 186 is turned on, and the Active light 172 is turned
off.

Next, the telephone 12 coupled to the base station via
phone jack 214 is coupled directly to the telephone line
Jjack 204 by means of relay 218. Subsequently, the one
second interrupt via line INT 5.5 to pin 9 of microcom-
puter 100 is masked. The PSEUDORINGER, RING
THE BELL, and RING RELAY lines from I/0 chip
144 are then all set low, disabling the ringing and
pseudo ringing functions. The RING STATE,
MODEMCONNECTFAIL, MODEMCON-
NECTED, and SPIKEENABLED variables are all set
false. The Call Nurse light 186 and Active light 172 are
then turned off and STATE is set to equal NEXT
STATE. The base station 10 has now entered state A.
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STATE A

In state A, the base station 10 merely waits and
checks to see whether the variable ELITEOFFHOOK
is true, indicating that the external telephone 12 has
gone off hook. If the external telephone 12 goes off
hook, the NEXT STATE is set to “0”, which begins the
transition to state O. Telephone 12 is coupled directly to
the phone line and functions normally.

TRANSITION TO STATE O

During the transition to state O, a time period of
twenty seconds is initiated, and interrupt port RST 5.5
(pin 9) of the microcomputer 100 is unmasked to allow
counting of the one second interrupts from timer chip
146. The STATE is set to equal NEXT STATE vari-
able, and the device enters state O.

STATE O

During state O, the twenty-second timer functions by
decrementing SECONDS LEFT by one with each one
second interrupt from timer chip 146 on line INT 55.
During state O, the variables ELITEONHOOK which
is true when the telephone 12 is on hook, CALL-
NURSEPRESS, which is true when the Call Nurse
button 184 is pressed, as well as SECONDSLEFT are -
all monitored. If telephone 12 goes on hook prior to
either the Call Nurse button 184 being pressed or the
time-out of the twenty second interval, NEXT STATE
is set to “A”, and the transition to A, as described
above, begins again. If either the Call Nurse button 184
is pressed or the twenty second interval times out (SE-
CONDSLEFT =0) prior to the telephone 12 going on
hook, the NEXT STATE is set to “C”, and the transi-
tion to state C begins.

TRANSITION TO STATE C

During the transition to state C, the 3.3 msec. inter-
rupt port, RST 7.5 (pin 7), of microcomputer 100 is
masked. Subsequently, the command register of modem
200 is reloaded to enable the receiver and transmitter
therein . Modem 200 is then placed on hold and data
buffer 202 is cleared. Modem 200 is then set to receive

" and placed in DTMF receive mode so that it will recog-

nize DTMF codes as data. The variable WRITEENA-
BLED is set false, and STATE is set to equal NEXT
STATE. The base station now enters state C.

STATE C

During state C, ELITEONHOOK is monitored. If
this variable goes true, indicating that the external tele-
phone 12 has gone on hook, NEXT STATE is set to
equal “A”. Otherwise, the Call Nurse light 186 goes on,
and base station 10 waits for receipt of data from
modem 200 indicating the receipt of a DTMF A tone by
modem 200. The base station then continues to wait for
the receipt of a DTMF B tone from the physician’s
monitoring station. If the DTMF A and B tones are
received in their proper order, NEXT STATE is set to
“D”. Base station 10 will continue to wait for receipt of
the properly ordered A and B tones until the external
phone 12 goes on hook. As discussed above, if the exter-
nal phone 12 goes on hook, NEXT STATE is set to
“A”, and the transition to state A, discussed above, is
once again initiated.
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TRANSITION TO STATE D

During the transition to state D, modem 200 attempts
to establish communication with an identical modem in
the physician’s monitoring station. The Call Nurse light
186 is turned off, and the data link attempt is begun. The
bell ringing circuitry is disabled and the external phone
12 is disconnected from the jack 204 by relay 218. The
data register of modem 200 is then loaded with the
character “A”, which allows the modem to transmit
modem answer tone. If modem 200 receives a proper
modem response carrier frequency from the physician’s
monitoring station, the modem 200 assembles a “—" in
its data register. The data register of modem 200 is read,
and if it contains a “—, the microcomputer 100 enables
modem 200 for two-way transmission by writing appro-
priate command bits in to its data register. If the con-
nect attempt was successful, MODEMCONNECTED
is set true. If not, then MODEMCONNECTFAIL is
set true. The data queue for the 8-bit EKG data from
A/D converter 342 is reinitialized, and RST 75 inter-
rupt (pin 7) of microcomputer 100 is unmasked to allow
for sampling of data from A/D converter 342. STATE
is set equal to NEXT STATE, and the base station
enters state D.

STATE D

In state D, the base station checks to see whether the
previously attempted modem connection to the doc-
tor’s monitoring station was successful. If this connec-
tion was successful, as indicated by MODEMCON-
NECTED being true, then NEXT STATE is set to
equal “E”. If MODEMCONNECTFAIL is true, then
NEXT STATE is set to equal “J”. Transition to state E
or J then begins.

TRANSITION TO STATE E

In the transition to state E, the Active light 172 is
turned on. The ringing relay 216 is disabled, and the
queue of data for transmission is again reinitialized.
STATE is then set equal to NEXT STATE and the
base station enters state E. The transition to state E may
also be made from state H, discussed below. If so,
PTGAVEUP is set true.

STATE E

In state E, the base station transmits digitized values
of the ECG signal. The digital value of the ECG signal,
as stored in the data register of A/D converter 342, is
read each 3.3 msec. in response to the interrupt on line
INT 75 from pin 15 of chip 146. With each interrupt on
line INT 75, the data present in the output register of
the A/D converter 342 is read. Because modem 200
transmits at a maximum rate of 1200 baud, and because
the data words transmitted by modem 200 are 10-bits
long, modem 200 is not able to transmit each 8-bit byte
assembled by the A/D converter 342. For this reason,
the interrupt driven SAMPLER subroutine performs
an averaging function. Each 10 msec., the sampler rou-
tine provides a byte to the modem 200 for transmission.
This byte represents the running average of the sampled
bytes obtained from the A/D converter 342. In addi-
tion, if the spike detection function has been enabled
with each 3.3 msec. interrupt, SAMPLER checks to
determine whether SPIKE is true. If SPIKE is true, this
is indicative of the fact that the SPIKEDETECT line
coupled to the radio receiver by pin 9 of connector 336
has gone high. In this case, the SAMPLER routine
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provides spike indicator code to modem 200 for trans-
mission.

Sampled data presented to the modem for transmis-
sion takes several forms. Byte values of 001 hexadecimal
(001H) to O0FDH are reserved for indicating EKG am-
plitude. If the value of the averaged bytes from A/D
converter 342 is equal to 0FFH or OFEH, then the value
is modified to OFDH. If the averaged value is 00H, then
it is modified to 001H. This acts as a software filter of
extreme EKG values, and allows the use of bytes hav-
ing values of 00H, O0FFH, and OFEH as indicators. If
SPIKE is true during any one of the three readings of
data from A/D converter 342 between modem trans-
missions, the SAMPLER subroutine will set the data
sent by modem 200 to OFFH. This allows the physi-
cian’s base station to detect the occurrence of a pacing
spike. Similarly, because the pressing of the push button
on the patient’s transmitter also activates the spike de-
tection circuitry within the receiver, but for a longer
time period (60 msec.), it allows the physician’s moni-
toring station to determine that the patient has pressed
the alert button 36 on the patient transmitter 22, because
sequential OFFH bytes will be decoded by the physi-
cian’s monitoring station.

During state E, the base station’s own EKG monitor-
ing and analysis software is functional. This software is
similar to and derived from the software used to control
the operation of the portable EKG acquisition unit
described in U.S. Pat. No. 4,360,030, incorporated
herein be reference in its entirety. The EKG analysis
and processing software in the present application dif-
fers in that it has been converted from Intel and NSC
800 assembler format to HP64000 8085 assembler for-
mat, the code has been modified to use the base station’s
170 capabilities, and some variable names have been
changed and features deleted.

The EKG processing and analysis may conveniently
be divided into real tiine and nonreal time functions.
Sampling of data from the A/D converter 342 is under
the control of the 3.3 msec. interrupt driven SAM-
PLER subroutine. The SAMPLER subroutine reads
the 8-bit data register of A/D converter 342 each 3.3
msec., accumulates five sequential values and maintains
a running average of those values. Each 10 msec., the
SAMPLER subroutine calls the INBYTE subroutine
which determines what information byte will be loaded
into the modem for transmission. The SAMPLER sub-
routine will present either the averaged EKG value or
the spike detect code OFFH. The SAMPLER subrou-
tine is enabled during initiation of the data queue during
the transition to state D. Each 10 msec., the INBYTE
subroutine determines which of a variety of available
information bytes will be transmitted by the modem
200. These data types include command bytes, calibra-
tion bytes, and EKG/spike bytes. The INBYTE sub-
routine prioritizes data transmission in this order.
Whenever called, the INBYTE subroutine first checks
to see whether a command byte is avaliable for trans-
mission, then checks to see whether the calibration
generation routine (discussed below) is functioning and,
in default, loads and transmits the EKG/spike detect
information from the SAMPLER subroutine.

During state E, a number of variables are monitored
to determine whether commands, rather than EKG
data are to be sent by modem 200 to the physician’s
monitoring station. If the PTCALLING variable is
true, the command 002H will be loaded into the modem
for transmission. If the RING NURSE variable is true,
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then the command 001H will be loaded into the modem
for transmission. If the variable PTGAVEUP is true,
006H will be loaded into the modem for transmission.
Transmission of such command bytes is always pre-
ceded by a OFEH byte, which indicates to the physi-
cian’s monitoring station that the following byte is a
command byte. As such, each command is a two byte
transmission.

PTCALLING indicates that the patient has lifted the
receiver of the external telephone 12 in order to contact
the physician. RING NURSE goes true when the pa-
tient presses Call Nurse button 184. If both of these
codes are transmitted, the physician’s monitoring sta-
tion is informed that the patient desires to use the inter-
com function of the base station, as described in the
description of state F, below. The PTGAVEUP vari-
able goes true when the patient hangs up the external
telephone 12. The significance of these transmissions is
discussed below.

PTALERT indicates that the base station 10 has
decoded the occurrence of a string of sequential spike
detects. During sampling of the incoming signal by the
SAMPLER subroutine, a running count is kept of the
number of times that SPIKE has been true during the
previous 10 3.3 msec. interrupts. If SPIKE has been true
for five of the previous ten 3.3 msec. interrupt cycles,
PTALERT is set true. In this case, the INBYTE sub-
routine will select the command 001H (same as RING
NURSE) for transmission. This feature allows the pa-
tient to inform the physician’s monitoring station of a
problem, without being in the immediate vicinity of the
base station 10.

CALGENCOUNT indicates the status of calibration
signal generation. If calibration signal generation is
underway, indicated by CALGENCOUNT not equal
0, then the INBYTE subroutine will transmit an appro-
priate calibration signal value. The calibration signal
generation activity is triggered by the receipt of a com-
mand by the modem 200, and is discussed below.

SEND RATE indicates that the modem 200 has pre-
viously received a command to transmit the patient’s
heart rate. If SEND RATE is true, the modem initiates
a command transmission consisting of a first 0FEH byte
and a subsequent byte, RATE TO SEND, between 40H
and 255H, indicating the patient’s heart rate. RATE TO
SEND is generated by the nonreal time portion of the
EKG signal processing. Although this function is de-
scribed in more detail in the above-referenced Citron et
al patent, the basic functions can be summarized as
follows. During real tiine sampling of the EKG signal
bytes from A/D converter 342, the amplitude and slope
of the EKG signal are monitored. In the event that a
particular string of EKG bytes are likely candidates to
be QRS complexes, indicative of hearbeat, such data is
loaded into RAM, for analysis by the RSENSE subrou-
tine. This subroutine determines whether the QRS can-
didates are, in fact, QRS complexes. The time differen-
tial between detected QRS complexes is stored. After
four QRS intervals have been detected and validated,
an average interval is calculated, which is translated
into an average heartbeat rate. This is the RATE TO
SEND byte. If this byte is available and the modem 200
has received a request for rate information from the
physician’s monitoring station, the OFEH byte, fol-
lowed by the RATE TO SEND byte will be transmit-
ted by the modem 200.

In addition to transmitting data commands during
state E, the base station monitors the modem 200 for
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incoming commands from the physician’s base station.
Modem 206 is a full duplex modem, so receipt of incom-
ing commands delays transmissions out for a few milli-
seconds, but does not prevent their transmission. If the
modem 200 has received a commmand and that command
is available and assembled in the data register of the
modem 200, the base station will then read the com-
mand to determine whether it is one of a number of
predetermined command bytes.

If the GAINUP command 00AH is received, mi-
crocomputer 100 performs a subroutine which increases
the gain of the EKG signal as applied to the A/D con-
verter 342. This function is controlled by chip 338
which functions as a digital gain control for the analog
EKG signal. Similarly, if the GAINDWN command
00BH is received, microcomputer 100 decrements the
gain of the EKG signal. This allows the physician’s
monitoring station to adjust the gain of the telemetry
system in order to optimize the EKG signal. If the comn-
mand 005H is received, the spike detect function of
microcomputer 100 via pin 5 is enabled, if the command
06 is received, the spike detect function is disabled.

An additional command which may be received by
modem 200 is the GO TO INTERCOM command
002H which, in conjunction with a determination of
whether telephone 12 is on hook, initiates a change to
either state G or state F. If GO TO INTERCOM is
received and the telephone 12 is on hook, then NEXT
STATE is set to “G”. But if the telephone 12 is off
hook, then NEXT STATE is set to “F”. ‘

If the command OFEH is received, the calibration
signal generation routine is begun. This routine is driven
by the INBYTE subroutine which transmits, sequen-
tially, two bytes indicating the precalibration value
(PRECALVAL), ten bytes at a value equal to the pre-
calibration value multiplied by the amplifier gain setting
provided to the digital gain control 338 (STEPCAL-
VAL) and two bytes indicating the post-calibration
value (POSTCALVAL), which is equal to the precali-
bration value. This allows the physician’s monitoring
station to calibrate its own EKG analysis circuitry. As
discussed above, transmission of the PRECALVAL,
STEPCALVAL, and POSTCALVAL bytes takes pre-
cedence over EKG and spike detect transmission, but
will be interrupted by command transmissions to the
physician’s monitoring station. If the command 007H is
received by the modem, then SEND RATE is set true,
triggering transmission of the RATE TO SEND byte, if
available.

If a command is indicated as having been received by
the modem 200, but is not a valid byte or cannot be
read, the command received is set to 00H, clearing the
register and allowing transmission of data out. At any
time during state E, if the patient lifts the receiver of the
telephone 12 off hook and presses Call Nurse button
184, then NEXT STATE is set to “H”, triggering the
transition to state H.

TRANSITION TO STATE H

Transition to state H begins with turning Call Nurse
light 186 on, and setting PTCALLING true. This trig-
gers a transmission of the PTCALLING code to the
physician’s monitoring station, via modem 200 as de-
scribed above in conjunction with state E. Because the
transmission of data from the modem to the physician’s
station is interrupt driven, it continues during the transi-
tion to state H. The base station then enters a ring back
procedure which involves setting RING STATE true
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and setting RING NURSE true. As discussed above,
setting RING NURSE true will initiate a transmission
of the code corresponding to RING NURSE to the
physician’s monitoring station. In addition, the relay
218 is set to couple telephone 12 to jack 204, in parallel
with the modem 200. The psuedo ringing circuit is
energized to allow the ringing relay 216 to generate a
simulated telephone ring, which the patient will hear
through the earphone of the telephone 12. This simu-
lated ringing, however, does not interfere with the con-
tinued transmission by modem 200 of EKG and other
data to the physician’s monitoring station. At the same
time, it simulates normal telephone function, and indi-
cates to the patient that he has contacted the doctor’s
monitoring station. After the pseudo ringing procedure
is initiated, STATE is set to equal NEXT STATE, and
the base station enters state H.

STATEH

In state H, microcomputer 100 waits for the nurse or
physician at the physician’s monitoring station to pick
up the phone in order to initiate voice contact. During
state H, the simulated ring is allowed to stay on for one
second, and is then turned off for three seconds by
setting the PSEUDORINGER line high and low, se-
quentially. This procedure continues until and unless
the modem 200 receives the GO TO INTERCOM
command 002H. In this case, NEXT STATE is set to
“F”. If the patient simply hangs up the phone, NEXT
STATE is set to “E” and the base station enters the
transition to state E, as described above. As noted in the
discussion of the transition to state E, the fact that the
previous state was H will set PTGAVEUP true, trig-
gering transmission of the command byte 006H. This
will alert the physician’s monitoring station that the
patient no longer desires voice contact. While the base
station is in state H, during the psuedo ringing proce-
dure, the RING NURSE variable is alternately set true
and false, initiating spaced transmissions of the RING
NURSE code to the physician’s monitoring station. The
overall result of this is that the RING NURSE code is
sent to the physician’s monitoring station once every six
seconds signaling the patient’s desire for voice commu-
nication.

TRANSITION TO STATE F

Transition to state F begins with the turn off of the
Call Nurse light 186 and the Active light 172. The bell
ringing functions are disabled, and the procedure of
entering the intercom state is begun by masking of the
3.3 msec. interrupts to microcomputer 100, via pin 7.
Because the 3.3 msec. interrupts are necessary in order
to transmit digital data via the modem, this disables the
modem from transmitting although it remains con-
nected to jack 204. Modem 200 is on hold temporarily
while the data buffer 202 associated with modem 200 is
cleaned out. Modem 200 is then enabled to receive and

switched to DTMF mode to enable recognition of

DTMF tones as data. The external phone 12 is then
coupled to the phone lines via relay 218. STATE is set
equal to NEXT STATE, and the base station enters
state F. It is important to note that until and unless the
intercom function is achieved, data transmission contin-
ues.

STATEF

In state F, the telephone 12 is connected to the phone
line, allowing the telephone 12 to function as an inter-
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com between the patient and the physician. During
state F, the base station 10 behaves as during state C,
and looks for a DTMF A tone followed by a DTMF B
tone. Although modem 200 is disabled from transmis-
sion, it is still capable of receiving and decoding the
DTMTF tones. In the event that a DTMF A followed by
a DTMF B is received, NEXT STATE is set to I, and
the transition to state I is initiated.

TRANSITION TO STATE 1

During the transition to state 1, an attempt is made to
link modem 200 to the modem in the physician’s moni-
toring station, precisely as discussed above in conjunc-
tion with the transition to state D. After the attempt to
link has been made, STATE is set to equal NEXT
STATE, and the base station enters state I.

STATE 1

State I is virtually identical to state D, discussed
above. In state I, the base station checks to see whether
the attempted connection to the modem at the physi-
cian’s base station was successful. If the connection was
successful, then NEXT STATE is set to equal “E”. If
unsuccessful, then NEXT STATE is set to equal J,
triggering the transitions to those states. The transition
to state E has been discussed above.

TRANSITION TO STATE J

During the transition to state J, the 3.3 msec. inter-
rupt to pin 7 of microcomputer 100 is first masked.
Relay 218 is then commanded to disconnect telephone
12 from jack 204. The modem 200 is then reset, as de-
scribed above in conjunction with the transition to state
A, and is enabled to transmit and receive. The Active
light 172 and the Call Nurse light are turned off, and the
bell ringing functions are disabled. MODEMCON-
NECTED and MODEMCONNECTFAIL are both
set false, the Active light 172 is turned on, and AU-
TOATOG is set true. A one second time interval is
begun, and STATE is set equal to NEXT STATE. The
base station 10 now enters state J.

STATEJ

In state J, the base station 10 waits for a reconnect
attempt via a new phone call from the physician’s base
station. During state J, the modem 200 is monitored to
determine whether ring signals are present on the phone
line. If so, NEXT STATE is set to “K”. Otherwise, the
Active light 172 is flashed on and off at one second
intervals, while waiting for ring signals.

TRANSITION TO STATE K

During the transition to state K, the Active light 172
and the Call Nurse light 186 are first turned off. A data
link connection between modem 200 and the modem at
the physician’s base station is then attempted. This data
link attempt corresponds to the data linking attempt
described in conjunction with state D, above, and in-
cludes disabling of the ring back and bell generators by
setting a RINGTHEBELL line and PSEUDOR-
INGER lines low and the ELITERELAY line high,
via 1/0 chip 144. The modem 200 is then set to have a
command written into it, and the modem 200 is com-
manded to enter the answer mode. The modem 200
transmits a modem answer tone, and waits for a re-
sponse from the modem in the physician’s monitoring
station. If a proper modem carrier response is detected,
then MODEMCONNECTED is set true. If the re-
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sponse is anything else, then MODEMCONNECT-
FAIL is set true. The data queue is then initialized, and
STATE is set to equal NEXT STATE. The base station
10 then enters state K.

STATE K

State K corresponds to state D, and simply checks for
a successful data link to the modem of the physician’s
base station. If MODEMCONNECTED is true, then
NEXT STATE is set to “E”. If MODEMCONNECT-
FAIL is set true, then NEXT STATE is set to “J”. The
transitions to states E and J have been discussed previ-
ously.

TRANSITION TO STATE G 15

As discussed above, in the event that the GO TO
INTERCOM command is received during state E, and
the telephone 12 is on hook, NEXT STATE was set to

“G”. During the transition to state G, the Active light 20

172 and the Call Nurse light 186 are turned off. The
procedure for connecting external telephone 12 as an
intercom telephone is then begun. First, the 3.3 msec.
interrupt to pin 7 of microcomputer 100 is masked.

Modem 200 is then placed oh hold and the data buffer 25

202 is then cleaned out. Modem 200 is then placed in
DTMEF mode to enable recognition to DTMF tones as
data and then is enabled for transmission and receiving.
Because the 3.3 msec. interrupt to pin 7 of microcom-
puter 100 has been masked, no data transmissions from
modem 200 to the physician’s base station may occur.
Relay 218 connects telephone 12 to the phone line.
Finally, the relay 216 is activated in order to initiate the

ringing of the bell. STATE is set to equal NEXT ;5

STATE, and the base station 10 enters state G.

STATE G
During state G, the bell of telephone 12 is rung in

20

enter the intercom function (state F). During state G,
the bell is sequentially turned on and off for three sec-
ond time periods, until one of two events occurs. The
first event is the expected response that the patient lifts
the hook of telephone 12. If this occurs, NEXT STATE
is set to “F”, and the transition to sate F begins. This
transition has been discussed above. Alternatively, if the
patient does not respond to the ringing telephone 12, the
physician’s base station inay send a DTMF tone equal to
the character “a” or “*”. During state g, the modem 200
is monitored to determine whether a data transmission
from the physician’s base station has been received. If
so, the command received is checked to determine
whether it is one of the two previously denoted charac-
ters. If so, then NEXT STATE is set to L. Otherwise,
buffer 202 is cleared, and the base station continues to
wait for either a valid command from the physician’s
base station or for the patient to lift the phone.

TRANSITION TO STATE L

The transition to state L. corresonds exactly to the
previously described transition to state K and to state
D. This transition includes an attempt to establish a data
link between modem 200 and the modem in the physi-
cian’s monitoring station. After the attempt, NEXT
STATE isset to “L”, and the base station 10 enters state
L.

STATE L

State L corresponds to states D and K described
above. In state L, the base station 10 checks to deter-
mine whether the attempted data link which previously
occurred has been successful. If MODEMCON-
NECTED is true, then NEXT STATE is set to “E”. If
MODEMCONNECTFAIL is true, then NEXT
STATE is set to “J”. The transitions to states E and J
have been described above.

The software listing describing the function of the

order to signal the patient that the physician desires to 40 base station 10 in more detail follows below.

FIic: SM3:BOBEST HP 64060 - Pascal *6lioy Coge Generator
16008 1 ‘"88s’

2 0000 1 SEXTENSIONS ON$

3 0000 1 $SEPARATE ON$

4 000C 1 SOPTIMIZE OFF$

5 N0C | PROGRAM 5;

b 0000 1

7 8000 1 CONST

8 0808 1  PTCALLINGNURSE = #2H;

9 9500 1 TIME_BOES_BY = MUc;
18 0106 1

11 000 1 TYPE

12 0800 1 (012345678B9ABCDER)
13 0000 1t STATE_TYPE = (4,B,C,0,E,F,G,H,L,T,KL,NNDX);
14 §080 1 RM_STATE_TYPE = (RESET,WAIT,SETUP,MNTR); (see module MUNITOR)
15 9008 |  BITS = (D4,D1,D2,03,D4,05,06,07);

16 4080 1 VAR

17 Mg 1 -

18 0080 t 1D : INTEGER;

19 0002 1 JUN : BYIE;

20 §003 1 _COUNT : INTEGER;

21 3005 1



22 005
23 M005
24 0405
23 Kb
26 0407
27 1408
28 W9
& 04ty
30 0409
31 W09
32 0409
33 1409
34 040%
35 409
36 0409
37 1409
3 0489
37 409
40 8409
41 1409
42 a9
LM
44 G409
45§09
46 0489
47 WY
4g (409
49 1409
ol 0409
31 W09
32 0489
33 M8
4 0409
3 1409
ob 8409
57 1409
98 1409
59 0409
60 M9
61 M489
62 M9
63 0409
64 M09
&5 0489
66 W09
67 0419
68 W09
67 1409
70 K9
71 4400
72 Uit
73 0AE
74 140F
75 110
76 #id
77 1411
78 W12
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$GLOBVAR ONs

STACK_AREA (642: AKKAYI0..10235 OF BYTE;
{633 BYIE;

STACK
WORKVAR
AJTOATOG
SEMD RAIE

SGLOBVAK OFFs

SEXTVAK ONS
RN_STATE
NEXT_RM_STATE
RATE_TO_SEND
SeAFLE_UN
SPIKE_ENABLED
RING_STATE
RINGNUKSE ,
PTCALLING,
FTCAVELP
COMHAND RCVD
SLCONDS _LEFT
RESULT
XECOM_CUMMERT
XECUA_DATA
ABIES

TIRER_LO
TIKER_H:
PORT_A

PIRT_B

PORT C
CTC_NODE

CTC_0

CTC

CTC_2

A_BAIN,

A ANP
RING_COUNT
CORNECT_RESULT
NODENCOMECTED

: BYTE,
i BOOLEAN;
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(allecates spacel
{1nit valee fo compile )

(bt for aute answer blink’

: BOGLcAN; (Controis the sending of the rite pair’

: Rk STATE TYFE;
. RM_STATE_IYF;

A 4
HH

: BUOLEAN,
BCOLEAN;
BOOLEAN;

: BJGLEAN,
. BYTE,
. INTEGLK;
: Wig,
:+ SET OF BiTS;
 BYIE;
: BYTE;
: L
ViE;
& OF Blig;
L1 O BI1S,
SET UF BIIL;
: RYTE,
y BYTE;
: BYTE;
c BYTS

: BYTE;
A
: CHAR;
: BOOLEAN,

MODEMCONNECTFAIL : BOOLEAN;

PHYSCONNECTED

: BOOLEAN;

PHYSCONNECTFAIL : BOOLEAN;
XE_CND : SET (F BITS;
VOICEHOOKFLAG  ;BOOLEAN;

$EXTVAR OFF$

$GLOBVAR (ON$

I_FLE,D_FLG,T_FLG

I_BYTE, DBYTE

INTRESK
INTRSTS

STATE
NEXT_STATE
NINISTATE

(mocule MURLT0KS
(noduie MONITOK
{noduie MGAITOR:
{(nog.ie MURITOWD

{4JX - Services & reset by ISK
{AUX]
{AX

{Number of wianiersuptec ringss
(RESULT OF MODEM CONAECT FUKCT1LA)

: BOOLEAN;
1 BYTE;

i SET OF BITS;
: SET OF BITY,

; STATE_TYPE;
» STATE_TYPE;

. BYIE;



n 0413
80 1413
81 415
82 K16
83 0417
B4 4418
B85 9418
86 0419
87 1414
83 0414
89 000
90 000
91 3600
g2 000
93 w600
94 0800
95 0800
76 1000
97 1008
98 4000
79 4000
100 9800
101 0000
102 8000
103 0080
104 0080
105 0080
106 1000
107 0608
108 0860
109 0088
110 0000
111 8600
112 0000
113 8000
114 0000
113 0600
116 0400
117 0060
118 0000
119 800¢
120 0000
121 000¢
122 0600
123 0600
124 0060
125 0604
126 G0id
127 08090
128 6004
129 §000
130 0004
131 6300
132 083U
133 0600
134 6000
135 0600

— — - — — — — — — — -— - — — —-— - — — - —
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SECOND_t : INTEGER;

XECOM RESULT  : CHAK;

€1D_CKD ¢ SET OF EBITS;

6TD_BATA » WTE;

KINDEX : BYTE;

0K : BORLEAN;
$PAGES

{Imperted procedvres/functions)
PROCEDURE DISABLE 79;

PROCEDURE ENABLE 75;

PROCEDURE CURRENT RMS_DPS;
PROCEDURE CHANGE_RES;

PROCEDURE CLEARDISP;

PROCEDURE DISPSIATE;

FLNCTION CALLNURSEPRESS : BOOLEAR;
FUMCTION CACGEN: BOOLEAN;

FUNCTION GOTOINTERCOM ; BOOLEAN;
FUNCTION CANCELINTERCONM i BOOLEAN;
FUNCTION RELEASEBASE : BOOLEAN;

FUNCTION NURSECALLING : BUOLEAN;
FINCTION CAINUP : BOOLEAW;

FUNCTION GAINDWN : BOOLEAN;
PROCEDURE ISRSS;

PROCEDURE ENABLE;

PROCEDURE DISABLE;

PROCEDURE. SMASK ;

PROCEDURE RMASK;

PROCEDWRE TICK;

PROCEDURE St TCLOCK (SECONDS: INTEGER);
PROCEDURE STOPCLOCK

PROCEDURE SENDBYTEUK (B:BYTE)
PROCEDURE SENDTCCASPER(A: BYTL)
PROCEDURE INIT_QUEUE;

FUNCTION GOTODATA i BODEAN;
FUNCTIOR BLING_CALLED _ + BOOLzAN;
PROCEDURE SENDFUNC{A:CHAR; VAR BiUHAR;;

FUNCTION ELITEONRUCK i BOOLEAN;
FUNCTION ELITEGFrHIUK i BOSLEAN,

PROCEDURS ELITEOMLINL;
PROCEDURE ELITEOFFLINE;
PROCEDURE XECOM_INIT;
PROCEDURE HANGJPLINE;
PROCEDUKE ENABLE_XECOM;
PROCEDURE DISAELE_XEout,
PROCEDJRE ENABLE_IKDUT,
PROCEDURE ENABLE TXRX,
PROCEDURL DISABLE_TXRX,
PROCEDURE PRYSCHECK,
PROCEDURE STARTBELL,
PROCEDURE 5T0r deL;
PROCEDURE SERVICEBELL;
PROCEDURE STARTRINGBACK;
PROCEDURE STOPRINGBALK,
PROCEDURE SERVIZER INGHACK,

24

{Used 1n spi1t tumel

EXTERRAL ;
EXTERNAL ;

EXTERRAL; (module MONYTOR:
EXTERNAL; {modu.e RINTUR)

EXTERHAL ;
EXVERMAL. )
EXTERNAL ;
EXTERNAL ;
EXTERKAL;
EXTERNAL;
EXTLKHAL;
EATERRAL
EXTERNAL ;
EXTERMAL;
EXTERNAL,;
EXTERNAL;
EXTERNAL ;
EXTERNAL ;
EXTERNAL;
EXTERNAL ;
EXTERNAL;
EXTERNAL
EXTERRAL ;
EXIERNAL;
EXTLRNAL,
EXTERNAL {teiephonied
EXTENRAL;
EXTERNAL;
EXTERNAL ;
EXERNAL ;
EXTERNAL ;
EAIERNAL ;
EXTeRNAL;
EXIERNAL ,
EXithna.;
EXIEkiAe

EXTERRAL

LATERAAL;
EXTEkNAC
EXIERNA;
EXicknng;
EXTERNA;
EXTERRAL
EATERRAL,
EXTERMAL ;
EXITANAL ;
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136 0650 1 PROCLDURE MODEMCHZLK, EXTLKNAL;
137 8080 1 PROCEDURE XELDr_TO_DAi4; EXiERKAL ;
138 3000 1 PROCLDURE LOOK_FUR_CONKAMD, EXVEKNAL ;
139 G600 1 PROCEDURE XECIW 7O Diwr; EAIERNAL ;
140 0000 1 PROCEDURE XECOM_RESET; EXTERNAL; (XLl -- hariwers
14; 0000 1 PROCEDURE IKTcRCUM, EX TERNAL; X1 — sets ev)
42 G006 1 FUNCTION DATALINK @ BYTr; EXTERNAL ; (Xeh -- sets vp.
147 00606 1 PROCELURE XECOM_DO(B:8YiE;C;BOOLLAN),; EX[ERNAL;
144 000G 1 PROCCDUKE GLTDATA(VAR IN:G FLAG: BUULEAN; (bees if have an informstuivn byte frul
145 8082 2 VAR DAJA_FLAG., BOOLEAN; (Does it have datall
146 0084 2 VAR TXRDY FLG: BOOLEAN, (bees 1t see TXRGY at tise of procedu)
147 0806 2 VAR INFO BYTE: BYTE;  (Infermatien byte frum XecUS valiG ens
43 0008 2 VAR DAIA_BYTE: BYIE {Data byte frem XeCUM; valad only af J
149 0068 2 ); EXTERNAL;
150 8008 1 PROCEDURE EMABLE_EXG, EXTEKNAL ;
151 080 1 PROCEDURE DISABLE EKE, EX[ERKA. ;
{152 #0606 1 PROCEDURE INCREASE GAIN, EXTERNA.;
153 3800 1 PROCEDURE DECRLASE_GAIN; EXTERNAL ;
154 4006 1 PROCEDURE GEN_CALSIG; EXTERMNA.. ;
155 0000 1 PROCEDURE ACTIVELITEDN; EXTEKNAL ;
156 8600 1 PROCEDURE ACTIVELITEDFF; EXTERNAL ;
157 0000 1 PROCEDURE CNLITEDN EXTEKRAL ;
158 €004 1 PROCEDURE CNLITEDFF; EXTERNAL ;
159 0600 1 PROCEDURE BLINKA; EXTERNAL;
160 6800 1 PROCEDURE BLINKE; EXTERMAL ;
161 0800 1 PROCEDURE START UF; EXTERMAC
162 9609 1 PROCEDURE FLUSHRYIE; LXTERRAL ;
162 4000 1 PROCEDURE VOICE DFFHUOK, - EXTEKNAL;
164 8808 1 PROCEDURE VOICE_ONKUUK, EXTERKAL ;
165 0400 1
164 0480 1 $PALFS
167 0600 1 PROCEDURE EVALUATE_TRISGLRS,
168 0000 2 (Here we evaluate the possible triguers to new states)
69 0080 2  BEGIN
170 0060 2 CASE STATE OF
171 8006 2 #: HEGIN
172 0006 2 {7AU61985 VERSIOND
173 0606 2 - (This is the POTS endook state)
174 0006 2 IF ELITEOFFHOOK THEN MEXT_STATE := 0; {26 seconds with Xecan off})
175 0811 2 END;
176 0014 2
177 0614 2 C: BEGIN
178 8014 2 {15AUG198S VERSION]
179 0014 2 {This is the 'Ready for ist DINF A’ statel
188 6014 2
181 0914 2 IF ELITEDNHODK  THEN NEXT_STATE := A,
182 001F 2
183 001F 2 CNLITEON;
184 W22 2
185 0022 2 BORKVAR := BYTE(XECOM_COMMAND ¥ [D7,D11),
186 0024 2 CASE WIRKVAR OF
187 042D 2 130 . COMMAND _KCVL := XECOM Daid;
188 0036 2 128 : COMMANL ROVD .= 0,
169 003F 2 2 : BEGIN
190 B03E 2 COMNAND_RCVD 1= XECUM 24, 3,
191 0644 2 COMMAND RCVE := 0;
192 0048 2 END,



193 0042
194 §054
99 LO6k
196 006k
197 0873
198 0073
199 §073
200 0078
201 0084
2te 0ese
203 COBF
204 0098
205 oAt
206 GUAL
- 207 80as
208 084k
209 UO0AE
210 DQRé

211 B0CD

212 00D
213 H0DA
214 0(DA
215 06D
216 09DD
217 §1DD
218 C0bD
219 600D
20 00D
221 Q0E0
222 JIEC
223 00FB
224 \0rE
225 00FK
26 80FB
227 GOFR
28 00k
229 010D
23t 0117
231 0121
232 0124
233 0126
234 11
235 (138
236 0144
237 015¢
238 8166
239 0174
240 0164
241 0184
242 0197
243 11A4
244 1147
245 01AL
2t 0182
247 DiBA
243 01CH
249 0106
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0 : COKKAND_RCVD = §;
END; (CASE)

IF (COGMMAND RTVD = ‘a’) THEN
(Here we wa1t for | seconc and ther ieek for a DIMF BJ
BEGIN

STCLOX 13,

REPZAT UNTIL (SECOKDS LEFT = 0i;

WORKVAR = BYTE(XcCOR_CUMneD ¥ (U701, 05

CASE WURKVAK Gi

130 : COMMAND_RCWD = XELUM DA r,
128 : CONNAND RCVD := 0
2 o KGIN
COMKAND_RCVE 1= XLCUK DRid;
CumMmL KCvD 1= 0,
END,
0 . COKBRD RCVD = ¢,

“ENE; {CASE)
IF (COMMAND RCVD = b’} THeN
NEXT_STAIL 1= D;
END;
ERD; (Seiector

i BEGIN

{7RUG198S VERSION

{Here the moden is atlempting a 2i2h hendunake on initial connectl
{it 1s generating answer tamesl

MODEMCHELCK

IF MODEMCOANECTED THEN NeXi STAIE 3= E,

IF HODEMUONNZCTFAIL THEN NEXT STATC := ),

EXD;

: BLGIN

{7AUGI 780 VERSIUN}
(Here the modes is transmitting the EKG data)
IF (XECOK_CONMAND % (D71 = [J) THEN NEXT_STATE := J ELSE {DSK Nas drpped)

IF (XECOM_COMMAND # [D1] = [Di]) THEN (1 KxkDY}:
IF {XECON_COMMAND # [D71 = [D7]) THEN . (D3 1s HiJ
BEGIN {A valid byte)

MINISTATE = 1;
COMMAND _RCVD := XECON_DATA,

IF GAINUP THEN INCRERSE_GAIN ELSE
IF GAINDWN THEN DEUREASE_GAIN ELSE
IF (COMMAND_RCVD = -2) THEN GEN_CALSIG  ELst (BFcH)

IF (GOTOINTERCON AND ELITEONHCOK) THEN NEXT_SiATE := G ELSt
IF (GOTOINTERCOM AND ELITEOFFRUOK ) THEN NEXT STATE := F ELSE

IF (COMMAND RCVD = 0%) THER SPIKE_ENABLED := TRUE ELSE
IF {COMMAND RCVD = 06) THEN SPIKE_ENADLED = FALSE ELSK)
IF (COMMAND RCVD = 8&) THEN SPIKE _ENABLED := FALSE;
IF (COMMAND_RCVD = 7) THEN SEND_-RATE := TRUE;
END (1f @ valid byte}
ELSE FLUSEEYTE {An info byte left frem 72
ELSE COKMANL RCVD := OOK, (if nething is therel

IF (NEXT_STATE = £} THCN
IF CALLNUKSEPRESS THEN
IF ELITEDFFAGOR THEN
NEXT STATZ := H; (Pt wants intercon’



264 G1FU
265 0115
266 01F8
26 0240
263 G217
269 §217
arg 621F
271 Q2iF
272 21
273 02z4
274 0230
275 b3k
276 023B
77 0244

278 (240

279 624(
280 0252
281 0257
282 0254
83 0262
284 0279
285 §281
286 0286
287 1286
286 8286
289 0289
290 9289
291 28y
292 0289
293 4289
294 0289
25 0489
296 0289
297 4289
298 028C
299 0298
300 0298
301 #2A8
302 p2aD
383 02ab
304 B2
AT 029
306 0249

(-]
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END;

: BEGIN

{1SAUG198S VEKSIOND

{This is the INTEKCUr moce:

{This is a two stage GU TO INTLRUCK DiS commend interpreter)
It locks for a DiHr & foliowed within § secec oy & DTWF &}

WORKVAR := BYTE(XECOk _CORmAND ® [D7,D01)5
CASZ WIRKVAR OF

14l i COMNAND _RCVD ;= XLLOK Duia,
128 . COMMARG ROVD 1= 0,
2 v BLBiN

{uknadl_RCVD = XEwuh DAin,
CIMMANL RCVD = 0;
END,
0 i COMMAND RCVD 3= 8,
END; (CASED

IF {COMHAND RCVD = ‘a’) THEN
{Here we wait for | second amd then leoh o a DiAF b
BEGIN

SETCLOD),

RLZEAT UNTIL (SELGRDS_LEFT = §);

NCRKVAR .= BYTE(XcCO® Cumany x (07,0555,

CASE WURKVAR D¢ »

130 ; COMESKD_RCVD = XEius DA A,
128 : COMNANL RCVL = §;
2 : BECIN
COMEAND_RCVD += XLLO® DAIA,
COMMAND RCVD = &
END;
] ; COMHAND RCVD := 1§,
END; (CASE)

IF (COMMAND RCVD = ‘b’) THEN
NEXT STATE = |;
END; (IF)

END; {State F)

: BECIN

(78061985 VERSION)

{Here we are waiting for patient ta pict up phenel

{The bell is ringing en the basestation)

{No data is being transmitted--the xecom is effhoek in DTN recervel
(The ring generater is supplying avciov to the line for the nursel

(DT receiver code FREEXMEEREREREREEKEEERREENERE ]
SERVICEBELL
IF (DY IN XECOM_COMMAND) THEN {Look for KxKDYJ
KGIN
IF (D7 IN XECON_COMMAND) THEN
HEGIN
COMMAND RCVD ;= XECOM DA%A ihis is vaisd J
END
ELSt
BEGIN
COMMAND RCVD ;= XECOM DAIR, {Ciean the buff:



307 G2AF
308 02k4
309 b2k4
310 0287
311 0287
312 128C
313 02KC
314 828C
315 020E
316 02E3
317 §2E3
318 d2ed
319 G2FF
320 8302
321 4362
322 1362
323 030¢
324 0382
325 0362
326 2342
327 8303
328 0314
329 031
330 0328
331 0328
33 03
333 0333
134 ¥336
335 033C
336 633
337 0341
338 1341
339 0341
Al 034C
341 034C
342 340
343 134F
344 034F
340 134F
346 034F
347 134
348 0352
349 835E
350 036A
351 036D
352 036D
353 036D
334 836D
355 0379
336 0381
37 0389
338 8391
359 0399
360 (3A1
361 03AY
362 0381
363 03B

oMo MNP PN PO PO PR DTN PR AR PP PR PO N PN TP PP N PO Y R N P TSI P P PRI I RO T M Y M TA Yy Py

J:
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31 32
CUNMAND _RCVD .= DUN, (A dumy vilve)
END
END
ELSE
COMMAND _RCVD = O6r; {Rething receivi

(IR NI I 00 BRSSO I K Ko K

IF (CCOMMAND RCVE = ‘a’) OR (CUMEAND_ AUV = “#7)) YHEN  (GUTD DAIA comas
NEXT _STATE = L; {oootrp ©o coninld

(MUST BE FALSL Br{AULL HULOKSWIICh ORLY weitki Thode)
IF (ELITEQOFFHUUK ANG (KING_SIATE = bAiSZ)) THEN KeXi STR.c = F,
END;

: BEGIN

{7AU5198 VERSION: 4
{Here we are waiting for nwrse te prcr up phoned
{Data is being transmitted:

{Casper command receiver Code BEEXEFXXXEREXRKSRRERREN}
SERVICER INGBALK;

1F (XECOK COMMANL ® [D71 = [1) THLN NeXi Stalk := ], {5k has drpped)

IF (XELOK_CORMANL x (011 = [D13) {deN {iF &Qaxirl
IF (XeCOk_COMMAND % (D¥1 = (D7) THuH {DSK 1s hiJ
BELIN (A valic byted

KINiGiAiE = 1,
CCiMAKD_RCWD = XELUK DAIA,
EXD
ELSE FLUSHBYTE
ELSE
COMMAND _REVD = OUH,
{REEREREHOE RO R RER Xk R EER R KRR R )

IF GUTOINTERCOM THEN NEXT_SIAIE := F;
IF ELITEONHOOK THEN NEXT_STATE :=E; )

END;

: BEGIN

{7AUG1985 VERSION]
(Here the medem is attempting a 2124 handshake reconnect)
{1t is generating answer tenes)
NODEMCHECK ;
IF MUDEMCONNECTED THEN NEXT STATE := E;
IF MODEMCOMNECTFAIL THEN HXT _STAIE := J;
END;
EGIN
{7AUG1985 VERSIDN)
{Here we leok at the DET pin of the Xecam and GO TO X if detected)
IF (Db IN XECOM_COMMAND) THEN
IF (D6 IN XELOM_COMMAMD) THoK
IF (D6 IN XECOM_COMMANL) THLN
IF (D6 IN XECOM_COMHAND) THEN
IF 06 IN XECOM_COMMAND) TH:N
IF (Db IN XECOK_COMMAND) THEN
IF (D6 IN XcCOk COMAGND) THON
IF (D6 IN XECOM_CUMMAND) THEN
IF D6 I XECOM_COMMAMD) Thod
BEGIN
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364 §3pY 2 FOk COUNT := 0 TC 36060 DO, (1.2 5eC PAUSE)
365 03DB 2 XT _STATE i= K,

Jb6 3E0 2 END:

367 Q3ED 2 IF (NEXT_STATE = J) THEN

368 03EE 2 IF (SECONDS LEFT = () THEN

369 (3F4 2 CASE AUTGATOG OF

370 03F4 2 TRUE: BEGIN

7 BrA 2 ACTIVELITEG F,

372 03FD 2 FOR COUNT := 0 70 15666 DU

373 G41F 2 AUTUAIDG 5= FALSE;

374 0424 2 EXG;

375 0427 2 FALSE: BEGIN

376 0427 2 ACTIVELITEOR;

377 0426 2 FOR COUNT := 0 TG 1obug DU,

378 (440 2 MTCATEG = TR,

379 0451 2 EnD;

360 0454 2 END;

381 0461 2 EXD;

382 0464 2 K: BLGIN

363 D464 2 (7AUG1985 VERSIUN]

364 0444 2 {Here we are waltine for modem connect on autoanswer )
335 u464 2 {it is generating answer toresl

386 0464 2 MODENMCHELK;

367 0467 2 IF BUDEMCONNECTCD  THEN

368 (46E 2 BEGIN

389 Q46E 2 REPEAT UNTIL (D7 IN XECCM COMAAAD);

390 0474 2 NEXT _STATE ;= €

91 047F 2 END;

392 047F 2 1F MUDEMCONHECTFAIL THEN NEXT_STATE ;= I;

393 0488 2 END;

394 048 2 L: BEGIN

395 84BE 2 {7406198 VERSION]

396 048L 2 (Here ve are waiting for meden recennect from basestatisn ringing)
97 0488 2 {It is generiting answer tmesl '
398 048 2 NODEMCHECK;

399 0491 2 IF NODEMCOMNECTED THEN REXT_STAIE s E;

400 049D 2 IF MODEMCONNECTFAIL THEN NEXT_STATE := J;

A0l 049 2 END;

402 §4AL 2 0: BEGIN

403 9440 2 {7AUG1985 VERSION)

A04 D4AC 2 {Here we are waiting 20 secends for call nurse betten
405 84AC 2 depressisn. The XeCOM is of f the lase allswing the
406 04AC 2 Elite to dial. At the end of 2§ seconds sr at call nerse
437 044C 2 depression, the XeCOM will ceme online and will be ready
408 04aC 2 ts accept the DINF a from Casper to go 1o data)

409 §44C 2 IF ELITEONHOOK THEN NEXT_STATE = &;

410 047 2 IF CALLNUKSEPRESS THEN MEXT_STATE := C;

411 B4C2 2 IF (SECONDS_LEFT = 8) THEN MEXT_STATE = C;

Mn204p3 2 END;

413 04D6 2 X: BEGIN

414 04D6 2 {7AUG1985 VERSION:

415 04D6 2 {This is a special initializatien state that starts everything)
A6 WD 2 START_UP;

417 MDY 2 SAMPLE DN := FALSE;

418 04DE 2 SEND_RATE := FALSE,

419 04E3 2 RATE_TD_SEND := 4§,

420 14E8 2 BLINKA;



421 DAER
422 0AcH
{13 D4ER
424 DAFE
423 0501
426 0301
27 0501
428 1508
429 0549
430 08
431 0000
432 054C
33 854
434 054
435 0552
436 0352
437 0532
438 0352
439 85335
440 9538
441 053K
442 0SSE
43 BSE
444 033
445 0344
A46 0564
447 1569
448 056E
A9 8573
450 0578
451 0578
Au2 057
453 0580
434 0583
455 0564
436 0580
a7 036o
458 9586
499 0365
40 KiBE
461 05BL
462 033t
463 056
464 1991
465 0594
466 0597
AL7 0597
463 (397
469 0557
470 0394
471 0340
472 0540
473 0R3
474 0543
4735 0343
476 05
477 03AE

4,751,726
35 36

{ NEXT STATE = A; —replaced for Autoknswer #n initisl Ch press)
{see lead-in code in ma1in lsopl
IF CALLNURSEFRESS THEN NEXT_STATL := )} ELSE NEXT_STATL = 4;
END;
OTHERWISE
(FAUL T3
NCXT STATE := X;
END; (CAs:o:
END; (EVALUATE TKIGGEKS:
$PAGES

PROCEDURE TRANSF URM_MACHINE ;
{The state of the new states are selup heres
BEGIN
CASE NEXT_STATE OF
A: BEGIN
{7AUG198% VERSIOND
{Gsing inte MIS mheokl
BLINKB;
YECOM_RESET; {Hardware resetl of the Xecem anl
BLIKA;

ELITEONLINE;
STOPBELL ; STOPRINGBACK;

NUDEMCONNECTFAIL := FALSE,;
HODEMCONNECTED := FALSE;
PRYSCONNECTED := FALSE;
PHYSCONNECTFAIL = FALGE;

SPIKE_ENABLED := FALSE;
INLITECHF;
ACTIVELITEOFF;
END;
Bi BEGIN
{7AUGI985 VERSION)
{SETUP TG COUNT RINGE AND LOUK FOKk ELITEDRFHOUKI
RIKG_COUNT = 1;
END;
C: EEGIN
{7AUG1985 VERSIOND
{Going into ready fer ist DiNF moded
INTERCOK;, {tirteonline, LK receive, el
ACTIVELINEDFF;
ENL;
D: BEGIN
{7AUG198% VCRSION)
{Going inte 15t coanect attemp il

CNLITLORF,
CONNECT _RESULT = DATALINK, {DriALiNR setls up anuwer mude &)
{ihis alse wiii enuule alterrupl
ENL;
E: BEGIN

{7AU519385 Vek&IlN)

{Going into Data Tranemitting) .
ACTIVELITEDK; Gourn on Lite e let wser kuuw J
STUPEELL; STUPRINGHALK ,

mmmmmmmmrdmmmhiml\:mwmwmramNNNNNNNNNNNNNNNNPQNNNNNNN»._.NNNNNNNN'-O



478 0uAC
479 05AF
480 15BC
481 05K-
482 SUBF
483 0SB
184 0LBF
485 0502
486 03CS
487 03CKH
44 GiCE
487 031
90§50
491 83D1
472 0301
473 03D
494 931
495 0504
496 0307
497 05DA
458 030D
459 0D
500 0SEC
abi QUeb
562 03ED
963 95ED
5064 0528
S0 0SEY
906 CSEE
307 03F1
S8 G4
09 05F4
g1l furd
911 05F4
2 IoF4
05FA
03FD
05rD
16 03D
bS5
i 63D
ety
;0633
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37 38
INDT _GULGE; '
IF (STATE = H) THEN PTBAVLUT = TxJL, [Servicec & reset by 15K)
END;

: BLGIN

{74UG1985 VERSIOND

{Going into INTERCOM}
LRITEDT,
ACTIVELITEDFF;
SI0PBELL, STOPHINGRAUK,
INTEKCDN;

END;

: BEGIN

{7AULGI 985 VERSICN)

{Boing ints BASESTATIDN RINGIN.J

(BASESTATION RINGING deesa’t send data in this revisical

CNLITEQFF;

ACTIVELITEDFF;

INTERCON; (Elitesnline, DIM receive, inol
STARTEELL;

END;

i BEGIN

{7AUG1985 VERSION]

{Going ints WAITING FOR NUKSE (data transmitting)]

JUNK := XECOM_DATA;

CNLITECN,

PTCALLING := TRUE; (This is servicec anc reset by the ISK)
STAR TRINGBALK ;

END;

. BGIN

{7ALG1985 VERSIUNI

{Ccing into medem connect from antercon)
CONNZET _Re5ULT 1= DATALIRK,

EXD;

: BGIN

(15AUGI%ES VERSIOND
{Gozng ints Autehncwer)
DISABLE_75; (17 Sept 85 wdate 1o la.e_sensel
ELITEDFFLINL,
{(This does both a hardwore ang 5titwaie resetl
XZUm RESZT,
ACTIVELITEDMY
O TEOFF
§.U7BLL; ST0PRINGUALK;

{Abeut a 1.2 second pausel
FGR D :=1 10 3608 Ly,

HIDMLONNECTFAIL i= rALSL,



adu ledy
336 063L
237 1643
GIE DbA:
539 0edl
340 Go4B
747 630
e 0655
543 0635
44 0658
945 Ball
546 0638
7 0638
548 0658
949 063B
9u0 065t
391 §635E
302 G664
333 V664
94 0679
395 067F
53 0682
557 0682
338 b2
99 0682
360 0688
961 068
362 0688
563 068F
364 8688
563 0690
abb 1693
367 8693
o6 0693
369 0693
570 %698
571 06DY
572 1408
373 GeDE
574 B6DE
75 §6DE
376 ¥6DE
577 86ES
S78 96t
979 B6EB
288 86F1
SB1 86F0
982 86F8
983 06F0
584 §6F4
383 Kefh
986 06F3
987 Q6FD
588 §6FD
389 0704
590 8706
N1 NG
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39 40
RODCECUNRECTEDL .= FALSL;

PrYSCOMNZCTED 5= FALSE,

PHYSCONGED (TALL = FALOL;

ACTIVELITEDR,
AU0AUG = iRz Lite 15 onJ
SLICLUCK (L),

ENS;
K. BEGIN
{7Al61785 VERSIUN]
{(Going inte modem connect from autoanswer}

ACTIVELITEDFF,
CMLI TECFT,

CONNECT RESILT ;= DATALINK;
{ IS INFORNATION PRESENT 7 )
It (NOT(D7 1IN XECOM COMMANL) ANL (D1 IN XLCOM_CUMMAND))
THEN CONMECT_RESULT ;= XECOM_DATA;
END,
L BEGIN
(7AUG1985 VERSION)
{Going ints medem coennect froa Dasestatiom ringing)
CONNECT_RESULT := DATALINK,
END;
0: BEGIN
(7AUG1985 VERSIUNI
{Setup for a 20 second pawse for normal POS w/o Xecom enlinel
SETCLOCK(2E) ;
END;

DTHERWISE
{FAULT)
NEXT STATE := X;
D (CAGE]
END; {TRANSFOKK_MACHINDD
$PAGEY
BEGIN {(Main procedurel

{Initializatien)

STATE := X

{NEXT_STATE := A — replaced for AvtoAucwer sn CN press)
IN_STATE := REXT;

NEXT_RN STATE := WAIT;

{Mainloep)
WILE TIRE GOES DY DO BEGIN

- (Rate monitor speration backgreund tasks)
CURREKRT_RMS_DPS;
IF RN _STATE () NEXT_RM_STATE
THEN BEGIN
CHANGE_RNS;
tM_STATE := MEXT_RM_STATE,
END;
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41
592 8786 1 {Basestatien aperatisn backgreund tasks!
593 4786 1 (DISPSTATE; }
594 0706 1
9950786 1 IF CALLNURSEPRESS THEN
9% 8700 1 BEGIX
597 070C 1 1F {SECONDS_LEFT=8) THEN
98 N8 1 KGN
599 0718 1 IF VOICEHOUKF _AG=TRUZ THEN
640 8720 1 BEGIN
ob1 0720 1 SETCLOCK(1);
682 0725 1 VOICEROOKFLAL 1 =FALSE
603 0724 1 VOICE ONHGOR;
684 0720 1 - QILITEDFF,
605 0730 1 END
bl6 0733 1 ELSE BECIN
507 0733 1 SLTCLOCK (1)
608 0738 1 VO CLEHJUKF AL 1 =TROE;
609 0730 1 VOICE OF FHOK,
616 0740 1 LNLTVEOS,
611 0743 1 END;
612 6743 1 END;
613 0743 1 END;
614 0743 1 EWLUATE TRIGGEXS;
6150746 1 IF SIATE () NEXT_STATE
$16 8730 1 THEN BEGIN
617 0720 1 TRAKSFORM_RACHINE ;
618 0733 1§ STATE = NEXT_STATE
619 0759 1 END;
620 079 1
621 079 1 END,
b2 87X 1
623 075C 1 END.
624 0000 1 $CLOBMROC OFF$
cnd of comilation, nuaber of errorss 0
Filk AUY3:BUDEG Ho o4ufu - Pasiau *Blhun" Code beiie. oo
10063 1 *8dB"
2 0800 1 S$EXTENSIONS ON$
3 6000 1 SSEPARATE ONS
4 0800 1 S$OPTIMIZE OFF$
5 0600 1 PROGRAM AUX;
b G106 1 (This code pravides varicus auxilary fanctaons for the system.]
7 0080 1 (It alse includes the startup codel
B oteL 1 TYPRE
9 o806 1 (6123456789ABCDETF
10 6088 1 STATE_TYPE = (A,B,C,0,E,F,G,0,1,J,K,L,8,8,0,X);
11 60t MTS = {D0,Di,D2,03,D4,05,06,07);
12 0066 1 VAR
13 4000 4
14 00 1 SEXTUAR ON$
15 8000 1 XECOM_DATA : BYTE;
16 $00C 1 ABIZS . BYTE;
i7 008 1 TIMER_LOD ¢ BYTE,
16 $000 { TIMER HI . BYTE;
19 6050 1 PORT.A : 57 OF BIVS;



20
21
2
a3
24
25
2b
27
2
a9
30
3
32
3
3
3i
36
37
36
3¢
4l
4
42
43
44
43
AL
47
48
49
Rl
31
50
53
4
59
36
57
38
59
60
bt
62
83
oA
b3
b
67
66
69
7
7
72
73
74
73
7

106
0g6s
[
it
1040
(oGt
1000
4668
106¢
goe
$0C
i
1008
0068
1
398
16
L163
$054
e
00u4
B
D
T
§004
kL
1004
i
1009
0009

i 0649

bBIEY

2 100a

#0ob
66uc
1000
GIE
106r
00
"o
0810
$010
i
1010
10N
i
bo1¢
10
018
100
000
1000
geoe
ool
$000
4000
f000
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MEXT STATE
HINLCATE
INTRASK
SEXTVAR O:Fs

$GLOKVAE DN
VOICERGOKF_AG
SECORLS LEFT
COAKARL 2TV

4,751,726

. SET OF BITS,
s SET UF Blis;
. BYTE,
I
: BYle,
» BYTL,

CBYTE

; STATE_TYPL;

s STALE_TYPL;

. BYTE:

¢ 88T OF B S,

:50'3'.5.1N;
i INTZGEE;
: BYIE,

{This 1z a generaiizec | BC Countuwng

tHere are flaue that are set anc vsec foi generstion of SpeCiais
{coues emozdder in the Gata stream)

RINCHGRSE,
PICALIES,
PTRANISIT,
PTREADY
TEAVELF

i BOULERR;

{Variablies fa; the calibration signai geierater)
(5et in GtN_CALSIG herel

PRECALVAL
STEPCAVAL
POSTCAL VAL
PRECUINT
STEPCUUNT
PUS TCOUNT
CALGERCTUA

$ORC CCO0UHS
DISPCURSUR
$EXD_ORGS

$OIG 0CH04HS
DISP1

DIS2

DISP3

DISP4
$END_ORGS

PROCEDURE DISABLE 75;
PROCEDURE XECOM_RESET;

$PAGES
$GLOEPROC ONS$

: BYTE, {Prectep vaive -- rew A/D valuzi
yOBYIE, {The step vaivel

: BYTE; {Poststep valued

. BYTE; {Nunter of L0 ms ticks for prestepl
. BYTE; {Number on the stepl

. BYIE; {lumber afier (he steal

¢ BYTE {Totai casibration routine tick countd
: NTE;

: BMTE,

: BYTE;

¢ BYTE,

: BYTE;

EXTERNAL; {Rcte sense steffi
EXTERNAL;

{These prrocedures manipulate the ‘frant panel’ display)
PROCEDURE CLEARDISP,
{This rovtine clears a display recident in the unssed RAK socket)
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45 46
77 B000 2 BEGIN
76 4080 2  DISPLURSOR := BEH;
79 0000 2 BISPY := 20H;
80 W0A 2 DISP2 i= 20H;
Bl 0oOF 2  DIS3 := 26H;
82 1014 2 }ISP4 := 20H;
B3 0019 2 END,
B4 1008 1
85 #0000 | PROCEDURE DISPSTATE;
86 8400 2 (This procedure displays the state in ASCII -an the RAK secket displ
87 9008 2 (STATE is displayed in the 2nd digit; NEXT_SIATE in the 4ti)
88 1000 2 VAL
89 0800 2  DISP : BYIE;
90 #01A 2 BECIN
91 001A 2  CLEARDISP;
92 101D 2  CASE STATE OF
30083 2 A: DISP := 'A‘;
94 028 2 B: DISP = ‘B,
9%l 2 £: DIgp := 'L/,
96 #0382 D: DISF = '}y
97 6043 2 E: DISP :='E’;
96 K04k 2 F: DISP := 'F';
99 8033 2 & DISP :='G",
190 M5 2 H: DISP := 'W;
101 6063 2 I DISP =717,
102 806k 2 J: DIS = ')
103 0073 2 L. DISP := 7K’
104 007k 2 L: DISF = ‘L";
163 80683 2 §: DISP := ‘M7,
106 2081t 2 N: DISF := 'N';
17 0093 2 0: DIER =D’
108 0098 2 X: DISF = "X
109 §0A3 2 END; (CALL)
110 00c3 2  DISPS := DISP,
111 06c% 2  CASE NEXT_STAiz OF
112 GOEF 2 A: DISF ;= ‘A
113 00F7 2 B, DIs® = ‘B,
114 06FF 2 Ci LIS = 'L
116 0187 2 D: DISP :='D’;
116 010+ 2 E: DISF := 'E';
117 03117 2 F. DISP :='F’;
118 0i1F 2 G: DISF := g,
115 117 2 H: DISF i= 'H’;
126 012F 2 1. Disk := ‘1Y
121 1137 2 I DIEP =07,
122 013F 2 Ki DISF := k',
125 0147 2 L DISF = 'L
124 014F 2 M. DISt = 'H';
125 0157 2 k. DISP = 'N’;
24 01oF 2 0. DISF := 0
127 0167 2 X DISF = X',
128 016F 2  END; (CASE)
129 DIAF 2 DISM := DIu?;
138 01BS 2 END;
131 6080 1
32 0808 1 SPAGES



133 06u6
134 0001
.85 0601
136 0633
137 01Bb
138 01B6
139 01BE
140 S1EB
141 01CA
142 0iCA
143 01CA
144 01D§
145 0006
146 8000
147 0000
48 1000
149 0102
150 01D
131 107
132 VEB
153 000
154 0800
135 §F0
136 01FD
137 81FS
158 0202
159 0160
160 pec0
161 1207
162 0207
163 #20C
164 0219
163 8400
166 0000
167 21E
168 §21E
16% 8223
170 0230
171 0000
172 1000
173 1235
74 0235
175 §234
176 0247
177 0469
178 0406
179 024
180 024C
181 0233
162 0t
i3 di02
184 600t
18 0263
186 0263
187 248
188 6275
189 Q03¢

i
]
2
2
2
2
2
2
2
2
2
2
1
1
1
1
2
2
2
2
1
1
2
2
2
2
1
!
2
2
2
2
1
1
2
2
2
2
1
1
2
2
2
2
1
1
2
2
2
2
1
1
2
2
2
2
1
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FUNCTION CACLMURSEPRESS i BUOREAN;
VAR )
1. INTECZR;
CH_P : BOOLEAN;
BEGIN
CN_P := FALSE;
(FOR 1 :=1 7020 DO BEGIN )
IF (PORT_B = [D1]1 = (D11} THEN CNP := TRIE,
{ IFCNP THENI:=20 )
{ END, ]
CALLMURSEPRESS := CN P,
ENL;
$PAGES
(INDICATE IF A COMMAND IS RECEIVED FROY CASPER)

FUNCTION CALGEN: BOOLEAN;

FEGIN

CALGEN := FACSE;

IF COMMAND RCVD = OFEW THEN CALGEN := TRUE;
END;
FINCTION GOTOINTERCOM : BOOLEAN;
KCIN

SOTOINTERCOM := FALSE;
IF COMMAND_RCVD = 02H THEN GOTOINTERCOM := TRUE;
END;

FUNCTION CANCELINTERCOM i BODLEAN;

BECIN

CAMCELINTERCOM ;= FALSE;

IF COMMANL_RCVD = GSH THEN CANCELINTERCOM := TRUE;
El;

FINCTION RELEASEBASE : BOOLEAK,
BEGIN

RELEASEBASL := FALSE;

IF COMMAND_RCVL = 04H THEN RELEAGCHASE ;= TRUE;
EXD;

FOMCTION NURSECALLING ; BODLLAN,
BEGIN
NURSECALLING := FALSE;
IF COMMAND RCVD = 01H THEN NURSECALLING = TRUE,

EXD;
FUNCTION GAINUF : BOCLEAN;
HEGIK
GAINE 1= FALSE,
IF CUMMAAD_KCVD = OAn THEN GAIMF .= TRUE,
END;
FURCTI0N GAINDWN : BUOLEAN;
BEGIN
GRINDWY ;= FALSE,
IF COMMAND ROVD = 0Bl SooN SninDis o= TRUL,
END,
$PALLS
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196 0065 1| PRULEDURE ENABLE; EXTERNAL;
191 0000 1 PROCEDUKE DiSABLE; EXTERNAL;
92 0000 1 PROCCDURE SMRSK; EXTERNAL,;
193 0000 1
194 0800 1 SPAGES
195 0000 1 (1 Second timer cewntdown precedures -- wse the 5.5 interrupt & CILJ
194 0000 1 PROCEDURE TICK; :
97 0274 2 BEGIN
198 0274 2  SECONDS_LEFT := SECONDS_LEFT - 1;
199 0287 2  IF (SCCONDS LEFT = &) THeN BECIN
2200290 2 DISABLE;
21 0293 2 INTRMSK := INTRMSK + (D3,D81; {Mack $.5 if denes
212 198 2 SMASK ;
203 peoL 2 EMNABLE;
214 020 2 END;
205 82A1 2 BND;
206 8800
207 3000 1 PROCEDIRE SETCLOCK (SECONDS:INTEGER),
208 2AB 2 EGIN
209 02AR 2  DISABLE;
210 §2AE 2  SECONDS LEFT := SECDNDS;
211 42B4 2 INTRMSK ;= (INTRMSK + [D3]) - {DN), {Unmask 5.5J
212 12C8 2 SMASK;
21302C3 2  CTC_1 := 020K; {Kestart the 1 secand timer cheimell
2140208 2 CIC_8 := QWOH; {...it tates a 16 bit losd...]
215 02CD 2 ENABLE;
216 R0y 2 END;
217 8000 1
216 8000 1 PROCEDUWRE STOPCLOCK;
219 4205 2 (This procedure merely masks the 5.5 interrupt which eccurs at i 2
220 02D% 2 (second imtervals)
221 §2DL 2 BEGIR
22 0235 2 DISAKLE;
2230208 2  INTRESK := INTRMSK + [D3,DU:; {Mask &.5 1f denel
. 224 D2Eb 2 SMASK;
2250263 2 ENAB.L,
226 12t6 2 END;
227 9000 1
228 0000 1 SPAGES
229 0000 | PROCEDURE SENDBYTEWP(B:BYTL);
230 (2F0 2 BEGIN .
231 g2FE 2 BND;
232 0000 1
233 0000 1 PROCEDURE SENDTOCASPER(A:BYTE); ;
234 [2FE 2 JEGIN '
235 02FE 2 SENDBYTEUP(AFEH);
236 8303 2  SENDETTEUP(A);
237 0368 2 END;
236 110 1
239 9500 1 SPAGES
240G 8L 1
241 0000 1
42 (000 1 PROCEDURE ENABLE_EKG;
243 G30E 2 BEGIN
244 0305 2 (Unmack anly the 7.5 & reset the 7.5 FF)
245 030E 2 (The 7.5 unmasks the 6.5)
246 0305 2 INTRMSK := (INTRMSK - 1D2)) + [D4,D3,D1,D0i;



247 4318
248 031¢
249 000
250 $000
231 03fF
252 O31F
233 §31F
2u4 $31F
255 4327
256 032A
257 0o
258 b0
259 1000
260 0000
b1 032
262 032B
263 0333
204 033F
265 0343
266 0800
267 y800
268 0346
269 0346
270 §34E
271 3354
272 036k
273 1N
274 100
275 03at
276 0361
277 0361
278 0361
279 8366
280 8373
2681 0379
282 037t
283 1383
284 0388
285 038Y
28 0399
287 139C
288 K0
287 100
290 000¢
291 000
92 835D
£93 039D
294 Lo
275 0000
296 0600
297 D36
298 03A6
29 0380
300 0800
301 seo0
302 43B1
303 03B1
304 039

PITO PO = = p PO py ™ = P NI Py = e = L RO IR IR PR PR PR ™ =g RS PR ™ =T PP ) e LI TIPa PO g ™ e NSy

SMSK ,'

PROCEDIRE DISABLE EXG;

BEGIN
{Mast the 7.5 and 6.3}

{ DISARLE TXaX; ]
INTRMSK ;= INTRMSK + [D3,D2,Di1;
MASK;

EXD;

$PACES

PROCEDURE INCREASE_GAIN;

BEGIN
A GAIN := AGAIN + 1;
IF A_GAIN ) 1S THEN A_GAIK := 13;
A_AN := A_BAIN;

END;

PROCEDIRE DECREASE_GAIN;
BEGIN
A_GAIN := AGAIN - 1;
IF A_GAIN (8§ THEN ABAIN := §;
A_AN := A_GAIN;
END;

PROCEDIRE GEN_CALSIG;

BEGIN
{This shsuld generated a valve representing & 1 m¥ signal ¥ electredes)

(It sheuld take into accesnt the gain setting)
PRECALVAL := 1274
STEPCALVAL = 127 + (2 & A_BAIN);
POSTCALVAL := PRECALVAL;
PRECOUNT := 2,
STEPCOUNT := 10,
POSTCOUNT = 2;
DISABLE;
CALGENCOUNT := PRECOUNT + STEPCOUNT + FOSTCUURT;
ENABLE ;
BD;

$PAGLS
{Procedures to manipulate lights & relays, etc.)
PROCEDURE ACTIVELITEON,
BEGIN
PORT_A := PORT A + [D1];
END;

PROCEDUKE ACTIVELITEOFF;
BEGIN

POKT_A := PORT A - (D1];
END;

PROCEDUKC CNLITEON;
KGIN

PORT_A := PORT_A + [DOI;
END;
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53 54
305 0800 1
306 0000 1 PROCEDUIRE CNLITEDFF;
307 §3BA 2 BEGIN
308 03R4 2  PORT_A := PORT_A - [D0I;
309 G304 2 END;
300800 1
311 6000 1 PROCEDURE BOINK:,
312 0305 2 BEGIN
3138305 2 ACTIVELITEON,
Ji4 08 2 CNLITEXF; -
J1S03CE 2 SETCLOLxEL);
3160300 2 WHILE (SECONDC LEST ¢) ) DG, ({busy wasting, cai't go any where 111l donel
37 L3F 2 END;
180000
319 000C 1 PROCEDWRE BLIMKE;
320 03E2 2 MEGIN
321 03E2 2 ACTIVELITLORF,
32 035 2 CRITEOK
323 03E8 2 SETLLOLKLL),
324 03D 2 WHILE (SECONDS LEFT () 0) DU ; {busy waaling, €an't g0 any where till denel
325 CIFL 2 END;
326 0600 1
17 s00C 1
328 800 1 FROCCDURL VOICE OF FHOOK;
129 0¥F 2 BEGIN
J3003FF 2 PORT_A := FORT_A + {15}
J31 6407 2 END,
332 4600 1
33306086 1 PROCEDURL VOITE DNHOD:,
334 0413 2 BEGE
S 0408 2 PORTA = POKT_A - [DU],
36 0412 2 END;
57 00060 1
338 G008 1 S$PAGES
339 0000 1 (This pracedure is esed far initializatie of the bax)
340 0000 1 PROCEDURE START_UP;
41 113 2 WGIN
SA2 0413 2 DISAME;
U3 M4e 2
344 0416 2  CLEARDISP;
S 0419 2
346 0419 2 (START P THE BISD)
347 4419 2 TINER_LD := 3
J4B 041E 2 TING _HI ;= §40K;
9 0423 2 (Port A autpet )
J500423 2 (Port B inpst )
Ki1e43 2 (Pert C: wutpet )
3520423 2 (Port A& B interrepts disabled )
353 4423 2 (Start the tiner )
354 0423 2 ABIED 1= OCDH;
3550428 2 PORT A =l
356 042D 2 {(Port C controls the 8203 gates )
357 842D 2  PORT_C := Ib2,D1,D8I;
358 0432 2 (STAKT THE SMC TIMEKD
359 1432 2 (This runs off the ! BHZ cleck)
340 0432 2 CYC_WODE := §1110138K;
361 047 2



362 0437
363 0437
364 0437
365 W37
366 0437
67 8437
368 0437
69 u37
370 0437
71 0437
372 0430
373 1441
374 0441
375 4441
376 0441
377 0441
378 0441
379 8441
3606 0441
381 044p
382 D44k
382 1430
364 0430
365 0409
386 (430
387 0450
348 1450
389 0450
390 0450
371 0450
192 0451
593 0430
394 0433
395 0453
396 0433
397 0433
98 8433
399 0456
AGP 843D
401 0462
402 B46c
A0S 0487
404 0447
405 1460
406 0471
A07 8476
408 047K
409 0480
410 0480
A1 0485
412 048A
413 0484
A14 1004
415 8040

416 048)

417 048K

4,751,726
55 56
(190 HI = 5263 US = 148FH )
{ CTC_1 = §BFH; 3
{CTC1 i= 014H; )

(200 WZ = 5000 US = 13BBK )
{ CTC_t :=88K; )
(CTC_ L o= 8134, 3

{300 HI = 3333 US = GDELH )
CIC_1 =1
CIC_{ = DI,

{Test aude -- about 15 Had
{ CTC_1 := CFEH;
{C7C_1 1= OFFH; b

{STAT THL 20HZ TIAER:

{This runs off the 1 #HS clock)
CTC_NOUE := 101103 10F;

CTC_2 := 03H,

CIC2 := OLM,

{MASK ALL THE INTERRUFTS)
(MAKE 500 LG)
(RESET THt 7. LATCH:

{ INTRESK = [DZ,D2,D1,DC, D4, D6); 1}

{ SMASK; J
{ ENABLE; )
DISABLE 75,

{THE 1 SECONL TIMER 1S STAKTED IN ISRIS)
(THESC NEcD 7O BE DONE FIRST TIME 10 SETUP)
{This runs off the 20H2 clock}

CTC_MODE := ®1100M05;

CTC_ :=20; (FOR THE 1 SECOND TINE)
{IC_8:=§; '

VOICEHOOKFLAG ;=FALSE;

RINGNURSE := FALSE;
PTCALLING := FALSE;
PTRANTSDT := FALSE;
PTREADY  := FALSE;
PTCAVEUP := FALSE;

A_GAIN := 3;
ARMP 1= 3,

EW; (of startup)

PROCEDUKE FLUSHRYTE;
BEGIN
COMMANE RCVL := XECOM_DATA;
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A18 0491 2 MINISTATE := 2;
419 0496 2 COMMAND_RCWVD := §LH,
420 0498 2 END;
421 0000 3
422 01C0 1
End of comilation, number of errors= i

Fig: ™IAMIOZ:BOLBST

1 8600
2 G800

3 0008
4 0800
J 060
6 oHC
7 000
B N
9 00
10 4000
11 4000
12 4000
13 4000
14 0000
15 100
16 6000
17 Moo
18 8000
19 noe
20 0000
21 1000
22 0408
23 0800
24 0000
o W66
26 0080
27 160
28 000¢
29 1000
30 #o0
30040
32 100
33 w0t
34 1060
33 000¢
36 1000
37 Wl
38 et0
37 weo
A0 1000
41 8000
42 080
43 0002
44 1000
45 MO0
46 0650
47 N0

'BygS"

CONST
EXG!
EXE2
FEKG!
FEXG2

TYPE
NTTYRE
s8
CHAN_TYPE
MCDE_TYRE
WTEFTR
RING INDEX

VAR
$GLGBVAR Uks

1
1
1
1
1
1
1
1
1
H
1
1
|
1
1
1
!
1
1
1
!
1
{
1
tOSTAGES

B 64860 - Pasca:

$EXTENSIONS OK$
$SEPARATE ON$

$TITLE "MIAMI BASESTATION PKOGKAK — NENOKY NACFED 10°
PAOGRAN MIAMIOD;

8rBoLH,
OFBOIH;
§FBO3H,
8FB02H;

= (D0,D1,D2,03,04,05,D¢,07);
SET OF EITTYPE;
(CHAN_A,CHAN B);
(MODE_A,NUDE B, MUDE_AL0)
ABYTE;

INEER;

"Pusst Lece Grirsio

{

58

)

{xixxkeaxapngnransns MUNORY MAPPED 1/0 BRRRRRNERERRREEREREFERRES |

{
$ORC OF104HS

[~

(THE 8155 PARALLEL 1/0 TIMER

(
ABL53

i RECORD CASE BOOLEAN OF

TUE : € SIS : BYTE ),

EN; (RECORD)
PORT A
FORT B
PORT C
TINR L0
TIRER_HI

$LND _DRES
$ORG GF20CHS

1
1
t
1
1
1
|
i
1
i
2
2 FASE: ( CW : BYIE);
1
1
1
1
i
H
1
1
1

: 88;
. 54
i 84,
i BYTE;
: WTE;

)
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59
48 0t 1 { 3
49 0080 1 {THIS IS THE 6253 COUNTER/TINER CHiP)
50 000 | (o e J
51006 1
52 #1000 1 CTC.D . BYIE;
530000 1 CTC_A s BYTE;
54 #000 1 CTC.2 ¢ BYTE;
S5 0000 1 CIC_MODE : 88,
S6 1800 1
57 800 1 $CND_ORGS
S8 0000 1 $ORG OF4DCHS
59 1000 1
60 MBL 1 (m—mmmmmm e - -3
61 0000 1 (VKIS 5 THE NS MMuB167 REAL 1ift CLECK)
62 0860 1 ( mreme e e
63 0000 1 (THESE ARE COUNTER VALUES]
64 W00 1 CATC NS ¢ BYTE; (MI_LISECONLS:
65 8000 1 CRIC.CS s BYTE; (CENTISECONDY )
66 000 1 CICS : BYiE; {SECONLS)
67 G00% 1 C_RTC_KIN . BYTE; (MNUTES)
68 1000 1 C_RTC_IKG ¢ BYTL; (HOURSS
69 0000 1 C_RTC DG . BYTE; (DAY GF WELKD
70 4000 1 C_MIC_DUK ¢ BYTE; (DAY OF MLHIK)
71 0000 1 C_RIC_MON s BYIE; (MQ(dl
72 WG 1
73 0600 1 (THESE AKE LATCH VALUES)
74 0000 1 L_RTC HS tBYTE; (ML LSECONIY)
75 800 1 L_RTC CS : BYTE; (CENTISECONLS)
76 0000 1 L_RTCS ) BYTE, (SECOND )
77 M60 | L_RTC_MN ¢ BYTE; [MINUTES)
78 8000 1 L_RTC_HRS ¢ BYTE; (HOWKS}
79 4000t L _ATC_DOW o BYTE; (DAY OF WELKD
© 80 8000 1 L RTC DOM § BYTE; (DAY UF MOHTHD
81 9000 1 L_ATC MM D BYIL; (KON
g oon 1
B3 0600 1 RC_INRSTS : §8;
84 000 1 RTC_INTRMSK : §8;
85 000K 1
86 000 1 COUNTERRST  : BYTE; (COUNTER RESET)
87 0000 1 LATCH RST : BYTE; (LATCH RESE()
B #000 1 RTC_STSBIT & BYTE;
89 0000 1 GO_COMMAND : BYTE;
96 1800 1 STMDEY_INTR  : BYTE;
91 0000 1 SECOND_COUNFER : BYIE;
92 1000 1
93 #4480 1 SEM _ORCS
94 0000 1 $ORG SFHNOHS
95 #0600 ¢
9 8000 1 )
97 0000 1 (XECOM XE1201/1283 NOSART UART/MODEM)
98 00 1 ( 3
99 0000 1 XECON_DATA  : BYIE;
160 0000 1 XECON_COMMAND : S8;
101 1008 1
102 0600 1 $END 0RG$
163 0000 1 $ORG OFBJOHS
104 0000 ¢
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61 62

1050000 1 ]
186 0600 | (ANALOS DEVILES AD798! B CHANNEL ADCS
1070800 1 {(—-- i
108 6000 1 (THIS CHIP LOOKS LIXE 8 MEMURY LOCATIUNS:
109 0600 { CHAN_ O : BYIE,

110 0060 1 CHAM1 . BYTE;
(110000 1 CRAN 2 : BYTE,

112 0000 1 CHAN 3 : BYTL
1136000 1 CHAN 4 : BYTE;
114 0000 1 CHAN S & BYTS
1150000 1 CHAR 6 : BYTE;
116 D00 1 CHAN.Z @ BYTE;
117 0800 i
118 (000 1 S$END_Ox©S
119 6000 | $RG QFADUHS
126 0060 1 X

21 0066 1 (o= e - }
122 0000 1 (AMALOG DEVIUES AD7524 MULTIFLYING DAC (016 CUNRLY GALN) 1)
1230600 1 { - -
124 0000 1 A_AMP : BYViL;
125 0000
126 0401 1 SEND_ORCS
127 0e¢ 1SRG OFCOOKS
128 001 |
129 000U 1 (remmomm e e e e e e )i
130 6808 1 (ANALOG DEVILES AD7524 MULIIPLYING DAC (DIE LOnikiLD @huN) $2)
131 8000 1 (- e -~ i
132 0850 1 B AMP : BN,
133 000¢ 8
134 0030 1 SEND_ORCS
1330600 1 D056 #FLO0HE

36 0080
137 0800 1 (-=-—=—-memmmeemeem e - }
138 000 1 (UKUSED CHIP SELECT DECUDE LOCATIUNG
139 0006 1 ( e m e e
140 0000 1 WHD : WTL;

141 0G0 1

42 0000 1 SEND_OKGS

143 0ot 1
144 040G
End of coapilation, numer of errers= ]
Floi; CLOURIOBLERS, Ho o4lbii - Fasta: *Lusu® Luo beterater

10000 1 *B04S°

2 000G 1 PROGRAM CLOCK1O;

I 6006 1 SEXTENSIONS DN$

4 0400 1 SOPTIMIZE ONs

S 4000 1 $SEPARATE ONS$

b 0006 ¢

7 0000 1 (These are the input sampling reotines fer the Basestatisn)

g oty 1

9 0800 1 CONST

10 0860 1 SPIKECODE = WFH;

11 4080 1 ALARN_TRIP = 4&; (4 of SID samples sut of last 10 for Pt alert)
12 9000 | ALARM REFR = 5; (4 of secends refractory for retrip of alarmi
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63 64

13 8060 1 SPIKE_RERR =8; (# of 18 s ticks before spike retrigger pessibiel
14 8C0t 1

19 0008 1 TYRE

16 B0G0 ! INTRBITS = (M3,M6,M7,1E,15,16,17,51D);

17 0604 1

16 8000 1 vak

19 0803 1 SEXTUAR DN$

a6 pie | INTRESK : SET OF INTRBITS;

21 8000 1 CALGENCOWNT ; BYTE; (ALXJ

22 1000 | PRECALVAL : BYTE, {AUX)

23 8000 1 STEPCALVAL  : BYTE (AUX:

24 4000 {  POSTCALVAL : BYTE; {AUX}

25 0000 1 PRECOUNT . BYTE; {AX)

26 0000 1 STEPCOUNT . BYTE; {HUX;

27 B00Y 1 POSTCOUNT i BYTE; {kuX)

26 4050t XMIT_ECG : BYTE; {SANPLER)

29 8058 1 SEXTVAR QFF$

300058 8

31086 1

32 0006 1 S$GLOEVAR OR$

32 N6t 1 C_BUFFLR o AKRAYLE..2 DF BYTE;

34 0063 1 COMRAND _INS1DE i BOULEAN; (Whether we’'re 1 the
30 004 1 {orocess ¢f 2 Gyte xmatd
36 0004 1 COMMAND PTR . BYTE, {byte #1 or Wyie #20)
37 KIS 1

36 (00% 1 SPIKE_ENABLEL . BOOLEAN,

9 0is 1

4G 1006 1 TEMF  BYTE,

41 0007 1

42 1067 1 [Counters for refractery, elc.)

A3 0067 1 SID 0F Tow v BYTE;, (4 of SID true 1 last tend

44 0006 1 SIU PUINTER  : BYTE; (Pointer into current Sil valved

45 0009 1 INDEX ¢ BYTE; (Morkiag index wnte SIO_LINED

46 064 ) S1F_LINE o ARKAY[1,.113 OF BYTE; (Ste of SID for last 18 t. ks!
47 0015 1 S REFR ONT . BYTE; (10 ms tick counter for spike retrigger]

A€ 016 | A REFR SEC : BYTE; (i secend cevnterl

49 0017 1+ AREFR.SUB .+ BYTE; (10 m3 tick ceunter)

50 8016 1

91 018 1 (This flag is true when a 2-byte messace to Cauper needs xmitting!
¢ 0B1B 1 PT_ALERT + BUOLEAN;

23 Wi 1

54 4019 1 $GLORBVAK OFF$

35 0019 1

56 1019 1 $EXTVAR OA$

97 8019 1 INTRSIS ; SET OF INTRBITS;

38 0019 1 XECOM DATA : BYTE;

59 119 1 {These are flags that generate special cede pairs in the data strean)
o8 0019 1 (They are tested before each byte is trasaitted. If & code pair is
61 1019 1 cerrently being transmitted, they are held off)

62 1819 1 SEND RATE . BOOLEAN;

o3 W19 1 RINGNURSE  ; BOOLEAN;

64 1019 1 PYCALLDIG  : BODLEAN;

65 HI9 1 PFTUANISDT  : DOOLEAN;

66 0019 1 PTREADY : BOOLEAN;

67 1019 1 PTCAVEUP : BOOLEAN;

68 W019 1 RATE_TO_SEND : BYTE;  (medule MONITUR)

69 19 1 SEXTVAR OFF$
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65
nm 1
71 0000 | PROCEDIRE RMASK;
720000 2 EXTERNAL;

123 4066
124 006E
125 006R
126 B04E

S_REFR_CNT := SPIKE REFR;
ER;
PROC SPIKE; {Leak at potential alarm trip in any casel
END; (LOOK SPIKE)

73 800 1
74 1000 | PROCEDUSE EMABLE 75; (medule SAWPLER)
73 MO0 2 EXTERNAL;
76 1090 |
77 100 1 PROCEDLRE SMASK;
78 8008 2 EXTERNAL;
79 1000 1
80 200 1 $GLOBPROC ON$
81 og 1t
82 2000 1
83 §000 1 PROCEDIRE CHDIN(VAL:BYTL),
B4 0009 2 BEGIN
BS M0y 2 COMMAND INSIDE := TRUE;
86 B00E 2 COMMAND PIR := 1,
87 B3 2 C_BUFFER[1] := OFLH;
g8 w18 2 C_BUFFERIZ] := VAL,
89 W1E 2 ENY;
90 d#B¢ 1
91 $000 | PROCEDURE RESET RoFK;
92 003 2 BEGIN
93 9023 2 {1mpose a 1 second minimuad
94 0023 2 IF (ALARA REFR = 0) THEN N REFR 52C = 6
95 W 2 ELSE A KEFR_SEL := ALARKK_RLER - 13
96 8033 2 A _REFR_SUb := 100,
97 N03E 2 EM;
78 0000 1
99 #0060 1 PROCEDURE FROC_SPIKE;
100 4039 2 BEGIN {cont_sid () 1]
101 0039 2  IF SID_OF TEN } ALAKM_TKIF THEN
102 0044 2 BEGIN
103 0044 2 IF (A_REFR_SEC + A_KEFK_SUR = 0. THEM
104 8650 2 (Alarm refractory = 4}
185 0030 2 BEEIN
106 0830 2 PT ALERT := TRUE;
107 0055 2 RLSET_REFR;
108 0038 2 END
189 80568 2 END;
110 4658 2 END; {PROC_SPIKE]
111 9000 1
(12 0008 1 PIOCEDIRE LDOK_SFIKE;
113 0039 2 BEGIN
114 0859 2 (This reflects a the first eccurance of & spike)
115 8059 2  {ance refractory has ren sut)
116 0859 2  IF (S_REFR_CNT = #) THEN
A7 0061 2 {Here a valid spike has sccurred ad will et
118 0061 2 sccor again fer SPIKE_REFR # 1) as)
119 4061 2 {Note that 4n emhanced spike will eccur at the
120 0061 2 beginning of 2 patient alert peried alse.)
121 1061 2 BEGIN
122 0861 2 TEMP := SPIKECODt;
2
2
2
2



127 0060
128 8000
129 §06F
130 806F
131 106F
132 $06F
133 006F
134 906F
135 006F
136 W06F
137 006F
138 006F
139 006F
140 B06F
141 $06F
142 0475
143 W75
144 0073
145 0670
146 0GBA
147 008A
148 669
149 0459
15¢ 00A1
151 8044
o2 0R4
153 0CA4
154 00BS
195 00RY
156 WA
157 06L2
158 0iC2
159 gocz
160 0022
161 00Dk
162 00D
163 8008
164 DODE
165 80DE
166 ODEE
167 BOFS
68 0111
169 011D
178 4122
171 8127
172 §128
173 0138
74 8149
175 0151
17 NN
177 0154
178 0154
179 H1SR
180 915K
181 B16E
182 8171
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PROCEDIRE INEYTE;
(This procedure is called from SAMPLER every 18 ms with the
averaged valve of the ECG signal for the last 1) ms 18 the
variable XMIT ECG. It is now respensible (2t wasn’t in the
first rate detect versien) for the testing ef the Uil line
for pacing spike accwrance. It incerporates cede that will
send a "Patient Alert" message ta Casper if the 31D 1s true
for 1 sample times (X¥10 ms), It will then wait for SUU sampie
times {J secends) befere sending a patient alert messize. Spike
code transmissien is centrelled to a refractory also
— Beckmann 11 October 19855
BEGIN
{6et the ECG/artifact datas byted
TEM = XMITECG;

{The decrementing of the alert & spike refractery octured
{whether the spike is present ar enabied;
IF NOT {((A_REFR_SEC + A_REFR SUE) = §) THEN
BEGIN (Decrement the refractory Counters’
IF NOT(A REFR SUE = ) THEN
BGIN
A REFX_SUE := A_REFR SUL - 1,
END
ELSE
BEGIN
IF NOT(A_REFK_SEC = 0) THLN
BEGIN
A_REFR SUE
A REFR_SEC
END
END
END;
IF NUT(S RLFR CN1 = 8) THEk S KCFK CNU := & RiiR ONT - 15

1004
A_REFR 35EL - 1,

{Here the spike channel on the SIL line iz lockel at if enabled)
{CONT_SID_COUNT reflects the # of continusus Sib line sccurancus)
RMASK;
IF SID_POINTER = 10 THEN SID _PUINTER = 3
ELSc SIb_POINTER := SID_PONIER ¢ i,
IF (51D IN INTRSTS) THEN Sir_LINMEISID PULINILR:
eLot SID LIKE(SID_PUINTckl &

1
I;
SID OF _TIN := 90,
INDEX ;= |
WHILE NOTCINDEX = 1) DO
BEGIN
SID OF TEN ;= SID_DF_TEN + SID_LINELINDEX];
INDEX := INDEX + 1;
END;

IF SPIKE_ENABLED THEN
BEGIN
1F (SID_LINEISID POINTER] = 1) THEN LODK_SPIKE
END
ELSE (spike not enabled)



183 0171
1684 0171
183 4N
186 0171
187 0171
188 0171
189 817%
198 017k
191 #1680
192 0188
193 0180
194 8180
193 0188
196 8186
197 01&i
198 8191
199 0191
206 4im4
201 01AD
202 0164
203 01C3
204 CiCY
205 01Dt
206 1M
247 11Dt
208 01D1
209 i
210 b1
2l 6l
2i2 015t
213 6!
2:4 It
215 BiDh
216 0IDE
217 bibs
218 Q1EC
219 C1EF
2e8 aue
221 6203
222 0214
223 8217
224 D21t
725 02E
226 021k
227 02

228 §21t
229 12IE

230 0220

318232
232 8237
233 123
254 §24H
235 1248
236 $25F
237 #1262
238 0273
219 1213

NV\JNhJNr-JroNNI"-Jr..\h)"dwroMr\)mh)rgmmrgmmmramNNNNNNNNN
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69 70
BEGIN
{Here the spike enhancement is seftware-disable¢. We }
(set the refractories to zero 5o that Ist patient alert & spiie )
{are recegnized. Once enhancement is enabled, refractery is )
{decremented in the guter leop. )
ARLFR_SEC := 05
A_REFR_HUBR := 0;
S_REFR.CNT := §;
END;

{Test for calibratien signal gererater activity)
{Caiibration overrides the transaissisn of EKG data wr
the spile detection cede. It does not sverride the
transnission of special cedes tested for beldw,)
IF NOT(CALGENCOUNT = §)
THEN BEGIN
IF (CALGENCDUNT ) (STEPCOUNT + POSTCOUNI))
THeh TeMP 1= FRECALVAL
ELSE IF (CALGENUOUNT ) PUSTCOUNT)

THEN TENP := STEPCALVAL
ELSE TEMP := POSTCALVAL;
CALGENCOUNT = CALGEXCOURT - 1;

END;

{Here flige are tested for special codes 1o be sent to Cavuer.)
{Treir order impiles their rank anc precidence. Notice that enly
if they are sent are they reset.)

{CuMnA~DS INGIDE 1ndicates that a pair 15 1n the precess ef being
cent anc blocke the testing for any other fiagss

IF COMMAK INSIDE THEN BEGIN ENL ELS:

{Test Alert (should be a 07H) with 01K (ring beil)}
IF PT ALCRT THEN BEG.N CMDIN(D1H); PT_ALERT := FALSE

END ELSE

IF PICALLING THEN BEGIN CMOIN(DZH); PTCALLIRG = FALSE
EAD ELSE

IF RINGNUGE THEN BzGLN LMDIN(BIH); RINGNURSE := FALSC
ENp EoSt

iF SEND RATE THEN BEGIN
{4 (= RATL_T0 SERL (= 2uL better be!ll
(38 & 39 wsec for special SAN cases)
(Mo’ 1 vee 37 here for a CLOCKID trapl
1'd test 1t here but 1 den’t tounk there’s timel
{Gh, hell....}
IF (RATE_TO_SEND ( 37) THEN RATE_TO_StM := 37;
CIDIN(RATE TO_SEND);
SEND_RATE : = FALSE;
END ELSE
IF PTWANTSDT THEN BEGIK CMDIN(O3H); FPTWANTSDT := FALSE
EMD ELSE
IF PTREADY  THEN BEGIN CMDIN(OSH); PTREADY = FALSE
BD ELSE
IF PTGAVELP THEN BEGIN CMDIN(S&H); PIGAVELP := FALSE

Em,



240 0273
241 1273
242 273
243 4273
244 0273
245 127
246 0274
247 1288
248 1298
249 1295
250 0294
251 $29D
252 129D
253 1243
X4 0243
255 10
%6 0006
&57 1080
258 01249
29 024
260 924E
261 0283
262 0253
263 9258
264 0209
245 6209
266 0215
267 02DA
268 02DL
269 020D
278 0262
271 0257
212 020
273 baF1
274 WF b
275 02Fb
276 02Fb
277 02FB
278 4308
279 1305
280 304
281 030F
82 4314
283 4319
284 031C
285 9000
284 0800

4,751,726

) 72

(3 R REE R REERERRRIER )
{HERE WE OUTMT A BYTE)
(RRERRREREREREERAEER)
IF COMRAND_INSIDE
THEN BEGIN
XECOM_DATA ;= [_BUFFER[CORMAND PTR1;
COMMAND PTR := COMMAND_PTR + 1;
IF COMMAND PTR = 3
THEN COMMANL _INGIDE ;= FALSE;
END
{Tenp contains either a SFIKE cede er EXKL datal
ELSE XECON_DATA := TEMP;

END;

PROCENKE INIT_GQUEUE;
BEGIN :
COMMANL INSIDE := FALSE;
S REFR CNT := 0;

INDEX := 1
WHILE NOT(INDEX = 11) DU
BEGIN

5iD_LINELIKDEX] i= 0
INDEX i= INDEX + 1;
END;

SI1D_MUINTER := 1;
SID_OF TeN = 0,

NNNNNNNNNNNNNNNNNNNNNNNNNNN—‘—‘”NNNNNNNNNNNNNNN

COMMARL PR := 0
A_REFR_SEC := 04
A_REFK SUE := 0;
{Reset the flags hered
CSEND_RATE  := FALSL;
RINGNURSE i= FALSL;
PTCALLING = FALSE;
PTWANTSDT 1= FALSE;
PIREADY = FALSE;
PTGAVEUP := FALSE;
PT_ALERT := FALSE;
ENABLE 75;

ERD;

1 $QOBPRUC OFF$
1

Ead of compilation, number of errers= ]

FILZ: TELES: BOBESY He 640C§ - Pascal *g085" Cade Generatear

1 6000
2 0806
3 Mo
4 0000
R

1 *Be8s’ '

1 S$TITLE *MIAMI BASESTATION PROGRAM -- TELEPHONE®$
1 PROGRAM TELEPHONE;
1
1

$OPTINIZE OFFS$
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$LXTVAR OFF$
$CLUBVAR UNS

48 el
49 1000
30 e
a1 Moo
32 1080
33 1001
4 082
a5 0883
% 1003
97 4003
98 1803
39 8007
60 1008
61 0009
62 K0GA

VAR
LAST RIN : BUCLEAN;
RING_STATE : BODLEAN;
STS_WORK ¢ XESTS TYPE;
PHYSCONNELTED,

PHYSCONNECTFALL,

NODENCONNECTED ,

MOBEMCORNECTF ALL : DUOLEAH;
RING_COUNT : BTE;
CONNECT RESULT : WIE;
DUNMY ;BT

b 000 1 S$EXTENSIONS ON$
7 0000 1 $SEPARATE ONS
8 000 1
9 0080 1 CONST
10 0000 1 CASPERSNM = )
11100 1 ALTINGK =1,
12 0008 1 ALT2NUM = 2,
13 160 1
14 8000 1 SIKECUDE = OFEK; (DATA STREAM CODE FOR SPIKEDETECT)
15 000 1
16 100 1 TYRE
170000 1 XESTS BITS = (XETXRDY,XERXKLY,XETXE,XEPE,XEGE,XEFE,XEDET,XEDSK);
18 8000 1 XECND BITS = (XETXEN,XEDTR,XERXEN,XEBRK,XEER ,XATS,XEIR ,XEEH) ;
19 080 1 XESTS TYPE = SET OF XESTS BITS;
20 9000 1 XECND TYPE = SET OF YECKD BITS;
21 4000 1 BITTYPE = (D8,D1,D2,D3,D4,0%,D6,D7);
20000 1 SE = SET OF BITIYRE
23 W00 1 STATETYPE = (STATE_A, STATE B, STATE C, STATED);
24 6000 1 LSTATETYPE = (BUSY,RIMBACK,VOICE,DIALTCAE, I1NEQUY)
25 0000 1 CHANTYPE = (CHAN A,CHAN B);
26 0000 1 NGDETYPE = (MODE_A,NUDE,MGLE A);
27000 1 BYIEPT = BYIE;
28 0000 1 PHONENCM = ARRATLO..19] OF CHAw,
29 6000 1 PHONETAE = ARRAYLD..9) OF PHONLNUM;
30 0000 1
314000 1 $PAGES
32 1000 1 VR
3 1
34 000 1 SEXTVAR ONS
350000 1 PHOMBODK  : PHONETAB;
3 800 1
37 0000 1 PORTA : §8;
38 0000 1 PORTD : §8;
9080 1 POTC : §8;
AD 0000 1 XECON MTA  : BYTE;
AL 1000 1 XECOM_COMNAKD : S8;
2000 1 AN : BYTE;
43800 1| BAWP : BYTE;
M 000 | SETONDSLEFT  : WVTE;
45 1900 1 COMAND RCWD  : BYTE;
Ab 0MB0 1 RINGAURSE ; BOOLEAN;
47 00
1
1
!
!
!
1
{
1
!
1
!
1
1
1
!
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75 76

63 WA 1 (This should refiect the lsct valves written te the command rect
&4 0604 1 XE CMD i XECKLD_TYFE;

65 WiB

66 WIE 1 (This 1s a new layout for the status regisier)

67 8408 1 {Its origin follows XECUM COMRAND (Ihey’re the same locaticn)!

68 #00F § (Mwve thus to WIAKID when things seitle down.)

69 6006 1 SORGC CrobiHs

70 MOE 1 XESTS . XESTS_TYPE;

71 0088 1 $END_ORGS

72 Wk 1

73 WOB- 1 INFO_FLAG, DATA FLAG,

74 4808 1 TX_FLAG i BOOLEAN;

75 000 !

76 MOE 1 DBYIE, IBYTE  : BYIE

77 00 1

76 W18 1 (The following are vsed for function manipulatient

79 4810 1 SLUWDIAL ; BOOLEAK; {IF TRUE, DIAL T1 UK PULSE W/ PAUSE)
80 M1t 1 USET ; BOOLEAN; {If TRUE, TRY 17 FINST TO DiAL CASPEKI
gt a2 1 O

82 W01z 1 PRICHAN,

83 12 1t SECCHAN i BYTEPTR; (POINIEKS TO PRIKARY & SECUNDAKY EXG)
84 0816 1 ()

BS 8016 1 FILTERA,

B6 616 1 FILTERB : BUOLEAN; (WHETHER TO FILTER A AND B)

87 1018 1 A_GAIN,

B 18 1 D GAIN A H

89 0014 1 ALRIGHT : BOMLEAN;

900018 ¥ O3 v

91 401F 1 CASPER_ANSWERED ; BOULEAN;

92 601C 1 RINGS .10

93 WD 1 VCOUM i DS | H

74 QUE

95 WIE 1 O

96 801E t  BESULY : DYTE; (THIS IS THE RESULT OF ALL SEMDFUNC CALLS)

7 00IF 1

98 101F 1 $PAGES

99 0000 1 PROCEDURE SETCLOCK (NUM:BYTE); EXTERNAL ; {XETSM — starts the 1 sacend interrspt)
180 0060 1 PROCEDIRE STOPCLOCK; . EXTERNAL; (XETSM — disables cleck interrupto)
01 4008 1 $GLOBPROC ON$
102 0000 1

1030000 1 ( )
164 3000 1 (sssxxewnnsr NODEN/TELEPHONE FUNCTIONS AMD PROCEDWRES HENEEEHEX)
105 0000 1 ( ]
e 0000 1 (——-)

167 0800 1 FUNCTION ELITEONHOOK : DOOLEAN;

168 9001 2 VAR

109 0081 2 1 : INTEGER;

110 000 2 BECIN

111 0800 2 (WUST HAVE POWER TO SENSE OFFHOOK)

112 0000 2  (This de-energizes the ringer relay. This psts the Elite either)
1130080 2  (acress the +5 of the psewderinger er acress the line)

14 8808 2 IF ((PORT_B % [DO1 = {D41)) THEN ELITEONKOUXK := TRUE ELSE
1150812 2  ELITEONHOOK := FALSE;

116 8417 2 END;

117 0080 1

118 WO0 1 (--—--)

119 8000 1 FUNCTION ELITEOFFHOOK i BOOLEAN;



128 000!
121 860
122 801C
123 p81C
124 801C
125 8621
126 2034
127 §034
128 W3E
129 1043
130 4049
131 8049
13 905k
133 0000
134 WD
135 6000
136 d68
137 8060
138 0060
139 0068
140 §000
141 1600
142 8069
143 0069
144 D06Y
143 0071
145 0000
147 W00
148 0000
149 0001
156 0000
151 0072
52 872
153 ¥7¢
14 0472
135 0072
136 #0672
157 0072
38 072
159 M72
168 #1072
161 0872
162 4072
163 0072
164 N72
165 0072
166 8072
167 W72
168 8072
169 8072

170 3672

2
2
2
2
2
2
2
2
2
2
2
2
2
1
{
1
2
2
2
2
1
1
2
2
2
2
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
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VAR
I: INTEGER;
BEGIN
{MUST HAVE PONER TO SENSE OFFRHOOKI
ELITEDFFHOOK := TRUE;
FOR I :=0 TO 19000 PO BEGIN
{Port bit DI HI indicates OMKOUK.
IF ((FOKT_B # D8] = [D01)) THEN BEGIN
ELITEQFFHOQ := FALSE;
I:= 18000;
END;
END;
END ;

{-——-)
PROCEDURE ELITEONLINE;
(THIS PROCEDURE PUTS THE ELITE RELAY IN THE UNLINC POLITIUN)
BEGIN

PURT A := POKY_A # [D7,D5,D4,D3,D¢,D1,D81 (D6 --) ZkRUD
END;

PROCEDIRE ELITEDFFLINE;
(THIS PROCEDURE PUTS THE ELITE RELAY IN THE OF-LINE POSITIUM]
BEGIN
PORT A = PORT_A + [Db]; (D6 —) OME)
END;

{——-]
PROCEDURE XECOM_INIT; {CHANGED 3-4-8¢1
VAR
IDX . INILGER;
BEGIN

{These bytes either supply twa missing sync bytes or

wme Missing sync and @ mede
or tws mdes)

{The values are selected without the D6 internal reset bit
high and as 1.9 step bit 1206 baed async which deesn’t
reguire any sync bytes wn its ewnl)

{Be careful if pev deside to change these -- if this precedvre
is entered wpan hardware reset, the XeCen will be looking for
a mde dyte. If yav change these fellawing 1we bytes te zeres
as recemmended in the applicatien nete, the unit MAY Lesk for
tws SYNC bytes, This means that the secenc zers and the reset
byte could be leaded as SYNC bytes which weuld farce the
desired mode byte te be interpreted as a command -- VLRY BAb!)

78

{Nard reset first — medificatien dene te beard tying DD of PUKT L )

{te RESET of the XeCON.)
$LIST_CODE ON$

PORT_C := PONT_C + D51,
K72 % NN DA PURTC
875 Fo 20 BRI X

"7 32 nm §TA  PURT C
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79
171 80784 2 FOR IDX := 1 TO 1400 DO REGIN END;
H74 21 EBE3 LXI  H,1404
87D 22 NN SHLD DXECUK_INI142
peBl 11 6108 X Dt
083 €O 111 CALL  Zintleg
108 CA 1N JI XtCOK_I07 &
2089 EB ‘ XCHE
$0BA XECOX_107_7:
8ea 22 1 SHLD DXECOM INIT
108 EE XCHE
plk: 24 1M LHD DIECO¥_iNIV+2
et CAL Zintnec
6094 CA 7717 . XECOM_I07 6
8097 ER ACHG
§0%8 23 Ix H
IN 3 NN Ji¢ XELOM 107 7
869C XECOM 107 &
172009C 2 PORT.C := PORY_C - [DS;
0E9C 24 111 JA PRI L
BOSF 47 KoV B,A
WAL EE 20 XRI 82
A2 AD ANA B
§0A3 32 MM SA PRI C
173 8046 2
174 30A6 2 XECON CUMMAND := [D,D3,D2,D0;
DA 3E 4D il A7
UM 3z STA  XECOA_COMMANL
170 0LARE 2 (1 S10P BiT, 6 BIIS/CHid, PARITY DISABLED, 1280 BAUD ASYND)
176 00AL 2
177 W0AE 2 (Reset Errors -- parity, overrun, framing)
78 B0AB 2 XECOM COMMAKD := [D0,D1,02,04,051;
WAE 3L D M. AGD
80AD 32 NN STA  XECUM_COMNAND
179 #h5§ 2
180 08B0 2
B1 08B 2 END,
10k0 RXECON_INIT:
1B 09 REY
$008 DaTA
gne DXECOM_INLT:
$008 4
8051 PROG

EXECON_INIT EQU $ -1

182 0060 1 SLIST_CODE OFF%
183 0800 1 S$PAGES
184 0810 1
1830000 1 (-~} ,
86 0000 1 PROCEDURE SENDFUNC ( FUNCBYTE:CHAR ; VAR RESULT:CHAK ) ;
187 40BA 2 BEGIN
188 #0BA 2 (SEND THE COMNANL BYTE WITH R7S CLEARLD)
1d9 00BA 2  (HERE COMES THE FUNCTION)
190 08BA 2 XECOM_COMMAND := [D4,D2,D1,D0);
2

191 00BF (READY FIR THE FUNCTION?)



192 088F
193 #0CC
194 082
195 8002
196 160F
197 80DF
198 BUEY
199 06F3
200 00F8
21 00F8
202 0080
203 00
204 0000
15 0008
206 0000
287 0004
208 0000
209 1000
210 0003
211 4003
212 1003
213 0003
214 4083
215 0083
216 4003
217 103
218 0003
219 4003
220 0148
221
222 1148
223 108
24 0112
225 117
226 1A
227 B1A
228 4114
229 0120
730 1120
231 0124
232 0131
2 0131
234 0136
235 4130
236 013C
27 03
236 4000
259 W30
240 4000
241 0004
242 1006
243 014
244 (AT
245 014
246 014C
247 0140
248 G1AC

2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
i
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
1
1
2
2
2
2
2
2
2
2
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WHILE (XECOM_COMMAND ® [L&) = []) DO,
XECON_DATA := FUNCBYTE;
{THEN WAIT UNTIL TXRDY GD HIGH)
WHILE (XECOK_COMSAND # (D] = (1} DO;
{THEN CHECX FOX RXRDY HI AMD DSK LD FOk INFO KYTE)
IF (XECOM_COMMAND & [D7,D1] = (M 1) THEN
RESULT ;= XECOM_DATA
ELSE RESULY := ' ')
{IF NO INFO BYTE, RETURN * *)
END;
$AGES

(The fellowing pracederes are splates of the sendfunc-type)
(function. Their purpese is to interface to the XeCon mden)

{in everything bet mainstream data transfers.)

(—=)
PIOCEDRE XECDK DOCFUNC:BYTE; VAR DK:BOOLEAN) ;

(This precedure writes a fonction byte eut te the XeCon)

(It signals the medem that a fenction byte 15 1o be witten)
Oy cleariag the RTS (request te send) bit in the cemaand)
(register. It then losks ts see if the moden is ready te)
Creceive a new functian. If it isn’t, it sets DK te falsel

WR
{Usad te snapshot the status ef the meden)
STS NORK : XESTS_TYPE;

BEGIN
{Turn off RTS)
XE_CHD := X£_CMD - IXERTS);
XE_CHD := [XEKXEN,XETXEM,XEDTR,XEERT;
XECON_COMMAND := SB{XE_CMD);

{Snapshetl
STS_WORK = XE_STS;

IF NGT (XETXRDY IN S1S_WORK) THEN
0K := FALSE '

ELSE BEGIN
0K := TRUL;
XECOM DATA := FUNC,

END; (IF)

END;
PROCEDURL BETDATACVAK GOT_INFD CEAN; VAR BUT_DATA:BOULEAN,

VAR TX _RDY i BCOLEAN;

ek IMFU BYiL ¢ BYTE; VAR DALABYTL & BYit);
{Layout of bits for command anc status)
{XESTS BITS = (XE TXRDY , XEAXKDY, XETXE, XEAE, XEbe , XEFE, XEDET , XeDSk. 3
[XECHD EBIIS = (XETXE ,XEDTR, XERXL ,XLHK ,XELK, XEKTS, XEIK , XELR); )

{Ihis procedure gets infermnation from the XeLoa, 11 can retern nething,



i §14C
» 014C
" §i4C
i 14C
" 1140
014C
8140
040
132
b1%e
"
piac
161
0161
LY
0154
LY
0172
172
0179
§7E
817e
1184
)64
§184
1164
01%6
§119
§1a2
biA2
ha2
B1AS
BIAC
B1g1
01E1
0181
ikt
§icz
§coo
phod
ja60
goog
BicH
gicr
0ilF
GICF
gicr
ik
817
01Ls
SEG

0000
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83 84
a data Dyte, an 1nformatica byte, or beth, The reascn we have to de
concerred here abovt a dats byte when the primory wse of this rovtine
1s 1o get infermaticn from the medem regarding a Previbus CamMand, is
that a data byte in the buffer will bleck the presentation of an infe
byte by the mcier. We therefore look for a data byte alsi.)
(The revtize will return CANT as an aid if e byte ic returned and @
functien 1n still processing (er transmitter dbusy??))

(Note that all five parameters of this functuien are variabies ant
need te be ceclared as swch in uses of this praceaure.J

BGIN v

STS WORK := Xt_STS; (Snapshiet)
{Initialize)

GOT_INFD := FALSE;

EOT_DATA ;= FALSL;

TX_RDY := FALSE;

{First, is there data availalle?)
IF (XERXRDY IN STS_MORK) THEN BEGIN
(First we censider the case with a pending data bytel
IF (XEDSR IN S1S_NORK) THEX BEGIN
{If there is data, get it)
DATA_BYTE := XECUM_DATA;
BOT DATA := TRUE;
{Take another snpashet!l
5TS_BURK := XL_515;
{This is necessary to see if an info byte is waiting)

{Now loek te see if there is an infermatieon bytel

IF ((XERXADY IN SIS WURK) AND (NDT(XEDSA IN STS_WIRK))) THEN BEGIN
INO_BYIE .= XELUM_DATA,
GOT_INFG := TRUE;

END; (1F)

END ELSE BEGIN (Here we knew 11's juct aii 1nfo bytes
INFD RBYE := XeCUN_DATA,
EOT_INIG .= TRIE;

END;

END;
IF NOT (XETXKLY IN STS_WOKK) THEN TX KIY = RALSE,
END;

{----—1}

PROCEDURT ABORT_FUMLTIUN;

{All that’s reguired here 15 a raising of tie Kecves! 1o Senc
line on the nccem, The GETDAIA functien sheu.d be execvted
after this te clear the ‘R’ info byte thet 1s generatec if
a function 15 actually aberted.:

GIN

XE CkD = XE CKD + [XERTS),

XECUM _COMMAML := SB(XE CHDI;
EXT;

$PALES



37 0800
308 8000
A9 $10B
310 01DE
311 1D
312 01E8
313 01F8
314 11FD
315 0000
b 008
317 $600
118 10§
319 4080
328 §001
321 001
322 0001
323 1081
324 Mot
325 1801
326 $001
327 10t
328 $007
39 120
330 0207
331 0207
332 9207
333 0207
134 0213
435 0216
336 G214
37 0219
338 6219
339 9227
340 8227
341 0227
342 0227
U3 0227
344 023F
M5 1246
b 0246
347 1246
348 0254
349 1254
350 0261
354 028
352 §268
353 026F
354 §26F
35 0270
356 0283
357 0256
1% 028
359 0260
160 1280
361 0265
362 b26F
363 4269
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{-~—--)
PROCEDURE LOOK_FOR_COMMAND;
{Here we assvme DAAH is unysed)
BEGIN

BETDATA(INFD_FLAG,DATA_FLAG, TX_FLAG, IBYTE,DHYIE);

1F DATA_FLAG THEN COMMAND #CVD := DBYIE

' ELSE COMMAND RCVD := §AAH;

END;

{-—-)

PROCEDIURE BIALFROWPHONEBOOK (ENTRY:BYTE);

(Nete that this checks SLOMDIAL and places delays inte dialingl
{strean if troed )

(Note alse that this is adaptive disling, i.e., try first digit)
(TT and if within S seconds the dialtone deesn’t go away, g8 t0)
{pulse dialing.}

VR
1,1,X : INTEGER;
CH : CHAK;
BEGIN

{First, make sare HestReady (DTR) and ErroerReset are set
and that RTS is lew, indicating fanctian write)

XE_CKD := (XE_CMD + [XEER,XEDTRI)-[XERTSI;

XECOM_COMMAND := SBIXE_LHD);

{Get the Elite offline because it cavsec faise readinis)
ELITEOFFLINE;

(Wait fer the dialtenel

REPEAT XECOM _DOC’R’ ,ALRICHT) UNTIL ALRIGHT,

(Remember that alright incicates thet the functien covlc be
written, [t doesn’t say anptaiag about the Infebyte.)

{Dial the first digit)
CH := PHONCBGRLENTRY, 0,
XECOs_DO(CH,ALRIEHT);

{If w still have dialten2 then we havo 1e go te retary)
REPEAT XECOM DOC’M/, ALRIGHT) UNTIL ALRIGHT;
REPEAT
GETDATACINFO_FLAG,DATA FLAG,TX FLAG,IBY:E,DEYIE)
UNTIL TX_FLAG;
(If ne information byte, disltene still there & owitch te rolaryl
IF NUT INFQ FLAG THEN BEGLN
{Commanc to switch to retary dialld
REPEAT XECUM_DOC'R’,ALRIGHT) UnTIL ALRISHT;

I1:=48
END ELSE
I1:=1,;

{It's sk for thes to listen te dialing)
ELITEOM LNE;

WHILE PHONEBOOK(ENTRY,I] () / ‘ DU BEGIN
XECON_DO{PHONEBOOK [ENTRY ,{],ALRIGT) ;



364 1209
365 02F2
66 B2r
367 0F
368 02FF
359 §2FF
370 92FF
371 42FF
372 j000
373 W0
74 0000
375 4388
76 438
377 1308
378 430D
379 1300
380 4315
181 000
382 1080
383 100
384 1316
385 1316
386 #316
387 4324
338 1324
369 0000
390 1000
91 0080
$92 4326
393 432
394 0326
395 1326
396 0326
397 8326
376 4326
399 036
400 0326
A 032D
402 0330
M3 4330
404 0342
405 8342
406 1352
407 0357
A08 037
409 000
410 080
A1 050
412 8000
13 1359
A14 4355
A5 035y
416 435E
417 836K
A18 136B
419 4372
A20 0394
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87 88
IF SLOMDIAL THEN FOR T ;= 8 10 2080 30 ;
Ii=1+14; )

END; (WHILE)

{SHOULD CHECX AFTER THIS 10 SEE IF RINGING)
(IF NOT, SHOULD HANGUP AND SET SLOWDIAL 10 TRUE)
{AND TRY AGAIN)

END;

(——-)
PROCEDURE WANGUPLINE
BEGIN

(XECOM ONHOOK)

XECOM _COMMAND := [1;

(ELITE OFFLINC)

PORT A := PORT_A + [D6);
E;

(——-
PROCEDIRE XECOM_TO_DYNF;
BEGIN
{ DUMNY: =XECON_DATA; DUMMY:=XECON DATA; DUMMY:=XECOM_DATA; }
REPEAT XECOM_DO(’D’,ALRIGHT) UNTIL ALRIGHT;
(MOW EVERY TIME THE RXKDY GOtS HIGH, A DTMF HAL BEEN RECEIVED)
EnD;

{-—-)
PROCEDURE TKANSPOND; _
(THIS PROCEDURC SEMDS A DTMF TONEPAIR AND EXPECTS OML BACKI
(OF THE SAME VALUE WITHIN A CERTAIN AMOUNT OF TIME (5 SEC.))
CITS PURPUSE IS TO CONFIKM THA CASPER 15 ON TH. OTHER ERD OF AJ
(QUIET LINE, IF IT DOES, THE VARIAULE ‘CASPER_ANSHERED’ IS)
{8ET 70 TRUES
(THIS PROCEDURE SEMS A DTMF ‘A° IF THE NO DhlA PRIOKITY AND ‘B°)
(rCR A DATA PRIDRITY CUNNECT)
KGIN
SENDFUNC(’ 2’ ,RESULT); (SEND ONLY A FOK NOWS
XECG®_TO DTHF,
{ WALT_FDR_SELONLS(S); )
IF ((XECUN CUMNAKD ® [2i1) = []) THEN CASPcK_ANUWLRED = FALSE
ELSE BEGI
IF XLCOM_DATA = “#/ THEN CASFLK AMGWERLD = TRUL {FUk TESP)
ELSE CASPER ANSWCKLD := FALSE,
ENL;
£

$PAGES

FUNCTION GDTODATA .+ BOOLLAN;
{This is only active with the mdens squelched?
BEGIN

XECO% COMMAND:=(DZ,D1,D8); (emables receiverd

GETDATACINGD FLAG, DATR_FLAG,TX FLAG,IBITE,DIYTC);
{ IF (D1 IN XECOM_COMMAND) THEN DEYIL := XECUS_DATA ELSE DBYIL := 7 ')

IF DATA_FLAG THEN

1F ((DBYTE = ‘a’) DR (DBYTEL = “#')) THEN
GCTODATA := TRUE



421 035C
422 139C
23 0364
424 0369
425 0060
426 0000
427 0001
28 8801
429 034
430 0342
431 038
432 tice
433138
434 0120
435 8000
436 D3CA
437 13¢A
438 0302
439 0304
"o 0130
441 0000
M2 0306
443 03¢
A4 B3ED
445 03E3
16 0120
#47 0000
Mg (34
449 03E4
TR
451 L3
152 000
453 800
454 03
455 030
456 037
57 03FL
55 200
159 4300
40 03FE
41037
42 03FE
463 03FL
24 037
46503 E
46 0120
467 0690
468 V3FF
469 O3FF
70 1404
471 0K0Y
472 QAME
473 1416
474 0000
475 1418
476 0418
A77 41D
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ELSL
00:0DATA := FALSE
ELS: GOTODATA := FALSE;

END;
FUNCTION BEING CALLED: BOOLZAN;
VAR
B_C H BOOLENM
BEGIN
B C .= Thul;

IF (PURT B # (D23 = (1) TikN  B.L := Falbe;
B:iNG CALLED := B_C;
END;

PROCZDIKC EMALLL XLLOK,
BEGIN .
Xt CMU ;= Xi Cfb + IXil7K.:
XECUM _CUMMANL := SECXE_CHui;
EXE:

PROCCDIKL DILABLE XELUM,
BEGIN
ECAD ;= X0 CMP - IXEDTRLS
XeCuk_COMMMET ;= SBCXZ_CRi);
EXD;

PROCLDUL ENAELE_TARX,
HEGL
XE (KD = XE_CML + [XLKXLN,XETXENI,
XECOM CUMAGRD = SBUXE CKJDY
ERD

FROCEDURL DISARLE TXEX;
E:GIN
Xt CRL i= Xo CME - [XLRXEN, XLYXLND;
XECUR Cumeib = SBINE_CED.
ERL;

FRGCLDUa: XeLONM TO DATR,
BEGIN
{R38 Hi, Error rewey, Keceive tieule, Dik, Trinsmit bnab.el
{(/]5 1ncicates ali ferther XLCUW DATA wraotes will Ve data
to be transmitted.}
{ XECUN CUAMEND := [DS,D4,0¢,08,001; ) (Done eisewnere)
L3
PROCELURE STARTRINULDALE;
EEGIN
RING STAIE := TRUE;
RINGNURSE := TRUE;
SETQLOCK(1);
ENP(IRT_(% i= PORT A + [D6,02); (Energize the Eliterelay & gate psende ga)
D;
PROCEDURE STOPRINGBALX;
BEGIN
RING_STATE := FALSE;
STOPCLDCL;



A78 1420
79 W20
450 0420
181 1428
482 0480
AG3 042
4G4 G42Y
485 1431
486 0438
487 043D
488 0442
489 1442
490 D442
491 4448
492 444D
493 9452
A94 0457
495 15C
456 W5C
497 046
A58 D4v4
199 0020
S80 0600
<01 0003
502 0000
503 $467
S04 1467
505 §467
506 046C
507 9471
508 0479
509 0000
510 1478
511 447K
512 8478
513 0480
514 0443
515 Q4E3
Si6 1483
517 B4gK
518 1608
519 M45C
Su 0 MEC
321 0494
522 0ASA
523 8494
524 Q49F
525 14M
S26 40
27 VAR
528 M4AC
529 JAAF
530 J4AF
31 1B
532 8489
S33 MABE
534 MBE

4,751,726
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{Tura off gen herel
{De-energize riager relay)
PORT_A := POKT_A # [Dé,D1,D8); {Leave the Eliterelay & lites alsne)
EXD;
PROCEDURE SERVICERINGBACK;
BEGIN
IF (SECONDS LEFT = §) THEM
IF RING STATE THEN BEGIN
RING STATE := FALSE;
SETCLOCK(Z);
{Tern off gen)
{De-eergize ringer relay)
PORT_A := POKT_A # [D6,D1,D8]; (Leave the Eliterelay & lites alanel
END ELSE BERIN
RING_STATE := TRUE;
SETCLOCK( 1),
RINGNURSE := TRUL; {Serviced anc reset by Il
(Do the relay switching and generater start bere)
PORT_A := PURT_A + [D6,Dc); (bnergize the Eliterelay & gate psewds gnl
EKD;
END;

PROCEDIRE STARTBELL;
R
I INTEGER;
BEG [N
{The first call to SEKVICEBCLL will turn the beil el
RING STATE ;= TRUE;
SETLLOCK();
PORT_A := POR1_A + {L7,D6,D3i; (Energlze the Elstereiay & yate BLLL gnJ
END;
PROCEDURE 510PBELL;
BEGIN
(Do nut call SEAVICEBELL after this)
RING STATE := FALSE;
STOPCLOCK;
{Teen off gen here)
{De-eriergize ringer relayl
PORT A := PURT A # (D&,01,001; (Leave the Eliterelsy & lites aleneld
EXD;
PROCEDURE SERVICEBELL;
BEGIN
IF (SECONLS LEFT = ) THEN
CASE RIXG_STATE OF
TRUE: BLGIN
RING_STATE = FALSE;
SETCLOCX(3);
{Turs off gend
{De-energize ringer relay)
PORT_A := PORT_A * [D6,D1,D8]; (Leave the Eliterelay & lites alenel
EN;
FALSE: BEGIN
RING_STATE := TRIE;
SETCLDO(1);
RINGNURSE := TRUE; {Serviced and reset by ISK)
(Ds the relay switching and generater start hered
PORT_A := PORT_A + [D7,06,D3]; (Energize the Eliterelay & gate BELL gnJ
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93 94
535 04C6 2 END;
S36MC9 2 EN; (CASE)
57 106 2 END;
538 0400 1
539 0008 1 PROCEDIRE PHYSCHECX;
540 0409 2 BECIN
S4104D9 2 (CHELK THE PHYSICAL CONMECTION)
S42 D9 2 PHYSCONMECTED := FALSE;
SA3MDE 2 PHYSCONMECTFAIL := FALSE;
S44 04E3 2 REPEAT XECONDOC’N‘,ALRIGHT) UNTIL ALRIGHT;
545 04F1 2 REPEAT
S46 04F1 2 GETDATACINFO_FLAG,DATA_FLAG,TX_FLAG,IBYTE DBYTE);
SA7 MFE 2 UNTIL ((NOT TX_FLAG) AND INFO_FLAG);
SA8 950A 2  CASE IBYTE OF
549 8510 2 ‘R’ : RING_COUNT := RINGCOUNT + 1;
556 051k 2 W,
551 0518 2 "7 ; PHYSCONMECTED := TRUE,
52 0523 2 OTHERWISE .
3530523 2 PHYSCONNECTFAIL := TRLE;
S54 0528 2 BND; (CASE)
555053 2 IF RING_COUNT ) 9 THEM PHYSCONNECTFAIL := TRik;
556 1540 2 BUD;
557 0000 1
SS9 0000 1 PROCEDIRE MODEMCHECK;
550 0S4 2 BEGIN
560 054F 2 IF (CONMECT RESULT = / ) THEN BEGIN
Sol 8557 2 WODENCOMMECTED := TRUE;
562 055C 2 MODEMCONNECTHAIL := FALSE;
563 0561 2 END ELSE BEGIN
5640564 2 MODEMCONNECTED := FALSE;
S65 9569 2 MODEMCONECTFAIL := TRUE,
Sbb 056L 2 END;
567 US6E 2 END;
568 0000 1
569 0000 1 $&LOBFROC OFF$
5700000 1 .

End of compilatien, nusber of errors= ]
LOCATION OBJECT CODE LINE SDUKCE LINE

R

2,

3 ; TELEPNONE DOOK FUR M1AMI

4,

5

b

7 &b PHONEBOUK
1o 8 PHONEBOOK
0008 3537323138 9 COAS 5721491 .
M014 2020202820 1 ASC . .
0028 2020202021 11 ASC ' '
0030 2820202820 12 ASC " '
0051 2020202020 13 A . :
1064 2020202020 14 ASC . y

0878 2026202020 1 AS



§08C 2020262020  1b
10a8 2020202028 17
8B4 2020282020 18

[ Y ST, VU P VY O Y

1 0005
2 000
3 008
& 000
5 000
6 0100
7 000
8 8000
? 0808
10 9008
11 W00
12 1000
13 1000
14 0000
15 1000
16 0001
17 1001
18 8001
19 1001
20 9801
21 1001
22 Wt
23 0001
24 N1
25 8001
26 1001
27 101
28 W00t
2 1ot
3 o1
3t 1001
2w
33 000
34 1001
T 0001
36 1001
37 0001
38 1001
39 6001
40 1001
41 1001
&2 060
e
44 000¢
45 000
46 0000
A7
48 0000
49 1000
50 0000
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95 9
A3l . .
A ' .
AsC v .
19 END
i Q@uubu ~ Fewca: GUue Lvut winei gl ‘
115

$CXTENSIONS ON$

$GEPARATE ONS$

$OPTINIZE OFF$

PROGRAN XET;
TYPE
BITS = (D9,D1,02,03,04,05,06,07};
S8 = SET OF BITS;
CUDBITS = (TXEN,DTR,RXEM,SBRK ,ER,R1S,IR,EH);
CHDBYTE = SET OF OADBITS;
STSBITS = (XETXRDY,XERXRDLY,XETXL ,XEPE,XEOE ,XEFE,XEDET , XEDSK) ;
STSBYTE = GET OF STSBITS;
va
$CLOBVAR ON$
WRITE_ENABLED ; BODLEAN; {Mest be troe to write to Xelon)
$GLOBVAR OFF'$
SEXTVAR ON$
XECO® COMMAND : SET OF BIfS;
INTRSK : 58; {Used by SMASK to set interrwpt mavkl
$EXTVAR (Ft'$
$ORG OF600HS
XD : BYTE; {XelOM data reqister)
Xe_C : CNDBYTE; {XeCUM command register — write eniyl
$END_DRGS
$ORG OFARIHS
XE_S15 : STSBYTE, {XeCom statys register -- read anlyl
$END_(RG$
$ORC OFAD1HS
XE_MODE : 88 {XeCon mode register -- write enlyl
$END_RGS
$UKC OF100H$
POKT_CMD : §8; {8159 command portl
PORT_A : 58; (OUTRLTS:
(17 - Ringer relay; 1==) bell generatord
{ 0==) psevde ringdackl
{Bo - Elite relay; 1==) across riny generators)
{ §==) w tiie line)
b - Active lite; 1 ==) i
PURT B : 88; (INPYTS)
POKT € : §8; (BUTRUTSS
$END_OK LS
PROCEDURE INIT QUEUE; EXTERMAL; {WUEUL - initializes the queve peaniers; emes the quo
PROCEDURE SMAGK; EXTERNAL; (INTR -- sses INTAMSK ts S1M)
FROCCDURL DISABLE; EXTEKNAL; (IN'K -- executes the DI cemmangi
PROCEDURE ENABLE, EXTEANAL; C(INTR -- executes the EI commany)
PRICEDURE ENARLE 70 EXTERNAL; (RAIE ALAKM STUFF}
PROCEDURT DISABLE /3, EXTERNAL; (RATE ALARM STUFF)



51 4660
52 4l
33 0uo0
34 1600
55 006¢
b 000
97 1600
58 0100
99 00e
68 Hoe
CY 111
62 1000
63 4000
64 1060
63 1008
66 00
67 100
68 1000
69 $003
7m0

71 L0

72 04
73 00K
74 W04
75 W04
76 N4
77 8004
76 104
79 1004
80 1004
Bl 4004
82 N4
83 0034
84 1004
85 0004
g6 #0o7
87 00CA
ge 100F
89 §U0F
90 ¢
91 000¢
92 4000
93 1000
94 d000
95 000
96 0008
97 Wil
98 1000
99 0010
100 9010
101 018
162 8034
113 44
104 0044
105 0044
146 0044
187 4044

!
1
1
i
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
!
1
2
.
2
2
4
2
2
2
2
2
Z
2
2
2
2
2
4
.
!
1
1
2
.
4
2
2
2
2
.
2
2
.
2
2
2
2
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PROCEDURE ACTIVELITEON; EXILKNAL;

$PAGES

$GLOBPRGC ONS

PROCEDURE DISABLE_INOUT,;

{This procedure disables the interrupts generated by the TakDY pin
of the XeCOM and and 5 as interrupt. It does not generally disable
the interrupts bet dees reset the 7.5 latch)

{Note that the 5.5 (1 secand) interrspt mash states is wneffected
by this revtine.)

BEGIN

{ MISARE;

{ INTRNSK := INTRESK + [D4,03,02,011;

{ SMASK;

{ ENABLE;

MSABLE 75; (17 Sept 85 Rate Alarm Stuff)

BiD;

et N W &

PROCEDURE EMARLE_INOUT;

(This procedvre initializes the buffer for inpwt data anc ensbles the
interrupts)

(Mete that the TxRDY interrept (6.5) is wnmasked by the interrapt
service routine of the 7.5 interrapt when there is a data byte L0
send. e make wure it is maskec here befere we ensble the interrepts)

{Kote that the 5.5 (1 secend) interrupt mask status is vneffected

by this revtine.)}

BEGIN
{ MSAKE; : b
{ INIT_QUELE; {Resets the queve —- &rases wiet is stired)
{ INTKESK := (INTKMSK + [D4,D3,D11) - (D2}, {Keset 7.5 latch, mack 6.5(1xKDY}J
{ {Unwmask 7.3(ims)}
{ SKASK; }
INIT QLRiE;
ENALLE 75
XE_C := [TXEN,DVR,RXEN,ER,RTS;
{ ENABLE; )
END;
$PAGES

PROCEDURE XELOM_RESET;

(Here we hit the Xecem hardware reset line anu program the mece
byte and send the cemmand register with DIR set Mok, Experience
has skewn that DIR is regeired fer the DET (SYNDET/BRKDET) pir tu
reliably shew the bell states)

VAR

1 : INTEGER,

KGIN

PORT_C := PORT_C + [D5]; (Hardware reset high)

FOR 1 :=1 70 1000 DO BEGIN END;

PORT_C := PORT_C - [DE]; (Hardware recet 1)
{ 07,06 = 01 ==) 1stepbit }
{ 15,04= 00 ==)parity disablec )
(03,02 =11 =) Bbits/thar }
{ B,D0 =01 ==) 1200 bawd asyac)

XECOM_COMMAND := [D6,D3,02,D01; {Set the mde per abevel



108 0849
109 104€
110 05K
111 8100
112 0000
113 1000
114 0008
115 0300
116 0800
117 000
118 $05C
*19 005C
120 005F
121 0064
122 0064
123 1064
124 0069
125 0069
126 0075
127 0074
128 103
129 0061
134 008F
131 008F
132 009
133 009K
134 0080
135 00kY
136 0085
137 00BA
138 00B4
139 00BF
140 00CE
141 10CB
142 04CK
143 0CE
144 0000
145 04D0
146 4004
147 O0DF
148 00K
149 9008
150 08E0
51 MED
152 DOEO
153 90E0
134 00EO
155 DIEO

156 00E0

157 04ED

158 O0ED
159 DUED
160 00F2
161 SOFE
162 0103
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XECON_COMMAND := {D0,D1,D2,D4,D51;
WHILE (XECOK_COMAND & (DO} = [1) DO;
E;

PROCEDIRE INTERCOM,

{Thic procedure sets vp the intercom mede,
in parallel with the Xecom.
1/0 interrupts are disabled.)

VAR

JUNK » BYTE;
BEG IN

DISABLE _INGHT;

XE_C := [TXch,DIR,RXEND;
(BEERMERRNENFRE)

XE_D := ‘H';

REFEAT UNTIL (XLTXRDY IN XE §T9),

WHILE (XEKXRDY IN XE_S18) DL JUNK := XL I
(B ERREREXRHX)

XE_D := bi6H,; (Functien "*V}

REPEAT UNTIL C(XETXKDY IN Xi_§15);

WHILE (XERXRDY IN XE_STS) DU JUME = XL I,

£13122211212 38}
XE_C i= [DTR,ER];
XE_C := [DTR,TXEN,RXEN];

XE D= "D,
REEAT UNTIL (XETXRDY IN XE 575);

WRITE_ENABLED := FALSL;

PORT_A := PORT_A - [D&1;
XE_C := [DTR,RXEN, TXEND,;

EXD;

FUNCTION DATALINK: BYTE;

No writes can occur here.

100

The telephone is eniine

The data

{Used far buffer cleanautl

{Mask the & ms anc TuRDY interreptus
(Rake sure recelver is easbled]

{Discunnect mecemc—-sffhuek)
{No informatien bDyte pessiiie herel
{ait for the funclien to Compiete)

{Here we clean aut the data buffer)

(Connect avd1e anpu1 fer rucl
(Ko informatilen dyte Jessiule herul
(Wait for the function to completel

{Here we Clean out 1he data buiver)

{Set DIk, reset errorcl
{Jet DGR, endble recelver and xmitter)

(take the mucem offhiosk arnd go te LI
{Wait for the fuaction te Cimplete:
{lafo byte ‘1’ possibliel

{....b¥t under what cirCwms tances??)

{Dor:’t allew writes here -- functiensd
{Below 15 ELITL to onlinel

(Do thrs last to save the ears)

{Set vp far rece.vel

{This sets up the digital cemmsnicatiens in the answer mece between

the XeCOM and Casper.)

{The valve reterned is any infermatien byte that was retwrned from

the Answer function.
returned)
BEGIN

PORT_A := (PORT_A - [D3,D2D) + [Dé];

Xe_C := [DIR);
REPEAT UNTIL (XETXRDY IN XE_STS);
XED = ‘A

REPEAT UNTIL (XETXRDY IN XE_§15);

If the functien returned nernaily, @ space 1s

{Tern off the ringback and peil ring
generatsrs)

{De this se below we den’t come acress
4 beil risging witlh e

(Elite off the line te save the ears.
{Set wp for functisn write)

{Wait for 1t te compietel

{go into answer model

(Wait for 1t te completel
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101 102
163 $10F 2 IF ((XERXRDY IN XE_STS) AND (NOT{XEDSR IN XE SIS}))
164 0120 2 THEN DATALIM ;= Xi D (1f we qet a infe byte, here 1t 15)
165 N29 2 ELSE
166 1129 2 BECIN
167 1129 2 DATALINK ;= ' *; (ketorn for normall
168 §12E 2 XE_C := {RIS,TXEN,RXEN,ER,DIR];  (Set wp fer 2 way link)
169 0133 2 ENABLE_INOUT; (Initiaiize the guede anL get thing.
baliy2
170 H36 2 EXD; shats
171 0136 2 &M,
172 080 1 $GLOBPROC OFF$
173 8000 1
“nd of cempilatien, number of errors: 0
FILE: SAMP'LER: TLIpbs W 4400¢ - Pascal
10000 1t *806%°
2 0800 1 TIILE °SAMPLER — REAL-TIME ECG PREPROCLSSUK®
%% ERROR 77 3 *4350
Joseg 1
4 ON0 | ; CHANGE HISTORY:
50860 1 ; 28 SEP 85 -- TL JIRAK & TC EVANS — BASELIM: VEKSION CREATLD
EEkE EAROR 77 *&
6 8800 1
7 0880 1 ; DESCRIPTION:
8 000C 1 ; THIS MODULE CONTAINS THE REAL-TIME ECG PREPROCESSUK AMD SEGMENTIZEK
9 8000 1 ; USED BY THE ECG RATE MONITOR SOFTWARE IN THE TransCare (1) PATIENT
18 W00 1 ;  DBASESTATION (B85 WITH MELMORY-MAFFEDL 10). THE RATE KONiTOk SUFTWARE
11 00080 1 ; IS A MODIFICATION OF THE SAM I (REALYST) ECG AMALYSIS ALCORITHA,
12 0080 ! ; THIS MODULE WAS CREATED BY CONVERTING THE 5AM 1 (REALYST) MODWLE
13 6000 1 ; “MAIN® (VERSION 2E) FROM INTEL ASSEMELER FORMAT TO HP64S01 ASSEMM LR
s ERROR 77 450 450
14 6000 1 ; FORMAT AND MODIFING THE CODE 10 USE THE BASESTATION’S I0 AND
s ERROR 17 202,430
15 0000 1 ; ELIMINATE FEATURES NOT USED IN THE RATE MONITOR APPLICATIUN,
16 8000 1 ; SOME VARIABLES MERE RENAMED; THE DkIGINAL NAMES ARE IN CURLY
17 8800 1 ; BRACKZTS. THE RATE MONITUR BACKGRUUND (NON-REAL-TIME) FURTION IS
18 8000 1 ;  CONTROLLED BY MUDULL "S" ANi USES PROCEDUKCS AND FUNCIIUNS IR
sk ERRUR 17 ‘450
190000 1 ; MODULES °RSENSE®™ AND *MONITOK".
wxt FRROR N *450 *46l
20 0000 1 SKIP
21 0000 1 CHECK TIML EQU 50D 3 SET CAECK ECG INGERVAL TO S064S
«x ERRBR 17 13,455
22 0000 1 FALSE 3" HI i BOULEAK FALSL
e ERROR N7 ~455
23 0000 1 TRUE EG QM ; BUULLAK TKUE
e (AR N 453
24 0000 1 SPIKE COUE B 20D ; VALUE (FEH) SchTl TU INDICAIE PAUEK
25 0005 1 ' ; SPIKE DETEC i 10N,
26 1000 1 TIROMS B 30D o 106 MILLISECORD CURSTANT
27 6000 1 MAX_SEGIOX tQL 19D ; MAXIMUM UF ScGNERT BUFFei POINTER
26 K00 1 SBSiZ EQU  2%(MAX SLGIpGXt1) ; SIZE UF EACH SLGHLNT BUFFte AKJAY
2% 00 1
30 1060
31 80 ! EXT INGTL ; FRUCEDURE TN MUoULc "CLUCRi0® Tnhy
st EREOL 17
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104

HLWCLTT-FAUKAKDL . “" M bk -- KLAC JiRL ELe PRoFAULEZUSUR
/

LOCATION GBJECT CODE LINE

(0032
(8000)
408
(R0FF)

(401E)
(0013)
(oe28)

19

21 CHCK TINE EQU
22 FALSE EQU O
a3 TiLe EU N
24 SPIXE CODE EQU

a

26 T1M0NS Ew W
27 MAX_SECIDX EQU 19D

SOURCE LINt

; DESCRIPTION:

THIS WODULE CONTAINS THE REAL-TIME ECG PREPROLESSOR AND SEGMENTIZEK
USED BY THE ECC RATE NONITOR SO TWARE IN THE TransCare () PATIENT
BASESTATION (8085 WITH NENORY-MAPPED 10). THE RAVE NONITOR SUFTWARE
IS A NODIFICATION OF THE SAN I (REALYST) ECG AMALYSIS ALGORITH,
THIS NOIULE ¥AS CREATED BY CONVERTING THE SAM 1 (REALYST) MODULE
*MAIN® (VERSION 2E) FROM INTEL ASSEMBLER FORMAT 10 HP6ASO) ASSENRLLR
FORMAT AND MODIFING THE CODE T0 USE THE BASESTATION’S 10 AND
ELININATE FEATURES MOT USED IN THE RATE NONITOR APPL(CATIUN.

SONE VARIABLES WERE RENANED; THE ORIGINAL NAMES ARL IN CURLY
BRACKETS. THE RATE MONITOR BACKGKUND (NUN-REAL-TLMC) PURTION IS
CONTROLLED BY MODULE *SN® AND USES PROCEDURES AND FUNCTIONS IN
MODULES *RSENSE® AND "NONITOR®.
56D ; SE1 CHECK_ECH IHIERVAL TU 50645
; BOOLEAN FALE

3 BUOLEAN TRUE

; VALUE (FFH) SENT 10 INDICATE PACER
; PIKL DETECTION.

5 160 MILLISECOND COMNSTANT

s NAXINUN OF SEGNCNT BUFFER POMHTLK

233D

28 SBSIZ EQU  2#(MAX_SEGIDX+1) ; SIZE OF EACH SCGHENT BUFFER MRRAY
2

3

31 EX IMNTE ; PROCEDURE IN MODULE *CLOCKIO® THAT

R ; SENDS DATA 10 CASPER.

33 EXT RUAVE_TYPE  ; VARIABLE IN NODULE "RSENSE® INDICATES LEWEL
3 ; OF DATA UNBELTABILITY,

35 EXT SPIKE_EMABLED ; BODLEAN IN CLOCKIO® SET TRUE TO EMALE

% ; SENDIMG SPIKE_CUDE WHEN PACER UPLKE DETECTLD.
ks

38

3y G ABWAL_SIALE  ; DIFFEKENTIATOR SUALE FACTOR CUNTKUL.

40 GLB BUFFERLEVEL  ; NUMBER OF SEGMENTS DETeCIED SiKCE Ve

At s CANDIDATE (BLEVEL),

A2 GLE CANDIDATE_FLAG ; SET TRUE WHENEVER A CANDLOATE WS

a3 s 15 DETECTED (CANGRS).

44 CLE CANDIDATE_PTR ; BUFFER LOCATION OF CANDLOATC QS DETECTLD

45 ; BY PREPRUCESSUK (PSIGRTD,

4  GLE CHECK ECG ; SET TRUE EVERY CHECK_TIME WHEN NEW PEAK_BF. R
Y ; AKD ECU_PF AKL READY.

4B GLB DISABLE 7S ; MASK RST 7.5 WITHUUT DISAULIN INTERKUFTS AND
s ; FLAG ENU OF RATL NONITORING.

50 GLE ECG_PP ; PP ELS AMPLI TUDE,

S G} EMAKLET ; PRULEDUME THAT INITIALIZES SAMVLER AND

52 ; ENABLES THE RST 7.5 INTEXRGPS

S3 GL) INSIGT ; SEGHCNT StMSING THRESHOLG.

5 L NINUTES ; MINUTES POR1LOR OF To0 (ETIMLD,

S5 GL) MODEN_ON ; ENAKLES DATA TRANSNISSIUN If SAMFLEK ACLiVL.
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109
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Mo3
1164

0805

0o
808

1o
0o
L[]i]s
0ot
L
so12
W14
8016
018
1014
il
101E
109F
1020
0022
623
0025

105

4,751,726

366U MODEM GFF

37

S8 GLB PEAK SLOPE
59 GLE SAAVLL ON

&6 bLk  SAMFLER

b1 GLF SI6T

62 GLE XMITECC

b3
b4
b0
b6

67 Gl EMD_TIME

&8 GLE PEAK_MAG

67 GB PP_STAKT TIME

70 GLE P VALUE
71 G START NINUIE
72 GLE START SUBKIN
73 GLB STAKT TIME

75 ORG FBIOH
76 ECG_INPUT:

77

78

79 MIA

8

B1 ABSWAL_SCALE:
82

83 ARTFLAG:

84 BUFFER LEVEL:
85

86 CANDIDATE_FLAG:

Y

89 CAMDIDATE_PTR:

Y
90 CANISD:

9

92

93 COPEAK:

94 CHECK_£CC:
95

96 CHECK_TWR;
97 DIFFIR;

98 ECC_NN_SUM;
99 ECG_MX_SUN:
100 ECG PP:

101 EINO:

182 EINt:

103 EIN2:

104 EIN3;

105 EINA:

146 EINPTR:

107 FLAG_1GMS:
108 IMIGT:

109 NINUTES:
118 PEAK BUFFER:
111 PEAK_SLOPE:
112 PRINT:

ps 1

ps ¢

2
—

o o -
" R REEEE

© o T e = o
mu‘;\'—!‘-cnwgsv?nuv
MR = P e NI PO M RO T PO MY A R e

106
i DISABLES DATA TRONSMISSIUN §ul DR KOT
; DIGABLL K&} 7.0 (SAdFLLk STAYS ALTIWVL).
; PEAK UIFrERENTIAL DIXING 08T CHLUK TIMe.
; SET TkUL TO ENGBLE RATE MON.TUK BACKERUUMD.
; ENTRY PUiNT 10 S40HZ SAM’LING FROCCDARE.
; SIGNL-IUANT SEGKEND TRKLGHGLD.
; ECG (UR PACER ARTIFACT) DATA BVIE T0 Bt
; TKANSKITIEL TO CASFLR.

; BRSE ALIKLSSES OF SLLMENT DAIA BUIFEKS Usch
i AS PASLAL AKRAYS (SECBUP)

o END VI © AKKAYLD. MAX SEGILXI Db INikbik,
| PEAK MAG ; ARRAYLO. MAX_SEGIDX) OF INIEGek;
s PP_STAKT TIME : AKRAYID. NAX SEGIDX; OF INIEGLK;
D PPVALUC ¢ ARRAYL. MAX_SEGIDXI OF INTECEK,
o START KINUIEL : ARRAYLU..NAX_SEGIDKi UF iINILGER,
s START SUBMIN : ARRAYLE..MAX SECDX) OF INTEGR;
o GTART TINE  : ARRAYLU..MAX SEGIDX) UF INTEGEK;
+ NENORY-HAPPED 10,

s ECG CHAMMEL USED FUR ANALYSIS (IEAD OMLY).

; CONTROL DIFFERENTIATOK SCALE FACTOK — MUKBLK
s OF TIMES ABSULUTE WALUE IS HALVED.

; PACER AKTIFACT FLAG.

; NUNBER OF SEGHENTS DETECIED SINCE

; LAST @KS CANDIDATE (BLEVEL).

; SET TRUE WHEIEVER A CANDIDATE

s QRS 16 DETECTED (CANWKS).

; BUFFER LOCATION OF CANDIDATE WRS

s DETECTED BY PREFROCESSUR (PSIGPT).

5 ACCUMILATES TIME FRUN TH LAST

; S1GKIF ICANT SEGMENT END TO THL NEXT
SIGNIFICANT SECMENT STANT

CURRENT DIFFERENTIAL PEAK.

} SET TRUE EVERY CHEUK_TIME WHEN NEW PEAK_BUFFEX
5 MHD ECG_PF ARE READY,

; USED TU COUNT DOWK CHEDXX_TIX BY 18HS TICKS.
; SELECTS DIFFERENTIAL CUNFUIATION,

5 AINLMUM VALUE OF SUMED ELC SAMPLES.

; MAXINUM VALUE OF SUNMED ELG SAMPLES.

; P-P ECS AMPLI TUDE,

s BUFFER FOK AMALYZED CHAMNLL IMPUT USED FOK

; SUMMING 5 CUNSECUTIVE ELG BYTES.

. -, ae

i DIRECTS INFUT T0 AFPRUFKIAIL EINX BUFFEK,

i SEI TRUC EVERY 10MS.

; INSIGNZF ILANCE THRESHOLD.

; MINUTES FORVION OF TOC (ETIMC).

; ACCUMiLAILS PLAK DIFFLKLNILAL FOK PAk_SLUFE.
; PEAK DIFFERENTIAL DUR1MS LAGT LHEDX 3D

; LAST PALL-TU-PALE INTEKVAL.
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L
$45

14

148
0149
014a

14
414
814p
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8131
133
#1355
1
8158
0158
0150
bioE

baF

§is0

107

113 TR
114 PSFLAG:
115

116 SANPLE ON:
117 SEFLAG:

4,751,726

D5 2
D5 1
b5 1
DS 1

108
o PACE-SPLIKE 10 PALE-SPIKE TIMER.
: PACE-SFIKL FLAb == USED IN SFLKE
. DETECT PROLESS.
; GET TRUE TU ENAELE KATE MUNITOR BACKGKUUNL,
s SEGNENT START & END FLAG,

118 ;(SEGBUF} -- QKS SEGKENT DATA CIKUULAK BUFFEKS:

119 EXD_TINE:
tel
121
122 PEAK Mal:
123
124

125 PP _START _TIME:

126
127 PP_VALUE;
128

129 START_NINUTE:
138

131

132 SIART_SUBNIN:
13

134

135 START_TIME:
136

137

138 SEGCNT:

139 SEGLDX:

140

141

142 SEGISD:

143

144

145 SECTIR:

146 SENKEF:

147 SIGATR:

148

149

150 SIET:

151 SLOPE_MAG:
152 SUEKIN:

153

154 SUNEUF;

155

56 SUNINC:

157 SURLNL;

158 SININZ:

159 SUMIN3:

160 SUMiN4;

161 SUMINS:

162 XKIT_ACTIVL:
163 XAIT_ARTFLAG:
164

165 XM:T ECG:
166

167 XKIT_SUMaLF
168

DS §BS1Z
DS SESIZ

DS SB3IZ
DS sks1Z

08 6BSiZ
DS SBSIZ
DS SBS1Z

1
51

= =5 D o
g} TGRS LR T T
— Eaihaatl s CHLAL AN ST I (U T o

(=
(427
—

; END_TIME : ARRAY[Q. MAX_SEGICXI O INTEGEK;
i SLGHENT DURATION (SEGTMK) — HAb A
NAX1HUK VALLE OF 234,
PEAK Kau ; AKRAYLG. MAX_SEGIDX) OF INTEGLK;
PEAK Uf DIFFERENTIAL (LDFeAK) FUK EAGH
SEuMLNT — MAXIMUM VALUL 0 20u.

PP_START TINE : ARRAYLD, MAX_SEGIDX! O INTEGcK;

PP VALUE : ARRAY(D. MAX_SEGIDX] OF INTEGER,
PPING AT SEGMENT STAKT.
START MINUTE : ARRAY(N,.MAX SLGIDXI U INTEGER,
VAL OF NINUTES PUKTION OF SYSTEM (UL
AT SEWNENT START,
; GTART SUBMIN : AKRAYL0..MAX_SEGIDX) OF NILGEK;
s VALUE OF SUBNIN PORTION OF SYSTEM Tul
i Al SLGHENT START.
s START TIME : ARRAY (S, MAX_SEGIDX) OF INTEGEN;
H
;
;

)
)
}
j
H
5 VALUL Ob PFTMR AT SEGKENT START.
j
)
}
)
}

TIME FRUS THE END OF THE LAST SEGMENT T0
THE START OF THE CURRENT SEGHEAT (SECISU) .
KUMBER OF ENIRIES IN (SEGBUF) BUFFERS.
;5 POINTER YO ARRAY ELEMENIS [N SECMENT DATA
; CIRCULAR BUFFERS THAT WILL STUKE DATA FRUM
; THE NEXT COMPLETED SEGHENT.
; ACCUMULATES TIME FROM THE END OF A
; SEGMENT 10 THE START UF THL MEXT
; SELMENT
; SECHENT TIMZK,
; SIBN OF DIFFERENTIAL.
; CURRENT VALUL OF SEGIDX AFIEX A
; SIGNIFICANT SEGAENT HAo ELLN
; DETECTED
; SIGNIFICANCE THRESHOGLD,
; CURRENT BIrrERENCIAL (SLUPZ) BAGNITLDL.
; A/D SANPLE CUUNT; RESET
5 EVERY MLMUTE
; SUM OF ECG INPUT FOK FIVE SAMPLES (DVLK
; 16.666667 #5) (AVERUFD,
i BUVFERS FOR ECL BYTES SUMMED OVEK 16.67/88 —
; UscD FOR CutPUTING YHE BAKD-L INITES
+ DIFFERENTIAL (AVEINU THKU AVLING2,

; SET THub WHEN MUDER IS 10 SLND DAlA,

; FLAG PALZR ARTLFACT CulE (0 BE INSERICD

; FOA ThANSAILE10N.

; AVERAGLD C6 C(OR PAUER ARIIFACT) DalA BYIL

3 T0 Bt TRANGHITTED TO CASPEK,

i BUFFER rUS WUM OF 3 ell BYTeS 0 B YKLCESuLy
i FUK ThaNss SEI0K,
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109 110
178 PROG
171
172 ; INTERRUPT RUUTINE SAMPLER — DRIVEN BY A 300 HZ SAMPLE CLUCK CimedLILD
173 ; TORST 7.5. UPDATES SOFTWARE TIMER, DOES ECC REAL-TIME PROCLSSINu, SIORCS
174 ;  STORES ECC SAMPLES IN BAVEFOKK MEMORY, AMD CALLS THt TRANSAIT

175 ;  PROCEDURE EVERY 1MIS.

176
100 F5 177 SAMMLER:  PUSH PSN
8001 C5 178 PUSH B
1002 DS 179 PUSH D
8003 ES 180 PUSH H
0004 3ECO 181 M AIBNN006  ; SOD HI TO CHECK REAL TINE USE.
1806 30 182 SIN
183
184 ; NAMAGE SYSTEN TIME OCCURRANCE CLOCK (10C),
4007 24014 185 LHLD SUBAIN s UPMTE LOW-OIDER PRT OF TOC.
0004 23 186 INX H
0008 22814D 187 SHLD SUBMIN
080F 11980 185 - LXI D,-18088 ; TEST FOK ELAPSED KIMJTE
0811 19 189 M D _
0012 D200ZF 190 INC GET SAPLE  ; IF NINUTE NOT ELAVSED
§015 210800 191 LXI K,0 ; RESET SAMPLE COUNY
8018 22014D 192 SHLD SUBKIN
$01B 200020 193 LHLD NIMUTES ; INEX MINUTE COUNT
W01E 23 194 INX H
WIF 7T 195 MOV A,H ; CHECK IF MINUTES HAS RULLED OVEK FKUK
TERY 196 RAL s TFFFH (POSITIVE INTEGER) TO BONOH (NEGA!(VE
0021 DE0GC 197 ING STILL_POS 5 INTEEER),
$024 3£68 198 WI 4,8 ; TELL @RS DETECIION PROCESS TO IGNGRE THE
1026 320040 199 STA R WAVL TYPE ) REXT FEN BLATS,
1029 210000 200 LXI H,0 ; RESET MINUTES,
102 220620 201 STILL POS: SHLD KIMUTES
22
203 ; INFUT ECC SAMFLL AND STORE FOR AVERAGING.
B02F 217600 204 GET SAKPLE: LXI H,ECG_INPUT  ; LOAD 8-BIT SANPLE INTD DE.
0032 SE 2 KOV E N
1033 1600 206 W1 D,4
0035 28001C 207 LHLD EINPIK ; JUMP 10 SIOKAGE RUUTINE.,
4038 E9 208 PCHL
0039 EE A9 ESTORY:  XCHG
8634 220012 210 SHLD E1ND ; GTORE SAMPLE ©.
0030 210043 211 LXI H,ESTUR!
0040 C30668 212 INP EDDUN
0043 EE 2.3 ESTORL:  XCHG
- 0044 220014 214 SHLD EIN1 ; STURE SARPLE 1.
0047 21004D 218 LXI H,ESTOR -
6044 L3008 216 P EIOUN
$04) EF 207 ESIOR2:  XCHG
QU4E 220016 218 SHLD EIN2 ; STURE SANPLE 2.
D051 210057 215 LXI H,ESTUA
1054 C30068 28 M EINDUN
0057 EB 21 ESTORY:  XCHG
$0:8 220018 222 SHLD £1N3 i STURE SMPLE 3,
B0SB 21001 z3 LXI H,ESTOR4
805E C30068 224 P EIDUN
$U61 EB 25 ESTOKe:  XCHG

$062 220014 226 SHLD ElMA ~; SIURE GAMPLE 4.



0065 218639
fee8 2ate1c

6B 210029
doek 20
G06F 17
$071 DADMBY
1073 3608
175 20027
n7, a3
wn 7
674 17
1678 D208t
7L 217FFF
§081 220027
84 CINF
nex
§oae 87
189 C20075
$08C 3601
§08E 2A0027
0091 220025
1694 210040
0097 220027
1094 3E01
$09C 32008t

JO9F 216148
§0AZ 34
10A3 C28048
$0A J6FF

0048 2A0012
$0AB EB
BOAC 2A0CI4
8oar 19
§0B4 EE
1061 280816
§0B4 19
_10B3 EB
80Bb 2A0018
§0B9 19
10BA ER
$UBE 2A0B14
108t 17

105 22014F
80C2 EB
$003 2A0004
¥6Ce E9

111

ay

228 EINDUN:

29
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112
LXI H,ESTORO

SHLD EINPTR ; LEADY FOR NEXT SAWLE.

230 ; LO® FOR PACE SFIXE.

231
474
233
4
2N
8
rxyj
238
23
248
241
42
F2xs
244
245
46
247
246
249
%0
&t
233
24
255
256
7
258
Fl]
260
261
262
262
b4
265
266
7
268
29
a7
a1
272
73
274
275
276
a7
278

-9

260
281

T

SPPT:

SPIKE:

; INCLINENT
IST:

LXI H,PSFLAG
RIN ; LOUK AT SPIKE DETECIOR OUTPUT

RAL 5 (B7 = 1 WHEN SP IKE DEVECTED) .

IC SPIKE

W1 N,FALSE ; N0 DETECT, S0 CLEAR PSFLAG,

LHLD PPTMR ; INCRENENT PPTRR.

N K

HOV A ; CHECK IF PPTAR HAS ROLLED OVEK FKUM
RAL s TFFFH (POSITIVE INTEGER) TO GO (NEGATLVE
INC SPPT ; INTEGRR) ,

LXI H,JFEFH ; PREVENT TIMER ROLL OVER.

SHLD PPTMR ; STOKE PPTIR.

W IS

WV AN ; SPIKE DETECTED — IGHORE IF

0RA A ; NOT LEADING EDGE.

N 1PPT

V1 N, TRUE ; SET PSFLAG ON SPIKE DETECT.

LHLD PPTAK ; SAVE CURRENT PPTMK VALLE.

SHLD PRINT

LXI H,8 ; TERD PFTHR,

SHLD PPIHE

W1 A, TKUE ; SEV ARTIFACT DETECTED FLAG.

5T ARTFLAG

THE SEGAENT TIMEK,

X K,5E6THE

INK ¥

INZ SUMIN ; IF SEGTHR ( BFFH

W K, BFFK ; ELSE HOLD AT OFHh

; COMPUTE THE SUK OF THL ELG SAMPLES TAKEN
; DURING THE LAST 16.66667 HS.

SUMIN:

LHLL EING i THLI = EING,

XCHG

LHLE EINS

DAY D i LT = EINU + EiNd,

XCHE

LHLD Ein2

DAD D ; THLY = EIN 4 EIND # EINZ,

XCHG

LHLD EIN3

D D 5 LHUL = EINO + ELNI + ELN2

XCHG s ¢+ EINS.

LHD E1M

DAD D ; [HLI = EING + EINT + EINZ
i€ EING + EINA,

SHLD SUMBUF ; STOKL CURRENT SUM,

XCHE

LHLD DIFPTK ; JUKP 10 APPROPRIAIE

PCRL ; COMPUYATION ROUTINE.

282 ; COMUTE DIFFERLNTIAL ANL ST0Rt CURKKLNT SUK
283 ; — SUMS ARE SIURED IN THt SUMIN: VARIABLLS
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113 114

§0C7 2401350 284 DIFFQ: LHLD SUNING ; 6L QLDEST SUK.

§6CA EB 285 CHe

0003 220151 26 SHLD SUNING ; REPLACE IT WITH MEMEST.

WCE CDI331 287 CALL AHSVAL ; COMPUTE DIFFERCNTIA .
08Dt 210807 28 LXI H,DIFF! ; LOAD MEXT POINTER.

94D4 C30148 289 JMP DIFDUN

$1D7 240153 290 DIFF1: LHLD SUMINY ; SET DLDEST SWM,

104 EB 29 KCHG

1003 220153 & SHLD SUNIM 3 REPLACE 17 WITH MEWEST.

DE CDA331 a9 CALL ABSVAL ; CBPUTE DIFFERENTIA

S0E1 21087 24 LXI H,DIFF2 ; LOAD NEXT POINTER.

SUE4 C30148 2% P DIFDUN

$0E7 20135 296 DIFF2: LHLD SURINZ ; BET DLDEST SUM.

0MEA EB 297 XCHG

18E3 220155 %8 SHLD SUMINZ ; REPLACE IT WITH NEWEST.

$0EE CDR331 299 CALL ABSVAL ; COMPUTE DIFFERLNTIAL .

1F1 220160 K 1 SHLD XMIT_SUMBUF  ; TIKE TO SEHD DRIE TG CASPER, SU STOKL

G8F4 210008 30 LXI H,ARTFLAG ; DATA 1N BUFFERS AND SET SENJ FLAG.

10F7 e MOV AN

08F8 3000 303 WI MFALSE

§4FA 21015E 34 1XI H,XMIT_AKTFLAG

13y 35 MV B4

GOFE 21081E 36 LXI H,FLAG_1ONS

0101 3601 307 MVI N, TRIE

0103 21019 308 LXI H,DIFF3 ; LUAD NLXT POINTEK.

1106 C3b148 39 Jue- BIF OUN

1109 240197 310 DIFF3: LKLD SURINZ ; GET OLDEST SUK.

114C EB 3t XCHG

1100 220157 2 SHLD SUMIN3 ; REPLACE IT WITH MEWEST.

§110 L8331 313 Catl ABSVAL ; COMPUTE DIFFERCATIAL

$113 210119 314 LXI H,DIFFA ; LUAD NEXT POINTEK.

U116 CI0148 3s NP DIFDUN

0119 2A0159 316 DIFF4: LHLD SUMINA ; GET OLDEST SUM.

¢1C EB 317 XCHG

8110 220139 38 SHLD SUMINA ; REPLACE IT WITH NEWLST.

f12¢ CIo3dt 319 CALL ABSVAL ; CMPUTE DIFFERENTIAL.

0123 210129 30 LXI H,DIFFS ; LUAD NEXT POINTEK.

$126 C30148 321 JnF DIF DUN

1129 2A015B 322 DIFFD: LHLD SUMING ; GET OLDEST SUK.

112C EB 23 XCHG

§12 220198 34 SHLL SUNING ; RL'LACE 11 WITH WtwlST.

§130 CHO33 325 CALL ARSVAL ; CuteJlE DIFFERENTIAL

0133 220160 L6 SALD XMIT_SUMBUI  ; Timk 10 SEND DATEL TU CAGPEK, SUL STUKL
_H36 216001 327 LXI H,ARTFLAG ; DATA IN BUFFERS AND SE1 SeKU FLAG,

03 7E 3t KOV AN

¥134 3600 329 WI MFALSE

8130 210158 Tib LXI H,XMIT_AKTFLAG

813 77 31 KV u,4

e140 21001E 1z LX1 H,FLAG_10KS

8143 3abi 333 MIN TRE
145 210007 134 LXI H,DIFFO ; LOAD NLXT DIFPTK.

$148 220004 335 DIr DUN: SHLD DIFPIR 3 FANLGH U COMCTATION.

1148 210149 36 LXI H,SGNREF ; CHLLK 1F DIFFERENTIAL

M4E 78 337 MOV 4, ; CHARSCD SIGN,

VI4F BE 338 CHE M

130 CANIGE 339 J1 MF1uT

1153 70 340 HOV Kb i S1GN CHANGLD -~ SiukL HLb
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115 116
0154 QEDO M wich ; S1GK AND ZEROG DIfFEKENTIAL.
0156 218028 342 DIFTST: LXI H,SEFLAG ; TEST MFFERENTIAL (C) TO DECIDL
sy 7 U3 HOV A,C
$154 32014C 3 STA SLOPE_MAG ; MAGNITUDE OF CUKRENT DIFFERENTIAL.
9150 JA001F 345 LD INSICT ; WHAT NEXT.
b1l B9 6 cee C
1161 DAOAE W7 JC SEC_EXISIS ; (C)YINSICT UNTIL SEGMENT ENDS.
o4 78 348 HOV AN ; DIFFERENTIAL (= INSIuT, SO
165 87 9 ORA A .} SEE IF SEGMENT EVER SIARTLD.
1166 CAO2TF 350 J1 JNE

Nt

352 ; A SEGMENT JUST ENBED, SO DO END Of SEGMENT PRUCESSING.
1169 3608 333 M1 N,FALSE ; FLAG SEGHENT END.
$16) JA0148 54 LDA SECTMR ; NG OTHER PROCESSING MeLDED
$16E FEOS 355 CPI & ; IF SEGMENT (= 13 MGEL.
178 DABZF b6 JC Dot

37

358 ; STORE SEEMENT END DATA AND, IF NECESSARY, FLAG NOM-
339 ; REAL-TIME PORTION TO ANALYZE StGMcN! BUFFCK.

0173 210144 360 LX1 H,SEGCN ; INUREMENT SEGMENT CUUNT
8176 34 361 IRn
8177 2A0145 362 LHLD 5ELIDX ; OBTAIR BUFFER INDEX
74 2600 363 MVI H,0 ; DUN'T WANT TOP BYTE
17t 29 34 DAD H HE Y-
§17) EB 365 XCHe ; (k) = 2x8EGLDX
366
367 ; END_TiMEISEGIDX) := SEGTMR
#17€ 210148 368 LXI H,SEGTM
118! 4E %9 KOV C.M
8182 2600 370 WI B0 ; 2era tp byte , dc = SEGIMR
p184 210020 k) LXI H,END TIMC 3 HL = base of Pascal integer array
1187 19 372 DAD D ; add SEGIDX#2
te 73 Hov M,C ; store to array
1189 23 374 INX H ; pent to other half
§184 70 375 MOV X, L ; store to array
376
377 ; PEAL_MAGISEGIDX: := CDPEAK
$18F 210007 378 LXI H,CDPEAK
018F 4 379 MoV C. M
§18F G600 360 HVI 5,0 ; 2ere tep Dyte , bc = SEGI MR
8191 216034 38i LXI H,PEAK MG ; HL = base of Fascal nteger array
8194 19 B 7 DAD D ; add SERIDX*2
81 N1 383 HOv M,C ; store to array
h19s 23 384 INY H ; point ta other half
2197 70 383 N0V M,E ; store tw array
386
387 ; STAIT_TIMEISEGILX] ;= SLGISU
0198 2AD146 388 LRLD SEGISO
8195 44 8y KOV B,H
819¢ 4 39 Hov C,L ; BL = wajve te be sterec in array
B19D 2i011C N LXI H,START 11ME  ; HL = base of Pascal inteyer array
§14) 19 w2 DAL D ; abe SEGIDX*2
B1A1 71 393 MV A,C ; stere te array
f1a2 23 394 INX H i puant te other half
1A 70 375 BV M, B ;o stie W arrdy
196

397 ; TEST FOK LARGE SEGMLNT.




HA4 21007
1147 3A014B
114 BE

C1AB D20IDF

HAE A7
§1AF 280015
482 B
1183 2100E
¥1Bo CDI3LS
$159 D201R0

$1BC 218603
V1BF 3601
11C1 3AN14A
1G4 32004
1C7 210144
O
11CB 320002
81CE 3600

D0 3A4145
1103 320144
§106 218000
8109 220085
¢1DC C301£C

11DF 246148
JIE2 ER
$1E3 1600
VIES 2A0006%
§1£8 19
01EY 220085

01EC 210000
VIEF 220146
DIF2 AF
§1F3 320148
-BiF6 218143
BIF9 7E
$1FA FE13
$1FC D20203
JIFF 34
§208 C027F
1203 3600
§205 C3027F

1208 7t
1289 87
b20h C20276
1200 3601

117
39
399
401
m
402
403
M
L
406
47
48
o9
410
Al
412
413
414
43
LS
417
A18
49
420

422 LARGE_END:

22
424
025

4,751,726
118

LXI H,LDPEAK ; CDPEAK ) S16T 1
LDA S16T
CHP N

INC NORNAL_END

i A LARGE SEGMLNT JUST ENDED, SU TEST IF CANDIDATE,

ANA A ; BESET CARRY BIT

LHLD CANISO

XCHG ; (bE) =CANISO

LXI H, 710045 ; (HL) = 108 NGEC CONSTANT
CALL CHP1b ; TEST FOR CANISD ) TiHINS
INC LARGE END

; LARCE SECMENT ISILATED, SU FLAG START OF NON-REAL-TIME ANALYSIS.

LXI H,CANDIDATE_FLAG
W1 M, TRUE

LDA SIGPTR |

STA CANDIDATE_PTR  ; CANDIDATE IS LAST LARGE SEGNENT,
LXI H,SERCNT

MOV AN
STA BUFFER_LEVEL  ; BWFELLEVEL := SEGUNT
W1 K8 ; RESET SEGCNT
421 ; CLEMUP AFTEK END OF LARGE SEGMENT,
LDA SEGIDK
STA SIGFTK ; SIGHTR = SEGIDX
LXI H,0
SHLD CANISU s RESLT CANISU
I AL_ENDS

426
427
428
429
£
431
432
433
434
435
436
A7
436
439
41
441
442
43
444
4§45
446
7
448
449
450
451
452
433
454

; CLEANUF AFTER TYFICAL SEGNENT ERD.

NURRAL END: LHLD SEGTHR

; IF CDPEAK (= SIiT

XCHG
MWl n,g 3 (DE) = SEGIMR
LHLL CANISO
DAd D ,
SHLL CAMISD 3 CANIGl = CAMISU ¢ SELTMR
; COMPLETE SEGMENT ENL CLEANUE.
ML ENDS:  LXI RO
SHLD SELISU , Ribtl SEGISO
XRA A
ST4 SECTHMK ; RELtl SEGIMA
LXI H,SeG6IDX ; ADVANCE SEGLDX
NOV AX
CP1 WAX SEGIDX ; TEST FOR SEGIDX )= MAX_SEGIDX
INC RS DX ; IF TauE, ELSE
INK N ; INCREMENT SEGIDX
JHP DONE
RSTIDX: M1 K8 ; KLSET SEGIDX
JiP DONE
; SLGIENT IN PROCLSS OR JUoT STARTED.
SEG_EXISTS: MOV ALK

DkA A
INZ DRPopK

KVI M, TKUE ; SLGHENT JUST STARTED, SU



g2LF 79
§211 320007
0213 2a0148
8216 EK
8217 1600
§219 2A0146
21C 19
1217
121E 17
121F D205
§222 217FFF
1225 220146
4228 2/0005
0228 19
QA7
1220 17
122 02034
1231 217FFF
1234 220005

$217 2AL14S

123 2500
23C 29

123) EE

B23E 260020
124! M
0242 40
0243 2106CC
0245 19
8247 71
248 23
8249 70

244 ZA014D
0245 44
024F 4L
024 210674
028 15

0
0

e
-J
1~
J
<
o

Cr o

7
23
7t

o T F

256 240027
8259 44
0254 4L
1238 2i007C
$23t 19
25c N
1268 23
261 70

4,751,726

120
i SET SErlAG AND
i STOKE INITIAL CDPEAK,
i UPMATE SEGISO AND CANISO

; CHECK IF SEGISO RULLED DVER FRUM PUSITIVE
5 T0 NEGATIVE WALUES,

; BOLD SECISO AS POSITIVE PASCAL INTEEGLR.

; SEEISC = SEGISU + SEGTMK

; CHECX IF CANISO RULLED OVEK FRUM PUSITIVE
; 10 MEGATIVE VALLES,

; HOLD CANISO AS POSITIVE PASCAL INTEGLR.
; CARISD = CANISO ¢ GECIMK

475 ; LOAD CIRTULAR DUFFERS MITH SEGMENT START DATA

1= SUBKIN

; OBIALN BUFFER INDEX

; (DE) = 2HSEGLDY

; BLU = vaive te be sterec 1n array
3 HL = base of Pascal integer apray
acd StibIDX#2

3 otere to array

; buint te other haif

; Stire 1o arrdy

- -

BL = walve te be storec 1n array
HL = base of Pascal inteyer array
aou SEGIDX%2

stare 1o array

point te ether half

stere te array

e e e e e

B = valve te be storecd in array
HL = base of Pastal 1nteger array
acc SEGIDX*2

stere 1o array

paoint te ether half

stre t arrdy

Hon

e e e e e -

119

455 WV A,C

156 STA CDPEAK
457 LHLD SEGTMR
£8 XCHG

459 WD,

%t LHLD SEGISD
41 MAD D

462 OV ALK

463 RAL

Ao INC UD_SEGISD
465 LXI H,7FFFH
46b UD_SEGISD: SHLD SEGISO
467 LHD CANISO
48 PAD D

s OV A,H

N RAL

N INC UD_CANISO
472 LXI H,7FFFH
473 UD_CANISD: SHLD CAWISO
474

476 LHLO 61X
77 MVI H,0

478 DAD H

Ve, XCHG

160

461, STAT MIMTEISLGIDN: := MINDIES
A2 LHLE MINUTES
463 MOV B H

a4 KoV C,L

485 LXI H,START_RINUTE
AEs DAL D

437 v n,C

455 INX H

44y R

98

491 ; STAT SURLINISGIDNS
72 LHLD SUMiN
3 MV B, H

A94 NV C,L

453 LXI H,START SUBMIN
Wi DAD I

477 v X,C

40 IN) H

459 A #,

560

501 ; PF_START_TIMEISLEIDX] :=
502 LiD PRI
503 MOV B,H

SH4 NV €L

505 LX{ H,PP START TIME
506 DAL D

507 WV 1,C

508 INX H

509 MOV H,B

510

511 ; P VALUEISEGIDX] := PPINT



0262 240023
§265 44
8266 4D
6267 2100A4
826 1%
1262 71
28l 23
1260 70

b2ee 210148
8271 3600
0273 C3027F

4276 210087
2N 79
1274 BE
§278 DACEF
7t N

1280 2A006C
0283 EE

1284 2AD14F
8287 CPO3S
1284 220293
8280 22000C
8270 CI02Al
8293 EE

0294 2A00CE
<97 CLa%S
827h DcDZhi
8290 EE

829c 22001

2Al ziggz2
02A4 3A0UC
1287 BE
-BcAB DADRC
gcak 77

ZhC 21001E
§24F 7€

Zbl B7
026t CADRSB
164 3600
8cB6 210049
ber9 33
4788 C20Z1
§2BD 3632
BB 24000C

4,751,726

121 122

o12 LHLD PPINT

913 MOV §,H

514 MoV C,L ; BL = valee te be starec in array
B LXI H,PP_VALUE ; HL = base of Piscai integer arcay
316 DAD D 3 add SEGIDX#2

317 MoV n,C ; sture to arryy

38 INX H ; puint to ether half

919 MV #,B ; stare t array

52t

321 REET SERTMR,

222 LXI H,SE6TMR  ; RESE! SEGTMR

523 Wl NS

524 I DUNE

525 _

926 ; SLGMENT IS IN PROGKESS, SU STUREL LAKGEST MAGNI(UDL.

927 CKPEAX: LXI H,CPEAK

528 MOV AL

529 ¥ o

R JU DONE

931 KOV H,C

$3¢

933 ; ALL REAL-TIME DATA 15 SAFELY BUMFELKLD, 5U ENABLL INTEKKUFTS.

334 DONE: El

535

S36 3 UPDATE ECG_MN SUM & ECG_MX Sus:.

337 LHLD £CO_M SuM

R XCHG ,

339 LHLD SukuJF

Al CXMIN: CALL CHF16

341 INC (KnAX

M2 SHLL ECC_MM_SUM 3 Sumbdt ( ECG_MN_Sub, SU STUKE 171,
43 IHP CKCDPEAK

4 CKNAX: XCHG ; SUKBUF )= ECG_MN_SUM, SU FIND IF
345 LHLD £CG_NX_SUM ; SUNBUF ) ECG_MX_SUM,

e CALL CMP1b

347 JNC CKCDFCAK

ME XCHG

Yy SHLD ECt_MX_SUM y SUNEUE ) EUG KX Sub, S0 STORL 11,
aul

991 ; UPDATE PEAK ECG SLO:L MAoNilULL (FeAX _BUtFEK)

J3¢ CKCDItAK:

A
Jo4
]
556

337

LXi H,PEAK_BUFFER
LDA SLOYE_MAG

CHp

JC CKCKTH

KOV K,A ; PLAK_BUFFLK ACLUMILATES PEAK_SLUFPL.

958 ; COUNTGOWN CHECX TMK AMD SLND Sth1AL DATA EVERY 1085,

359 UKLk M.
%0
G6!
£
ua3
564
963
366
3647
56

LXI H,FLAG_1EMS 3 IS 1T JUKE 10 CHEXX LCC DAIA?
KV AN

ORA A

JZ RESTORE

Wl N FALSE

LXI H,CRECK_THK
DCR M

JNZ CXAODEM

MVI M,CHECK TIME

LHLD ELL_MN SUK

i TLIE 10 DHELK!

; DU LT BVERY CHLCK Tihe.
; PkLPAKE T0 COWPUTE ECG PR,



4,751,726

123 124
4202 EB 569 XCHG
8203 2A001E ) LHLD ECE_WX_SUN
1206 70 571 MV AL 5 [HL) - (DE} PUT LNTQ [HL
8207 93 572 SUB E
8208 &F 573 oY L,A
1207 4 MOV AH
82CA 94 575 SES D
8203 67 5% KOV H,A
12CC CDB36B 577 CALL DIVBYS ; ECGPP IS NOW IN LA
02CF oF 78 KOV LA ; STORE AS A PASCAL INTEGER.

8200 2600 579 M H, 8

1202 220418 sy SHLD ECE_PP

125 2AM14F 581 LHLD SUNBUF ; RESET ECG_MN_SUM & ECU_MX_SUM.
1208 22001C %82 SHLD ECG_MN_SUN

1208 22008E 563 SHLD ECE_MX_SUN

820€ 210822 564 LXI H,PEAK_BUFFER ; GET PEAK_SLOPE

1261 &€ 585 OV L,

8262 2608 586 W1 H,0 s STORE PEAK_SLOPE AS PASCAL INTLGEK.
1264 220023 587 SKLD PEAK_SLOPE

82E7 210022 588 LXI H,PEAK BUFFEK

12EA 3500 549 WI N,0 ; AESET PEAK_BUFIER

82EC 3E01 590 I A, TRUE ; INDICATE NEW DATA 15 READY,
82EE 320008 591 STA CHECK_ECC

§2F1 3A015D 592 CKNODEM:  LDA XMIT ACTIVL ;1S MODEM ENAILLL?

12F4 37 593 ®RA A -

12F5 CAORS 594 JZ RESIURL

595 _

596 ; MUDEN EMBLLD, SO PREPAKL ECL DATA AND CALL THE MUDER HAMDLEK.
12F8 340000 597 LDA SFIKE_ENABLED ; DUCS CASPER CAE IF PACER 57 [KES AK:
82FB B7 598 OKA A s DEECTEDY

2FC CAN30B 599 T2 NOSPIKEFLS

2FF 21015¢ 880 LX1 H,XNIT ARTFLAG ; SEND CUDE IF PALCR AKTIFACY DETLLILD.
1362 7 b1 MOV &, M

1303 B7 502 ORA A s SET 2 FLAG IF Nu CODE TU Bt SEWI.
1304 3600 603 MVI M,FASE

4306 3EFF 804 M1 A,5FIKE CODE  ; INSERT CUDE JUST IW LASE

1368 C20322 603 INZ SEND_IT ; JUMP TO SEND SPIKC CUbt [F ARILFACT DCIECTEG.
8308 240150 606 NOSOIKCFLG: LHLD XM:T SUNBUE 5 NU SFikt CODE TO SEND, SU COSIUTL
§30¢ CD036E 607 CALL DIViYS o AVCRAGE ECS 1WUT ER 16,671 INTERVAL.
$311 FEIE BE CP1 254 i 16 AVERAGE DVER 205 (8 Dh)Y

313 DAC3LE 605 IC LT 254

8316 3EFD 610 MV 4,252 ; LIKIT TO 263,

1318 C30322 611 NP END_IT

9313 FEO1 blz LT 254:  CPlt i 1S AVLKAGL UNDEK 17

$3:D D20322 6:3 I SR (T

1320 301 614 M1 A1 S SET 10 1.

1322 32615F 15 SEND_IT:  STA XNIT £CS

8325 CDOOLO 816 CALL INEVTE

1328 £ b17 RESTORE;  PUP h

8329 3E40 818 1 A,010800005  ; Sb. LU TO CHELK REAL TIME USE.

1328 30 69 S1M

3L N 620 PO D

1320 1 b2t [

832 Fi g POF PSW

132F FB 623 3

123309 be4 RET



0331 E5
0332 1600
0334 7D
L ERER XS
133 4F
1337 7C
1338 9A
4339 D21343
833 8601
133 78
0133 95
$340 4F
1341 74
1342 9C
1343 67
§344 3A0000
1347 87
1348 CAC3SE
§348 oF
$34C A7
1340 7C
134E IF
B34 67
8350 79
§35t IF
8332 4F
#3533 2D
1354 CAOZE
0357 47
133 7C
1309 1F
135 67
0338 79
1350 IF
133D 4F
BE T
035F E1
1368 57
8361 CB
0362 GcFF
8364 C9

8365 7C
1366 BA
1367 01
1368 7D
1369 BB

4,751,726
125 126
$6 ; SUEROUTINE ABSVAL ~ RETURNS ABSOLUTE VALUE OF [HL)-1DE IN IC)
627 ; AND SETS (B = TRUE IF (DE1 ) (HL1. (LBl = FALSC DTHERWIR).
528 ; D] & [BC UNCHANGED BY PROLESS, THE ABSOLUTE VALUE CAN BE SLALED
629 ;  BY HALVING ONCE OR TWILE {CONTROLLED BY ABSVAL_SCALE). IF TH
630; SOALED OR UNSTALED VALUE 16 CKEATER THAN 254, 255 15 RETIRALD.
531

632 ABSVAL:  PUSH H + FKEE HL FOK OTHER USE.
633 NI B,FALSE ; ASSUME [HL) Y= [BEJ,
634 MV AL

635 S8 E

636 KV C,A ; LOW BYTE OF DIFFEKLNCE.
637 MOV A, K

438 §BB D

639 INC ABVDUN

B0 WI B,TRUE ; BURKOW OUT DF HIBYTE
b4l MOV 4,E ; SHONS (DE) ) (LI,

642 SU L

643 KOV C,A ; REDONE LOW BYTE,

644 MOV A,

645 SBY H

646 ABVDUN: MOV H,A ; SAVE HIBYIE.

647 LDA ABSVAL SCALE  ; SWUULD SLOFE i HALVED?
448 ORA A

849 IZ ABVLIMIT

550 MOV L,A ; SAVE TO TEST AGAIR,

851 NG A ; DIVIDE DLFFERENCE BY 2.
go2 MOV A,H

653 RER

654 HOV H,A ; SAVE HIBYIE,

655 KV 4,0

656 RAR

657 X0V C,A . TENTATIVE ABSOLUTE VALUE.
658 DR L ) SHULD SLOPE K 0IVIDED AGALNY
855 T ABVLINDY

béd A A s DIVIE IN HGLF AGALH.
b1 KOV A,h

642 R

663 HOY H,A

bb4 KOV 4,C

665 RAR

6bt HOV C,4

667 AVLINLT: MOV A,H

668 PF H

b9 OKA A ; TEST DIFFEKEMLL HIBYIE.
670 RZ

b71 W1 C,0 o LINIT RETURNED DIFFERENCE T0 255,
672 RET :

474 ; SUBROUTINE CHP16 — COMPARES TWU 16-Fi1 NUMBERS ANL RETURKS WiTh LAKKT
675 ;  SET IF [HL] ( [DE) AMD ZERO SET IF [HL] = IDEJ. ONLY ACCUMILATOR
676 ;  AND FLAGS CHANGED.

677

678 CHP16: MOV AH ; CUMFARL HIGH BYTE.

679 o )

8 Nz _

b1 WOV AL ; HIGH BYTES IDENTICAL, SO
682 G E ; TEST LON BYTES.



1360 L9

1368 54
138
136D Q1FBO4
83Ny
8371 820377
8374 3EEF
§376 C9
8377 b2
1375 6k
1379 AF
1374 B1FDBY
137 0%
$37€ Dad382
8381 EE
1382 34
0383 5
$364 17
1385 8IFECO
1338 09
8287 DAYRI
8300 EB
83ar 54
838t 5D
0365 17
0490 01Fvel
0393 89
0394 DAGIYE
L0397 ek
1399 54
839 5
1394 17
9398 01FFBO
§3%E 19
839F DAOIAD
8342 €
1343 54
$3A4 3D
B3AC 17
¢3n6 B1FEDB
D3A9 B9
§3AA DAGIAE
038D EB
$3AE 34
13AF 5D
$380 17
0381 QIFFEC
8364 09
8385 DADRBY
1388 EB

4,751,726
127 128
683 RET
684
685
686
687 ; SUBMOUTINE DIVBYS — DIVIDES CONTENTS OF HL BY 5 AKU RETUKNS RESWL)
688 ;  IN ACCUMLLATOR, HL ASSUMED LESS THaN 1276. QUOTENT IS ALLCWED 10
689 ,  RANGE FROM ) THRU 255 (BFFH). ALL REGISIERS AFFELTED.

690 DIVBYS: MOV D,H . REPLICATE HL IN DE.
691 KOV E,L

492 LXI B,-1276 ; 15 HLI27S 7

693 DAD B

694 INC WDV

85 VI 4,255 ; HLY1Z75 SO RETURN 255,
896 RET

697 DDIV: MOV H,D o HL IN RANGE, SG RESTORL FRUN DE.
698 MOV L,E

699 XKA A ; CLEAR ACCUMILATOR & FLAGS.
700 LXI B,-6A0 ; HL=HL-640

7 D4 B

702 IC £QLV1 ; WAS INITIAL HL(BAU ?
"3 XCHG 5 RESTOKE INATIAL HL(6AU.
704 EQIVI: MOV DH ; REPLICATE KL iM IE.

R MV E,L

706 RAL ; CARRY=L IF KL WAS 0847,
77 LXI B,-320 ; HL=HL-320

78 DAD B

7Y IC EQIVE  MEWHL (82

714 XCHG s NEW HLCU, SO USE OLD.
711 EQIVR; KOV D ; KEPLICATE HL IN DE. ,
71z MOV E,L

713 RiL s CARKY=1 IF New HOU
714 I B,-160

ns DAD B

716 IC EALVE ;KN HL (09

77 XCHG 5 NLi HLCH, SO USE OLD.
718 EQIV3; MOV D,H s REPLICATE HL IN B,
7% MOV E,L

720 RAL ; CARRY=1 IF NEW HLYG,
721 LXI B,-80

722 DAD B

723 IC EQIVA ; NERHL (D2

744 XCHG . NEW HLCH, SO USE 0Ll
725 EQIVA: MOV D,H s KEPLICATE WL IN 2.

726 MOV E,L

727 RAL ; CARKY=1 IF NEW HLOD.
728 XI B,-40

729 DAD B _

730 IC E4LVS ;MW OHL (07

73 XCHG 3 NLW HL(S, U USE OLD.
732 EQIVS: MOV D,H s REFLICATE KL IN D,
73 MV E,L

734 RAL ; CAKRY=1 TF NEW HL)9.
5 LXI B,-20

736 B4D B _

7 IC EQIV6 ;MR (0

738 ICHG ; MW HLCH, S0 USE OLD.




1389 54
$3BA 3D
4388 17
83BC MIFFFG
§35F 89
$3C6 DABICA
1303 ER
13C4 17
$303 GIFFFB
13C8 49
130 17
13CA C9

WG
$3CC E5
$3C0 AF
#3CE 320003
§3D1 20129
1304 320028
$3D7 32001E
13DA 328081
4303 32015k
§3E0 320148
$3E3 320145
1Es 320144
§3E9 320082
BIEC 320047
$3EF 320822
13F2 320008
$3F5 3E32
FIF7 320009
$3FA JE01
$3FT 320010
$3FF 3E01
$401 32015
1404 320024
$407 210080
§A0A 220005
1400 220146
1410 220020
1413 220140
$416 220010
1419 220823
841C 217FFF
$41F 22005
1422 220027
8425 210860
1428 228012
0428 220114
B42E 220616
0431 220818
0434 220014
4437 220151

143 220053

129

739 EQLVE:
740
1
742
743
744
TS
746 EQIVY:
"
748
749
750

4,751,726

MOV D,H
MVE,L
RAL

LXI B,-10
DAD B

JC ERIV7
XCHG

RAL

LXI B,-5
WD B
RAL

RET

130
; REPLICATE HL IN Dt.

; CARRY=1 IF MEW HUE.

s NEW BL(O, S0 USE OLD.
3 REPLICATION UN-RESSARY
; O LAST CYCLE.

i B = WUIENT !t

752 ; SUBROUTINL ENAKLE_75 — INITIALIZtY VAKIABLES USLD EV SAMPLEK,
733 ;  SETS SAMPLE ON TRUE, UNMASKS THE RSI 7.5 INTERRWPT,
754 ;  AD ENABLES INTERRUFTS.

75

756 EMABLE_ 75: PUSH PSH

757
ne
ne
768
761
72
763
764
765
766
767
768
769
70
7
e
73
774
]
77
7
778
79
780
781
782
784

L
o

786
%7
788
79
791
1
772
.3
794

L
)

796

PUSH H
XRA A

; INITIALIZE CUNTRWL BYTLS TU ZEKU

STA CAMDIDATE FLAG ; OR FALSE.

STA PSFLAG

STA SEFLAG

STA FLAG_19MS
STA ARTFLAG

STA XMIT_ARTFLAG
S5TA EGTHR

STA SEGIDX

STA SEGCNT

STA BUFFER_LEVEL
STA (D/EAK

STA PEAK_BUFFER
STA CHOK_ECG
HV1 A,CHECK Tint
STA CHECX_THR
I A1

STA ABSVAL SCALE
W1 A, TRUE

STA XMiT ACTIVE
STA SAWFLE ON.
LXI H,0

SHD CAKISD
SHLD SEGISD
SHLD MINUTES
Sl SUENIN
SHLD ECG_rp
SHLD PLAK SLOFE
LXI H,7FtrH
SHLL PFINT

SHLD PPT/R

LXI H,128

SHLD EING

SHLL EINi

SHLD elne

SHLL EIN?

SHLD Ein4

SHLL SUKIND
SHLD SUsIN

; INDTIALLIZL CHECK THKA.,

; DIFFEKERTIAL WLl BL HALVED DWLL.

3 INITLALLZE CUNTROL BYieS IR,

3 StHD DATA VIA MUDLM.

3 TELL BAUKGROUMD ECG IS BEING SAMPLLD.
; SE1 DUURLE BYTES TU ZERU.

; Sel DWaLe BYieS 1 3276/D.

; INDILALIZE BUG BUFIEES,



043D 220125
1440 220157
1443 220159
1446 22013F
§449 22014F
144C 22800C
144F 22000
1452 220160
14355 21003
$438 22001C
143 2180C7
$45E 220004
et £3
1462 20
#4563 E£603
14465 Fol18
0467 38
8466 FB
#1469 E1
$46h F1
1468 C9

§460 F5
148 E5
146E AF
144F 320024
1472 326130
8475 20
W76 F3
1477 67
1478 E603
8474 F61C
170 30
W7
BA7E Eol8
1481 CAD4B4
1463 tB
1434 E!
1465 F
148 C9

0487 FU
0448 326!
ba8A 32015T
LRCHID
pagt CY

4,751,726

131 132

197 SHLD SUMIN2

4] SHLD Sldind

w9 SHLL SUMiN4

80¢ SHLD SUd.MS

But SHLL SUKRUF

862 SHLD ECE_MN_SUd

Bo3 SALL ECL_MX_SuM

664 SHLD XMIT_SUKuUF

BUS LXI H,ESTOK0 ; INDTIALIZE ECG INPLT HANDLER.
B804 SHLD LiNP IR

Bo7 LXI H,DIFF0 ; IMITIALIZE ECG DIFFERLNTIAL.
808 SHLD DIfFF R

8y ') QR

814 RIN 3 GET RST 6.2 AND 5.3 MASKS,
81t ANI BU000011B ; IMASK 7.3,

812 ORI B8813408B ; CLEAR 7.5 F/F AMD ENABLE MASK SE1.
813 SIn

814 El 3 START SALING !

815 iy

B16 POP PSW

817 RET

1e

819

820

821

822 ; GTATUS) AND SETS SAMPLE ON FALSE.

823

824 DISABLE_75: PUSH PSW

&S PUSH H

826 XRA A ; § MEANS FALSE.

87 STA SAMPLE ON ; TELL BACKGROUND ELG NUT BLING SAM'LED.
828 STA XMIT_ACTIVE ; SEND NO MATA.

4 RIM ; BET RST 6.5 AND 5.3 MASKS AND STATUS.
830 D1

8ii KOV H,A ; SAVL NASKS AND STAIUS.

832 ANL 80000611B ; PRESERVE 6.5 & 5.5 STATUS.

832 OkI ge0i1108b ; CLEAR 7.5 F/F AND GET 7.0 MASK,
834 SIN

835 KV AH i TEST INTEKKUFT STATUS.

836 AN 008010008

837 JZ INTK _OFF

838 kI ; ENABLE ONLY IF PREVIUUSLY ENABLLD.
B39 INTK OFF: POF H

BAg POP PSN

84i ReT

842

843

844

; SUMOUTINE DISABLE_75 — MASKS RST 7.5 (BUT PRESERVES INTERRUPT

BAL ; SUBMJUTINE NudEr ON -- TURNS ON DATA TRANGMISSIUN ASSUMING ThAi

846 ; GAMPLER (RST 7.5) IS ACTIVE.
847 MUDEN_ON:  PUSK PoM

948 MVL &, TRUE

849 STA XMi1_ACTIVE

83t POP PlW

)| Rt1

85¢

8u3
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8u4
855 ; SUMCUTIN MUMM OFF - TURNS OFF DATA TRANGMISGION AMD LEAVEG
836 ; GANFLER (RST 7.9 ACTIVE.

048F FY 857 MUDEM OFF: PUSH PSW
(490 AF 828 XR4 A
8491 3206150 By STA XM1T _ACTIVE
8494 ri 86) PUP PO
§493 (9 &1 RET
Errorss @

FILE: KSENSL:BOKRS: HP 6H00 - Pascai *slon® Loce Beneretor

1 0000
2 0800
joom
4 e
3 Moo
6 0600
7 o
8 s
9 noe
10 o004
11 8000
12 1t
13 8000
14 1000
15 o000
16 4008
17 9603
18 104
19 0001
20 t0e0
21 0008
& il
a2 800
24 1000
25 on
26 1080
27 dob
28 #1000
29 i
30 1000
31 4060
3 000
33 000
34 0000
35 1080
36 $000
37 weo
38 6000
39 oo
40 0000
A1 1000
42 0009
43 1000

1
1
1
1
1
1
1
1
1
1
!
1
1
1
1
!
1
1
1
!
1
1
1
i
1
{
1
1
1
!
!
i
!
1
1
1
1
1
1
1
!
!
1

"8435"

PROGRAM RSENSE ;
$EXTENSIONS ON$
$SEPARATE NS
$OPTINIZE OFF$

{ THIS NOBULE CONTAINS THE QRS SLGMENT DEFINER AND @KS DETELTOR.
PROCEDURES IN THIS MODULE ARE CALLED FROM OTHER MODWES. )

CONST
MAX_SEGIDX = 19; (MAXINUN VALUE OF SEGIDX IN WODILE SANPLER)
RR_AVENUN = 4;  (NUWBER OF R-Rs MERAGED TO COMPUTE RATE)

COMT (TINE LIMITS FOR 309HZ A/D SANPLE RATE)
T.2M5 = ¢
1.80K5 = 24;
T_100KS = 30;
T_1205 = 35;
T_1608S = 48;
T_180KS = S54;
T 20045 = 48,
12605 = 78;
T_3005 = 91;
T340 = 102
T_640HS = 180;
T_LOMMS = 300;

$LX VAR NS
VaR
WFFR LEVEL  : BYTE;
CANDIDATE FLAC : BOCLEAN;
CANDIDATE PTR ; BYTE;

INSIET + BYTE;

NINUTES i INTLGER;

SICT i BYTE,

(THE FULLOWING ARKAYS CONSIITUTE THE StGMENT BUFFEKD
EXD TIKE i ARRAY(0..MAX SEGIDX] UF INIEGEK;
PEAK_HAG i ARRAY[D..KHAX SLGIDX] OF INTEGER;

START HINJTE  : ARRAYLQ..MAX_SEGIDX) OF INTEGEW;
START_SUBMIN i ARKAYLO. MAY SEGILX] OF INTEGLK;



44 0000
A5 1000
4 008
47 1080
& 1060
45 1000
50 4008
51 401
52 0061
3 N1
54 0101
55 1008
56 1001
57 1003
S5 8003
59 1003
40 1015
61 9005
62 105
b3 1007
64 0087
65 1807
b6 149
67 9089
58 1009
69 S01B
70 W08k
71 1008
7 NIF
73 WO0F
74 013
75 013
76 W13
77 W13
76 115
79 W15
81 1S
81 15
g2 017
83 1017
84 NIF
85 #01F
86 N2t
g7 4021
88 W25
g9 1825
90 9926
91 1024
92 102t
93 402E
94 4030
95 8048
9% W30
97 M3t
98 1080
99 0008

180 9000

4,751,726 .
135 136
START TiME i ARRAY[D. MAX_SEGIDX} OF INTEGEK;
$TVAR OFHF$

$GLORVAR DNS
VAL (GLOBA. VAKIAELES DEFIMLL IN THIGL MUDULE)
R_BAVE TY2E : BYIE;
{ INDICATES HUW MAHY R-R INIEKVALL IN Rk BUYFER MAY NUI Bt
CUNSECUTIVE BECAUSE NCISE-CUNTAMINATED INTERVALS WEKE DRUPPED, )

(LOCAL VARIABLES DEFINLD IN THIS WODULL)
AVERAGE CPN : INTELER,
[ RUMMING AVERAGE 0 COMPLEX PLAK MAG -- USLD 10
MECHANIZE ADAPTIVE SENSING THRESHOLD )}
AVERACED AR : INTEGER;
{ RUNNING AVERAGE OF VALID R-R INTERVALS {UPDATLD
BY WS _DETECTED) )
COMPLEX_PEAK MAC : INTEGER;
{ PEAK MAGNITUDE OF THE BAND-LINITED DIF)LRENTIAL
-NRING A QRS COMPLEX )
LAST_MINUTE : INTEGER;
{ VALUE OF SYSTEM TOC NIMUTE COUNTER Al LAST
RS KETECED )
LAST _SUBNIN : INTEGER;
{ VALUE OF SYSTEM TOC SUM-MINUTE COUNTER AT LAST
@RS DETECTED )
MAXIMUN_ST,NININUM ST : INTEGER;
{ S-T INTERVAL RANGES ~-- USED TO REJECT T-WAWLS )
Q_PTR, R_PTR, T1_PTR, T2 PTR : BYTE;
{ SECHENT DUFFER POINTERS USED IN THL @RS DLTECTION & SHAFE
MEASUREMENT PROCESS — GQ_PTR EVENTIALLY INDICATES THE @-R SECMZAT
MND R_PTR EVENTIALLY INDICATES THE R-S SEGHENT 3
QS_INTERVAL : INTEGER;
{ APPRUXIMATION OF THE Q-5 INTERVAL OF A (kS COMFLEX
(EXACT IF THERE ARE NO NUICHES AND NO PROMINZNT
& OR S-HAVS) )
RATID : INTEGER;
{ RATIO BETWEEN LEADING AND TRAILING PrAK SLOPES OF A GRS )
RR_BUFFER : ARRAYI1..RR _AVENUM] OF INTLGER,
{ BUFFER USEL TO ACCUMILATL R-R INTERVALS FOK AVERAGE RATL. )
RR_INTERVAL : INTEGER;
{ BUFFEK USEL TO TKANSFER R-R INTERVAL DATA )
RR_PRIOR, RR_CUKENT : INTEGER,
{ CIRCULAR BUFFEK OF TWO MOST RECIENT K-R INTERVALS )
iR PTR ; BYTE;
[ POINTER TO ELEMCNTS OF RK BUFFEK )
TENPICTEN? A1), TEMP2(TENP B1),TEMP3(TENP B, TUMPAL TN 88D ¢ INTEGEM;
{ TENWPORARY STORAGE FOK NUN-REAL-TIML TASKL )}
T WAVE LINIT : INTEGER;
{ MAXIMUN VALUE OF PLAK MAG THA] WILL EL INTERFRETED
A5 A T-WAVE IF IT IS WITHIN I'HE SENSING xEFRACTORY )
RS_Mi,R5 N2 ,R5_ M3 : INTEGER;
$CLOBVAR OFF$

— s e b e s e L eea — — — .
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FUNCTION DELTA (BASE,CHANGE : INTEGEK) : INTEGLLR,



101 0089
102 0809
103 9009
104 0865
185 1809
106 0816
107 0019
108 0874
189 102D
118 0033
‘11 139
112 $000
132 0008
114 0000
115 004
116 0040
17 004C
118 004C
119 0059
121 0071
121 4890
122 0800
123 4080
124 1000
125 1043
126 003
127 403
128 QWAF
129 0083
130 08BF
131 MC3
132 0459
133 4002
134 0404
135 1000
136 8000
137 0000
138 $0EB
139 048
140 #0E8
141 0026
142 MR
A3 0028
144 40FC
145 0185
146 011B
147 0000
148 0000
149 0900
150 £12C
151 8120
152 012¢
153 0120
154 $134
155 013C
156 §144

197 0060 1

2

2
2
2
2
2
2
2
2
2
2
1
!

1
2
2
2
2
2
2
2
3
1
i
2
2
2
2
2
2
2
2
2
2
1
1
!
2
2
2
2
2
2
2
2
2
1
1
!
2
2
2
2
2
2
2
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137
( RETURNS A LIMITED INCRINCNT TO BE AODCD (U
(DR SUBTRACTED FROM) THE BASE TO LET 11 ULIIKATELY
REACH THE TARGET — USED 1k ADAP1IVE IRACKING. )
EGIN.
IF CHANGE ) BASE
THEN CHANGL := BASE; (SET UPPER LINIT)
CHANGE := SHIFTCCHANGE,-4);
IF CHANGL ) 8
THEN DELTA := CHANGE
ELSE DELTA := 1; (LOMER LIAIT)
END; (DELTA)

FUNCTION UPDATE (BASE,TARGET : INTEGLK) : INILGLh;
{ ADAPTIVELY TRACKS THE BASE VALUE OF A PARAMLTER TONARD
A MOVING TARGET, )
BECIN
IF TARGET ) BASE
THEM UPDATE := BASE + DELTA(BASL, (TARGE1 - BASE))
ELSE UPDATE := BASE - DELTA(BASE, (BASE - TARGET)),
END; (UPDATE)

PROCEDURE StT_THRESHOLDS (REFERENCE MAG . INTLGEK);
{ UPDATES QRS SECMENT SENSING THRLSHGLDS )
KGIN
IF REFERENCE_BMAG ( 24
THEN REFERENCE_MAG := 24; (KEEP INSIET )= 1)
IF REFERENCE_MAG ) 285
THEN REFERENCE_MAG := 205; (MAXINUM POSSIBLE PEAK MAG)
AVERAGE_CPMM := REFERENCE_MAG;
INSICT := SHIFT(REFERENCE_MAG,-3);
SIGT := INSICT + INSIGT ¢ INSIGT;
END; [SET_THRESHOLDS)

FWNCTION BPK (INTERVAL : INTEGEK) : INTEGEK;
{ CONAUTES [HE RATE LQUIVALENT TO AN R-R INTERVAL
MEASURED IN TICKS OF A 30042 SAMPLE CLUCK. SLALE FACTOR
IS 1 BIT PER BPN, WITH RATES MOT CONPUTED FOR INTERVALS
SHORTER THAN 1804, COMPUTATION INCLUDES RUUNDUIT. )

BEGIN
IF (INTERVAL ) 18000) OR (INTERVAL ( T_184X5)

THEN BPN := § { OVERFLOW PROTECTION )
ELSE B := (18080 + SHIFTCINTEKVAL,-1)) Div INTERVAL;

END; (BPH)

FUNCTION MEWER (CURRENT PTR : BYTE) : BYIE,
{ RETURN POINTER TO LOCATION IN SEGMENT BUFFER URE CELL
*LATEK"® THAN CUKKENT PTK )

BEGIN
IF CURKENT PTR = MAX SEGIDX
THEN NEWR := 0
ELSL MEWER := CURREN] PTK + 1,
END; (NEWER) -

138



198 0060 1
19 0000 &
160 0156 2
161 0156 2
162 015 2
163 0156 2
164 B1SE 2
165 0166 2
166 LI6E 2
167 6000 1
‘68 0088 1
167 0008 1
178 $188 2
171 0180 2
172 1166 2
173 0197 2
74 619F 2
175 01A4 2
176 W00 1
177 3000 1
178 8000 1
179 1006 2
180 odee 2
1681 0006 2
182 0186 2
183 #4606 2
184 006 2
185 8086 2
186 ¥1B6 2
187 01B6 2
188 #IBC 2
187 #D3 2
19¢ 4103 2
191 010D 2
192 ME3 2
193 E3 2
194 S1FE 2
1951287 2
196 1223 2
197 o460
196 9000 1
‘97 0000 1
210 0880 1
201 0800 1
202 0600 1
203 0220 2
204 8220 2
205 220 2
206 0233 2
207 8238 2
208 0230 2
26y 024z 2
2108248 2
211 024 2
212 0254 2
213 8259 2
214 4060 1

- 4,751,726
139 140

FRCTION OLIER (CURRZNT PR : BYTE) : BYIL,
{ RETURN FOINTER T0 LOCATION IN SEGMENT DU FER UNE Cbil
"LARLIER® THAN CURRCNI FIK )
BEGIN
IF CUKKENT PTk = 8
THEN OLDER := MAX_SEGIDX
ELSY OUDER := CURRENT PTK - 1;
END; (OLDER)

FURCTION ISOLATED (SEG_PTR : BYTE) ; BOOLEAN;
( RETURNS TRUE IF SEGMENT IS ISOLATED FRUM PRIUR StGMENTS )
BEGIN
IF START_TIMEISEG_PTRI ) T_100MS
THEN ISULATED := TRUE
ELSE ISOLATED := FALSE;
BND; (1SOLATED}

FUNCTION DELTA_TOC (MINUTE,SUBNIMUTE . INTEGER) : INTEBER;
{ FINDS THE DIFFERENCE BETWEEN THE TOC PASSED AS PRAMETERS AND THE
TOC STORED IN THE SEGMENT BUFFER AT R_PTR. 1T IS ASSUMED THAT
TOC(PASSED) { TOC (AT R_PTR), THE VALUE RETURNED IS THE D(FFERENCE
IN SAMPLE COUNTS; IF THE DIFFERENCE IS CREATER THAW ONE NINUTL,
18000 IS RETURNED )
WR
BORROW : INTEGER; (CONTAINS SUBNINUTES BORRDWLD FROM MINUTES)
MGIN
BORRW := 0;
IF START_SUBAIN(R PTR] ¢ SUBKINUTE
THEN BEGIN (BORROW FROM MINUTES)
HINUTE := MINUTE + 1,
BURROw := 1800¢;
END; (BOREOW FROM MINUTLS)
IF HINUTE ¢ START_MINUTELR_PTR}
THEN DELTA_TOC := 18000
ELSE DELTA_TOC := (START_SUBMINIK_P1K) + BOKKOW) - SUBMINUTL;
END; (DELTA_TOCY

$GLOBPROC ON$

PIOCEDRE INIT RATE_MNTK,
{ INITIALIZES THE R-WAVE SENSING ALCURITHM. )
BGIN
LAST MINUTE := MINGTES;
CANDIDATE_FLAG := FALSE;
R_WAVE TYPE := 8,
RR PTR := 1;
AVERAGED RR := T_1800M3;
NININUM ST := T_340K5;
WAKINUR ST := T_600R3;
SET_THRESHULDS (601
ERD; [INIT RATE MNT:)



215 0000
216 0000
217 8601
218 6001
219 0081
220 0003
221 825C
222 f2s
223 B2ke
224 8293
25 1282
226 B2AS
227 92AL
228 0280
229 1289
238 L1
31 120
232 020D
233 1204
234 0209
255 a9
236 080
27 1
238 o408
239 1008
240 10
241 W0
242 0000
243 §2DE
244 120
245 128
246 12£6
247 12eB
248 VXE
249 41
208 N2F1
251 87
232 12FC
253 0302
254 038)
255 830D
256 030D
J57 0312
258 0317
259 131A
260 310
261 231D
262 0325
263 8325
264 0324
265 $335
266 §335
267 033
208 (0330
b9 1340
270 0340
271 0348

4,751,726
141 142
1
FINCTIDN AVERAGE RATE : BYTL,
{ COMPUTES THE AVERAGE RATE AND WEITURNS VALUES BETWLEN 40 & 127 )
WR
TEAPINT : INTEGER;
THPTK ; BYTE;
BEGIN
TEMPINT = 0
FOR TMPTK := { TO RR_AVENUM DU TEMPINT := TEWPINT + RR_BUFFLKLTNFIRJ;
TENPINT = TEMPINT DIV #R_AVENM,
RS M1 := TEWPINT;
TEN INT = EPN(TEMRINT),
RE K2 ;= TENPINT;
IF TEMPINT ) 127
THEN AVERAGE RATE :=127
ELSE BEGIN -
IF TEMPINT ) 48
THEN AVERAGE RATE := TEWINT
ELSE MERAGE_RATE := 4);
En;
END; (AVERAGE_RATE}

1

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

{

1

{1 FUNCTION QRS_DETECTED :; BOOLEAN;
2 (A NON-REAL-TIME PROCEDURE THAT EVALUAT-S SEGMENT
2  BUFFER CONTENTS TO DECIDE WHETHER A BONATIDE
2 RS HAS OCCLRRED AND T0 DETERNINE ITS PARAMETERS. )
2 LABEL 3333; (EXIT TO END OF QRS_DETECTED WITHOU! FURTHER COMPUTATION
2 BEGIN

2  IF CANDIDATE FLAG = FALSE
2 THEN EGIN

2 QRS _DETECTED := FALSE;

2 §070 3333;

2 ER

2 ELSE BEGIX (TEST CANDIDATE)

2 15 M3:=1;

2 CANDIDATE_FLAG := FALSE;

2 T2 PTR := CANDIDATEPTR;

2 1F BUFFER_LEVEL ) 18

2 THEN BEGIN ( SUBSEQUENT ENTRIES INTO SEGMENT BUFFER MAY

2 HAVE OVERWKITTEN QRS DATA

2 R WAVE_TYPE := §; :

2 GRS _DETECTED := FALSE;

2 €070 31333,

2 END

2 ELSE BEGIN (NO-BUFFER-OVERTLOWS

2 IF 1SOLATED(T2 PTR)

2 THEN BEGIN (TEST NEWER SEGHLNTJ

2 ( CANDIDATE MAY BE A GRS WITH STCEP @R )

2 IF ISHATED(NEWER (T2 PTK))

2 THEN BEGIN (ROISE OR T-RAVE]

2 QRS DETECTED := FALSE;

2 £0T0 3333;

2 END [NUISZ OK T-WAVE]

2 ELSE BEGIN {SIGKIF {CANT WLR3

2 RPTR = NEWLR{TZ PTK);

2 IF (PEAK MAo[12 PTR] = §) OR (PEAK_MAGIR_PIR] = 0)
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143 144
272 0373 2 THEN BLGIN (BUFFER BAD:
273 0373 2 R WA TYPE := §;
274 0378 2 QRS DETECTED := FALSE;
a5 B7p 2 G010 3534,
276 0380 2 EME; (BUFFER BAD)
277 1380 2 EXD; (SIGNIFICANT GR)
278 §3e0 2 END (TEST NEWER SEGHENT)
279 8383 2 £LSE BEGIN {SIGNIF ICANT RS)
280 0383 2 { T2 PTR IMDICATES "NEWEST® POSLIBLL R-S. FIND LAKGEST
281 0383 2 OLDER SEGMENT IN GROUP AND ASSUMC L1 10 BE THE R-5 )
82 0383 2 IF (PEM MAGLOLDERCTZ PTK)] = D)
283 1383 2 0R (PEAK_MAGIT2PIR1= 0)
284 (383 2 THEX BEGIN (BUFFER ERROK)
285 BE3 2 R_BAVE TYPE := 3;
286 4388 2 @RS _DETECTED = FALSE;
287 03KC 2 GOTo 313; .
88 83C8 2 END (BUFFER ERROR)
289 033 2 ELSE BECIN (KEFINE RS LOCATION)
-0 1363 2 TENP2 := §; TOPI i= §; TEMWA = 0,
271 83CF 2 RPTR := T2PTR; T1 PTR := T2_PIR;
272 03p8 2 WILE (TEM2 ( &)
2?3 0308 2 AD (NOT ISILATER(T1_PTR)) DO BEGIN (LDCATE RS)
294 8D 2 TEW2 := TEMF2 + {;
295 03F4 2 IF PEAK_MACITE PTR) ) TENP3
2% Mip 2 THEN BEGIN {LARCER SECMENT)
297 Wip 2 TENP3 ;= PEAK MAGITY_PTRI;
298 8§41 2 RPM :=T1 P,
299 0420 2 BD; (LARGER SECKENT) .
308 0420 2 TI_PTR = OLRER(T1_PTR);
301 428 2 TEMPA ;= OLDER(TY PTK);
302 0473 2 IF (END_TIMEITEMPA] (= T_2IMS)
303 0433 2 0 (PEM MAGITENPA] = B)
304 437 2 THEN TEW2 := 6; ( STOP PROCESS )
3051456 2 BiD; (LDCATE RS)
306 045D 2 END; (REFINE RS LCCATION)
307 043D 2 END; (SIGNIFICANT RS)
348 4D 2 ’
309 045D 2 RS_M3 := 2
318 0463 2 { R-PTR NOM LOCATES THL R-S, SO COMPLTL R-R & CHECK VALIDITY
J11 0463 2 RR _INTERVAL := DELTA_TOC (LAST_MINUTE,LAST SUMIN);
312 844D 2 1F (RR_INTERVAL { MINIMUM ST)
T3 U772 THEN BEGIN (INSIDE ABSILUTE REFRACTURY)
314 0477 2 @85 DETECTED := FALSE;
35 7L 2 €010 3333,
316047t 2 END; (INSIDE ARSULUTE REFRACTURY)
317 047F 2
318 M47F 2 { FIND Q-R AS TALLEST Of UP TU 3 SLGMENTS PRtLCEEDING Tht R-5 )
39 MTF 2 T1PTR = R_PIR;
320 8485 2 TENPZ = 0; TEMP4 = 0
321 #48 2 WHILE (NOT ISOLATED(TI PIR)) AND (TehP2 { 3}
322 04BL 2 AND (PEAK MAGLITY PTR1 ) #) DU BEGIN (FIND Q)
323 04Ba 2 TEWR?2 = TEMPZ + 1;
324 1404 2 TI_PTR := OLDER(T1 PTR);
325 44CC 2 IF (TEMP4 + INSIET) ( PEAK MAGITI PRI
326 04EL 2 THEN BEGIN ([LARGER VALUE)
327 44E 2 TEMP4 := PEAK_MAG[T1 PRI,
328 9500 2 @R = TLPTR;



329 8303
330 0583
331 0508
332 1506
333 1506
334 035C
335 4316
336 0519
3 19
338 1532
139 1532
340 4337
341 0534
342 053A
343 0334
344 0540
A3 DAY
346 0351
347 1568
348 §56F
349 1581
350 158C
1 KM
2 159
353 05%F
I54 1544
TS 547
I56 05AA
357 1584
358 4580
359 03CA
360 0504
361 $3FC
362 W68
363 1608
364 0608
363 612
366 061E
367 8629
368 8630
369 1634
370 0631
S 1649
372 64D
373 463F
374 W66A
375 676
376 9674
377 1685
378 680
379 1692
380 BoAl
381 85654
362 06RY
383 #6C1
364 06C¢
385 0&CH

OB N RO LDPRPEMNPPRNRR RN RPN PPN PR PP PR PPN PSS DR
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145 146

END; (LARGER VALUL]

END; (FIND @)

{

DETERNINE MAGNITUDE OF CANDIDATE. )

CUMFLEX PEMK_MAG := TEN4;
IF TEMP3 ) COMPLEX PEAK MAG

THEN COMPLEX PEAK NAG := TEMFJ;

IF (RR_INTERVAL ( MAXIHUN ST)
AND (CONPLEX PEAK MAG < T UAVE_LINID)

RS M3 = 3
{

THEN BEGIN  {LOW 5IGNAL IN RELATIVE REFRAUIOKY)
@S _DETECTED := FALSE;
GO0 3383,

END; (LOW SIGMAL 1K RELATIVE REFRACTOR Y)

ASSUME CANDIDATE IS A RS )

PENC_ MACIR PTR] = 0;

LAST_NINTE := START_KINWUTEIR PTRI;

LAST_SUBMIK := START_SUBKINIR PTRI;

T_WAVE_LINIT := SHIFT((3 » COMPLEX PEAK MAG),-2);
IF RUAVE TYPE ) §

THEN R_WAVE_TYPE := R_WAVE_TYPE - 1;

IF L_WAE_TVPE ) §

RS M3 := 4;

THEN JEGIN (NOISE CONTAMINATED R-R DATA2
@S _METECTED := FALSE;
o070 B3

END (NOISE CONTARINATED R-R DATA)

ELSE BEGCIN (RELIABLE QRS DATA}

RATIO := (100 & TENPH) DIV TENP3;
QS_INTERVAL := BD TIN(R_PTR
+ DELTA _TOC(START NINUTELQ_PTR),START_SUBMINLG_PTR1);
RR_PRIOR := RR_CURRENT;
RE_CURTENT := RR_INTERVAL;
{ ADAPTIVELY ADJUST REFRACTORY PERIDS )
MWERAGED RR := UPDATE(AVERAGED_RK, RR_INTERVAL);
MAXINUM ST := T_200MS + SHLFTCMERKGED_RR,~0);
TENP1 := SHIFT(AVERAGED RR,-2);
NININUN ST := T_BEHS + TEN;
IF HAXIMUK ST ¢ NINIMM ST
THEN NININUR_ST := SAXINUN_ST;
IF MINIMUN_ST ) 7_26085
THEN NINIMM ST := T_z6MHS;
IF MINIMUN ST ) SHIFTCTEMFI,D)
THEN MINIMUM ST := SHIFTCIENPL,1);
IF TENPL ) T_168KS
THEN TENPL := T_160MS;
MXIMUN 5T := TENP1 + ININUN ST;
{ ADAP TIVELY ADJLST SENSIIIVITY )
IF RR_CURRENT )= RR_PRIOK
THEN SET_THRESHOLDS(UPDATE (AVER A6 _CPN, CUMPLEX PEAK_ME) );
RY_BUFFERIRR _PTR1 := RK_CUKRENT;
R PR =R PTR + 1
IF RRPTK ) RK_AVENUM

THEN RR PIR 3= 1;
®S_DETECTED := TRUE;
GOTO 3333;
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147 148
386 06CL 2 END; (KELIABLE GRS DATA)
387 g6CE 2 XD, (NO-BUFFCR-VERFLON:
388 06CE 2 END; (TEST CANTIDATE)
387 0elE 2
390 06CE 2 3333: (EXIT AFTER QRS PROCESSING COMFLETED
391 06CE 2
392 06CE 2 RS M3 := §;
393 06D4 2 EMD; (QRS_DETECTED)
374 0060 1
o
96 0000 1 $CLOEPROC OFF$
397 00 1
End of compilation, nember of errers= ¢

FILE; MONITOR:BULES: HP 64000 - Pasca. *Geent Cede Generates

1 W00
2 0t
310
4 foe
3 4800
6 e
7 e
8 nie
§ e
18 0800
IO [ ]]
12 un
13 9004
14 BI0
15 B0
16 1000
17 08
18 1o
19 6o
e nn
21 oo
22 301
23 noe
24 8003
25 14
26 WS
27 1006
28 ez
29 1007
36 w07
31 1807
32 107
3 N
34 4009
R 1]
36 0008
37 100
38 #0500
37 4o
AL D008

TS et b s P ph P e R et e R s e S e e s et gk b e e M ey e e Pt R h ek e pd b s e e e e

"8085"

PROCRAM NONITOR;
SEXTENSIONS ON$
$SEPARATE D¢
SOPTINIZE OFF$

TYPE
RE_STATE_TYPE = (RESET,BAIT,SETUP ,MNTR);

VAL SEXTVAR ONs$
ECE_PP i+ INTECER; (madsle SAHPLEN)
L BAVE_TYPE ; BYTE; {nedwle RSENSE)
SANPLE ON s BOOLEAN; (medele SANPLER menitor on/eff control)
SEXTWAR OFF$

VAR $GLDRVAR ON$ ( Previde cemmunicatien/handshaking between rate
msniter and basestatisn cantreller backgreund state machines, )
gV1 . BYTE;

Q2 : BYTE;

V3 : BYTE;

4 . WIE;

VS BYTE;

Kk _CAIN : BUOLEAN;, (ECG gair change handshaking)
RATE_TO_SEND : BYTE; {ECG rate and moniter stitys)
$GLOBVAR DFF$ '

VAL $GLOEVAR ON$ ( Rate moniter state wariables. }
NEXT RM_STATE : RM_STATE_TYPE;

IX_STATE : RK_STATE_TYPE;
S$CLORVAR OFFS
PROCEDURE INIT RATE MNTR; EXTERNAL; (macule RAENSL)

FUNCTION GRS DETECTED : BODLEAN; EXTERWAL; (mcdile RSENS.)
FUNCTION AVERAGE RATE ; BYTE; EXTERMAL, (moduie RSENSE)
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149 150
41 0000 |
AZ 000 1 SGLDBPROC ON$
43 0020 § .
44 4000 ! PROCEDIRE CURRENT RMS _OKS;
4 00 2 ( Carey sut aperations for the current rate meniter state, evzivate
46 8000 2  triggers that may cause state changes, and exit the current state, }
47 1000 2 BECIN '
48 0083 2 '
49 1000 2  CASE EM STATE O
58 1006 2
o1 3006 2 WAIT: BEGIN
32 e 2 { RATE TC SEND stays at  te incicate rate meniter in W&iT,
33 0006 2 Leave WALT when patient basestatien wants data seat, )
34 W0 2 IF SAMPLE ON
35 0040 2 THEN NEXT_RM_STAIE := SETUP;
% w2 2 END; (BAIT)
57 W15 2
38 M3 2 SETWP: KEGIN
39 WIS 2 BV =), )
b f11A 2 { Real-time pracess samples ECC anc sends a byte te (asper
41 4018 2 every 10M5. ECC amplitede is tested -- spstem will nst
62 WA 2 leave SETIP if ECO amglitude is wader 68 sample wnits p-p.
63 A 2 QRS detectisen sccors to let alger.the stabilize and lead
b4 WA 2 the rate comprtatisn baffer. RATE _TU_SEMD is held at i
65 8014 2 if ECC amplitede is wnder 60 wits p—p, and at 2 if ECk
b6 W14 2 amplitede is adedguate. Leave SETUP if sampling is te step
67 101 2 sr after ECC amplitude is satisfactory and QRS detectisn
68 1A 2 s stabilized. )
6% 1A 2 IF QRS_DETECTED
70 120 2 THEN RATE_TD_SEMD := RATE_TD SEND; (Detecter stabilizes)
71 W26 2 IF RUAVE TYPE = §
72 4x 2 THEN NEXT RN STATE := NNTR;
7wy 2 IF NOT SAMPLE ON
74 1038 2 THEN NEXT_RN_STATE := WAIT;
NWNIF 2 V=1
76 1344 2 END; (SETUP)
77 W47 2
78 #8047 2 MTR: BECIN
790047 2 BV2:=0;
80 M4C 2 { Real-time precess samples ECG and sends a byte to Casper
8t M40 2 every 1BM5. ECC amplitade is tested and UaS detectamn
82 W4C 2 sccers, R-R data is wsed te cempete RATE_TO_SEND as the
83 104C 2 average rate of the siz mest recest beats unless ECC
B4 1040 2 amliitude stays wnder 35 sample wnits p-p or no BKSs are
85 N4C 2 detected for 4 seconds, RATE_T0 SEN) will be set to 3 1f
86 M4L 2 ECC amlitede 15 law and set te 4 if no QRS are detected,
87 s04C 2 Leave MKTR 1if sampling is to step or if ELE gain has been
BO M04C 2 changed by the basestatien centroller. )
89 064C 2 IF ®S_DETECTED '
90 N5z 2 THEN RATE_TO SEND ;= AVERAGL RATE;
91 8058 2 IF NCT SAMPLE ON
92 BOSF 2 THEN NEXT _RM STATL := WAIT;
93 1864 2 V2 = 1;
94 1089 2 END; (WNTR)
93 ol 2
96 806 2  RESET: BEGIN
97 106C 2 {This is a trancitisnci 1nitiaiizatien state)
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78 #06C 2 NEXT RM_STATE := WAIT;
99 1071 2 END; (RESET}
100 W74 2
101 0674 2  OTHERWISE NEXT RM_STATE := RESET; (Fault recovery)
142 0079 2
103 9079 2 END; (CASt RM_STATE 0F)
104 0193 2
105 0053 2 EMD; (CUKRENT_RMS_0PS)
106 #0808 1
107 0080 1
108 0000 1
199 0488 1 PRECEDURL CHANGE RMS;
110 0094 2 { Initialize new rate meniter states, )
11 0094 2 HEGIN
112 0074 2
113 0094 2  CASE NLXT_RM_STATE Of
114 W94 2
115 M54 2 WAIT:  BEGIN
116 B9 2 (Sampling already off, se indicate to Lasper that
17 8098 2 rate meniter is in WALT)
118 0094 2 RATE_TO_SEMD := 39;
119 809F 2 END; (WAIT)
120 beAz 2
121 80A2 2 SETUP: BEGIN
122 A2 2 { Real-time sampling 15 en. Initialize @RS detectisn
123 H0A2 2 and rate averaging, Indicate that SETUP is iaitiated. )
124 BAZ 2 INIT_RATE_NNTR;
125 MAS 2 RATE TO_SEND := 39;
126 88AR 2 END; (SETUP)
127 $0AD 2
128 $0AD 2  MNTR:  BEGIN
129 404D 2 { Ma special initializatien needed —- pracesses are
130 08AD 2 initialized when SETUP rons. )
131 00AD 2 END; (WNIR)
132 B 2
133 400 2 OTHEXWISE NEXT_RM_STATL := RESET; (Fawlt recevery)
134 805 2
135 00BS 2 END; (CASL NEXT_RM_SIATE OF)
136 06CA 2
137 40CA 2 END; (CHANGE _RMS)
138 8000 |
139 8000 1 SCLOBPRGC OFF$
140 00 1
i of comilatien, number of errerss ]
FILE: INTR:BOKES! HEMETT-PACKARD: ©°%% Asseabler

LOCATION OBJECT CODE LINE SOURCE LINE
805"

i
2
J ; THESE ARE THE LOV LEVEL INTERRUPT HANDLERS
4
3
)
?

Ak MSAKL
G EMBLE
&B MASK



1088 C30800

820 CINSE

1134
0034 C30034

$03C C30000

#00

C 0

8ol CY

1oz
1002 FB
083 C9

Ho4

B84 3A0010
1087 2
1008 C9

e

1007 20
0084 320080
ooad C¥

100E
800E FO
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153

8 U Y

? QB IRS
1
1 X1 W

12 EXT  SARLER
13 EXT  JECON_DATA
14 BT TN
15 EXT  INTRSTS
1 EXT  INTRASK
17 3OS 3 (]
18
19 ; RESET VECIOR
20 ORC 0K
21 mw oK
2

23 ; IST §.5 VELTOR
24 ; 1 SECOND INTERRUPT

& ORG  #2CH
b e ISRSS
7

28 ; RST 4.5 WCTUR

29 ; TXRDY FRON THE XECOM

30 RS 1344
31 WY 434

12 m HYE34
3

34 ; RST 7.5 VECTOR
35 ; 300 HZ SANPLINE INTERRUPT

36 0kG 13CH
37 I®  SAPLER
39 ; PROGRAY MREA

]| oG

41

42 DISABLE

8 ')}

4 RET

5

4b ENAELE

47 El

48 RET

9

50 SHASK

3 LD INTRNSK
3% SIN

33 RET

94

35 RBASK

56 RIN

by, STA INTRSTS
58 RET

59

b0

61 ISRSS

¥ PUSH  PSW

63 ;

b4 ; RESIART ThE TiMER
63

154

; STATE NACHINE MUDWLL
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155
800F Jt2C b5 LD A, K204
8011 320000 67 STA i e
$014 JEOL 68 Wi A, 1005
1016 320880 &y STA Cic e
8019 Co Tt PUSK B
BliA 26 71 pPUSE 2
f012 ES 7c PUSH H
73,
$01C Chogce 74 CALL  TICX
7
801F E1 76 paF H
8020 D1 77 P0p D
892! i 76 poF B
pedz £t bx] pOP PS5k
8i
8023 FB B1 El
4024 C9 2 RET
83
B4
85
8¢ EXD
Errorss ]

In connection with the above description, we claim:

1. A telemetry base station, comprising:

radio receiver means for receiving telemetered radio
signals containing physiological information;

modem means for transmitting and receiving digital
signals, said modem means adapted to be coupled
to a telephone line;

a telephone set adapted to be coupled to said tele-
phone line for voice communication;

command decoding means for decoding the presence
of command signals within said digital signals re-
ceived by said modem means;

control means coupled to said command decoding
means for coupling and uncoupling said telephone
set from said telephone line, and for inhibiting
transmission of digital signals from said modem
while said telephone set is coupled to said tele-
phone line in accordance with said command sig-
nals detected within said signals received by said
modem means; .

signal means for providing simulated call progress
signals to the telephone set when the telephone set
is uncoupled from the telephone line and the
modem means is transmitting digital signals; and

A/D converter means coupled to said receiver means
and to said modem means for converting said radio
frequency signals received by said receiver means
to digital signals for transmission by said modem
means.

2. A base station according to claim 1 wherein said

control means is also coupled to said telephone set and
in response to said telephone going off hook, provides
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said modem means with a digital signal for transmission
from said modem, indicating that said telephone set has
gone off hook.

3. A telemetry base station, comprising:

radio receiver means for recetving telemetered radio
signals containing physiological information;

modem means for transmitting and receiving digital
signals, said modem means adapted to be coupled
to a telephone line;

a telephone set adapted to be coupled to said tele-
phone line for voice communication;

means for providing a signal which indicates when
the telephone set is off hook; '

command decoding means for decoding the presence
of a command signal within said digital signals
received by said modem means which indicates a
desire on behalf of a source of the digital signals
received by the modem means for voice communi-
cation;

means coupled to said command decoding means for
coupling the telephone set from said telephone line
during a voice communication mode and decou-
pling the telephone set from the telephone line
during a data communication mode, based upon
the command signals;

means for causing simulated operation of the tele-
phone set during the data communication mode;
and

A/D converter means coupled to said receiver means
and to said modem means for converting said radio
frequency signals received by said receiver means
to digital signals for transmission by said modem

means.
* k  k  k ok



