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Introduction

This inal report is organized into tw3 parts. The first part `• an executive sur'.mary

which is contained in the first 37 p;ges of the report, and the second part is the complete

and full Technical Data PacKage pro,'ided to -he U.S. Arm- accoraing to the technical stan-

dards required for reporting this completed contract effort. The executive summary is

included because the complete manuscript (Technical Data Package) is so long as to be very

time consuming to read :n its entirety, and the abstract is too short for even an overview of

such an extensive effort.



Nature of the Problem

Medical care of casualties on the ' "efeld is a major challenge to mrilia.ry operations
under all conditions. but is e•seciaily di..cu:- w:th 'he rk of chemical agent exposure. In
tc~rd~ar tue c','r,-ny dep,oye ,cn prot'ec:,ie -nserble -o be worn b" *v . Army
person~ei in a cnemicai age:.t environment Las crealeG a unique problem. When fu;';y pro-
tected ýthat is at MOPP-4 ievel) by the complete ensemble, it is not possible for the medic
to determine whether a mot'ionless casualty is alive or dead. Neither taking a pulse, nor see-
ing chest motion with breathing is possible due ¼o the bulky, thick material of the chernmcal
defense suit. The mask wrevenis the medic from detecting air flow during respiration.

Of course, the chemical defense gear cannot be removed from the casualty for the pur-
pose of gaining access to the anatomical sites suitable for detecting the pulse or respiration
because removal of the gear without decontamination would expose the casuaity to the
chemical agent. Consequently, there is a need for a method to determine whether or not a
casua�lty in full chemical protective gear is dead or alive without violating the integrity of
the protective gear. This is the problem addressed in the project DA.\D 17-7--C-7195.



Background of Previous Work

The Hillenbrand Biomedical Engineering Center of Purdue University has developed a
new method of detecting life signs using a sensor system worn on the wrist. Several events
can be detected. including motion, :neart rate and respiration using this sensor. WVe pro-
posed in 19S5 to develop a prototype system for feied testing which would provide remote
casualty triage and location using a 2-way radio link, the new sensors, and a stimulus-
response sequence whereby the soldier could indicate his or her status to field medical per-
sonnel.

Remote Triage System

We proposed and showed feasibility for remote triage of casualties in the battlefield.
We also proposed further development to achieve a practical and fieldable system. The sys-
tem envisioned would include sensors worn on the wrist of etch soldier (Figure 1) to deter-
mine responsiveness, motion, heart rate, and respiratory rate. A computer based expert sys-
tem at a central station (Figure 2) uses these data to triage soldiers into categories of 1)
functronal, 2) wounded but stable, 3) needing immediate evacuation, 4) alive, but fatally
wounded, and 5) dead. Display of this information is provided in tabular or graphic form
on a terminal at central station. The system operates under control of the central station
operator who usei the menu driven program in the central computer. A major capability of
the system is to determine consciousness and responsiveness remotely. Also, the 2-way radio
link allows the location of the casualties using a graphic display of Lhe battlefieid.

For example after friendly forces have achieved control of the battlefield, the central
station interrogates ail of the soldier PMC's by radio trarsmission (Figure 3). A non-
painful, safe, electrical stimulus is applied to the soldiers' wrists from electrodes A and B on
"the inner surface of the wristband (Figure 3). If the soldier is all right. he pushes the "OK"
button. If the OK button is not pushed (Figure 4), impedance sensors switch on in the
wristband and record motion, heart rate and respiration. All data is processed and stored
in the wriitband's microprocessor.

A so'cmnd radio signal is then sent to all wrist units which instructs the wrist units to
serially trasnsit back the data in a short data bit sequence (Figure 5). The central station
expert system th-n categoriv-7 all soldiers, and determines iccation of the casua!tics only.
Non-casuasiie9 cou k be !ock,'d out of the !ocator capab.It'y.

Data can be presented at central st ation in the form of detailed tabular data (Firure
6). or bar graph sammariei (Figure 7), as well as display of casualty location (Figure 8).
Thus medics, ambulances and other resources can be deployed to best advantage, favorably
affecting mortality and morbidity of casualties, and decreasing risk to medical personnel.
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In summary, the individual soldier's equiprnent is worn on the wrist, and includes a
2-way radio link, a stimulator which applies a safe, non-painful electrical stimulus to the
wrist, a response switch, a tetrapolar. dr'-electrode. irmpedance measuring plethysmograph,
and a microprocessor-based signal processor which determines subject motion, heart rate
and respiratory rate. The ceutral station consists af 2 antennas and 2-way radio links,
menu-driven software for the expert system, and tabular or graphic displays on a small
portable computer. Graphic display includes the soldiers' triage category and location.

The system is envisioned to be optimized for operation after a battle, o"' during lulls in
action, when deployment of medical personnel is most practical, and security of the infor-
mation can be best assured. Finally, the system will be operational under Conditions of con-
ventional or chemical battlefield warfare at all levels up to and including MOPP-4.

On February 26, 1986 a prototype system was demonstrated to the Army in W. Lafay-
ette. Indiana, on the Purdue Campus. The prototype, soldier-worn hardware as demon-
strated, is shown in Figure 9.

16



Figure 9. Prototype hardware demonstrated during earlier work on field med-
ical care of soldiers.
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Purpose of Present Work

Because of the need for a 3ystem to dýetect lir^e in a casualty wearing chemical defense
equipment our development efort was redirected away from the remote triage system at the
request of the Army, and funded in 1986 to orovide a life detector system with these charac-
teristics for concept evaluation:

1. A complete functional system comprised of 2 pieces of hardware, the wristband
(PMC) and the hand-held interrogator, or monitor (-uM).

2. Two (2) systems to be provided. i.e. 2 wrist bands and 2 interrogators.

3. The system will be operable with beth the wearer and medic in NBC protective cloth-
ing ensemble, or with the wearer in a chemical warfare agent protective wrap and the
medic in NBC protective clothing ensemble. No penetration, or removal, of the chem-
ical protective gear will be required for use.

4. Both hardware items wil! be battery operated, with replaceable batteries.

5. The interrogator will provide readout of heart rate on an LCD.

6. The system will be operable at a range of up to 5 feet between the interrogator
(medic) and wearer (casualty).

7. No direct contact will be required between the user (medic) and wearer (casualty).

8. The system will be designed to discriminate as much as possible between the heart
rate and expected artifacts of noise, vibration, motion, and environmental electronic
signals.

Description of Deliverable Items

Brass-board hardware will be provided including two (2) P%1C units and two (2) hand
held transmitter/receivers suitable for use by a medic or other operator. The PMC's are to
be worn on the wrist of a subject, and will determine heart rate from the subject and
transmit the heart rate to the hand-held receiver. The system will be designed to operate
even when the subject is at MOPP-.! levl and,'or in a chemical protective wrap. The range
of operation will be at ;east 5 feet. The system will be capable of determining which of the
2 PNMC's is being received when both units are in close proximity. In addition, instructions
for use of the system will be providen.

The size of the wrist-worn and medic operated components to be delivered for concept
testing must be reduced, compared to the triage prototype hardware demonstrated in 1986,
but this hardware will not be a3 small as the system could be made for widespread deploy-
ment. (These units can be made 40 to 80% smaller than the concept evaluation units,
because custom chips and hybrid circuits can be incorporated after design is finalized for
large scale production.)

is



Revised Scope of Work in 1988

It is important to note that a substantial revision in scope of work was requested and
negotiated by the Army, and agreed to on May 6, 19SS. This revised scope specified an
increased number of deliverable items including eight more wrist units, one more hand held
iur-t and one prototype multimonitor. Also, an extension of time for delivery was given,
inazsmuch as the Army tests were not scheduled until 1M9O. Also, there was a breadboard
"Irult;monitor" origina'lly specified in the contract for a "demonstration only" at Purdue,
and in the revised scope of work this breadboard was specified as a deliverable item. How-
ever, the muitimonitor was specifically excluded from the Technical Data Package. The
envisioned multimonitor use is at a battalion aid station, or other suitable area, and it is
designed to monitor multiple PMCs simultaneously, and automatica•lly.

10



Methods of Approach

The technology used for this life detector system was very similar to 'hat described
previously for the remote tr~age PMC sytems. usin tetrapolar im..peda-ice sensors on the
wrist. The electrodes are of dry stainless stee. The complex ,auce '2.a from the
wearer's wrist is processed in the PIM\C unit for heart rate determination. The state-of-the-
art Motorola MC68H8L11 CMOS chip is the heart of the wrist-worn part of the system.
Radio-frequency communication links used are adequate for the short-range requirements.

Theory

The heart rate is measured by monitoring the peripheral pulse from the wrist using a
plethysmograph. Four electrodes (referred to as a tetrapolar electrode system) are placed
around the wrist. As the circulatory system pumps b'ood through the arteries at the wrist,
the impedance changes at the electrodes can be sensed by electronic circuitry. These changes
are interpreted as pulses. This method is easy to apply, is non-invasive and is only slightly
affected by variations in temperature and barometric pressure. Figure 10 shows a typical
complex plethysmographic signal. Signal proc-,sing separates the cardiac and respiratory
signals as shown in Figure 11. Hear, ratc can then be counted. Figure 12 shows the effects
of motion to produce large signals which document motion of the subject.

The wristband of the device, called a PNIC. conta'ns the four electrodes. The device
functions properly only when all four electrodes are in fuil contact with the skin. The wrist.
impedance signal measured by the plethysniograph is connected to an AiD converter con-
tained in the microprocessor. The processor accesses a software algorithm to analyze the
digital signal and compute the heart rate. The resulting value is stored in memory. This real
time process continuously updates the heart rate value while the PMC unit is act:,ated.

The heart rate is displayed on the LCD of the HKI- when a transmission link exists
betwen the JtOIM and the PMC. The transmission link is established when the HIt-N is
placed within 2 inches of a selected P.MC and the ACTIVA TE button of the IHUN is
pressed. This action causes a coil in the HI[\ to induce a current in a coil in the PMC
which in turn activates the PMC. The PMC then begins the data collection and the heart
rate calculation. The heart rate i3 transmitted via a radio frequency transceiver to the IINNI
and displayfd on the ILUD. Tlie MIlIM continues to re,;uest in formation :-n the selected
PMC and the PIMC continu-i to transmit updated heart rate informat.(,>• until the t1ENM-
PMC link is broken. A break occurs when the INIM activates a new PNIC or when the htluM
is turned off. All data collection and heart rate calculations occur automatically. No outside
intervention is necessary.

20
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Results Obtained

As requested, the system was deveoped, demonstrated at an acceptance meeting on
October 31, 1980 at Purdue Univcrsity, and delivered to Ft. Detrick, .MD. in November,

M989.

Personal Monitor/Communicator

The PMC is composed of a rectangular box connected by wire leads to a wristband.
The wristband contains the tetrapolar dry-electrode impedance measuring plethysmograph
necessary for monitoring the soldier. The band wraps around the wrist of the soldier and
must be in direct contact with the skin. The box contains a 2-way radio link and a
microprocessor. The unit is powered by batteries which fit in a compartment on the side of
the box. The box needs to be affixed to the forearm (left or right) of the soldier. There is
no need for the box to be in direct contact with the skin. The entire PMC assembly can be
worn under a chemical defense jacket or other clothing. See Figure 13.

Hand Held Monitor

The HRM consists of a single rectangular box with a removable antenna (Figure !4).
Located on the front face of the fU-M are two switches (ON-OFF switch and A CTIVA TE
button) and a display panel. The ON-OFF switch controls the power to the 1tiMN. The
A CTIVA TE button causes the HHLM to gather information from a specified PMC. The rec-
tangular liquid crystal display (LCD) panel displays the status of the soldier being moni-
tored and the status of the PMC. An additional switch is located on the side of the HEM
nearest the ON-OFF switch. This switch turns on the background light for night time use
of the LCD. Two battery compartments are located on the HIM. The battery compart-
ment located on the top of the unit near the antenna provides power for bacikground light-
ing of the liquid crystal display. The battery compat ,ment on the bottom of the -I-EM is
the main power supply. The bottom battery compartment cover can be seen in Figure 14.

The 1h11 indicates it is on ty displaying the following message:

hland Hfeld
Monitor (1111M)

This message remains on the scrern for only a few seconds.
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The 1l-M then displays the following instructions:

Put HHM Near PMC
Press ACTIVATE

The back side of the HEM is held within 2 inches of the rectangular box of the PMC that is
ýo be monitored, as shown in Figure 15. With the H-M in this location the operator briefly
presses and releases the ACTIVATE button on the front of the HuM. The HILM then
displays the message:

Attempting
PMC Activation

When the activate procedure works, the Mal] displays the message:

PMC ACTIVATED

The HI-M can now be moved a few feet away from the PMC.

The HHM will then attempt to communicate with the designated PMC and will display the
message:

Attempting PMC
Communication

27



Figure 15. Position of PMC and MUhMI for system activation. In this figure the
chemical defense jacket is not shown. However, the system will
transmit through the jacket. (See Figure 16).

28



When communication is established between the HHM and the PMC, the HIT- begins to
display messages concerning the soldier's status. If the sensed heart rate is reasonable, then
the message:

Heart Rate +

where the character '+' is replaced by the soldier's heart rate, appears. See Figure 16.

Other messages that may occur during this phase of monitoring include:

Low Pulse

or

Motion

Messages are displayed approximately every 15 seconds after the PMC has been activated.
If motion is present, the heart rate may not be displayed.

Monitoring a new PMC may begin during any point of the HHM operation. To monitor a
new PMC, the back side of the HIE is held approximately 2 inches above the rectangular
box of the new PMC and the ACTIVATE button is pressed. The HI-N now ignores the pre-
viously active PMC and monitors the newly selected PMC. More than one HEM[ may moni-
tor a single PMC.

29
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Conditions may require the HB-M, software to make several attempts to activate the selected
PMC. The retransmission message:

Attempting
Retransmission

will appear on the screen until the procedure fails or the PMC is activated.

If the activate procedure fails, then the following message is displayed:

ERROR-Repeat
Activate Steps

and the activate procedure must be repeated.

After the PMC is activated, several attempts may be made by the HIEM to communicate
with the PMC. During these attempts, the following message wiil appear on the LCD screen:

Attempting
Retransmission

This message indicates the HILM has not successfully prompted the activated PMC.

If the H12M is unable to establi3h communication with the PMC then the HHM displays the
message:

Lost
Communication

31



After this message, the PMC must be re-activated so the HJPA displays the message:

[Put dHILMf Near PMC[ Press ACTIVATE

If the message:

Check
Wrist Strap

appears, then the PMC is not properly strapped to the soldier. The HHM will not be able
to determine the soldier's status when this problem exists.

If the message:

Low PMC Battery

appears, then the batteries in the PMC unit are weak and must be replaced.

Multimonitor

The front view of the prototype monitor is shown in Figure 17. This device can be
used to ,.onitor tap status of several soldiers in the immediate area, and for example, could
be used it; the battalion aid station to allow one medic to monitor multiple casualties, even
under conditions of chemical warfare. It is called the Multi-Monitor. The device will
automatically and periodically cheek the heart rate and motion status of all soldiers being
monitored. The Multi-Monitor is a battery-powered portable device with integral radio,
keypad, display and audible alarm.

When the multimonitor is turned on by pressing the off-on rocker switch (see Figure
17) the instructions for use appear on the display as shown.

To activate a PMC, the multimonitor is held over the wrist unit (within 2 inches) and
the ADD button is pushcd. After about 20 seconds the casualty's identification number,
heart rate, and motion status will be displayed on the 9creen.

32
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I
To add a second casualty, the multimaonitor is held over the second PMC, and the

ADD button pressed. Data from both subjects are then displayed. Likewise, additional
subjects can be added, and their status displayed on the screen, up to a maximum of 10.

To remove a subject from the group being monitored, it is necessary only to move the
cursor up or down by pressing the up or down arrow buttons. When the cursor is on the
subject to be deleted, pressing the DELETE button will remove that casual:; from the
monitor. To obtain operating instructions for the multimonitor it is only necessary to press
the HELP button.

The multimonitor operates on standard "D" cell batteries. It does not have a lighted
display for use in low light conditions. It does have the check wrist strap, lost communica-
tion, low pulse, motion, and low-battery display categories of the HHM.

The circuit diagram for the multimonitor is shown in Figure 18. The programming
software, which is not inc!uded in the Technical Data package, follows the Technical Data
Package.
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I
Conclusions: Assessment of Characteristics

and Future Enhancements for the Life Detector
(Per-onal Monitor and Communicator)

Some characteristics of the system delivered to Ft. Detrick were different than
envisioned at the start of the project, and deserve comment.

We were able to make the hand held monitor smaller than originally expected, and
could have made it even smaller, except for the extensive R.F. shielding required by the
radio design of the subcontractor (Magnavox) and because of limited visibility of smaller
LCD display screens. The wrist-worn unit was lighter in weight than we had anticipated
because we were able to use ve-y lightweight materials to make the case. The size of the
wrist-worn unit was, however, larger than we had hoped for, due mainly to the size and,
again, the shielding requirements of the radios. The radio chosen for the system used a fre-
quency a&";gned to us by the Army during our previous development effort, and proved to
bho a substan.ial problem for both miniaturization and broadcast range of the system Cer-
taily, the next generation models should use a higher frequency in order to achieve size
reduction (andior a longer range if desired). Selection of a more practical frecluency, com-
bined with use of custom chips in the circuitry, should provide a several-fold reduction in
size of Loth the wrist-worn and hand-held units. Size reduction by using custom chips was
not possi.ie for the field-test units we delivered due to the limitation of financial resources
allocated to the contract by the army. Custom chip design and fabrication, plus othe: size
reduction technology, requires larger volume production to be cost-effective. We are of the
opinion that the complete PMC can be incorporated into the wrist-band in the future if
adequ-ite resources are deployed toward the effort. The wrist unit would, however, probably
be somewhat larger than the artists depiction sbown in the Figure 19, which is from .ur
19S6 report.

The multimonitor was substantially ruggedized by us, even through the Army had not
requested this ruggedization. We were of the opinion that this improvement was important,
since the multimonitor might be used for briefings or laboratory demonstrations at ,a later
date, and therefore it would be useful to have the breadboard look more or less like a fild-
able unit

Once the de•lgn ww -Iifalized( for the field test unit.a. is-osirg and sigzria' processing
showed the sensitivity of the system to detect motion or pulses to be excellent, as we had
expected, but we were sometimes unable to differentiste between arterial pulses and some
oth-r signals. For example, rapid respiration, which can approach 30 to 60/minute in
severely wounded casualties could not be differentiated from bradyrardias of 30 to 60
minute by signal processing, including power spectrum analysis. Other periodic mechanical
event-i which are of the same frequency as the heart rates of interest were sometimes trou-
blesome, also. Several man-months of effort were devoted in an attempt to improvo the
system's rejection of these qiin'.Is. In )ur opinion, additional refinement, if possible, wouild
require a major signal-procesing effort. In order to remain on schedule we had to proceed
with finalizing the design.
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PREFACE

This manual contains information needed for the operation and maintenance of a proto-
type system which provides a means for determining the heart rate of a soldier at rest.

This system has the capability of monitoriug the status of a soldier at MOPP-4 without
touching the soldier or invading the soldier's chemical defense ensemble. The instruc-

tions explain the installation, operation, and troubleshooting procedures which c.-,n be
performed without removing any device covers.



DESCRIPTION

System

The system consists of two components: the Personal Monitor Communi'ator (PMC)
which is worn on 'he wrist (Figure 1) and the Hand Heid Monitor (HI-D) which is car-

ried by the medic (Figure 2). The PMCs are units worn by soldiers being monitored.

Signals from the stainless steel electrodes in the wristband of each PMC are used to
determine the heart rate of the soldier and/or whether the soldier is moving. Radio
communication links allow the HHIM to display the heart rate to medics who are located

,, ,o 5 feet away. The system is operational under concitions of conventional or chem-
ical battlefield warfare at all levels up to and including MCPP-4. See Figure 3.

Personal Monitor Communicator

The PMC is composed of a rectanguiar box connected by wire leads to a wristband.
The wristband contains the tetrapolar dry-electrode impedance measuring plethysmo-
graph necessary for monitoring the soldier. The band wraps around the wrist of the
soldier and must be in direct contact with the skin. The box contains a 2-way radio
link and a microprocessor. The unit is powered by batteries which fit in a compartment
on the side of the box. The box needs to be affixed to the forearm (left or right) of the
soldier. There is no need for the box to be in direct contact with the skin. The entire
PMC assembly can be worn under a chemical defense jacket or other clothing. See Fig-
ure 1.

Hand Held Monitor

The HIIM consists of a single rectangular box with a removable antenna. Located on
the front face of the HurM are two switches (ON-OFF switch and ACTIVATE button)
and a display panel. The ON-OFF switch controls the power to the HM5M. The
ACTIVATE button causes the HFLM to gather information from a specified PMC. The
rectangular liquid crystal display (LCD) panel displays the status e? the soldier being
monitored and the status of the PMC. An additional sw' . is located on the side of
the HHM nearest the ON-OFF switch. This switch turxa )a the background light for

night time use of the LCD. Two battery compartments are located on the HEM. The
battery compartment located on the top of the unit near the antenna provides power
for background lighting of the liquik crystal display. The battery compartment on the

bottom of the H1IM is the main power supply. The bottom battery compartment cover
can be seen in Figure 3.



FIGURE 1. Personal monitor cm'•,ncator.
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FIGURE 2. Hand held monitor.
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INSTALLATION

Personal Monitor Communicator

The PMC requires two 1/2 A S-volt lithtum batteries for the unit to be operable. The
lithium batteries will supply approximately 12 hours of power to the PMC when the
PMC ' in continuous use. When the PMC i3 in standby mode (not communicating
with an HHM), the batteries will last for 4 weeks.

The battery compartment is located on the side of the rectangular box. The compart-
ment cover can be removed by unscrewing the brass cover with any coin or key. Insert
one battery at a time. The positive end (bump-end) of each battery must always be the
first end to enter the compartment. Replace the compartment cover. See Figure 4. Do
not over tighten the brass cover.

Hand Held Monitor

The HEM has a detachable antenna which connects to the BNC connector on top of the
HEM. The antenna must be mounted when the HEM is in use. With the antenna, the
HEM Ican monitor a PMC up to 5 feet away.

The H-M requires two 213 A 3-volt lithium batteries for the unit to be operable and one
9-volt alkaline battery to provide background lighting for the LCD. The lithium bat-
teries will supply approximately 12 hours of power to the HI-• when the HI-M is in

continuous use.

Insert the power supply batteries in the compartment on the bottom of the HEM unit.
Remove the compartment cover by unscrewing the brass cover with any coin or key.
Insert two 3-volt lithium batteries in this compartment. The positive end (bump-end)
of each battery must always be the first end to enter the compartment. Replace the
compartment cover. See Figure 5. Do not over tighten the brass cover.

Background lighting for the LCD is necessary when the hand held monitor is used at
night or in low light conditions. The 9-volt alkaline battery provides this lighting. To
install the battery, loosen the thumb surews on the compartment cover on the top of the
unit near the antenna. Swivel the cover away from the battery compartment. Attach
the 9-volt battery to the battery clip. insert the 9-volt battery into the compartment.

Replace the compartmevt. cover and tighten the thumb screws. See Figure 6.
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OPERATION

Overview

The function of the system is to determine the heart rate of a soldier and/or whether
the soldier is moving. The information is gathered from a personal monitor communi-
cator (PMC) worn by the soldier. The PJ,fC must be strapped on correctly and be worn
at least 10 to 20 minutes before the soldier can be accurately monitored. The PMC
must remain on the soldier as long as the soldier needs to be monitored. The hand held
monitor (HHM) provides a display of the heart, rate information. The HHM operator is
responsible for selecting the PMC to monitor and for understanding the information
displayed on the HI-1.

Personal Monitor Communicator

Proper monitoring of the soldier depends on the PMC. Carefully follow the instructions
given below. Give special attention to assure the wristband is strapped on correctly, as
shown in Figure 1.

1. Place the box and wristband on a flat surface with the box closest to you.
The box should be placed so both elastic straps are completely visible and lie
flat. The wristband should be open with the stainless steel electrodes exposed.

2. Place the palm side of the wrist in the center of the wristband. The wrist-
band should be positioned in the same area as a wristwatch would be worn.
Be sure the palm side of the wrist is in contact with the metal electrodes.
Secure the wristband to the wrist with the Velcro closures. If fingers start to
"tinglc," loosen the band slightly. Figure 7 shows the position of the four

metal electrodes on the wrist.
Vote: If the wristband is applied too tightly, blood flow in the arm will be
reduced and the heart rate signal will be lost.

3. Place the rectangular box on the forearm between the wrist and the elbow.

Use the two elastic straps and the Velcro closures to secure the box at this
location. Make sure the straps are secure yet comfortable.

4. The PMC must remain on the wrist for 10 to 20 minutes befor3. accurate
resuilts are possible.

Hand Held Monitor

The HK'L displays heart rate information for a soldier when the monitor is correctly
used. Fol!ow the instrictions given in this section carefully.

Turn the -H1M on by pressing the ON..OFF switch on the front of the BI-LM to the ON
position. If no daylight or artificial light is present, press the button on the side of the
HKM to provide background lighting for the LCD.

13



FIGURE 7. Proper posLtion of PmC electrodes.
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The HH'vl indicates it is on by displaying the following message:

Hand Held
Monitor (HI-L )

This message remains on the screen for only a few seconds.

The HII•I then displays the following instructions:

Put HHM Near PMC
Press ACTIVATE

Hold the back side of the I-I' within 2 inches of the rectangular box of the PMC that
is to be monitored. See Figure 8. Leave the HUIMI in this location and briefly press and
release the ACTIVATE button on the front of the tITD-. The I--NI displays the mes-
sage:

Attempting
PMC Activation

When the activate procedure works, the NILM displays the message:

PMC ACTIVATED

The HFIM can now be moved a few feet away from the PMC.



The HHN4 will attempt to communicate with the designated PMC and will displa) the
message:

Attempting PMC

Communication

When communication is established between the HH-M and the PMC, the HI-LM begins
to display messages concerning the soldier's status. If the sensed heart rate is reason-

able, then the message:

Heart Rate +

where the character '#' is replaced by the soldier's heart rate, appears.

Other messages that may occur during this phase of monitoring iaclude:

Low Pulse

or

Motion

Messages will be displayed approxirrately every 15 seconds after the PMC has been
activated. If motion is present, the heart rate may not be displayed.

Monitoring a new PMC may begin during any point of the -ll-1M operation. To monitor
a new PMC, holl the back side of the HHUM approximately 2 inchem above the rectangu-
lar box of the new PMC and press the ACTIVATE button. The HI-M now ignores the
previously active PMC and monitors tie newly selected PMC. More than one HI[M
may monitor a single PMC.

16



Conditions may require the HHM software to make several attempts to activate the
selected PMC. The retransmission message:

Attempting

Retransmission

will appear on the screen until the procedure fails or the PMC is activated.

If the activate procedure fails, then the following message is displayed:

ERROR-Repeat
Activate Steps

and the activate procedure must be repeated.

After the PMC is activated, several attempts may be made by the HMM to communi-
cate with the PMC. During these attempts, the following message will appear on the
LCD screen:

Attempting
Retransmission

This message indicates the HI-vM has not successfully prompted the activated PMC.

If the HI-fi is unable to establish communication with the PMC then the HIHN displays
the message:

Lost
Communication

17



After this message, the PMC must be re-activated so the HHIM displays the message:

Put H-ID4 Near PMC
Press ACTIVATE

If the message:

Check
Wrist Strap

appears, then the PMC is not properly strapped to the soldier. The hHtvf will not be
able to determine the soldier's status when this problem exists.

If the message:

Low PMC Battery

appears, then the batteries in the P.MC unit are weak and must be replaced.

If the message:

Low HHM Battery

appears, then tbe batteries in the 11tM unit are weak and must be replaced.

18



FIGURE 8. System activaOtion.



STORAGE

Personal Monitor Communicator

Wipe the P\fC off when it is removed i'rom the 3oldier's arm. To censerve battery life,

remove the batteries from the PMC when it will not be used during the next 24 hour

period.

Hand Held Mfonitor

Turn the H-M off to disengage all radio frequencies. Do this by pressing the ON-OFF
switch on the face of the H7LM to the OFF position. The LCD screen is blank when the

HI-M is turned off. Remove the batteries from the HHM when the unit will not be used

during the next 6 month period. Remember to empty the battery compartment located
on the top of the unit near the antenna and to empty the battery compartment on the

bottom side of the HKLM.

9N



THEtORY

Heart rate can be measured by monitoring a peripheral pulse. One method of measur-

ing such a pulse is by implementing a plethysmograph. Four electrodes (referred to as a

tetrapolar electrode system) are placed around the wrist. As the circulatory system

pumps blood through the arteries at the wrist, the impedance changes at the electrodes

can be sensed by electronic circuitry. These changes are interpreted as pulses. This

method is easy to apply, is non-invasive and is only slightly affected by variations in

temperature and barometric pressure.

The wristband of the PMC contains the four electrodes. The device functions properly

only when all four electrodes are in full contact with the skin. The wrist impedance sig-

nal measured by the plethysmograph is connected to the A/D converter contained in

the microprocessor. The processor accesses a software algorithm to analyze the digital

signal and compute the heart rate. The resulting value is stored in memory. The real

time process continuously updates the heart rate value while the PMC unit is activated.

The heart rate is displayed on the LCD of the HEM when a transmission link exists

between the rIHEM and the PMC. The transmission link is established when the HIEl is

placed within 2 inches of a selected PMC and the A CTIVA TE button of the HHM is

pressed. This action causes a coil in the HE-M to induce a current in a coil in the PMC

which in turn activates the PMC. The PMC then begins the data collection and the

heart rate calculation. The heart rate is transmitted via a radio frequency transceiver

to the REM and displayed on the LCD. The HEM con*.inues to request information

from the selected PMC and the PMC continues to transmit updated heart rate informa-

tion until the H-M-PMC link is broken. A break cecurs when the HL--hi activates a

new PMC or when the HElM is turned off. All data collection and heart rate calcula-

tions occur automatically. No outside intervention is necessary.

21



TROUBLESHOOTING GUIDE

Symptom - Cause

No display on HtEI battery compartment may be empty
the H1I-I screen H-HM batteries may be dead

I-ULf unit may not be turned on (check ON-OFF switch)

No communication PMC battery compartment may be empty

between HUTv and PMC PMC batteries may be low or dead
H•M batteries may be low

HFHM antenna may not be attacLed

HI-- may have been too far from PMC when
_ ACTIVATE button was pressed

CALIBRATION PROCEDURES

This section i.i not applicable to this manual.
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1. SCOPE

1.1 Scope. This specification estabiishes the perforr-ince, design, development, and
test requirements for the Personal Monitor and Communicator non-complex item.

2. APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents of the exact issue shown form a
part of this specification to the extent specified herein. In the event of conflict between
the documents referenced herein and the contents of this specification, the contents of
this specification shall be considered a superseding requirement.

SPECIFICATIONS

Military
MIL-S-83490 Specifications, Types and Forms

STANDARDS
Military

MIL-STD-129F Marking For Shipment And Storage
MIL-STD-433A Configuration Management Practices For

Systems, Equipment, Munitions, and Computer

Programs
MIIL-STD-490A Specifications Practices

2.2 Non-Government Documents. This section is not applicable to this specification.

3. REQUIREMENTS

3.1 Item Definition. The Personal Monitor and Communicator provides a means of
remotely monitoring a soldier's medical status. The non-complex item is comprised of
the Personal Monitor Communicator (PMC) and the Hand Held Monitor (-:lHM). The
PMC is an electronic device worn around the wrist of a soldier. The HIHM activates
PMCs and displays a soldier's heart rate on an LCD display.

4
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3.2 PMC Characteristics.

3.2.1 PMC Performance. The PMC uses tetrapolar electrodes, which are mounted on a
wrist strap, to measure the AC impedance present at the wrist. The heart rate and
body motion of the soldier are extracted from the impedance signal through signal pro-
cessing techniques. This information is transmitted via an RF digital transceiver upon

request. The PMC requires two 1/2 A 3-volt lithium batteries for the unit to be oper-
able. The lithium batteries will supply approximately 12 hours of power to the PMC
when the PMC is in continuous use. When the PMC is in standby mode (not communi-
cating with an HIL-M), the batteries will last for 4 weeks.

3.2.2 PMC Physical Characteristics.

3.2.2.1 PM.C Measurements. Each PNIC unit, complete with batteries, weighs approxi-
mately 248 grams. See Figuie 1 and Figure 2 for the dimensional measurements of the
unit.

3.2.2.2 PMC Protective Coating. The flat olive-drab polyurethane paint (by Pactra,
number 20123) serves as a protective coating. The unit has not been waterproofed.

3.2.2.3 PMC Storage Requirements. The two lithium batteries should be removed when
.he PMC is stored.

-.2.2.4 PMC Batteries. Recommended batteries for the PMC are two Panasonic BR
1/3 A 3-volt lithium cells.

3.3 HHM Characteristics.

3.3.1 HHM Performance. The FIRM activates a PMC worn by a soldier. The monitor
then repeatedly requests and displays *he soldier's heart rate upon an LCD display.
The communication process continues until the HIM activates a new PMC or the H-LM
is turned off. The HI-•M requires two 2/"3 A 3-volt lithium batteries for the unit to be
operable and one 9-volt alkaline battery to provide background lighting for the LCD.
The lithium batteries will supply approximately 12 hours of power to the HE-M when
the HITM' is in continuous use. The alkaline battery will supply approximately 4 hours

of backlighting.
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3.3.2 HHM Physical Characteristics.

3.3.2.1 HHM AMeasurements. Each HuM unit, complete with batteries and antenna,
weighs approximately 921 grams. See Figure 3 for the dimensional measurements of the

unit.

3.3.2.2 HHM Protective Coating. The flat olive-drab polyurethane paint (by Pactra,
number 20123) serves as a protective coating. The unit has not been waterproofed.

3.3.2.3 HHM Storage Requirements. The three batteries (two lithium and one alkaline)
should be removed when the HHM is stored.

3.3.2.4 HHM Batteries. Recommended batteries for the HBITM are two Panasonic BR

2/3 A 3-volt lithium cells and one 9-volt alkaline cell.

4. QUALITY ASSURANCE PROVISIONS

4.1 General.

4.1.1 Responsibility For Inspection. Unless otherwise specified in the contract or orde',
the supplier is responsible for the performance of all inspection requirements as specified
herein. Except as otherwise specified, the supplier may utilize his own facilities or any
commercial laboratory acceptable to the contracting agency. The contracting agency
reserves the right to perform any of the inspections set forth in the specification where
such inspections are deemed necessary to assure supplies and services conform to
prescribed requirements.

4.1.2 Special Tests And Examinations. This section is not applicable to this

specification.
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4.2 Quality Conformance Inspection. Before testing the Personal Monitor and Com-
municator, install two lithium batteries (1/2 A 3 Volt) in a PMC unit, install two
lithium batteries (2/3 A 3 Volt) in the bottom compartment of a HHM unit and install
a 9 volt alkaline battery in the top compartment of the HHM unit. Then attach an
antenna to the HHM. Begin testing the operation of the devices by switching the HHM
power to the ON position. Press the switch on the side of the HHM to verify backlight-
ing is being provided to the LCD display of the HHM. Activate the PMC with the
HHIM to confirm communication exists betwee: the HHM and the PMC. At the end of
the test session turn the HEM off. Remove the two batteries from the PMC and the
thr -e batteries from the HI-vI before storing the units.

5. PREPARATION FOR DELIVERY

5.1 General. The batteries must be removed from all PMC and HI-DA units before the
units are packed for shipping. In addition, the antennas must be removed from all the
HILM units. The PMC and HHM units shall then be securely packed in corrugated
cardboard boxes. Avoid exposing the box to extreme heat, extreme cold, or submersion.

5.2 Specific Requirements. Each PMC and HI-lM unit shall be placed in an individual
anti-static foil wrap. Then the units and the H1hM antennas shall be placed in a sturdy
corrugated cardboard box. Plastic bubble wrap will protect the units and antennas.
The batteries shall be placed in boxes provided by the battery suppliers. These boxes
shall then be packed in the cardboard box.

5.3 Detailed Preparation.

5.3.1 Preservation And Packaging. All batteries must be removed from the PMC a-nd
HH[vI units before the units can be packed for shipping. Remove the two lithium bat-
teries from the PMC, and remove the two lithium batteries and the alkaline battery
from the HMLt. Place all lithium batteries in the lithium box provided by the manufac-
turer. Place the alkaline batteries in the box provided by the manufacturer. All anten-
nas must be removed from the 1UTM units before the HKfvb can be packed. Inspect the
units to assure they are clean and dry. The units shall than be placed in anti-static foil
wrap. The batteries shall be stored in their own boxes. Plastic bubble wrap shall be
placed around all PMC and HHM units and all HH9LM antennas to prevent any shifting

during shipping.
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5.3.2 Packing. Sturdy corrugated cardboard boxes shall be used and no additional
bracing will be necessary. If there is any possibility the box will become submerged in
water, then waterproofing of the box shall become necessary.

5.3.3 Marking For Shipment. The boxes containing the PMC and FHDIM units shall

have the markings "FRAGILE" and '*ELECTRONIC EQUIPMENT."

6. NOTES

6.1 Inteded Use. This specification is to be used to establish the performance, design,
development, and test requirements for the Personal Monitor and Communicator non-
complex item.
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1. SCOPE

1.1 Identification. This Software Requirements Specification establishes the require-
ments for the CSCI identified as Personal Monitor Communicator Software, PMC-
CSCI.1, of the Personal Monitor and Communicator (PMC), PMC-SYS.1, System.

1.2 Purpose. The Personal Monitor and Communicator System provides a means of
remotely monitoring the heart rate and body motion of a soldier. The PMC-CSCI.1
drives the personal monitor communicator which consists of an electronic device worn
around the wrist of the soldier. The unit consists of tetrapolar electrodes, a 2-way radio
link and a microprocessor-based signal processor. The software collects and processes
analog signals received from the electrodes and transmits the processed data when
prompted.

1.3 Introduction. This document provides detailed and complete specifications of the
software developed to drive the personal monitor communicator unit of the Personal
Monitor and Communicator System.

2. APPLICABLE DOCUMENTS

2.1 Government Documents. The following documents of the exact issue shown form a
part of this specification to the extent specified herein. In the event of conflict between
the documents referenced herein and the contents of this specification, the contents of
this specification shall be considered a superseding requirement.

SPECIFICATIONS
Military

MIL-S-83490 Speci"f:ations, Types and Forms

STANDARDS
Military

DOD-S'rD-2167 Defense System Software Development
MIL-STD-483A Configuration Management Practices For

Systems, Equipment, Munitions, and Computer

Programs
MIL-STD-490A Specifications Practices

2.2 Non-Government Documents. The following documents of the exact issue shown
form a part of this specification to the extent specified herein. In the event of conflict
between the documents referenced herein and the contents of this specification, the
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contents of this specification shall be considered a superseding requirement.

OTHER PUBLICATIONS
Oppenheim, A.V., Schafer, R.W.
Digital Signal Processing
Prentice-Hail,Inc., Englewood Cliffs, NJ, 1975

Kernighan, B.W., Ritchie, D.M.
The C Programming Lano'uage
Prentice-Hall,lnc., Englewood Cliffs, NJ, 1978

Introl C MS-DOS Host Guide Version 1.0
Introl Corporation, Milwaukee, WI, 1987

Motorola Semiconductor Technical Data
Advance Information for the MC68HC11A8
HCMOS Single-Chip Microcomputer
Order number MC68HC11A8/D

Programmer's Reference Manual
MS8HCll HCMOS Single-Chip Microcomputer
Order number M68HC11PM/AD

3. REQUIREMENTS

3.1 Programming Requirements.

3.1.1 Programming Languages. Two programmiug languages are implemented for this
CSCI. The languages are C and Motorola 68HC11 assembler.

3.1.2 Compiler/Assembler. The C compiler is written by Introl Corporation and is ver-
sion C-11 of the Introl-C Cross-Compiier Systems series.

3.1.3 Programming Standards. Structured programming techniques are followed.

3.2 Design Requirements.

3.2.1 Sizing and Timing Requirements. The CSCI uses all of the available 8K bytes of
memory provided by the RAM. In addition, the CSCI currently uses 8585 bytes of the
16K bytes supplied by the PROM. Approximately four kilobytes of memory remain in

8



A005

the PROM for expansions and improvements. The CSCI processes incoming A/D data
at a rate of 25 samples/second. Ten seconds are required for data acquisition and 5
seconds are necessary for soldier evaluation. The CSCI also processes incoming serial
communication data at a data rate of 300 baud.

3.2.2 Design Standards. Development of this CSCI follows the design standards of the
Hillenbrand Biomedical Engineering Center.

3.2.3 Design Constraints. Several constraints are encounter,.-,d by using the 68HCll
microcomputer. The FFT required for signal processing must implement integer math
and the memory is limited.

3.3 Interface Requirements.

3.3.1 Interface Relationships. See interface block diagram (Figure 1).

3.3.2 Interface Identification and Documentation. See interface identification table
(Table 1).

3.3.3 Detailed Interface Requirements.

3.3.3.1 CSCI-to-CSCI Interface Requirements. This section is not applicable to this
specification.

3.3.3.2 CSCI-to-HWCI or Critical Item Requirements.

3.3.3.2.1 Wrist Impedance Circuit Interfaces.

a. Signal Direction. See interface table (Table 2).

b. Signal Format. The wrist impedance signal interface (WZCA IF) transmits an
A/D sigial. The off-wrist signal interface (WZCB IF) transmits an 8 bit
number ranging from 0 to 255. A signal with a value of 0 indicates 0 volts dc
and a signal with a value of 255 indicates 4.5 to 6 volts dc. The power signal
interface (WZCC IF) sends a digital output bit (1 = on) to power the wrist
impedance circuit. This output bit is bit 4 of Port A of the 68HC11.

c. Memory Buffer And Location. The WZCA interface requires two memory
buffers. The first buffer consists of 500 bytes located at vaziable name "pbuf."
The second buffer has 2 bytes located at variable name "npbuf."

d. Transfer Protocol. A value of Oxlo (Ox indicates the number to follow is hexa-
decimal) is sent to the A/D control register, H11ADCTL. When bit 7 of the
register goes high (1) register H11ADRi will contain wrist impedance
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information and register H!IADR2 will contain off-wrist information.

e. Initiation Condition. See interface table (Table 2).

f. Priority Level. This section is not applicable to this interface.

g. Expected Response. See interface table (Table 2).

3.3.3.2.2 PRC Inte rface.

a. Signal Direction. See interface table (Tablhi 2).

b. Signal Format. When the proximity receiver is activated by the HHM'v, an

active low digital signal is transmitted to the interrupt line (IRQ bar) of the
68HC11.

c. Memory Buffer And Location. The interface requires enough memory to

accommodate the stack space necessary to handle the interrupt signal sent

from the proximity receiver to the CSCI.1.

d. Transfer Protocol. An asynchronous interrupt is used by the proximity
receiver to communicate to the CSCI.1.

e. Initiation Condition. See interface table (Table 2).

f. Priority Level. This section is not applicable to this interface.

g. Expected Response. See interface table (Table 2).

3.3.3.2.3 Voltage Reference Interface.

a. Signal Direction. See interface table (Table 2).

b. Signal Format. The sigual will have a numerical value in the range of 0 to
255. Signals with values greater than or equal to 68 indicate the HHNI bat-
teries are low (< 4.5 volts).

c. Memory Buffer And Location. This section is not applicable to this interface.

d. Transfer Protocol. A value of OxlO is written to the A/D control register,
H11ADCTL. When bit 7 of the register goes high (1) register H11ADR3 is
read to determine the voltage level of the Hi-DY! batteries.

e. Initiation Conditior. See interface table (Table 2).

f. Priority Level. This section is not applicable to this interface.

g. Expected Response. See interface table (Table 2).

3.3.3.2.4 Digital RF Transceiver Interfaces.

a. Signal Direction. See interface table (Table 2).

b. Signal Format. The transmit data interface (IF DRTA) is capable of sending

two messages. The formats of the transmission of the PMC positive ack-
nowledge (PPA) and PMC soldier status (PSS) are shown in tables 4 and 5.

10
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The receive data interface (IF DRTB) can receive one message. The format
for the request for soldier status (CSS) message is given in table 3.

c. Memory Buffer And Location. The memory buffer necessary for the digital RF
transceiver consists of two 200-byte output buffers, "tpakbur' and "pkmess,"
and one 10 x 30 byte input buffer, "pkbuf."

d. Transfer Protocol. Serial communication is used in both the transmit and
receive data protocols. To transmit a message, the serial communication
status register, H11SCSR, is polled until the transmitter-ready bit goes high
(1). The character to be transmitted is then written to the serial communica-
tion data register, H11SCDR. To receive a message, the serial communication
receiver interrupts the processor when a character is received. The interrupt
routine implements a finite state machine to recognize valid packets.

e. Initiation Condition. Table 2 indicates general conditions for the initiation of
all three signals pertaining to the digital RF transceiver interface. The DRTA
interface can send two messages, the PPA message and the PSS message,
which the digital RF transceiver will broadcest to the HHM. The PPA mes-
sage verifies the PMC has been activated and the PSS message transmits the
status information. The DRTB interface rece'ves one message, the CSS mes-
sage. This message requests the PMC to transmit status information.

f. Priority Level. The reteive data has the highest priority.

g. Expected Response. Table 2 shows the expected responses for all three signals.
The receive data interface (DRTB IF) is the only interace with t*ming restric-
tions. A character received at the DRTB interface causes an iuterrupt to be
sent to CSCI.1 when the character is being processed. The maximum response
time per character is approximately 1/30 second which is the time necessary

for character transm;ssion at 300 baud. If incoming characters are not
responded to in time, then the receive character buffer will be overrun causing
the character to be lost. The message will need to be retransmitted. This is

not fatal unless characters are lost in every packet.

3.3.3.2.5 Real Time Clock Interface.

a. Signal Direction. See interface table (Table 2).

b. Signal Format. The sigr'al is an interrupt that is emitted every 20 mil-
liseconds.

c. Memory Buffer And Location. This section is not applicable to this interface.

d. Transfer Protocol. This section is not applicable to ths interface.

e. Initiation Condition. See interface table (Table 2).

f. Priority Level. This section is not applicable to this interface.

II
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g. Expected Response. Table 2 shows the signal causes an internal interrupt at
50 Hertz. The interrupts generated are necessary for the A/D conversions, the
battery voltage checks, and for functions with elapsed time counters and
countdown timers.

3.4 Detailed Functional and Performance Requirements.

3.4.1 Power Up Initialization Function.

3.4.1.1 Inputs. The function has 1 input which is the power up reset. The reset serves
as a hardware and software initialization. See the table for the power up function i'aput
(Table 6) for additional information.

3.4.1.2 Processing.

a. Intent. This function initializes the 68HCll microcomputer hardware, the
interrupt vectors, and the program variables.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. The eight independent initializations in this function
are described as follows. All program variables are assigned valueg of zero.
"I he down counter is assigned the value stored in the constant 'EVALTIME."
The routine "key" turns off the key line to the transmitter as soon as possible
since the "nitial hardware power-up causes the transmitter to be keyed. The
routine "pkclear" initializes the packet-receiving finite state machine. Routine
"int._setup" initializes the interrupt vectors for the interrupt routines OCIINT,
INTINT, COPINT, and SCIINT. The routine also initializes the output com-
pare to 1, and enables the timer interrupt. Routine "tty._setup" sets the serial
interface for one start bit and eight data bits (H11SCCR1 = 0), enables the
transmitter, receiver, and receiver interrupt (HllF-CR2 = 2C), and sets the
baud register for 300 baud (HllBAUD = 0x35). The routine "adon" turns on
the A/D converter. The routine "stop-enable" enables the HC6811 STOP (low
power standby mode) instruction.

d. Error Detection and Recovery. This function contains no error detection and
reco',ery software.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f. Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.1.3 Outputs. This function has 23 initialized outputs. The buffer and stack indexes
"pin," "pout," "4S1," "S2," and "S3" are cleared. The flag "adflag" is set to I to show the

12
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"A/D converter is enabled and the flag "adnow" is set to 0 to indicate an A/D conversion

is not in progress. The flag "daemonflag" is cleared to show no packets are being pro-
cessed. The flags "evflag,' 'proxflag," and "req 's are all set to 0 to indicate there have

been no previous evaluation requests, FRCv interrupts, or soldier status requests,
respectively. The two timers, 'dcount" and "p-ournt," are cleared and the down counter,
"dsec," is assigned the value of the constant "EVALTIME." An initialization subroutine

(called by the function) clears all storage necessary for packet construction. The

remaining 10 outputs are hardware oriented. The key line, Hl1PORTA (bit 4), is set

inactive. Both the A/D converter, H11OPTION, and the wrist impedance transmit,

H11PORTA (bit 5), are powered up. Register H11PORTD is cleared. The register

Hl1BAULD is set for a rate of 300 baud. The port D direction register, H11DDRD, is

initialized to 2. Both the serial interface register, H11SCCR1, and the output compare

register, H11TOC1, are cleared. And the serial interface interrupt, H11SCCR2, and the

output compare interrupt, H11TMSK1, are enabled. See the table for the power up
function output (Table 7) for additional information.

3.4.2 Main Monitor Function.

3.4.2.1 Inputs. The function has 5 inputs which all deal with evaluation requests. The
flag "evflag" signals requests for soldier evaiuation. The variable "reqpss" records HHEv1
requests for soldier status that have been postponed due to an A'D conversion. The
variables hInrate" and "mocount" store soldier evaluation results. The down-count timer

"dsec" is used to sense inactivity in the commuDication channel. See the table for the
main monitor function input (Table 8) for additional information.

3.4.2.2 Processing.

a. Intent. This function has three purposes. First, the function monitors the
incoming packets for evaluation requests. The function answers the requests
by triggering the evaluation function and then responding via the transceiver
to the querying HIIM. Secondly, when the function detects periods of inac-
tivity exceeding a specified tme, the function switches the hardware to low

power standby mode (STOP on 68HC11). The function also detects proximity
receiver interrupts and returns the hardware to active mode.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. The function is a continuous loop which checks for
evaluation requests. When a request is made, the analog data from the wrist
impedance are converted and processed. If the down counter (dsec) reaches a
value of zero, the A/D converter and the radio are turned off causing the PMC

to "sleep." A proximity interrupt turns the A/D converter on and resets the
down counter so evaluation can begin again. See the flowchart for the main

monitor function (Figure 3) for additional detail.

13
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d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
'ion.

f. Allocation of CSCI Performance Requirements. See function block diagram

(Figure 2).

3.4.2.3 Outputs. This function has 4 outputs. The variables "hrate" and "mocount"
contain the heart rate and the relative motion value, respectively. The variable
"evnum" contains the number of evaluations performed since the system was powered-
up. The counter "dsec" is the down counter necessary to detect inactivity in the com-
munication channel. See the table for the main monitor function output (Table 9) for
additional information.

3.4.3 Proximity Interrupt Function.

3.4.3.1 Inputs. The function has 2 inputs which relate to the proximity receiver. The
PRCV interrupt activates the PMC. The flag "proxflag" indicates whether the interrupt
has occurred. See the table for the proximity interrupt function input (Table 10) for
additional information.

3.4.3.2 Proc ,sing.

a. Intent. This function responds to f{i-M requests for activation through the

proximity receiver hardware and the maskable interrupt (IRQ bar). The func-
tion is capable of interrupting the 68HCll STOP (low power standby mode)
state when the low power mode is being maintained.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. The following sequence of steps is performed by the
interrupt. Initially the flags '"proxflag" and "stompflag" are set. Then the
interrupts are enabled. The radio is turned on and an acknowledge packet
(PPA) is transmitted. The flags "evflag" and "didcrans" are set to 1 before the
interrupts are disabled. Then the flag "proxilag" is set to 0 and the interrupts

are enabled again.

d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f. Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

14
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"3.4.3.3 Outputs. The function has 5 outputs. The flag "evflag" signals requests for sol-

dier evaluation. The flag "didtrans" indicates the RF transmission has been activated
during the A/D conversion. And the flag "stompflag" serves as the timer flag. The
H11SCCR2 register is set to enable the serial interface interrupt and the H11PORTA
register (bit 4) is set to inactivate the radio power key line. See the table for the proxim-
ity interrupt function output (Table 11) for additional information.

3.4.4 Clock Interrupt Function.

3.4.4.1 Time Keeping Function.

3.4.4.1.1 Inputs. The function has one interrupt and three counters as inputs. The
clock interrupt provides for accurate time keeping. The counter "dsec" is the down
counter used to detect inactivity in the communication channel. The counters "dcount"
and "pcount" are general purpose timers used for delays. See the table for the t*me
keeping function input (Table 12) for additional information.

3.4.4.1.2 Processing.

a. Intent. The function provides a regular interrupt at a frequency of 50 Hz for
various time keeping functions.

b. Parameters Affected. The output compare register of the 68HCll is continu-
ous!y updated to permit an interrupt to occur every 20 milliseconds.

c. Sequence and Timing. Initially, the first timer interrupt flag register is cleared
by writing 0x80 to the Hu1TFLG1 register. Then the H11TOCI register is

incremented by 0x9c40 to create an interrupt at the end of 20 milliseconds.
The computer operating properly timeout interrupts are prevented by assign-
ing the values Ox55 and Oxaa to the H11COPRST register. The counter vari-
able "clk5O" is incremented. If the variable reaches a value of 50 then the

counter is reset. The down counters "dcount" and "pcount" are decremented if
they havy values greater than zero. The down counter variable "dsec" is
decremented at one second intervals as long as the variable is greater than
zero.

d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or limitations. No restrictions or limitations pertain to this func-
tion.

f. Allocation of CSCI Performance Requirements. See function block diagram

(Figure 2).

3.4.,I.i.3 Outputs. The function has 6 outputs. The down-count timer "dsec" is used to



A005

sense inactivity in the communication channel. The variables "dcount" and "pcount" are
general timers used for delays. The register H1lTFLG1 is set so the interrupt flag is
cleared. The register HIYTOC1 is loaded to provide output comparison interrupts at a
rate of 50 Hz and H11COPRST is set to postpone COP timer interrupts. See the table
for the time keeping function output (Table 13) for additional information.

3.4.4.2 A/D Conversion Function.

3.4.4.2.1 Inputs. The function requires 5 inputs to perform the A/D conversion. The
flag wiich enables the A/D conversions Ls "adflag." The AiD conversion status byte is
stored in the register H11ADCTL. And the registers HllADR1, H1LAD42, and
H11ADR3 contain the wrist impedance signal, the off-wrist signal and the battery vol-
tage, respectively. See the table for the A/D conversion function input (Table 14) for
additional information.

3.4.4.2.2 Processing.

a. Intent. This function performs the A/D conversion of the data frum the wrist
impedance circuit.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. The necessary A/D conversion rate is 25 Hz. Since the
internal interrupt occurs at a rate of 50 Hz, the conversion is triggered by odd
;nterrupts (variable "clk50'• is odd). Conversion is only possible when "adflag"
indicates data are present. The conversion begins by setting the Hi1ADCTL
register of the 68HCll to 0xlO which sets bit 4 of this register set to 1. A
conversion is complete when bit 7 of the register goes bigh. Following the
conversion, the AiD values are stored in the variables "adval,. "ad.offw" and
"ad..batt" and the flag "adnext" is set high to signal conversion completion.

d. Error Detection and Recovery. This function coutains no error detection and
recovery software.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f. Allocation of CSCI Performance Reqwirements. See function block diagram

(Figure 2).

3.4.4.2.3 Outputs. The function has 5 outputs. The variable "adval" contains the wrist
impedance signal from the A/D conversion function. The flag "adnext" signals corn-
pleted A/D conversions. The variables "ad.offw" and It"ad.batt" contain the off-wrist
signal and the battery voltage, respectively. The register HI1ADCTL activates the AiD
converter. See the table for the A/D conversion function output (Table 15) for addi-
tion-i information.
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"3.4.5 Serial Receive Interrupt Fund.tion.

3.4.5.1 Packet Construction Function.

3.4.5.1.1 Inputs. The function has 9 inputs. Tb- serial receiver interrupt indicates the

signal reception of a character by the digital RF transceiver (DRT). The variables "pin"

and "pout" are input and output index pointers used in storing packet information.

The variable "pcount" is a general timer used for delays. The flag "daemonflag" is used

to insure only one invocation of the input packet processing will run at a time. The flag

"atompflag" detects the transmission of a PPA packet while a PSS packet is being sent.

The initializing subroutine "pkclear" clears the buffer area necessary for packet con-

struction. The register H11SCSR stores the status byte frhm t1Ze serial receiver. And

the register H11SCDR contains the received character. Set the table for the packet con-

struction function input (Table 16) for additional informadin.

3.4.5.1.2 Processing.

a. Intent. This function accepts input characters from the serial interface and

attempts to construct a legal packet from the characters.

b. Parameters Iffected No parameters are affected by this function.

c. Sequence end Timing. Packet construction is accomplished by a finite state

machine. Figure 4 shows the necessary flow with the variable "rstate" holding
the current state of the machine.

d. Error Detection and Recovery. An error routine checks the validity of the

transmitted packet. The routine sums the characters in the packet to get an 8
bit checksum. Then the last two characters in the packet, which are a hex

ASCII representation of the checksum, are decoded. The two checksums are
compared and if they are not equal then an error occurred during packet

transmission. An error results in the packet being discarded and a new packet
being constructed.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-
tion.

f. Allocation of CSCI Performance Requirements. See function block diagram

(Figure 2).

3.4.5.1.3 Ontpvtj. This function has 3 outputs. The array "Pkbut' contains packet

information. The variables "pin" and "pout" are the array indexes which point to the

current input and output packet locations in "pkbuf." See the table for the packet

construction function output (Table 17) for additional information.

3.4.5.2 Input Packet Procs-sing Function.

17
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3.4.5.2.1 Inputs. This function requires 5 inputs to process incoming packets. The
array "pkbuf" is a buffer for packet storage. The variables "pin" and "pout" are the
array indexes which point to the input and output packet locations in "pkbuf." The
flag "adnow" indicates when an A/ID conversion is in progress. The function uses the
down counter "dsec." See the table for the input packet processing function input
(Table 18) for addit*onal infurmation.

3.4.5.2.2 Proces5sing.

a. Intent. This function decodes valid packeLos to determine if the receiving PMC
is the correct destination and then responds appropriately.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. The packet address is first decoded. If the address
matches the PMC address then the processing continues with checks to assure

the request is for soldier status (CSS) and the packet can be processed.
Proper requests cause a PMC soldier status (PSS) packet to be transmitted.
Requests made during AiD conversions must be postponed. These requests
a. ! recorded by the variable "reqpss" and no PSS packets are transmitted.
See the ýowchart for the input packet processing (Figure 5) for additional
detail.

d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or Limitations. No re'itrictions or limitations pertain to this func-
tion.

f. A4location of CcCI Performance Requirements. See function b!ock diagram
tIFigaire 2.

3.4.5.2.3 Outputs. The function has 2 outputs. The flag "daemonflag" assures only one
invocation of the input packet proce"sing is running at a time. The variable "reqpss"

record:, HILM requests for soidier status that have been postponed d're to an A/I)
ronverqion. Ste the table for the input packet processing function output (Table 19) for
additional information.

3.4.6 Get Data Function.

3.4.6.1 Input3. This function has 3 inputs. The variable "adval" contains the wrist
irrpedance signal from the A 1) coriversion function. The two other inputs are flagi.
The flag "adnex," 3ignals completed AiD conversions. And the flag "didtrans" indicates
the RF transmii.-ion has been activated during the A/D conversion. See the table for
the get data function input (Table 20) for additional information.



A005

3.4.6.2 Processing.

a. Intent. This function receives data from the wrist impedance circuit and
stores the A/D converted data points in an array.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. The following sequence of events occurs for each data
point stored in the array "pbuf." The flag "adnext" is cleared. The clock inter-
rupt routines (functions Time Keeping and A/D conversion) execute an A/D
conversion and save the converted value in the variable "adval." The flag
"adnect" is then set to 1 to indicate the conversion is complete and the data

point has been processed. Then the value in "adval" is trmnsferred to the next
location in "pbuf." This entire sequence is repeated until "pbuf" has been
filled.

d. Error Detection and Recovery. Another function may transmit data while
"$apbuf' is being filled. This will cause the data in "pbuf" to be contaminated.

Whtn this contamination occ'urs the flag "didtrans" is set to 1, the data in
"pbuf' is discarded, and filling begins again.

e. Restrictions or Limitations. A transmission e' ror will occur if an A/D data
point is mo-red to the storage array "pbur' while any other signal is being sent.

f. Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.8.3 Outputs. The function has 3 outputs. The array "pbuf' contains the digitized
impedance signal and the variable "npbaf" holds the length of this array. The flag
"adnow" indicates when an A /D conversion is in progress. See the table for the get data
function output (Tabi. 21) for additional information.

3.4.7 Get Rates.

3.4.7.1 Preprocessor Function.

3.4.7.1.1 Inputs. The function has 2 inputs. The array "pbuf" stores the digitized
impedance signal. The variable "npbuf" indicates the number of array storage locations
currently ir use. See the table for the preprocessor function input (Table 22) for addi-
tional infonrvation.

3.4.7.1.2 Processing.

a. Intent. This function locates and filters A/D data. The function also deter-
mines the length of the filtered segment.

b. Parameters Affected. No parameters are affected by this function.
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c. Sequence and Timing. The function locates all on-scale data points. From

these values, the longest continuous on-scale data section is isolated. This sec-

tion is initially passed through a low pass filter and then the data segment is

passed through a high pass filter. The average of the resulting data segment is

determined. Based on the median value, a new on-scale upper limit is com-

puted. The current data segmert is passed through the newly established win-

dow and again the longest continuous data section is isolated. The length of

the data segment is determined and stored. See flowchart fo, the preprocessor

function (Figure 6) for additional informatioD.

d. Error Detection and Recovery. This function contains no error detection and

recovery software.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-

tion.

f. Allocation of CSCI Performance Requirements. See function block diagram

(Figure 2).

1.4.7.1.3 Outputs. The function hps 4 outputs. The array "pbur' contains the filtered

k/D data segment. And the variable "seglen" holds the length of this data segment.

['he average value of the data segment is stored in the variable "val." The variable

mocount" contains the motion count. See the table for the preprocessor function out-

)ut (Table 23) for additional information.

3.4.7.2 Heart Rate Calculation Function.

3.4.7.2.1 Inputs. This function has 5 inputs. 'The array "pbuf" contains the filtered

k/D data segment. The length of this data segment is stored in the variable "seglen."

rhe stack indexes ("Sl", "S2", "S3f) locate values for signal averaging. And the variable

'val" holds the data segment average. The motion count is stored in the variable

'mocount." See the table for the heart rate calculation function input (Table 24) for

Wdditional information.

3.4.7.2.2 Processing.

a. Intent. This function calculates the heart rate of a filtered data segment with

a minimum duration ,f five seconds.

b. Parameters Affected. No parameters are affected by this function.

c. Sequence and Timing. Initial checks are madc to determine if the data are

reasonable and if the data have a duration of at least five seconds. If process-

ing is to continue, the following .teps are performed. The FFT of the data

segment is computed and the spectrum (S(f)) is calculated. Depending uoon

the number of consecutive data segments previously processed, the current
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spectrum is averaged with zero, one or two previous spectra. The frequency

corresponding to the peak amplitude of the average spectra (S(i)) is located
and the heart rate is computed using the formula

HeartRate i-2)*S(I-2) 4- i*S(i-1) + (i)*S(i) * 750 bpm

S(i-2) + S(i-1) + S(i) 128

See the flowchart for the heart rate function (Figure 7) for additional informa-

tion.

d. Error Detection and Recovery. Periodogram averaging reduces the effects of

the noise in the signal.

e. Restrictions or Limitations. No restrictions or limitations pertain to this func-

tion.

f. Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.7.2.3 Outputs. This function has only one output which is the variable "hrate." This
variable stores the soldier's heart rate. See the table for the heart rate calculation func-

tion output (Table 25) and the table for heart rate codes (Table 28) for additional infor-

mation.

3.4.8 Transmit Function.

3.4.8.1 Inputs. This function has 7 inputs. The variable "evnum" contains the number

of evaluations performed since power-up. The variables "ad.offw," '-hrate," "mocount,"
and "ad_.batt" contain the off-wrist signal, the heart rate, the relative motion value, and
the battery voltage, respectively. The function uses the general timer "dcount." The

register H11SCSR stores the status byte from the serial receiver. See the table for the
transmit function input (Table 26) for additional information.

3.4.8.2 Processing.

a. Intent. This function encodes and transmits valid packets to requestings
M E)Vs.

b. Parameters Affected. No parameters are affected by this function.

C. Sequence and Timing. The sequence necessary to build and transmit a valid
packet is as follows. The packet characters are encoded and 3tored in the

buffer "pkmess." The routine "buildpak" adds the packet header (-A), the
PMCID, and the id end marker (:) to the existing packet characters. The

entire string is stored in the buffer "tpakbuf." Then the routine "sendpak" cal-
culates and encodes the packet's 8 bit checksum which is added to the packet
along with a line feed and carriage return. Once the packet is built the
transmitter is keyed. Following a period of 200 msec to allow the HYM
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receiver to stabilize, the packet is sent. The transmit key line is then turned
off.

d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictions or Limitations. The transmitter must be keyed for 200 msec
before data are sent to give the modem in the receiver the time necessary to
decode valid data.

f. Allocation of CSCI Performance Requirements. See function block diagram
(Figure 2).

3.4.8.3 Outputs. This function has 5 outputs. The flag "evflag" signals requests for soi-
dier evaluation. The flag "didtrans" indicates the RF transmission has been activated $
during the AiD conversion. The array "tpakbuf' contains processed information to be
displayed. The register HI1SCDR contains the received characters and the register
H1lPORTA (bit 4) controls the radio power key line. See the table for the transmit
function output (Table 27) for additional information.

3.5 Adaptation Requirements.

3.5.1 System Environment. This 3ection is not applicable to this specification.

3.5.2 System Parameters. This section is not applicable to this specification.

3.5.3 System Capacities. This section is not applicable to this specification.

3.6 Quality Factors.

3.6.1 Correctness Requirements. The PMC CSCI is considered to be 100% correct.

3.6.2 Reliability Requirements. The software has been developed to consistently pro-
vide meaningful results regardless of the input signal.

3.6.3 Efficiency Requirements. The CSCI uses the computer rfsources in a manner
which accomplishes status cycle evaluation and reporting in less tia-, 15 seconds.

3.6.4 Integrity Requirements. No control against unauthorized access to operations and
data exists in this CSCI.

3.6.5 Usability Requirements. This section is not applicable to this sr--cification since
there is no direct interactiou between the user and this CSCI.
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.6.6 Maintainability Requirements. The maximum effort necessary to locate and fix an f
rror should not exceed 2 human work weeks.

.6.7 Testability Requirements. Testing of tte CSCI should range from 1 day to 1
veek depending on the data set selected. Sections of the CSCI are difficult to indepen-
lently test due to their close relationship to the hardware.

;.6.8 Flexibility Requirements. Minimal time will be required for enhancements due to
,he modular nature of the PMC CSCI.

3.6.9 Portability Requirements. The software is portable due to the facts it is primarily
ivritten in C and it is modular. However, since the software has been developed for a
particular microprocessor with built-in interfaces, compiications may result when
a.ttempting to re-port the software.

3.5.10 Reusability Requirements. The PMC CSCI will be reusable in other applications
with minimal effort since the software is written in the high level language C and is

modular.

3.6.11 Interoperability Requirements. The CSCI is not compatible with any existing sys-
temns except for the hand held monitor (HHM) and the prototype multimonitor.

3.6.12 Additional Quality Factor Requirements. This section is not applicable to this
specification.

3.7 CSCI Support.

3.7.1 Facility Requirements. Laborato-y workspace suitable for the equipment and per-
sonnel listed below is necessary. The work3pace will need to have standard 120 volt AC
power, temperature control for the room, a computer table, and a workbench.

3.7.2 Equipment Requirements. The following equipment is necessary:

a. IBM PC compatible computer with a serial port to talk to the emulator
(recommend a 386 system with a hard disk drive)

b. Motorola HDS-300 Development System with a 68HC11 emulator pod

c. Wire-wrap prototype of PMC and HIIM hardware with a digital to analog
converter for debugging and testing software during development

d. 100 MNHz bandwidth oscilloscope to monitor software functions

e. Five volt DC power supply for prototype circuit
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f. PROM programmer to attach to the IBM PC compatible computer for pro-

gramming 27C64 and 27C256 EPROMS

3.7.3 S,9ftware Requirements. The following software is necessary:

a. INT7.:OL-C/'68HC11 C cross compiler for the Motorola 68HCll microprocessor

"-ich runs on the IBM PC compatible computer

b. MS-DOS for the IBM PC compatible computer

c. Text editor

d. Copies of the PMC and 1I11M source code

e. File ti-ansfer program for PC to HDS-300 communication

f. Digital signal processing software consisting of a database of wrist impedance

signals and appropriate analysis and display software

g. C compiler for the IBM PC compatible computer to compile and test the

software described in item 6 (above)

3.7.4 Personnel Requirements. The personnel maintaining and developing the PMC

and HEM software need knowledge in the following areas:

a. C programming

b. stand-alone microprocessor programming (MC68HCl1 in particular)

c. real time programming (interrupt handling, etc.)

d. digital signal processing

3.8 Traceability. This section is not applicable to this specification.

4. QUALIFICATION REQUIREMENTS

4.1 General Qualification Requirements. Testing was performed on the heart rate pro-

cessing software of the PMC. See Appendix I for details of the testing. Additional test-

ing of the CSCI was done in conjunction with the HH-M CSCI (HHlM-CSCI.2) at the

interface level. See documentation concerning this testing in the Interface Requirement

Specification (A006).

4.2 Special Qualification Requirements. This section is not applicable to this

specification.
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5. PREPARATION FOR DELIVERY

5.1 Preparation For Deivery The CSCI software will be delivered in object code form
on an EPROM soldered into the PMC unit. A hardcopy of the source code can be found

in the appendix which accompanies this documentation.

6. NOTES

6.1 Acronyms See acronym summary table (Table 29).
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FIGURE 1. Interface block diagram.
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FIGURE 2. Function block diagram.
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FIGURE 7. continued
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TABLE 2. Interface summary.

INTERFACE INFORMATION INITIATION EXPECTED
NAME DESCRIPTION CONDITION RESPONSE

WZCA Wrist impedance WZC Signal that
analysis signal powered up varies with
HWCI 3-to-CSCI 1 contraction of heart

WZCB Off-wrist WZC Signal that
analog signal powered up varies with
HWCI 3-to-CSCI 1 electrode contact

WZCC WZC power PMC Activates
CSCI 1-to-HWCI 3 activated WZCA and WZCB

PRCV Proximity data Activated Interrupt sent
HWCf 4-to-CSCI I H-M nearby to activate PMC

VRFA Analog reference PMC Voltage
voltage activated reference

HWC! 5-to-CSCI 1

DRTA Transmit data PMC sending Data sent
serial communication data packet by RF
CSCI 1-to-HWCI 6 transceiver

DRTB Receive data DRT receiving Data packet
serial communication data packet processed
HWVCI G-to-CSCI 1

DRTC DRT power PMC DRT activated
CSCI 1-to-HWCI 6 activated

RTCA Real time' HHM powered up Internal interrupt
clock interrupt or PMC activated at 50 HZ

hWCCI 11-to-CSCI 1

____ ____ ____ ____ _ "
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TABLE 3. Request for soldier status (CSS) format.

DATA LENGTH DATA TYPE CONTENT DESCRIPTION

2 bytes ASCII -A packet header

1 to 5 bytes ASCII 1 to 5 digits PMC id number

1 byte ASCII id end marker

3 bytes ASCII CSS packet type

1 byte* ASCII space (blank)

1 byte* ASCII I signals CSCI 1 response

2 bytes ASCII hex digits packet checksum

2 bytes ASCII LfCr packet trailer

* optional
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TABLE 4. PMC positive acknowledge (PPA) format.

DATA LENGTH DATA TYPE CONTENT DESCRIPTION

2 bytes ASCII -A packet header

1 to 5 bytes ASCII 1 to 5 digits PMC id number

1 byte ASCII : Id end marker

3 bytes ASCII PPA packet type

2 bytes ASCII hex digits packet checksum

2 bytes ASCII LfCr packet trailer
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TABLE 5. PMC soldier status (PSS) format.

DATA LENGTH DATA TYPE CONTENT DESCRIPTION

2 bytes ASCII -A packet header

1 to 5 Oytes ASCII 1 to 5 digits PMC id number

1 byte ASCII : id end marker

3 bytes ASCII PSS packet type

1 byte ASCII space (blank)

1 to 5 bytes ASCII 1 to 5 digits evaluation count

1 byte ASCII space (blank)

1 to 3 bytes ASCII 1 to 3 digits off-wrist level

1 byte ASCII space (blank)

2 to 3 byte. ASCII 2 to 3 digits heart rate

1 byte ASCII space (blank)

1 to 4 bytes ASCII 1 to 4 digits motion count

1 byte ASCII space (blank)

1 to 3 bytes ASCII 1 to 3 digits A/D reference level

1 byte ASCII space (blank)

2 bytes ASCII LfCr packet trailer
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TABLE 6. Function power up initialization input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE
MVEASURE OF ARRIVAL CHECK

1 Power up N/A Once when device N/A CSCI1

reset is turned on
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TABLE 7. Function power up initialization outpct.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-

TION MEASURE OF DEPARTURE CHECK TION

1 Buffer input N//A N/A N/A Function
index Packet
(pin) Construction

2 Buffer output N/A N/A N/A Function
index Packet

I (pout) Construction

3 Stack N/A N/A N/A Function

indexes Heart Rate
(S1, S2. S3) Calculation

4 A/D conversion N/A N/A N/A Function
enable flag A/D
(adflag) Conversion

5 Conversion in N/A N/A N/A Fuoction
progress flag Input
(adnow) Packet

I I_ Processing

6 Individual N/A N/A N/A Function
processing Packet
flag Construction
(daemonflag)

Evaluation N/A N/A N/A Function
flag Main Monitor
(e vflag) ,,

8 PRCV N/A N/A N/A Function

interrupt Proximity
flag Interrupt
(proxflag)
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TABLE 7, continued
Function power up initialization output

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-

TION MEASURE OF DEPARTURE CHECK TION

9 Record N/A N/A N/A Function
flag Main Monitor
(reqpss)

10 Down Seconds N/A Yes Function
counter Main
(dsec) Monitor or

Time
Keeping or
Input Packet
Processing

11 General Seconds N/A Yes Function

timer Time
(dcount) Keeping

12 General 1/50 N/A Yes Function
timer Seconds Power Up
(pcount)

13 Initialization N/A N/A N/A Function
subroutine Packet
(pkclear) Construction

14 Baud rate N/A N/A N/A HWCI 6
register
(H11BAUD)

15 Port D N/A N/A N/A HWCI 6
direction
register
(H11DDRD) _

A,
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TABLE 7, continued
Function power up initialization output

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION MEASURE OF DEPARTURE CHECK TION

16 A/D N/A N/A N/A HWCI 3
conversion
(HllOPTION)

17 Key line N/A N/A N/A HWCI 6
(H11PORTA
bit 4)_

18 Wrist N/A N/A N/A HWCI 3
impedance
(HllPORTA
bit 5) _

19 Port D N/A N/A N/A HWCI 6
(Hl1PORTD)

20 Serial N/A N/A N/A HWCI 8
interface
register I
_ _(HlSCCR1)

21 Serial N/A N,/A N/A HWCI 6
interface
interrupt
(H11SCCR2)

22 Output N/A N/A N/A HWCI 11
compare 1
interrupt

(Hl1TMSK1) .......

23 Output N/A N/A N/A HWCI 11
compare 1
register
(HllTOC1)
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TABLE 8. Function main monitor input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE
MEASURE OF ARRIVAL CHECK

I Evaluation N/A 15 second N/A Function
flag intervals when Power Up or
(erflag) PMC activated Proximity

Interrupt or
Transmit

2 Record N/A N/A N/A Function
flag Power Up or
(reqpss) Input Packet

Processing

3 Heart Beats/Mln 15 second No Function
rate intervals when Heart Rate

(hrate) PMC activated Calculation

Motion N/A 15 second No Function
count iutervals when Preprocessor
(mocount) PMC activated

5 Down Seconds 1/second No HWCI 11 or
counter Function
(dsec) Power Up or

Time Keeping

t
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TABLE 9. Function main monitor output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-

_ TION MEASURE OF DEPARTURE CHECK TION

1 Heart rate Beats/Minute ' N/A No Function
(hrate) ...... _Transmit

2 Relative N/A N/A No Function

motion Transmit
(mocount)

3 Evaluation N/A N/A No Function

number Transmit

.... i...(evn urn),,,

4 Down Seconds N/A No Function
counter Time
(dsec) Keeping

14



TABLE 10. Function proximity interrupt input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE
l_ _ M:EASURE OF ARRIVAL CHECK

1 PRCV N/A Once to N/A HWCI 4

interrupt activate PMC

2 PRCV N/A N/A N/A Function
interrupt flag Power Up

(proxflag)
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TABLE 11. Function proximity interrupt output.

ITEM DESCRIP- UNITS OF IREQUENCY LEGALITY DESTiNA-
_ TIO, > MEASURE OF DEPRTURE CHECK TION

1 Evaluation N/A 15 second N/A Function
flag intervals when Main

,, !(evflag) PMC activated Monitor

2 RF activation N/A N/A N/A Function
flag Get Data

(didtrans) _

3 Timer N/A N/A N/A Function

flag Packet
(stompflag) Construction

4 Serial N/ A N/A N/A HWC8 6
interface
interrupt
iHIIfSCCR2)

5 Key line N/ A N/ A N/A H-W,.CI 8

(HIIPORTA,
bit 4)

S ... . i . .. .. . ... i
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TABLE 12. Function time keeping input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY I SOURCE
_ __ MEASURE OF ARRIVAL CHECK

1 Clock N/A 50 Hz N/A -VCI I1
___ interrupt

2 Down Seconds N/A Yes Function
counter Power Up or
(dsec) Main

Monitor

3 General Seconds N/A Yes CSCI 1 or
timer Function

__ (dcount) Power Up

4 1 Generat 1/50 N/A Yes I-WCI 6 or
timer Seconds Function

Ij (pcount) Power Up
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TABLE 13. Function time keeping outpvt.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-

TION YfEASURE OF DEPARTURE CHECK TION

1 Down Seconds N/A N/A Function

counter Main
(dsec) Monitor or

Input PacketProcessing

2 General Seconds N/A N/A Function
timer Transmit

S (dcou t).. .....

3 General 1/50 N/A N/A Function

timer Seconds Packet

(pcount) _ Construction

4 Interrupt N/A N/A N/A HWVCI 11
flagII

(Hi1TFLG1) .__ ,

5 Timing N/A N,'A N/A HWCI 11
-egister

(HIITOCI)

6 Timer N1'A N/"'A Ni/A H-vCI 11
interrupt

__ _ (HI 1COPRST) __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



A005

TABLE 14. Function A/D conversion input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE
MEASURE OF ARR.VýAL CHECK

1 A/D conversion N/A N/A N/A Function

enable flag Power Up or
(adflag) Get Data

2 A/D conversion N/A N/A N/A HWCI 3

status byte
(H11ADCTL)

3 Wrist impedance N/A 25 Hz No HWCI 3

signal

(H11ADR1)

4 Off wrist N/A 25 Hz No HWCI 3
signal

, (HiIADR2)
5 Battery N/A 25 Hz No HWCI 3

voltage
(Hi1ADR3)
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TABLE 15. Function A/D conversion output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
=TION MEASUF.E OF DEPARTURE .CHECK TION

1 Wrist impedance N/A 25 Hz No Function

signal Get Data
(adval) _

2 A/D conversion N/A N/A N/A Function
completion flag Get Data
(adnext)...

3 Off wrist N/A N/A No Function

signal Transmit
(ad-offw)

4 Battery N/A N/A No Function
voltage Transmit
(ad-batt)

5 A/D N/A N/A N/Xk HWCI 3
conversion
control flag
(HllADCTL)
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TABLE 16. Function packet construction input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE
_ _MASURE OF ARRIVAL CHECK

1 Serial receiver N/A N/A N/A HWCI 6
interrupt

2 Buffer input N/A N/A N/A Function
index Power Up(pin)

3 Buffer output N/A N/A N/A Function
index Power Up

(pout) _

4 General 1/50 N/A N/A Function
timer Seconds Time
( pcount) Keeping

5 Timer N/A N/A N/A Function

flag Proximity
(stompflag) Interrupt

8 Individual N/A N/A N/A Function

processing Power Up or
flag Input Packet

(daemonflag) Processing

7 Initialization N/A N/A No Function
subroutine Power Up
_ (pkclear) ,_,,

8 Serial receiver N/A N/A N/A HWCI 6
status byte
(H11SCSR)

9 Character N/A N/A N/A HWCI 6
regýýtcr

(HILSCDR)
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TABLE 17. Function packet construction output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION MEASURE OF DEPARTURE CHECK TION

1 Packet N/A N/A Yes Function

storage Input

(pkbuf) Packet
Processing

2 Buffer N/A N/A Yes Function

input Input

index Packet

(pin) Processing

3 Buffer N/A N/A No Function

output Input
index Packet

(pout) Processing
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TABLE 18. Function input packet processing input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE
MEASURE OF ARRIVAL CHECK

1 Packet storage N/A N/A N/A Function

buffer Packet

(pkbuf) Constr- .tion
Buffer input N/A N/A N/A Function
index Packet
(pin)_ _ Construction

3 Buffer output N/A N/A N/A Function
index Packet

(pout) Construction

4 Conversion in N/A N/A N/A Function
progress flag Power Up or
(adnow) Get Data

5 Down Seconds N/A Yes Function

counter Power Up or

(dsec_)_ Time Keeping
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TABLE 19. Function input packet processing output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-

TION MEASURE OF DEPARTURE CHECK TION

1 individual N/A N/A N/A Function
processing Packet
flag Construction

(daemonflag)

2 Record N/A N/A N/A Function
flag Main

(reqpss) Monitor
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TABLE 20. Function get data input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE
MEASURE OF ARRIVAL C-LQCK

1 Wrist impedance N/A 25 Hz No Finction
signal A/D C(iJversion

__ (adval) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2 AiD conversion N/A N/A N/A Function
c-ompletion flag A/D Conversion

(adnext)

3 RF activation N/A N/A N/A Function
flag Proximity
(didtrans) Interrput or

Transmit
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TABLE 21. Function get data output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-

TION MEASURE OF DEPARTURE CHECK TION

I Digitized impedance N/A 25 Hz No Function

signal Preprocessor

(pbuf)

2 Number of N/A N/A N/A Function

points in pbuf Preprocessor

(npbuf)

3 Conversion in N/A N/A N/A Function

progress flag Input

(adnow) Packet
Processing
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TABLE 22. Function preprocessor input.

ITFM DESCRIPTION UNITS OF FREQUENCY LEGALITY D2)URCE
MEASURE OF ARRIVAL CHECK

I Digitized impedance N/A 25 Hz No Function
signal Gpt Data

(pbuf) ,,

2 Number of N/A N/A N/A Function
points in pbuf Get Data

(npbuf)
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TABLE 23. Function preprocesser output.

ITEM DESCRTP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION MEASURE OF DEPARTURE CHECK TION

1 Filtered N/A 25 Hz No Function
data segment Heart Rate
(pbuf) Calculation

2 Length of N/A N/A No Function
data segment Heart Rate
(seglen) Calculation

3 Average value N/A N/A No Function
of data segment Heart Rate
(val) Calculation

4 Motion count N/A 15 second No Function
(mocount) intervals when Main

PMC activated Monitor or

Heart Rate
Calculation
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TABLE 24. Function heart rate calculation input.

ITEM DESCRIPTION UNITS OF IFREQUENCY ILEGALITY SOURCE
, _ MEASURE I OFARRIVAL CHECK

1 Filtered N/A 25 Hz No Fun~ction
data segment Preprocessor
(pbut)

2 Length of N/A N/A No Function
data segment Preprocessor
(selen)

3 Average value N/A N/A No Function
of data segment Preprocessor
(val)

4 Motion count N/A N/A No Function
(mocount) Preprocessor

S tack A NA N/A Function
indexes I[ Power Up
(I,. S2, S3) _
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TABLE 25. Function heart rate calculation output.

ITEM N DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION ME1%ASURE OF DEP.ARTURE CHECK T TION.

I Heart rate Beats/Minute 15 second No Function

(hrate) intervals when Main
PMC activated Monitor or

_Transmit
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TABLE 26. Function transmit input.

ITEM DSRPIN UNITS OF FREQUENCY LEGALITY SOURCE
_________ MEASURE OF ARRIVAL CHECK _____

I Evaluation N/A N/A No Function

number Main Monitor

______ (evnum)_________ _ _______

2 Off wrist N/A N/A No Function
signal A/D Conversion

3 Heart rate Beats/Mvinute N/A No Function
(hrate) Main Monitor or

Heart Rate
Calculation

4 Relative N/A N/A No Function

motion Main Monitor
(mocount)

5 Battery N/A N/A No Function

voltage A/D Conversion
(ad-batt)

6 General f Seconds N/A N/A Function
timer Time Keeping
(dcount) _ __....... . ...

7 Serial N/A N/A N/A IMVCI 8

receiver
status
bytt

(1111SCSR)
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TABLE 27. Function transmit output.

[ITEM 1 DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION MEASURE OF DEPARTURE CHECK TION

9 ¶
I1 Evaluation N/A N/A N/A 1,uncLioLi

flag Main
(evflag) Monitor

2 I.F N/A N/A N/A Function
activation Get Data

flag

(didtrans)

3 Transmit N/A N/A Yes HWCIS
packet
(tpakbuf)

4 Transmit NIA N/A Yes HIWCI 6
packet

, (H11SCDR)
Transmit N/A N/A N/A HWCI 8
key line
(HllPORTA
bit 4)

82



A005

TABLE 28. Heart rate codes. t

HEART RATE MEANING
CODE

0 small impedance signal and no body motion

-1 processed impedance signal less thaz, 5 seconds long

-2 heart rate greater than 240 bpm.

-3 small impedance signal and body motion

-4 spe,:trum peak less than 350

-5 not enough beats in buffer for estimated
heart rate to be valid
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TABLE 29. Acronym summary.

ACRONIY J MEANING

CSS Request for soldier status

DRT Digital RF transceiver

DRTA CSCI 1 to DRT interface

DRTB DRT to CSCI 1 interface

DRTC CSCI 1 to DRT interface

HEM Hand held monitor

PMC Personal monitor communicator

PPA PMC positive acknowledge

PRC Proximity receiver

PRCA PRC to CSCI 1 interface

PSS PMC soldier status

RTC Real time clock

RTCA RTC to CSCI 1 interface

VRF Voltage Reference

VRFA VRF to CSCI 1 interface

WZC Wrist impedance circuit

WZCA WZC to CSCI 1 interface

WZCB WZC to CSC' 1 interface

WZCC CSCI 1 to WZC interface

6.!
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APPENDIX I.

10. PMC HEART RATE PROCESSING TEST

10.1 Test Data. Two databases of impedance signals were generated from a single
PMC to test the PMC heart rate processing. The impedance signals were
obtained from 11 people as they rested, stood, walked, and jogged. The
impedance signals were recorded on magnetic tape and then transferred to a com-
puter via A/D conversion. A total of approximately 10000 seconds of impedance
signals were stored in the databases.

10.2 Overview of Test. The databas.es were plotted at ten second intervals. The
heart rate was caiculated by hand from all impedance signal plots which were not
off-scale or noisy. Next, the heart rate was calculated from the digitized
impedance signals using the heart rate processing software. Again the signals
'which were off-scale (due to too much motion) or noisy were disregarded.

1G.3 General Test Results. A plot of software calculated heart rate (PMC calcu-
lated heart rate) versus hand calculated heart rate was obtained for each data-
base. A correlation coefficient and a histogram of each absolute heart rate error
were calculated. See Figures 8 thru 11. Based on the results, minor changes in
the software were made to improve the heart rate estimation.
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FIGURE 8. PMC heart rate versus hand calculated heart rate,
first datavase.
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FIGURE 10. PMC heart rate versus hand calculated heart rate,
second database.
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APPENDLX 
II.

20. PMC SOURCE CODE

/* PMC program "/

/* written by Jim Jones, Bob Miller and Urnesh Patel /
/* Purdue University '

/* 1988-1989 4/

;define PMCID 13 / must be unique for each PMC /

/* #define BENCH "/

#include <stdio.h>

#include <hllreg.h>
4include <bmece.h>

#include <string.h>

*define PBUFSIZE 8 /* number of packet buffers "'

, define PMASK 0x0 7

#define EVALTIME 80 /* Number of seconds to stay awake after evaluation */

#define SLEEPYTLME 10 /* Number of seconds to stay awake after packet 4/

#define MAXSAIMPS 250 /* Number or a/d samples to take /

char clkSO; /* 50 HZ counter /

chat 'pakptr; /" packet buffer pointer /
char tpakbufl20o!; /* trlnsmit packet buffer 4/

char pkmesoj2001; /* intermediate packet buffer /
char pkbufrPBUFSlZE÷21[S0; /' roceive packet buffer 4/

int pinpout; /* pkbuf input index /
int evnum,evflag; /" pkbuf output index 4,/

int daemonflag; /" flag I ;nsute one invocation of dopacket /
int rstate; /* current state of packet -onstruction ram /

int chksum,rchksum; /" packet checksums 4/

int dcount,dsec; /* general purpose timers /
char line[80,colstr 80]; /* character bufferi 4/

;at ad.offw; /4 a/d value from off wrist clrcuit '7
inmt ajbatt; /* a/d value from voltage reference /
int pcount; /' packet constructicn timer /
int delay; /" used in signal proceuing /
int mocount; /* motion counter '/
int hrate; / calculated heart rate /

70



T
A005

int val; /* average value */

int level; /* stores various levels in signal processing */

int -hrate,mocount; /* heart rate calculated in signal processing */

int batt,offw; /* stores voltage reference and off wrist values *

int aaflag; /* flag that show that a/d conversion is on

int adnow; flag that shows that a/d values are being saved */

int pbuf.MAXSAM.PSI; /* buffer of wrist impedance values */

int npbur; /* number of points in pbuf /
int adnext; /5 flag that signals the next a/d value is ready /
int seglen; /* data !egment length '/

int reqpss; /* flag that records a request for a PSS packe. 5/

int didtrans; /* flag that records a radio transmission '/
long int idata[2561; /* buffers for fft */

!ong int rdatai256;

long int spec[314ji; /* buffers fo: storing spectra results /
int sl,s2,s3,countgood; counters for periodogram /
int adval; / current a/d value */

chat proxiflag; /* shows proximity inteirupt hr. occured /
char stompflag; /* shows radio transmitted during a/d cony

/* function declarations */

void inLsetup();

void dopacketo;

_ood24 void OC1LNTO;

rmod2 void INTINTO;

-mod2- void SCIINT0;

mainO(

int done);
/* turn off transmitter /
key(O);

/* inltialise varaibles '/

pin = pout = 0;

daemonflag = 0;

evelag - 0;

proxPag - 0;
stompflag M 0;

I -A2 - 03=- 0;
reqpss - 0;

adnow - 0;
Pkc.'eu();

/* set al interrupts /
int..4tup{);
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/* set up serial port

tty.setupO;

dsec = EVALTME;

/' turn on a/d converter /

adon(;

stop-enableo;

/* main monitor loop /
while(I){

#ifdef BENCH
evflag = 1;

#endif
/* has there been a recent request for status ? /

if(evflag){

/* get 10 seconds of wrist impedance data /

getdataO;

if(reqpss){

/* send mos. recent status ,"

dopss();

asm(" SEr');

reqpss = 0;
as•m( CLF);

#ihdef BENCH

dispbufo;

#endif

/* analyze wrist impedance data for heart rate etc.

getrateo;

asm(" SEI");

hrate = _hrate;

mocount = .mocount;

evnum ++;

amm(" CLI);

eyflag = 0;

#ifdef BENCH

dispbuf{o;

# endif

/* if there have been no recent status requests */
/* power down radio and go to sleep *'

it(dsec = = 0)(
adodO;

rdoffl);

evflag =- 0;
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aam(" CLI");

H11SCCR2 =0;

,,*note. sleep instruction has been loaded at 0/
:ifudef BENCH

a~sr(*" JSR 0");
,endir

Gec - EVALMNIE;

adon();

load sleep instru..tion at 0 and enable sleop mode '
;op-.enabie(){

char *p1;

pl (char *) 0;
Op1 Oxcf;,

*p. 0X39;

asrn(" SEI');

IuM1U TIP A')-

am AM)A a fF);
xaaw' -1AP');
as=(' CLIl);

tamt on tk* &/d converter *

HIiI10PTA ON 1-m 0%80- power up a, d
11I11PORTA Izm Oxlo; opower up wrists circua it

turn off the a, 8 convvrt~t

Hl IOPT:c)N (hOsF; p* powe down a 8 '

HIMPORT A k- OskAF, /'* power up wrists eieuit '
addag -, 0;

tiars of power to the radio

IOU~)(
11IIPORTA I- WO;l
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turn on power to the radio/t

keyiO`:

H1IORTA &= Oxdf;

input '0 ýersnn.s -,, iata fr-om the a J z.-mvorter

idnow

a~snC, SEF');

didtrans =0

asn(- CL I-l
forfnpbuf=~O,&dnext=O;npbuf < MýXCSAIMPS; npbuf--..){

i:( didtrans == 'Ipbuf = MAXSAMPS,
w!hie(adnext= =0O);

pbur'npbur = adval;

adnext = 0;

adnow = 0;

def IRENC1A

i1utput phuaf to the d a ~onvert"r, bonc!s ]ore 3fti

ij;

keyfo);

key' 11
f,ý. r ~i - 0. a v, m bu f; i4 .)

DAC =pbuf', 1. M

idif

MAnMAt PPA packet

Im~dpak~pokbef.TPA");

mila PA~rket for tfarnemlos1on

Mjkt.ra,*,.

In&( st( Ut2
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strcatjt,,s);

*6nd the end of a string/

har *strend~s) char *s;{

whiie(*s)s-'-;

returnis);

*encode and transm~it a PSS packet

opssO{
eylag = 1;

dsec EVALTME;

asw( SEI-);
offw u aoifw;

batt ad-batt;

"aM("' CLr);
strcpy pkmem.-PSS ~
pknumfevnurn);

p knm uroffw);

pkituznhrat~e);

p krtumn(mrocou nt);

pknum(batt);
build pak tpaxbof,pkines);
wadpak(tpakbuO~;

didtraas= 1;

*encode a numbw- and add it to the

end of the pudet tunder construction
utuMfa) mnt f

strcst(pkMmf, 1

')qtput a packet to the radio trauiawitter
itdpakipi) rhtar pk-(

rho? p~htocf).,

p pk;
0o~ *.p" p.*ý *

i - (hr;
*p -h~o( .. )

Op4
4

Op0 0
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key(1>-

whilekdcouflý.I

pkp .tc('C2

while('p){,

pkputc( *p

pkputc('';

pkputc('')

key(O);

output a character to the radio transmitter

pkput~c~c) -har c;',
Wh~ej1'SCSR & OXSO) ==0);

HIISCDR - c

~ogtt a character from the radio re'ceiver o

pk getc I ){
while((II11SCSR & Nx20) 0;

(r.omI i1 1 SCI) R);

I' .ea: the input packet buffet ,

pakptr - k),fp~:

chkiturnm 0;

fttAt 0- vcdNTINT~

I.Ipog- 1,

wn( , CLIfl.

fII'ICCrR2- ,r
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/* send PPA packet /
doppa0;
evflag = 1;
didtrans = 1;

asm(" SE!");
poxfIag = 0;

* key the radio transmitter /
ey(i) int i;{

if(i O= 0)H1lPORTA 1= 0x08;
else Hl PORTA &-= OxF7;

* service the serial interface receive interrupt
* SCIINT is entered when a character is received ./
_mod2_ void SCILNTO{

chAr *s;
c = pkgetc(O;
/e* Snite state machine foi packet construction
switch(rtatt)(

Case 0:
/* look for packet start character
iI(c =t= "')(

*pakptr--*-' = c;

chks, C ;
rstate ' 1;

break;
cast 1:

/" look for secod start character A ./
ir(c `• ')break;

;f W)(
"pakptr++ • c;

thksum - c;
rotate 2;

pe~osnt SO, 0

site Pkele•ar();

b&,2k:

pkckar.•)
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Chk3UM C;

rstate 1

/* look for packet end charm irs ,

else if((c = = '0) (c
Spakptr = 0;

s pakptr;

5--; s--;

rchk~surn = xtoi(s);

chksurn - *+-

chksum - =s

chksumn &= Oxif;

if(chksurm == rchksum){

pin = (pin + 1) & P.MASK;

pkclearo;

if(datmonflag ==0)

dopacketo;

eise,,
pkcletro;

ASLD( CLI");

/* add a chara~cter to the patket ~

ifg(pakptr >-s &pkburpiuiV49i) (p-ount ==0))pkcleaH);

opakptr-.-*7= C;

chksum +=- c;

break;

/* PrOCMW inpujt PaCkft/

void dopacketo(
that Os'num.A1O;

as a(" SFI-);

dhomonflAi - 1;
whhie!(pin !-*pu)

urn(" CLIr);

/* pfocwrA pkbul",pout /
*-pkbuIfpoutý;

+* ;*~*



A005

for(ndigit=O; isdigit(s[ndigit])&& ndigit < 9; ndigit±+)numfndigitj=s[ndigit];

numrndigitl
id =atoi(num);

if(id == PMCID Iid==0){
s = s 4* ridigit + 1;
do (

stompifag =0;
if(dsec < SLEEPYTIME)dsec =SLEEPYTIME;

/* recognize request for status 8

ifqstrncmp(s,"CSS" ,3) =-=
if(!adnow I I (s[41 == 'I'))dopsso;
else reqpss =1;

}while(stom p Rag);

a~sm(" SEMI);
pout = (pout +- 1) & ?MASK;

dat monflag = 0;
asmi" CLI");

/e service OCI (real time clock) interrupt

mod2- void OCIINTO{
H11TFLGI 0%80R;

H11TOCI O= 09c40;
E411COPRST 0x55;
H11COPRST xa

/*activate &/d conversion on odd clo-k tics *

if(adfsag A& (clkSO & 1))(

while(HIIADCTI. & OxcSO -- 0);
adval (int)IIhIADRI 123:

0 itde( BENCH
/* DAC -HIIADRI

#mndil
adnext -1

ad-ofw -HIIADR21;

ad-batt HIIADR3;

ifklkkSO >- SO)(
clA i 0-;
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if(dsec)dsec-;

if(d count)dcount..-;
if(pcouxit)pcount.-;

/* service COP interrupt *

-mod2- void COPLNTo{
asm(" JIMP $COWO);

/* set up interrupt service routines/
void intL-etupo{

mod2.. void OCILNTO;
-mod2... woid INTLNT0;
.mod2-.void COPLNTO;
~mod2. Yoid SCILNT();

void VECTORO;
dcount = 0;
pcount = 0;
VECITOR(OC IINT,9);
lvECTOR(INTINT,14);
VECTLOR(COPINT,1 7);
V,,ECTOR(COPINT,18);
VECTOR(SCIINT,O);
HilTOCi - 0;

HliTMSK1 I-mf~-

/* set up serial interhce/

.ty-setup( )(
chkasur 0-.

rchkstim 0;
istato 0;

IIIISCCRI m 0;
H11SCCR2 - W~C;
V!11BAU) oxg3s;
If I IDDR) .0;
ffilPORTI) - 0;

iincltad* Iitr.c"
Oinciudo "Sisproex"



ADOS

'hex.c program *

*convert hex ascii string to integer .
:ýoi(s)char *s;{

int i;

i=ctoh(sl'i);

return(i);

convert hex ascii digit to integer ~
.toh(cl)

nt tl;

ifqcl>96)cl~cl-32;

cl=cl-48;

if(cl>g)cl=cl.7;

return(cl);

convert integer to hex ascil character

har htoc(i) int i;{
char h;

h =i + '0';

ilfýh > V9)b += 7;
return(h);
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/* filterxc program '

/* End the median value in a buffer

median(buf, n) int *buf; int n;

mn = ni / 2;
fror = n; j > m; j)

for(i = 0; i < j - 1; i++){
if(buftil > buffi + 1)

tmp = buffil

buffi= bufli +1;

bufti+l] = tmp;

returaa(bufgml);

/'0.5 HZ high pass filter/

#define HPWIDTH 10
bptO()
mnt ij,sum;

for(ir-=0; i <npbuf - HPWEDTH; i4++)(

sum - .

foro==0, j<HP WITH; j++-l) sum +- pbufli-sjl;
pbuffi] -- sum / HPWU)TH;

de lay =delay + HPWIDTH-:
rapbuf.- HPWIDTH;

/* 4.0 HZ low pass filter (FIR)/

static int c05ý - 0.0,0,0,2,2,-1,.10,-12,4,37,76,94,
76,37,4,-12,-10,-l1,2,2,0,0.0,0);

for(i-13; I <((pbuf.- 12); i+-.-)(
sum -0;
rora 0; j -- 2S; j-.-+-) sum -= sum - (pbuf'i-13.i~ c'jj);
pburfi-131 - sum >>R;

npbuf -- 25;
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/* sigproc.c program

*include "sigproc.h"

getrat~eo{
delay = 0;
-mocount = doseg(I100,0,npbuf,mseg,&nmseg);

;CONSIDER DATA SEG.MvENTS UNDER 5 SEC. LONG AS MOTION 0

/'T.RrIM AN',D ZERO-OUT MOTION SEGMENTS .

/* FILTER DATA.- FIND AVERAGE VALUTE.

hpfQ);
Val = avgva1();

#ifdef BENCH
sprintf(line,'-.vgwal %d",,val);

/* send pak(Iine;*/I
0endif

*REPEAT WITI, NEW THRESHOLD LEVEL *
if(val < 1 )(

else Jrt 1

level = setievel() *5;
if(level < 25)levelI 25;
if(level >715)level 75;
shiift(taseg~nmseg);

.nocount m out dogeeg(1eel.,npbut,mses,&nmses);
se;Fn = msxmseg);

countgood = t~ck(l);

'0If);

oitdt BENCH
dispbuq)';

Oendif
acorrn);
if(_ýrst* > 240)-hrat. - .2;
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if(Jirate <= O)countgood =stack(O); /* reset countgood to 0 *1/

if(Jirate <= Ojcountgooci = stack(O);

if(israte <= O)countgood = stack(0);

getlevelO{ý /* find median value of signal '

b =(int )rdata;
for(i=O; i < nmseg; i++){

if(mseg~li1.on){
n =msegjii.fin - msegfij.strt -t- 1;

fortj=0; j<rm; j-++)b~jl = abs(pbufrj-tmseg'i1.ArtI);

return (median (b,n));

shift(ms,nm)struct segment ms]; int nm;(
int i;

forii=O; i<nm; i+-+){

m 'ilstrt =(msrij.3trt - delay) > 0 'ms~il.strt - delay 0;

m *i',.fin = (msiil.fin.- delay) > 0?! msTi-.fin - delay 0;

ma3xmsego{ /* calculates maximum segment length/
iat i;

if(ms-eg'i I.on)rtturn (mseg[jJ.fin - mseg'i7.strt -. 1);

return(0);

/* fill in VII when mseg'il.oL - 0 (off-scale) 6

/ * trapes.-Adal window on-sca~e segment *
5ll(yal) int Val;(

int i~j;
for(i=-0;i<nms*%;i++)( 6

if (mseg~i1.on -- ' 0) for (me Jtrj<nsgi.nj+)pbutljj val;,
else pidwme]ttrnei.h.ngjJ~sr~)

trimo{ /* trim ends of data segments/
int i~j;

for(imO;a< Ams.;;,i++)(

it-

if(pbufflj > 0)for(;J< -mseg~i;.fi kk pbuf'jý ;j + *)phuifjj -' 0;
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iip i 0i<)tor(;j<=mseg[iil-fin && pbuf~j < O~j-+) pbuffj] 0;

j =mseg~il.fn;

i!(pbufj' -> 0)for(;j>mseg~i!.strt && pbuf[jj > O~j-) pbuiffji 0;
if(pb I"ji < O)for(;j>mseg~i!.strt && pbuffj < 0j--) pbufljJ 0;

avgvalO{( /* retzu.n., average value of data segment 8

int i'sum;
for(i=0,sum=60;i<npbuf;i--t)

sum = sum + abs(pbuf~il);

return(rum / npb.uf);

I

/ * based On Value T, det~errinu3 on and off scale segmtits/
doseg(v,a,b,.s,n) int r~a,b; struct ~.;ment s'; nt *n;{

int io.sg~w
int atrans;

ntrans = 0;
Useg = 0;

on= 0;

sjan'.trt = a;

on = (pbuf'al <~ Y)k&(pbuf~aj > -YI;

x[in!.Ota - on;
=0;

nseg -1;

tor(i=a-!l; i < b; i±-t-{

new -(pbuf'il < Y)k&(pburil > -v');

If(on &k ~new)(
ntraAs++q.;

if~nseg > 125)(

5n*'.fin II

sn)

on - now;

si n!.OA on;

on %W nw;

ai(*n > o)(

if~l~ft 11,ot .
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nseg =nseg + sj~n].fin - s[*n;strt -1

if(riew &Žori)ý
ntrans---;

sj~n].fin = i-1;

slnjl.strt

on = new;

si~nj.or, = on;

nseg =1;

if(3j~nion && nseg < 125 && *n > 0)
if(sý*n -11.on ==0)

('4ý-;
3~ "n;.5n = b-1;

return(ntrains);

window(s,n)( /* trapesoida.i wincde-w used on data segment '
int i;

pbuln'i- 1-i - (pbufi- nj i )/'25; )25

t~p;pu~~n~sgn) /* integer FF7 '
)nq it *pr,*p;

it m,n~sign;(

static imt iCoo11 -~ (0,-1024,0,723,946,1005,1019,1023.1024,1024,1024);

Static it iSiAjl lj - (O,0,1O24,723,392,zDO.10O.30,.s, 12,.8ý;
long int ur-..a,duLn,w -n,wLn,tr-n.Litn;
long Uit pitnip,lrtmp;

rim I1- ni- ;

j - 0;
d =- 102 4;

86



A005

for (i=0; i<AMI; i--

if (i < j)
swap~pr-i~pr-J);

ro~r(k~n2;k<=i;;,ý-jk~kk>~> 1ý

for (1=1; 1<=mn; --

le < <K

ur- 1024;
a" 0;

for U0;, j < It!; j-+-){
for (i -j; i K a; i ~=1.

tr- ri ur-n - pi'p' *~
t = i*-.P- a -

prtmp =prif << 10;

pr ip, (prtmp-.r..a}»Io;,

?Ii -fPrtmp-.tr-A)>>IO:

pe , -fprc~ - UL- AW> n)>0jO

Pi i: - (ptapt~ * WL.3 9

if (;~p. K 0) rttlarn;

rasp, '.py) long ýAt *pt.py;,'

1411 tg wav

tmpx --

I1
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/r1)( calculat~e sp~ectrum of signal

at A,p,ijO;

Ingnt *ppr,*ppi,maxO.tt,ti,a,b;

'det BE NC'-I
ýng Mract;

O~i258-..-~ data i; =0;

Pr rdata.

pi = data;

Pbuf 129:

129;
r~= 0i< ni- *Caiculate sP.tr1tn,

;r= Hdats.

ti idua i

rdata i= (tr~tr Wti)~ ~
;data i 0

ad s ped ' 1.date &ad load new data inlto

, torage arrays for e d..averagin

to ;>roo am avorsq~ng

*!oit (CO'i t~oo4 2' -

r-lI-0 1- 4 S; i- )j
vdata -~(Pdata i'-ipoc I

.!.. s If (''tpn..i I. i- 1,' e

Mit Ovarch "1 30 to 240 bpm s
ao-.

0;,

44
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for(i=-3; i<42; i-'--i-

Ordata'i-l. < rdatall & rdata'il >= rdata'i-¶- && rdata~il > maxO){

MAX0 riata.i,;

'cadhulate heart rate based on that frequency .
ardatajjO71 - rdatari0.1' -t- rdata0'-I';

Ii(long)rdata'jOi~jO -+. (long )rdataJO.1 I' O.01) --q (1ong)rd&U'jOi-t1I* (j0-1);

b (b *10)

..irate (b *75) /128;
ig~niaxo < 3544..krato -4; 10.-4 meaas spectrum is too smal

a ch~eck to omit low heart rate aaswer, for short data segmertts .
Iirl(Jttat < 49 &A seIen < 167) 11 (..hrata < 43 A& a.;!., < !92)

(-brate < 37 A& seglen < 210)).hrate -S ;

*ifdef BENCH

SprIntffline..MAX0 %d",i);

tendif

tilfde( BENCH
itaact - asi 1/ 128;

Pbut', - r~ta;intmact 10-

xnburý < opbsrv -i o

tend at

vpdatinC saved spectrim..
int i;

N pr i- 5,dOI

ape 0 P dst

takb nt ,;~f ~qtol~t ?outiow to IP464.

'06 $us: *sunbot o( 400d 4&te " oita I/

.2 -. 3

$'#a .1 $I +2 * 93':
totqfl sum.



PAr.T II OF TWO PARTS

SOFTWA.R.E REQUIREMENTS SPECIFICATION

FOR THlE

PERSONAL MONITOR AND CONcMI4NICATOR (PMC)

CONTRACT NO. DAMD17-87-C-7195

CDRL SEQUENCE NO. A005

9 October 1989

Prepared for:

Depa.rtment of the Army
U.S. Army Medical Research Acquisition Activity

Fort Detrick
Frederick, .MD

Prepared by:

A,, ';IAMn ,. l1illJ, nbrand Illomedical lE;nz.nr.'ri~nl C•entc.r

l"irdlip Univermity
W,"t Lalfayette, In 479W7



A005

CONTENTS

Paragraph Page

1. SCOPE .............................................................................................................. 7
1 1 Identificatior ................................................................................................ 7
1.2 Purpose .................................................................................................... 7
1.3 Introduction ............................................................................................. 7

2. APPLICABLE DOCUM ENTS ........................................................................ 7
2.1 Government Documents ............................................................................ 7
2.2 Non-Government Documents ................................................................... 7

3. RE Q U REM ENTS .................................................................... . .............. . . 8
3.1 Programm ing Requirements ........................................................................ 8
3.1.1 Program m ing Language(s) ................................................................. 8
3.1.2 Com piler/Assem bler .......................................................................... 8
3.1.3 Programm ing Standards ..................................................................... 8
3.2 Design Requirzments ................................................................................ 8
3.2.1 Sizing and Timing Requirements ........................................................ 8
3.2.2 Design Standzrds ................................................................................ 8
3.2.3 Design Constraints .............................................................................. 9
3.3 Interface Requirements ............................................................................ 9
3.3.1 Interface Relationships ........................................................................ 9
3.3.2 Interface Identification "ad Documentation ....................................... 9
3.3.3 Detailed Interface Requirements ........................................................ 9
3.3.3.1 CSCI-to-CSCI Interface Requirements .......................................... 9
3.3.3.2 CSCI-to-IW CI or Critical Item Requirements .............................. 9
3.3.3.2.1 Voltage Reference Interface .................................................... 9
3.3.3.2.2 Dig~ ta| RF Transceiver Interfaces ............................................. 9
3.3.3.2.3 Display Interface ................................................................... 10
3.3.3.2,.4 Activate Switch Interface ...................................................... 11
3,3.3.2.5 Proximity Tran.sm itter Interface ........................................... 11
3.3.3.2.6 Real Time. Clock Interface .................................................... 11

4
el!



AOO5

CONTENTS - continued

Paragraph Page

3,4 Detailed Functional and Performance Requirements ............................... 12
3.4.1 Power Up Initialization Function ..................................................... 12
3.4.1.1 Inputs ......................................................................................... 12
3.4.1.2 Processing ................................................................................... 12
3.4.1.3 Outputs ....................................................................................... 13
3.4.2 M ain Monitor Function ......................................................................... 1,

3.4.2.1 Inputs ......................................................................................... 13
3.4.2.2 Processing ................................................................................... 13

3.4.2.3 Outputs ....................................................................................... 14
3.4.3 Clock Interrupt Function ................................................................. 14

3.4.3.1 Time Keeping Function ............................................................... 14
3.4.3.1.1 Inputs ................................................................................. 14
3.41.3.1.2 Processing ............................................................................. 14
3.4.3.1.3 Outputs ................................................................................. 15
3.4.3.2 AD Conversion Functio. ............................. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 15
3.4.3.2.1 Inputs .................................................................................. 15
3.4.3.2.2 Procesing ............................................................................. 15
3.4.3.2.3 Outputs ................................................................................. 16
3.4.4 Serial Receive Function ......................................................................... 16
3.4.4.1 Packet Construct Function ............................................................ 1

3.4.4.1.1 Inputs .................................................................................. 16
3.4.1.1.2 P rocessing ............................................................................. 16
3.4.4.1.3 Outputs ................................................................................. 16
3.4.4.2 Input Packet Procetsing Function .............................................. 17
3.4.4.2.1 Inputs ................................................................................... 17
3 .4.4.2 .2 P ro s ................................................................................. I
3.1.4.2.3 OutputIQ ................................................................................. 17
3 4.5 Display Function ................................................................................... 17
3.4.5.1 Inputs ............................................... 17

3 1.5.2 .Pro.cssing ....................................................................................... 18
3.4,3.3 Outputs ....................................................................................... IS
3.4-6 Tranxmit Function ............................................................................... 18
3.4.6 .1 p , ......................................................................................... . . 18
3.4.q..2 Pro..essin. ........................ . ..... .......................................... 18
3 .4 . i ,." ^ O u tp u tA . .. . ..................... .................................. ....... 1 9



A005

CONTENTS - continued f

Paragraph Page

3.5 Adaptation Requirements ....................................................................... 19

3.5.1 Sys*emn Environmn ....................................... 19
3.5.2 System Far.-'neters ......................................................................... 19

3.5.3 Oyst4.m Capacities .............................................................................. 19

3.6 Quality Factors ....................................................................................... 19

3.6.1 Correctness Reqairements ................................................................. 19

3.6.2 Reliabihty Requ" tments ....................................................................... 19

3.6.3 Efficiency Requirements ..................................................................... 19

3.6.4 Integriy Requiremenis ...................................................................... 19

3.6.5 Usability Requiremei.ts ..................................................................... 19

3.6.6 Maintainabil ty Requirements .......................................................... 19

3.a.7 Testability Requirew .:rats ................................ 20
3.6.8 Flexibility Requirements ............................ 20
3.6.9 Portabiliky Requitments ..................................... 20
3.6.10 Reusability Requirements ................................................................... 20
3.6.11 Interoperability Reqairer-ents .......................................................... 0
3.6.12 4ditional Quality Factor Recuirements ....................................... 20
3.7 CSCI Support ...................................................................................... 20

3.7.1 Fatility Requirements ..................................................................... 20
3.7.2 Equipment Reqi)irement ................................. 20
3.7.3 SAftware Requirement' ..................................................................... 21
3.7.4 Fac;lity Requirements ....................................................................... 21
3.8 Traceability ............................................................................................ 2...1

4. QUALIFICATION REQUIREMENTS .......................................................... 21
4.1 GonerPI Qualification Requ:rtment* .................................................... 21
4.2 Speial Qualification Require.ents ......................................................... 21

5. PREPARATION FOR DELIVERY ............................................................... 21
.5.1 Preparation for Delivery ......................................................................... 21

S. NOTES ..................................................................................................... 21
6.1 Acronyms .............................................. 21

iv



AOO5

CONTENTS - continued

FIGURES

Figure Page

L. Interface block diagram ........................................................................... 22

2. Function block diagram ........................................................................... 23
3. Function main monitor flowchart ........................................................... 24

4. Function packet construction finite state machine ................................... 25

TABLES

Table Page

1. Interface identification/documentation ................................................... 26
2. Interface summary .................................................................................. 27
3. Request for soldier status (CSS) f3rmat ................................................... 28

4. PMC positive acknowledge (PPA) format ............................................... 29

5. PMC soldier status (PSS) format ............................................................ .30
6. Function power up initialization input ..................................................... 31

7. Function power up initialization output .................................................. 32
S. Function main monitor input ................................................................... 34

9. Function main monitor output ................................................................. 35
40. Function time keeping input ....................................................................... 36
11. Function time keeping output ................................................................. 37
'2. Function A/D conversion input ............................................................... 38

:3. Function A/D conversion output ............................................................. 39
14. Function packet -onstruction input ....................................................... 40
15. Fjnction packet construction output ....................................................... 41
16. Function input packet processing input .................................................. 42
17. F znction input packet )ro~essing output ............................................... 43

18. Functior display input ............................................................................ 14
1V. Function display output .......................................................................... 45
20. Function transmit Input ......................................................................... 46

21. Function transmit output ............................................................................ 4.7
22. Acronym summory .................................................................................. 48

V



A005

CONTENTS - continued

APPENDIX

Appendix Page

Appendix I

io. HIM Source Code .................................................................................. 49

vi



AOOS

1. SCOPE

1.1 Identification. Thi- Software Requirements Specification establishes the require-

ments for the CSCI identified as Hand Held Monitor Software, HM•I-CSCI.2, of the

Personal Monitor and Communicator, PMC-SYS.1, System.

1.2 Purpose. The Personal Monitor and Communicator System provides a means of

remotely monitoring the heart rate and body motion of a soldier. The HH-LM-CSCI.2

drives the hand held monitor. This unit consists of a 2-way radio link, a microproces-

sor, and a LCD display. After receiving a digital signal, the software processes the infor-

mation and displays the computed heart rate of the monitored soldier.

1.3 Introduction. This document provides detailed and complete specifications of tae

software developed to drive the hand held monitor unit of the Personal Monitor and

Communicator System.

2. APPLICABLE DOCUMENTS

2.1 Government Doeuments. The following documents of the exact issue shown form a

part of this specification to the extent specified herein. In the event of conflict between

the documents referenced herein and the contents of this specification, the contents of

this specification shall be considered a superseding requirement.

SPECIFICATIONS
Military

MIL-S-83490 Specifications, Types and Forms

STANDAReDS
Military

DOD-STD-2167 Defense System Software Development

MIL-STD-483A Configuration Management Practices For

Sr-tems, Equipment, Munitions, and Computer

Programs
MIL-STD-490A Specifications Practices

2.2 Non-Government Documenti. The following document. of the, exact isstie shown

form a part of this specification to the extent specified herein. In the event of conflict

between the documents ref•&•,eced herein and the contents of this specification, the con-

tents of this specification shall be considered a superseding requ]irement.
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OTHER PUBLICATIONS
Oppenheim, A.V., Schafer, R.W.
Digital Signal Processing
Prentice-Hall,Inc., Englewood Cliffs, NJ, 1975

Kernighan, B.W., Ritchie, D.M.
The C Programming Language
Prentice-Hall,Inc., Englewood Cliffs, NJ, 1978

Introl C MS-DOS Host Guide Version 1.0
Introl Corporation, Milwaukee, Wi, 1987

Motorola Semiconductor Technical Data
Advance Informatioa for the MC68HC11A8
HC',MOS Single-Chip Microcomputer
Order number MC68HC1IA8/iD

Programmer's Reference Manual
M68HC11 HCMOS Single-Chip Microcomputer
Order number M68HC11PM/AD

3. REQUIREMENTS

3.1 Programming Requirements.

3.1.1 Programming Languages. Two programming languages are implemented for this
CSCI. The languages are C and Motorola 68HC11 assembler.

3.1.2 Compiler/Assembler, The C compiler is written by Introl Corporation and is ver-
sion C-l1 of the Introl-C Cross-Compiler Systems series.

3.1.3 Progrmmng9 Standards. Structured programming techniques are followed.

3.2 Design Requirements.

3.2.1 Sizine and Timing Requarements. The CSCI uses all of the memory availab~e irk
th. RAUM. In addition, the CSCI uses 6810 bytes of PROM. The CSCI processes
incoming data at a rate of 300 baud (real time serial communication).

3.2.2 Design Standarda. Development of this CSCI follows the design standards of the
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William A. Hillenbrand Biomedical Engineering Center.

3.2.3 Design Constraints. The CSCI is limited by available memory -nd the implemen-
tation of integer math.

3.3 Interface Requirements.

3.3.1 Interface Relationships. See interface block diagram (Figure 1).

3.3.2 Interface Identification and Documentation. See interface identification table
(Table 1.)

3.3.3 Detailed Interface Requirements.

3.3.3.1 CSCI-to-CSCI Interface Requirements. This section is not applicable to this

specification.

3.3.3.2 CSCI-to-HWCI or Critical Item Requirements.

3.3.3.2.1 Voltage Reference Interface.

a. Signal Direction. See interface table (Table 2).

b. Signal Format. The signal will have a numerical value in the range of 0 to
255. Signals with values greater than or equal to 68 indicate the H-lM bat-
teries are low (< 4.5 volts).

c. Memory Buffer And Location. This section is not, applicable to this interface.

d. Transfer Protocol. A value of OxlO (Ox indicates the number to follow is hexa-
decimal) is sent to the A, D control register, HI lADCTL. When bit 7 of the
register goes high (1) register H11ADR3 is read to deter-nine the voltage level
of the HUM batteries.

e. Initiation Condition. See interface table (Table 2).

f. Priority Level. This section is not applicable to this interface.

g Expected Response Se" interface table (Table 2).

3.3.3.2.2 Digital RF Trawceiver Interfaces.

a. Signal Direction. See interface table (Table 2).

b. Signal Format. The tranimit data interface (IF DRTD) s'.nds one message.
The format of this message, a request for soldier status (CýS), is shown in
Table 3. The receive data interface (IF DRTE) is capable of receiving two
messages. The formats of th,-tr mv•snges, PMC positive acknowledge (PPA)

9
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and PMC soldier status (PSS), are given in Tables 4 and 5.

c. Memory Buffer And Location. The memory buffer necessary for the digital RF
transceiver consists of one 200-byte output buffer, "tpakbuf," and one 50-byte
input buffer, "pkbuL"

d. Transfer Protocol. Serial communication is used in both the transmit and
receive data protocols. To transmit a message, the serial communication
status register, H11SCSR, is polled until the transmitter-ready bit goes high
(1). The character to be transmitted :s then written to the serial communica-
tion data register, H11SCDR. To receive a message, the serial communication
receiver interrupts the processor when a character is received. The interrupt
routine implements a finite state machine to recognize valid packets.

e. Initiation Condition. Tablec. indicates general conditions for the initiation of
all three signals pertaining to the digital RF transceiver interface. The DRTD
interface can send one message, the CSS message. The digital RF transceiver
will broadcast this message to the activated PMC. The DRTE interface
receives two messages, the PPA message and the PSS message. The PPA
message is received after the HHM has activated a selected PMC. This r.mes-
sage verifies the selection and activation. The PSS message is the PMC's
response to a prompt from the HI-IM for information.

f. Priority Level. The receive data and the transmit data sequentially alternate
having the highest priority.

g. Expected Retponse. Table 2 shows the expected responses for all three signals.
The receive data interface (DRTi; IF) is the only interace with timing restric-
tions. The DRTE interface receives and processes characters only when a
message is expected. The maximum response time per chzracter is approxi-
mately 1,130 second which is the time necessary for character transmision at
300 baud. If incoming characters are not responded to in time, then the
receive character buffer will he overrun causing the character to be lost. The
message will need to be retransmitted. This is not fatal unless characters are
lost in every packet.

3.3.3.2.3 Display Interface.

a. Signal Direction. See interface table (Table 2).

b. Signal Format. The display signal is based on digital logic levels.

c. Memory Buffer And Location. The memory butter, variable 'line," consists of
90 bytes. The message strings displayed are stored in PROM. In addition,
the registera DISPLAY and DISPDAT occupy two consecutive memory loca-
tions.

10
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d. Transfer Protocol. Data may be written to either display register, DISPLAY
or DISPDAT To write a byte of data. bit 7 of the register DISPLAY is polled
until it goes high (1). Then the data byte may be written to either register.

e. Initiation Condition. The interface is initiated when the H-M receives an
activate signal, either PMC message (PPA or PSS), or a low battery voltage
message. See interface table (Tab>e 2).

f. Priority Level. This section is not applicable to this interface.

g. Expected Response. See interface table (Tat le 2).

3.3.3.2.4 Activate Switch Interface.

a. Sjnal Direction. See interface table (Table 2).

b. Signal Format. When the activate switch is pressed, a digital input signal is

transmitted to bit 2 cf Port A of the 68HC1 1.

c. Memory Buffer .nd Location. This section is not applicable to this interface.

d. Transfer Protocol. The digital input signal from the activate switch is polled
50 time3 a second by an interrupt routine driven by the real time clock.

e. Initiation Condition. See interface table (Table 2).

f. Priority Level. This section is not applicable to this interface.

g. Expected Rponse. See interface table (Table 2).

3.3.3.2.5 Proximity Transmitter Interface.

a. Signal Direction. See. interface table (Table 2).

b. S'gnal Format. The signal sent by CSCI.2 to the proximity transmitter is the
digitized output from bit 5 of Port A of Ehe 68H1C1 1.

c. Memory Buffer And Location. This section is not applicbe to thi3 interface.

d. Transfer Protocol. To activate the proximity transmitt~r, b:t 5 of port A is

set to high (1) by CSCI.2.

e. Initiation Condition. See interface table (Tab', ý 2).

f. Priority Level. This section is not applirable to this interface.

g Experted Response. See interface table (Tabie 2).

3.3.3.2.8 Real Time Clock Interface.

a. Signal Direction. See interface table (Table 2).

b. Siqaal Format. The signal is an interrupt that is emitted every 20 mid-

lispconds.

c. Mfemory Boiffer And Location. This section jq not applicable to this interfac.e.

II
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d. Transfer Protocol. This section is not applicable to this interface.

e Initiation Condition. See interface table (Table 2).

f. Priority Levcl. This section is not al - .icable to this interface.

g. Ezpected Response. The system's signal causes internal interrupts at 50 Hz.
't zgenerated interrupts are necessary for tae A.D conversions, the battery

vc '.age checks, and the functions which use elapsed time counters and count-

dovn timers. See interface table (Table 2).

3.4 Detailed Functional and Performance Requirements.

3.4.1 Power Up Initialization Function.

3.4.1.1 Inputs. The function has I input which is the power up reset. The reset serves

as a hardware and software initialization. See the table for the power up function input
ITabie 6) for additional information.

3.4.1.2 Proc essin.

1. Intent. This function initializes the 68HC1I microcomputer hardware, the
interrupt vector", and the program variables.

b. Parameters Affected. No parameters are affected by this function.

C. Sequence and Timing. The six independent initialisations in this function are

described as follows. All program variables are assigned values of zero. Tar
routine *Key" turns off the key line to the transmitter as soon as por"ible s'rce

tle initiai hardware power-up causes the transmitter to be k.wyd. Ro,.tiae
".nt-wtup" initializes the interrupt vectors for the interrupt routines OCIVINT,

INTINT. and COPINT. TLe routine also initializes output compare I. and
enable* the timer interrupt. Routine "tty...tup*" has a three folid Furtpose.

The routine "ts the wrial interface for one start bit and eight duta biti
(M1l1'CCRI -: 0). enabh" the trinsnmitttr, receiver, and receiver ntrruptu

i~itl'• "'2 C), and 't ho, ba-id rrg~iter for 300 ramd 111l ltAt'D :

0-%2 3 ' 5routine "arion" tirns on the A,)D tonvert.'r. The LCI) display iA

initiaiized and rleared by tho. routine "init-disp."

i. Error Dbtr1ton and Rerov,,r', This function contains no orror detection and
recowery •'t WarP.

a'. !?'etnctionA, or Lo iatuou No retrictiot -r limitations pfrtxin to this func-

f, ,,iloreston of (SCI ( Pp/orfnarice Requmrenmsenf. S", furctioai bh.-' diagram

lJ'ture 2).
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3.4.1.3 Outputs. The function has !4 initialized outputs. The flag "adflag" is set to 1 to

indicate the A/D converter is enabled and the flag "actflag" is set to 0 to show that no 1
P.MC has yet been activated. The initializing subroutine "pkclear" clears the buffer area
necessary for packet construction. The variables "pin" and "pout" are input and output
.ndex pointers set to the location of the stored packet inforrnation. The user is

the unit is attempting to activate a PMC by the output message sent to -he

.' clsp'ay. T~e o:er S outputs are hardware oriented. The baud rare re .-
illIAL7--D. Is set for a rate of 300 baud. TLe port D direction rcglster. Hi1D1JD D, is

,ni iaf z~d to 2. The A D conver t er, via the HilOPTION register, is powered up. The

iey line, HI1PORTA (bit 4), is set inactive. 3oth the ierial interface register,
`1i1SCCRI, and the outpuit compare I register, H!iTOCI, are nleared. Ard the serial

nterface interrupt, IHISCCR2. and the output compare interrupt, HIITMSKI, are
,nabled. See the table for the power up function output (Table 7) for additional infAr-
Mation.

3.4.2 Vfasn Mn:tor Furnction.

.4.2.1 IInputs. The fun'cion 6as 7 nputs. The varab!e "adval" contains the battery
.'oitage reference. The va-jahie "id" stores the ident~fication code of the PMC with
vhich the HuIM is rommuniciting. The register status indicates whether the expected

,,o t)a-ket ha5 n ece:vrd. The two counters are "dcount". which :s % -en-
'ral cc antr and "etime", which indicates the time elapsed between W.hM-PMC com-
nunications. The flag "actilag" shows whether the PMC has been activated. The struc-

ure (record) opo' contains all of the decoded packet information. See the table for
he train monitor function inpit (Table 4) for additional information.

LI 2.2 Proffs.%ing.

A. Intent. This function monitors the activate button of the H]IN which powers
up a PMC When the button is pr,,,#,,d, the main mor:',r .xpecutel the

activation ,eqijonnr• for the "mC. Once the P\IC is activated, the main moni-
tof r'quet+ and diplayi 'he 1'MC st 1.j every 15 .. cond,. This procrq is

,' r;isd w hen an', d, ,,cr ac' aion request i- rere ;v.d, un reco ,+V't € .e t

Siniatil e'rr',r-'. ,. o ,, r the HIM Is turned off.

4. I'arim?',, .lff',rted. No pararn.torq are affected by this funttim.

e ,,ri$,t, ,nd Timi,nq. Tl~e function is a continuous 'oop which checks t.e
MI{NI artivat, buteon. Prrvqinr the buitto.n activate's the PMC and the evah.ia-
t.oon ,lquertre i% brilIn. The ,,quance, which is receated every lVi .econds,
ront;itt of rt-iestinef PJff' statuq information and 1i1playint the reqltltq on

Or 1HI 4M ýr-, thr *,,n rj',,r; ',,r isio chart (V 'ig rr 3) for addiimrail de! il

Iii
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d. Error Detection and Recovery. If errors are detected while trying to activate
the PMC or attempting to receive the PMC status then the following pro-

cedure is performed. The attempt is retried up to 10 times. The time delay

between retries varies as the delay depends on the retry number. If after 10

:ties the communica-.on is unsuccessful, then all attempts cease. It is up to

-- e user to try again.

e. Restrictions or L:mltations. No restrictions or limitations pertain to this func-
tion.

f. A•'ocation of CSCI Performance Requirements. See function block diagram

(F':gure 2).

3.4.2.3 Outputs. The function has 6 outputs. The variable "retries" stores the number

of attempts which have been made to establish a communication channel between the

HMH! and the selected PMC. The variiable 'Id" contains the PMC's identification code.

T.he two counters input to the function, "etime" and dcount" are updated and passed

on to the time keeping function. The flag, "actflag," shows the activation status. Mes-

sages are transmitted to the LCD display from this function to keep the user informed

of .te communication status. See the tabie for the main monitor function output (Table

9) .or additional information.

3. i.. Clock Interrupt Function.

3.41.3.1 Time Keeping Function.

3.1.3.1.1 Inputs. The function has I inputs. The clod'k interrupt provides for accurate

t::ne ke.npig. The general -oonter "dcount" is used to time delays while the counter
"" s .Pd to measure elapsed communication time. And the flag "actflag" i-ndi-

1a'4)3 if a JIMC has been artivated. -See the table for the time keeping function input

(Table 10) for additional inzormatior.

"3. 3.1 2 P'roteAA,,.g

a, Iten?. The funct'on prov~id, a rrzii.xr interrupt at a frequ'ncy of AI HzI for
various time keepir.g functions.

b. Parameter, .tffrried. The o,;tput rompare I register of the AlIC1 1 is con-
.inuously updated to pwrmlt an interrupt to tw.cur every 20 mi'eonds.

S. $equence snd Tnming. Initially, the first timer interrupt flag register is cleared

by wriil'v ON90 to the IIIITYLGI rzrioter, Then the H1ITOCI relgister iq
,ncr.rrmented by 0x9r4O tip crtato an intertiipt at the end of 20 milliseconds.

T!,4, romptiter operating properly timeou' interrupts are prevented by "sign-

int Ink vhl, Nx., k7 and (hOa to the II11COPHST regititer. the coriter
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variable "clkO0" is incremented. If the variable reaches a value of 50, then the

counter is reset. The down counter "dcount" is decremented by one if the

counter has a value greater than zero. The counter variabie "etime" is incre-

mented at one seconc intervals.

d. Error Detection and Recotery. This func:on contain3 no error detection and

recovery software

e. Rs'trictons or Limitatiorns 'o e:I,-o::.s 5 :tatwor.s per!'azn o ,:hs func-

tion.

f. Allocation of CSCI Performance Requirements. See function block diagram

(Figure 2).

3.4.3.1.3 Output;. This function has 3 counters, 1 flag and 3 hardware oriented outputs.

The counters are "dcount," "pcount" and "etime" which are the two general counters

and the eiapsec time counter, respectively. The flag "actflag" indicates if a PMC has

been activated. The register HIITFLGI clears the interrupt flag. The register

HhITOCI Is loaded to provide an interrupt rate of 50 Hs and HI11COPRST is set to
reject COP timer interrupts. See the table for the time keeping function output (Tabe

11) for additional information.

3.4.3.2 A I) Converszon Function.

3.4.3.2.1 Input8. The funct;on has 3 inputs. The flag which enables the A D conver-

sions is "adflag." The A D ronversion status byte is stored in the register II IADCTL.

And the register HIJADR3 contains the battery voltai-. Sqe the table for the A/D

ronv',rsion function input (Tab:e 12) f,: additional info.rmnation.

3.4.3.2.2 Processing.

a. Intent. Thili function performrs the A 1) convernion of the data from the vol-

tage reference.

b 1 iramreters Affected. No parameteri -re ffrr'rd by this function.

r. ",,A,,a, n ,'nd Timrnq TL• A ) D) cnvr'rnop rat. iM A IN:. The converv.:,n

.~',r, by %rtting the. If II %l)DT. register ,,r -i. msCit I to O (h which !ew:,

I of this ,.giater N) 1. A roVermion ik complete when bit 7 of the regiiter
•;,'•high (1). F'oilowing th,, onv-,r~ion, the" % 1) value ii stor-'d in the vari-

able "advl."

d. Error Pv1t`ctton ,nd Recoveryr. Ttis function contains no error detection atd

rerovery ,oftware,.

P. RI,,trgetons or tirniaoi, No rr'triction or 'irnitationq. pertain to this runc-
tIO fl.
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f. Allocation of CSCI Performance Requirements. See function block diagram

(Figure 2).

3.4.3.2.3 Outputs. The function has 2 outputs. The variable "adval* contains the vol-
tage reference. The register H11ADCTL is used to trigger the AiD converter. See the
table for the A D conversion function output (Table 13) for additional information.

3.4.4 Serial Receive Interrupt Function.

3.4.4.1 Packet Construct Function.

3.4.4.1.1 In.xtj. The funct )n has 7 inputs. The variables "pin" and "pout" are input

Lnd output index pointers used in storing packet information. The variable "pcounD' is

i -general timer used for delays. The initializing subroutine "pkclear" clears the buffer

Lrea necessary for packet construction. The serial receiver interrupt indicates the signal

-eception or a character by the digital RF transceiver (DRT). The register H11SCSR

tores ,he status byte from the serial receiver. And the register HIISCDR contains the

eceived character. See the table for the packet construction function input (Table 14) r

or additional information.

-.4.4.1.2 Processing.

a. Intent. This function accepts input characters from the serial interface and

at'impts to construct a legal packet from the characters.

b. Parameters Affected. No parameters are affected by this function.

r. Sequence and Timing. Packet construction is accomplished b- a finite state

machine. Figure 4 shows the necessary flow with the variable "rstate" holding

the current state of the machine.

d. Error Defection and Recovery. An error routine checks the validity of the

transmitted packet. The routine surm the characters in the packet to get an 3

bit bhecksum. Theo the last two characters in the packet, which are a hex

ASCII repro-wrntation of the rheck.sum, are decr!od. The two checksums are

ror..pared and if they are not equal thrn an orror occurred during paci-.-t

transmission. An error result.s in the packet beirig discarded and a new •ackel

being constructed.

P. Restriction. or Lsmitation.. No restrictions or limilttions pertain to this func-

tion.

f. Allocation of CSCI Per/ormance Requirenente. Se9 function block diagramn
(Figure 2).

4.4.1.3 O-utputs.. This function has 5 outputi.t The a.rray "pkhir' contains packet
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information. The flag "status" indicates whether the packet transmission was successful.

The variables "pin" and "pout" are input and output index pointers used in storing

packet information. The variable "pkpt" indicates which packet is to be processed. See

the table for the packet constru,ictioon unCtion OUtpLt (Table 15) for additional informa-

tion.

3.4.4.2 Input Packet Process:nL P'unctwon.

3.4.4.2.1 Inputs. This function requires 4 input. The array "pkbuf' is a buffer for

packet storage. The variables "pin" and "pout" a.e input and output index pointers

used in storing packet information. The variable "pkp" indicates which packet is to be

processed. See the table for the input packet processing function input (Table !6) for

additional information.

3.4.4.2.2 Processing.

a. In4,e,;.. This function decodes valid packets to determine if they are the type

expected.

b. Parameters Affected. >.o parameters are affected by this function.

c. Sequence and Timing. The packet address is decoded and stored in the struc-

ture (record) "dpb." A check is mad to verify the packet received is the type

expec-ed. Packet decoding continues if the packet is of type PSS and the

sequence number, off-wrist flag, hear*t rate., motion flag and battery voltage are

stored in "dpb."

d. Error Detection and Recovery. If the. packet received is not the correct type

or has the wrong addrss, the pa-ket "s ignored.

e. Restrictions or Limitation.L. .N rstrictions or limitations pertain to this func-

tion.

f. Allocation of CSCI Performance Requirements. See function block diagram

(Figure 2).

3.A.42.3 Outputs Th04 runrtlon hasr only I output. The output is tho, structure

(record) "dpb" which containq aV! of the decoded packet information. See the table for

the input packet prore"ssing function output (Table 17) for additional information.

3.4,5 Display Function.

3.4.5.1 Inputs. The function has 3 npufi. The diqplAy starus iq ',.r•d in the revster

I)ISPLAI0 Tho, mremage to b. ,tiplayd Is located jr the array "s." And "!ineno" is the

variable indicating the line nu:ber of the di•piay. S" the table for the djp!ay func-

tion input (Table 1 9') o. a,!,ditiot -, ii;:Qr',r ation.

I1I
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3.4.5.2 Processing.

a. Intent. The function implements the LCD panel to display text messages for

the user.

b. Parameters Affected. No para.-,rters are affec:d by this function.

c. Sequence and Timing. Chara,. ers comprising the message are sent one at a.
time.

d. Error Detection aH4 Recovery. This funncicn tontair's ao error detection and
recovwry software.

e. Restricqion. or Limitations. The display is limited to 2 lines of 16 characters

f. Allocation of CSCI Perforr, tnce Requirements. See function block diagram
(Figure 2).

1.4.5.3 ~u/puts. The :unctior has 2 outputs. The register DISPLAY storm the display
itatus and the regisier DISPDAT contains the display data. See tac tab'e fo: the
lspllay finction output (Tatie 19) for additional information.

?.4.6 Tranrs',nt Function.

.4.6.1 lnput;. Th-i fvnct:on 2as 4 iuputs. The variable "dict t" is used as a t'mer for
unction deiay. The vwriable "Id" coutairns the identf'.cation code of the selected FMC.

"Vhe numrnr of ,,ttemptei retries is recorded in the variable "r.' And the r,.gister
IAlSCSR stort toe status byte from "he serial receiver. See the table for the transmit

unction input (7abi :0'1 for addit,oaa information.

.4.6.2 Procuesing.

a. Intent. T!,is runction enrods and transmits valid packets to PMCs.

b. Pa,2',cters Affectod. No rparamneters are affected by this function.

C. Se,, ;e' .e and Timing. The wquence necscary to build and transmit a valid

parx,-. .- as fotlows. The packet characters are encoded and stored in the
bufftr 'tpakbuf." The rout-ne od•-sms" adds the packet header ('A), the

PMC.3), and the id end marker (:) to the existing packet characters. The
entire string is storod in the buffer "tpakbtzf. Then the routine "sendpak" cal-
culates and encodes the packet', 8 bit checksum which is added to the pocket
along with a line feed and carriage return. Ncet the packet is built the
fransmitter is keyod. Following a plr-od of 200 mwc to altow the PMC

riet iver to *tabilize, the packet is sent. The trinsmit key line is then turned
off.

t
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d. Error Detection and Recovery. This function contains no error detection and
recovery software.

e. Restrictionrs or Limitationrs. The transmitter must be keyed for 200 msec
before data are sent to give the modern in tLe receiver the time necessary to
decode valid data.

f. Aiiocation of CSCI Ptrformance Requ:,e nn:;. See functioa block diagram
(Figure 2).

3.4.8.3 OutputJ. This function has 3 outputs. The irray "tpakburf contains processed
information to be displayed. The register H11SCDR contains the received cbaracters
and the register H11PORTA (bit 4) contrcls the radio power key line. See the table for
the transmit function output (Table 21) for additional information.

3.5 Adaptation Requirements.

3.5.1 System Environment. This section is not applicable to this specification.

3.5.2 System Parameters. This wetioa Ls not applicable to this specification.

3.5.3 System Capacities. This section is -ot applicable to this specification.

3.6 Quality Factors.

3.6.1 Correctness Requirements. The HtLM CSCI is considered to be 10'cZ correct.

2.6.2 Reliabil-ty Requirements. The software hs been developed to consistently pro-
vide meaningful results regardless of the input signal.

3.6.3 Efficiency Requirements. The CSCI u.". the computer re3ources in a manner
which acc(,mpiishP-s status cycle evaluation and reporting in less than IS "econds.

3.8.4 inteqrity Requirements. No contro: aainst unauthorized a:c,'•.s to operations ana
data zxi..ts in this CSCI.

3.6.5 Uvabilhty R.quirements. The CSCI dmiagn assures the 1111M is as simple to us as
possible. Once the MtWi unit is acti-ated, the CSCI p-oviden all necp--ary operation
instru•tions con tha- LCD display.

3.6.8 Maintainability Requirement., Tbe maximum effort nece.sary to locate &.,A fix an
error should not exceed 2 human work wee.ks.

19
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3.6.7 Testability Requirements. Testing of the CSCI should range from 1 day to 1
week depending on the data set selected. Sections of the CSCI are difficult to indepen-
dentiy test due to their close relationship to the hardware.

3.8.8 Flexibility Requirements. .inimal time will be required for enhancements due to
- ne moduiar nature of the HEM CSCI.

3.6.9 Portability Requirements. The software is portable due to the facts it is primarily
written in C and *t is modular. However, since the software has been developed for a
particular microprocessor with buift-in interfaces, compltcations may result when
attempting to re-port the software.

3.6.10 Reusability Requirements. The HEM CSCI will be reusable in other applications
with minimal effort since the software is written in the high level language C and is
modular.

3.6.11 Interoperabihty Requirements. The CSCI is not compatible with any existing sys-
terns except for the personal monitor communicator (PMC) and the prototype mul-
tirnonitor.

3.5,12 Additional Quality Factor i.equirements. This section is not applicable to this
3pecification.

3.7 CSCI Support.

3.7.1 Facilty Requirements. Laboratory workspace suitable for the equipment and per-
ionnel ,istcd below ii necessary. The workspace will need to have standard 120 volt AC
power. temperature control for the room, a computer table, and a workbench

3.7.2 Equipment Requirements. Te following equipment is necessaryt

a. IBM PC cotnpatýble cormputer with a serial port to talk to the emulator
ýr-comMPnId 2 396 system with a hard disk drive)

b. Motorola IIDS-300 Development System with a 68t1CII emulator pod

Wirv-wrap prototype of PMC and IUM hardware with a digital to analog

converter for debAgKing and testing software during development

d. 100 MHz bandwidth o'milloscopo to monitor software functlons

P. Five volt DC power vipply for prototype circuit

f. PROM programmer Vt attach to the IBM PC compatible computer for pro-

(ramming 27C$4 and "27C256 EPROMS

20
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7.3 Software Requirements. The foilowing software is necessary:

a. INTROL-C/68HCll C cross compiler for the Motorola 68HCI1 microprocessor
which runs on the IBM PC compatible computer

b. MS-DOS for the IBM PC compatible computer

c. Text editor

d. Copies of the PMC and tf1M source code

e. File transfer program for PC to HDS-300 communication

f. C compiler for the IBM PC compatible computer Lo compile and test the
software described in item 8 (above)

7.4 Personnel Requirements. The personnel maintaining and developing the PMC
d FIDti software need knowledge in the following areas:

a. C programming

b. stand-alone microprocessor programming (MC68HC11 in particular)

c. real time prograrmning (interrupt handling, etc.)

3 Tra'eabdity. This section is not applicable to this specification.

QUALIFICATION REQUIREMENTS

I General Qualification Requirements. Testing of the CSCI on an independent basis
s no, been performed. See documentation concerning testing in the Interface
.uirement Specification (A006).

I Special QuahfiCation Requtrements. This section is not applicable to this
ecification.

PREPARATION FOR DELIVERY

I Preparation for Delivery. The CSCI softwar. will be delivered in object .cde form
an EPROM socketed into the IUM unit. A hardcopy of the source code can be

und in the appendix which accompanies this documertation.

NOTES

I Acronyma See acronym qtimmry table (Table 22).

21
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TABLE 2. Interface summry.

INTERFACE INFORMATION INITIATION EXPECTED
NAŽVE DESCRIPTION CONDITION RESPONSE

VRFB Analog reference HHM Check A/D
voltage activated voltage reference
HWCI 12-to-CSCI 2

DRTD Transmit data HHM sending Data packet
serial communication data packet sent by RF
CSCI 2-H•-WCI 13 transceiver

DRTE Receive data DRT receiving Data packet
serial communication data packet. processed
HWCI 13-to-CSCI 2

DRTF Digital RF HuM DRT
transceiver power activated activated
CSCI 2-to-HWVCI 13

DISP I-1IM display UH-M receives Display
CSCI 2-to-HWCI 7 activate or message
HWCI 7-to-CSCI 2 message

ACTS Activate Activate switch Activates
system pressed HELM
HWCI &-to-CSCI 2 !

PTRM Proximity data HKM Proximity receiver
CSCI 2-to-HWCI 9 activated activatcd

RTCB Real time HM2A powered up Internal interrupt.
clock interrupt or PMC activated at 50 HZ
_ _, HVCI 10-to-CSCI 2

27
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TABLE 3. Request for soldier status (CSS) format.

DATA LENGTH DATA TYPE CONTENT DESCRIPTION

2 bytes ASCII -A packet beader

I to 5 bytes ASCII to 5 digits PMC id number

1 byte ASCII . : id end marker

3 bytes ASCII CSS packet type_

1 byte* ASCII ..... space (blank)

1 byte* ASCII I signals CSCI I response

2 bytes ASCII hex digits packet checksum

2 bytes ASCII LfCr . packet trailer

optional

28
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TABLE 4. PMC positive acknowledge (PPA) format.

DATA LENGTH DATA TYPE I CONTENT DESCRIPTION

2 bytes ASCII -A packet header

1 to 5 bytes ASCII 1 to 5 digits PMC id number

I byte ASCII : _ id end marker

3 bytes ASCII PPA packet type

2 bytes ASCII hex digits packet checksum

2 bytes ASCII LfCr packet trailer _,

(
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TABLE 5. PMC soldier status (PSS) format.

DATA LENGTH DATA TYPE CONTENT DESCRITION

2 bytes ASCII -A packet header

1 to 5 bytes ASCII 1 to 5 digits PMC id number

1 byte ASCII id end marker

3 bytes ASCII PSS packet type

1 byte ASCII space (blank)

"I to 5 bytes ASCII 1 to 5 digits evaluation count

1 byte ASS CII ...... space (blank)

1 to 3 bytes ASCII 1 to 3 digits off-wrist level

1 byte ASCII space (blank)

2 to 3 bytes ASCII 2 to 3 digits heart rate

11 byte AJCII _ space (blank)

I to 4 bytes ASCII I to 4 digits motion count

I byte ASCII space (blank)

I to 3 bytes ASCII I to 3 digits AiD reference level

1 byte ASCII space (blank)

2 bytes It.A,_SCII LfCr packet trailer
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TABLE 8. Function power up initialization input.

ITEM DESCRIPTION UNITS O FREQUENCY . LEGALITY SOURCE

_ _ _NfEASURE i OF AjPIV , CIHECK

1 Power up N/A Once when N/A CSCI 2

reset device is
_ _ _ turned on
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TABLE 7. Function power up initialization output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION MEASURE OF DEPARTURE CHECK TION

1 A/D conversion N/A N/A N/A Function
enable flag A/D
(ad•ag).. Conversion

2 Activatt N/A N/A N/A Function
flag Main
(actfiag) Monitor or

Time
S... ... Keepfing ,

3 Buffer input N/A N/A N/A Function

index Power Up
S1~(,p in ) .. . . . ... . .. . . . .

4 Buffer output N/A N/A NiA Function
index Power Up
(pout)

S Initialization N/A N/A N/A Function
subroutine Power Up
(pkclear)... ....

6 Display N/A N/A N/A Function

operating Display
instructions

7 Baud rate N/A N/A N/A WVCI 6
register

___ ____ (H I I BAUD) . ..... .......

8 Port D N/A N/A N/A HWCI 8
direction

register
(111lDDRD) ... ...... .
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TABLE 7, continued
Function power up initiatization output.

ITEMI DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-

TION _EASURE OF DEPARTURE CHECK TION----- 4- , - .....
9 Ai'D N/A N.A N/A HWCI 3

conversion
(H11OPTION) ,

10 Key line N/A N A N/A HWCI 6

(HIIPORTA
bit 4) 1

11 Serial i N A N,'A HWC'16
interface
register 1
,Iii,.SCCR1)

12 Serial NýA - N A N,,A 1\VCI 6
interface
interrupt.

(H11SCCR2 _

13 Output N'A N A N,'. tIVCI 11
compare I

interrupt
(III IT.IMSK1) _

14 Output N, A N A N iA IWCI 11
compare I

regI_ ter
.. . . P (t IITOCI)'
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TABLE 8. Function main monitor input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE
_ _ _ EASURE OF ARRIVAL CHECK

1 Battery N/A 50 Hz No Function
voltage A/D
reference Conversion

I__ (adval)

2 PMC N/A N/A N/A Function
identification Input
(id) Packet

__........_ Processing

3 Receive N/A N/A Yes F unction
packet Packet
status Construction

_ _ _ (status)

4 General 1/50 N/A No Function
counter Sec,;nd3 Time

,(dcount) _ ___Keeping

5 Elapsed Stcondi I/Second No Function
time I Time

counter j Keeping(crime)
Activate N/A N/A N/A Function
flag rower Up or
(a-t~flag) Time

_ _ ........... .... . .. .... ...... ... .. _ _ _ _ _ _ K ee p in g

7 Decoded N/A iN/A N/A Function
packet Input
buffer Packet

(dpb) - Processing
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TABLE 9. Function main mont~o)- output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
TION MEASURE OF DEPARTURE CHECK TION

1 Retry I N/A N/A N/A Function

number Transmit
I (

2 PMC N/A N/A N/A Function
;dentification Transmit

3 Elapsed Seconds N/A N/A Function
time Time
counter Keeping
_etime) I _

4 General 1 50 N, A N Function
timer Seconds Time

(dcount) K Keeping

5 Activate N/A NA N/A Function
flag Time
(3ctflae) Keeping

MFunction

for Display

. .dsplay
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TABLE 10. Function time keeping input.

ITEM DESCRIPTION U OITS OF FREQUENCY LEGALITY SOURCE
,MEASURE OF ARRIVAL I CHECK

SClock N!A !5o HI N/A {WCI1 Ointerrupt

2 1 General 1/50 N/A Yes Function
I countr Seconds Main

(dcount,) M__onitor

3 Elapsed I Seconds N/A Yes CSCI 2
time
counter

_____I (etrnme) ____________

4 Activate VNA N/ N/A Function

tflag I I Power Up
(actflag) I 1aor' 1'Main
• _ ______ _ _ _... ._ _'Monitor
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TABLE 11. Function time keeping output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY DESTINA-
7"!T ON MEASURE OF DEP-kRTL'RE CHECK TION J

1 t General 1,50 NjA N/ A Function
counter Seconds Main

(dcoint) _, Monitor

2 General 1/50 IN.'A NA F unction
counter Seconds P acket

i (pcount) Construction

3 Elapsed Sec-nds 'N/A N/A Function

itime Main
i counter Monitor

ý(etiine)

4 Acti'-ate NA N A N A Function

_ (ag IMain
______________ Monitor

5 Interrupt NA NA NA ;VCI 10

i 'ftlr.irp NA NA NA HWCI I0

F ran-r . ! N N\ A., j;VCi io
xit~rrupt

_ _ Il CO _:-T
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TABLE 12. Function A/D conversion input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALIT1Y SOURCE
MEASURE OF ARRIVAL CHECK

1 A./D conversion N/A N/A N/A Function
enable flag Power Up
(adflag)

2 A/D conversion N/A N/A N/A HWCI 12
status byte
(H1lADCTL)

3 Battery N/A 25 Hz No HWCI 12
voltage
(H11ADR3)
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TABLE 13. Function AID conversion output.

ITEM DESCRIP- UNITS OF FREQUENCY LEGALITY f DESTINA-
TION MEASURE OF DEPARTURE CHECK TION

1 Batte-y N/A N/A No Function
voltage Main
(adval) .... .. . ... ... M onitor

2 A/D i N/A N/A N/A HWCI 12
conversion

control byte

(Hl1ADCTL) _ _........

39
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TABLE 14. Function packet construction input.

ITEM DESCRIPTION UNITS OF FREQUENCY LEGALITY SOURCE

-__.....__MEASURE OF ARRIVAL CHECK

Buffer input N/A N/A N/A Function
index Power Up(pin)

2 Buffer output N/A N/A N/A Function
index Power Up
(pout)

3 General 1/50 N/A N/A Function
timer Seconds Time
(pcount) Keeping

4 Initialization N/A N/A No Function
subroutine Power Up

(pkclear)

$ Serial receiver N/A N/A N/A IA"' C* 13
_ interrupt

8 Seria! receiver N/A N/A N/A HWCI 13status byte

S(H11SCSR)

7 Character N/A N/A N/A HWCI 13
register

, (H11SCDR)
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TABLE 15. Function packet construction output.

ITEM DESCR RL--- UNITS OF FREQUENCY LEGALITY DESTINA-
-TIO'-I ME•ASURE OF DEF.ARTUI:E CHECK TO

1 Packet N/A N/A Yes Function

storage Input
(pkbuf). Packet

Processing

2 Receive N/A N/A N/A Function

packet Main

status Monitor

(status)

3 Buffer input N/A N/A N/A Function

index Input

(pin) Packet
Processing

4 Buffer output N/A N/A N/A Function

index Input
(pout) Packet

_I _Processing

5 Packet buffer N/A NiA Yes Function

index Input
(pkpt) Packet

Processing

,'Ii
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TABLE 16. Function input packet processing input.

ITEM DESCRIPTIO.N UNITS OF FXEQUENCY LEGALITY SOURCE
____ ...._.._. MEASURE OF ARRIVAL CHECK

1 Packet storage N/A N/A N/A Function
buffer Packet
(pkbuf) ...... Construct___ _

2 Buffer input. N/A N/A N/A Function

inclex Packet
I (pin) Construction

3 Buffer output N/A N/A N/A Function
index Packet
(pout) Construction

4 !1-acket buffer N/A N/A N/A Function
index Packet

,(pkpt) ___ Construction
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TABLE 17. Function input packet processing output.

ITEM DESCRIP- UNITS OF' FREQUENCY LEGALITY DESTINA-

TION MEASURE OF DEPARTURE CHECK TION

1 Decoded N/A N/A N/A Function

packet Main

buffer Monitor or

(dpb) Display

43
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TABLE 18. Function display input.

I ITEM DESCRIPTION A RUNITS OF FREQUENCY LEGALITY SOURCE
_________ EASLURE OF ARRIVAL CHECK ____

Display N/A N/A N/A I-HWV CI 7

status
register

(DISPLAY)

2 Message IN/A N/A N/A Function
(s) 1Power Up or

Main
Monitor or

Input
Packet
Processing

3 Display N/A N/A N I/A Function

line Power Up or
number Main

(lineno) Monitor or{ Input
I I Packet

....... ....._ _ _ . .... .. _ _P rocessing

4 Decoded i-/A N/A N/A Function
packet input

buffer Packet

(dpb) Processing
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TABLE 19. Function display output.

ITEM DESCRIP- U:NITS OF FREQTUF.NCY LEGALITY I DESTINA-

_ TION I MvEASURE OF DEPARTURE CHECK i TION

1 Display N/A N/'A N/A HWCI 7

status
register

(DISPLAY)

2 Display N/A N/A N/A HWCI 7

data
register
(DISDAT)

.45
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TABLE 20. Function transmit input.

ITEM I DESCRIPTION IUNITS OF jFRE,-QUENCY LEGA.LITY SOURCE 1

_ WMEASLMRE OF ARRIVAL CHECK

1 General 1/iO N/A N/A Function
timer Seconds Time

(dcount) Keeping

2 PMC N/A N/AI N/A Function
identification Main

(id) Monitor

3 Retry N/A N/A N/A Function
number Main

,__ _ ,__,Monitor

Serial N!A ",NkAN/A HWCI 13

receiver
status j
byte

_(HllSCSR) __ _ _ _
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TABLE 21. Function transmit output.

ITEM DESCRIP- UNITS Ori FREQUENCY LEGALITY DESTINA-

TION MNEASULRE OF DEPARTURE. CHECK TION

1 Transmit N/A N/A Yes HWCI 13
packet,
(tpakbuo)

2 Transmit N/A N/A Yes HWCI 13
packet

, HIISCDr,)

3 Trrnsnuil N/A N/A N/A HWCI 13
key line
(HIIPGRTA
bit 4)
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TABLE 22. Acronym summary.

ACRON-Y.%f 1 MEANING

ACT Activate switch

ACTA I Act-vate switch to CSCI 2 interface

CSS I Request for soldier status

DIS Display,

DISA Display/CSCI2 interface

DRT Digital RF transceiver

DRTD CSCI 2 to DRT interface

DRTE DRT to CSCI 2 interface

DRTF CSCI 2 to DRT interface

HIHi Hand held monitor

PMC i Personal monitor coTumunicator

PPA PMC positive acknowledge

PTR Proximity transmitter

PTRA 1 CSCI 2 to PTR interface

PSS PMC soldier status

RTC Real time clock

RTCB RTC to CSCI 2 interface

VRF Voltage Reference

VRFB VRF to CSCI 2 interface
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APPE.NDLX 1.

10. qHNM -;OURCE CODE

HIMprogram 5

*written by Jim Jones, George Graber

Purdue Un~iversity

*define HI-IMD 4 IBT HM number.should be unique

#inclIude <stilio.h>

* include < h IIrtg. h>

*i.--hdt <b-nec.h>

#include <terminal-h>

* AýScil conistants e11

::deinn LF' 10

ndefine CR 13

itdefine %LAXRETRIES 10 maXimumn number of retries

adefine EVALTLME 15 *time for PMC t" complete in evaluation*

irde~n. ??A 1I packet typo's

tsdefint PSS 2

zsý'e6ne PBI:FSIZE' R i nput packet buffor lstr

iv defne PMASK 0xO7

#~defins, PASSIVE' 0 ,'HIM mnonito.r mod. /
* define ACTFIVE I

:e trii-ture used to set iip sorixtl n~f.

utr'2ct ioctl ottyb;

rhar dk.5O; /* A0 HZ coeunt.? for real time rlork!

int dcount; / H0lZ down cotinter f',r Xvneral purpmos timing,

fnt pcount,

4"11 otime; / 10 IlZ olapoed tims. Counter

chat tpakbu(2(s'001 /* hulffr to eonotrijet packoto tof trarsin.asion1

char rpakput'10O';
chit phbufIIVP'SIZE *2'100: ý* htiler 1,) stors incoming psirket.

Strile I. hublff'? te, It'ro (d*odd packets ",
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char pittype;

int pk-id;
int pk-seq;

int pLhr;

iat pk-offw;

tat pk-batt;

mnt pk-mot;
}dpbiBCFSIZE-i-2':

int pin.pout; /0 input and output indexes for packet buffer 1/

char *pakptr; / pointer to receive packet buffer /
int rstate; /* state of receive packet finite satate machine /
int chksum; /a check sum calculated on received packets '1

iat rchksuaw; check sum included in received packets "/

char liveI80; /* buffer for display messages /

"/ soldier status valaes returned from a PMC /
int evnum; / evaluation number */

tat offw; '1. PMC off wrist lag /

int hrate; /' heart rate *0!

int batt; /" batte,-y voltage /

int mocount; i motion counter e,

,nt id; ' PMC 1D )

char acc•ag; /" ACTIVATE Pushbutton flag "/

int adflag; /* enable A/D conversion lag /
in& adval: h 0 value from A/D conversion

tat retries; / number or reties for communication /
in& restart; /" flago for main monitor loop

tat done;
int mode; n monitor moJe (ACTIVE or PASSIVE ) 0/

/* routine declarations /
void intstupo;

-mod2. void OCIENT);

-mod2- void INTUNTO;

-mod2- void SCIINT);

main(){

/* turs rf transmitter of*

key (0);

pin S, pout ,- 0;
pkcl•,rf);
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,'set tip interrupts

;nL-setupOl;

set up serial port

11*initialize LCD display

ink-disp();

11*Power up mnessage

messAge(o" Hand Held");

meuOke, I, Monitor (HEM)")f;

sleep(');

IIturn o'% .4,1) zort--!ter

adonl);

* main monitor loop.

whilej I

* ACT'~ATEbutton prt-ssed'

".do-ACTIVE;
WhIle(actflaft ~--i-0

writsi - 0,

ttim* 0;

rtvutaft =0D;

if(dpb~pout.~ pk~d p PPA

/ kuuad PPA parkot

iT(,b'iphOut .Pkitvtp.
j'* loiaad PSS pa.ck-t
r*IcArt -1,

'display status r,4&til,

pout -~(pout I \A
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if(actflag)break;
if(restart){

mode PASSIVE;

else{
retries -0;

done =0-

do(
sprintf(Iine,"P.MC Query )

message(O,"Attempting PMC");
message(1 ,"Communication");

etime=
do{

while(pout != pin)(
if(dpbfpoutl.pk.Jd == id){

if(dpbfpoutl.pk-type ==PPA){
mode =PASSIVE;

done =1;

.*(dpb~pout].pk-type ==~ PSS){

done = 1;
dopss(pout);

pout =(pout + 1) & PMASK;

)while(etime <. rtiinelretries) && !dono & !actflag);
retries++;

lwhile(retries < MvAXRETRIES !& done && !actflag);
if(idone){

message(O," Lost"');
message(0,"Cornmunication");
sleep(2);
instructO;
break;

if(mode ==PASSIVE)3leep(2);

/* check hism battery '
if(adval >= 68){

sloee()
sprintf(line,'Low HUM Battery");
message(l1,line);
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/*attempt to active a PMC s

activateff(

retries = 0;

j* display activate message ~

message(O, line);

message(1,'PMC Activation");

do(

/* clear packet buffer/

pout =pin;

pkclearo;

/* pulse proximity transmitter *

proxol;

id = 0;
/* check for PMC response

etime =0;

doj

i!(pout I= pin)(

if(dpb~pouti.pkLtyp. PPA){

id =dpb~pou,'.pk-id;

pout =(pout -- 1) A PMASK;

kwhile(etime < rtime(retries) && id == 0);

retries'---;
~while(id 0 && retries -- NtAXRET RIS);

actflag =0;

/* if id == 0 then activation was unsucessful '
it(id =- )

message (0,"ERRO0R- Repeat");
mesaage(1,"Activate Steps");

sleep(2);

instruc to;

/else PMC was activated .

else (

actflag -0;
sprintf(line,'PMC ACTTVATED",id);

message(0,line);

message(l ,");
dcount -25:

while(dcourit);

53
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}

/* output operating instructions to the display */

instructo{
sprintf(line,'aPut H-ILV Near PMC");

message(Oline);

sprintf(line,"Prew ACTIVATE");

message(1,line);

/' calculate a variable retry time based on retry number /
rtime(r)int r;(

int i;

int rt;

switch(r){

case 1:

case 8:

rt = 0;

break;

case 2:

case 7:
i = clkSO;

rt = 8 * i;

break;

case 3:

case 8:

rt = (H-41D & 7) * 50;
break;

case 4:

Case 9:

rt = (adva & & 7) * 50;

break;

case 5:

case 10:

rt = id * 50;

break;

default:

rt = 100;

break;

return(rt+100);

/* pause for i seconds

sleep(i)int i;(

etime - 0;

while(etime < MO);
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/'activate proximity transm~tter

proxO{

HIIPORTA J= Ox20;

dcount =5;

whilefldcount);

HIlPORTA &= Oxdf;

/*process and display results of PSS packet a

dopss(pkpt)int pkpt;(

evnum = dpb[pkptl.pL.,q;

offw = dpb[pkptl.pk-offw;

hrate =dpbrpkptI,.p~hr;

mocount =dpbfpkptl.pk-mot;

batt = dpb~pkpt].pk-batt;

message (1,-');
if(offw > 190)f

sprintf(line,'Check Wrist");

message(0,line);

sprint f Ii ne,"Strap");

message ( 1 ,ine);

if(hrate >= 50)(
sprintt(line,"Heart Rate ý-3d",hrate);

rnessage(0,line);

else if(hrate < 50 && hrate > 0 && mocount 0)(
sprintf(line,"Heart Rate %'3d",hrate);

message (Ojline);

spriratt(line,"Heart Rate )

mDessage (0,line);

mnessage ( Ijine);

sprintr(flne,**Low PMC BaLtery");



A005

message(l,line);

return(');

I' transmit CSS packet/
docss(ici,r) int id,r;(

char *p;
if(mode == ASSIVE){

if(r > 5)mode = ACTIVE;

I
if(mode -= ACTIVE){

p = &tpakbuf[01;
if(r)sprint((p,"A?-d:CSS I",id);
else sprintf(p,"A%d:CSS",id);
sendpak(p);

/* send a packet through the radio transmitter .

sendpak(pk) char 'pk;{
int i;
char *p;
p = pk;
for(i = 0; *p; p++)i = i -r;

1 i. & Off;,
*p =(i»> 4) + '0;

if(*p > '9')*p = *p + 7;

Sp = (i & Oxf) + '0';

if(*; > 19')p = *p + 7;

*p =LF;

Op =CR;

Op= 0;

key(l);
dcount - 10;
while(dcount);
p -pk;,);
pkpttc('
pk putc( 'X');
while(*P)(

pkputc(*p);

P++6
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pkputc(CR);

pkput~c(CR);

key(O);

j' output a character to the radio
pkputc(c) char c;f

while((!-I SCSR & 0-A83) 0);

HIISCDR ý-c;

/ * get a character from the radio

pkgetco{

whiie((IiI 1SCSR & Ox20) = 0);

return(Hi ISCDR);

/* clear the packet buffer ,

pkelearo{

pakptr =pkbuf'pini;

chksum =0;

rotate = 0;

/' SCIINT is entered when a character is received

I' SCIINT constructs packets as they are received

-me,, _. void SCIINT()(

in c

imt pt;
char s:

c =pkgetc('1;

/* pkputc(,);*/

switch (rstate){
c aM 0:

if(c =

spakptr-++ = c
,:hksum ' c;

rotate 1

Sreak;

c A" 1.

Mef 7brck

iffc 'A )
O-akptr++ - C

chkoum +-n c;

rotate 2;

pcount ~"53;
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else pkclea~ro;
break;

case 2:
if(c.-

pkclearoj;

chksum c
rstate = 1

}M
else if(( c =='0) 11 (c

*pakptr =0:

s = pakptr;
9--; S.-;

rchksurn = xtoi(s);
chksium - *+-r

cliksum -= *s

chksum &= Oxif;
ifqchksuiaa == rchksum){

pt =pin;

pin =(pin -.q 1) & PNASK;
pkclear();
dopacket(pt);

else{
pkclearo;
asm(" CLI");

else{
if((pakptr >= &pkbulrpin',[i9l) II(pco.unt 0))pkclearo;

*pakptr+-4 c;

t-hksum +- c;

break;

/* dpaczket decodes recoilrd packets/
dopacket(pkpt)int pkpt;(

int n;

asn(' CLI";
/* procels pkbufrpkptj *
x pkbu('pkp,':;
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for(n=='0; isdigit(S~n:)&&z n < 9; u±-t-)nur~n,ýSn;ýs ;

n~umrnI

dpb~pkpt].pk-id atoi(num);
3 S f-- 1;

if(strr.crnp(s,-PPA '.3) -=0)

dpbýýpkpt].pL-type = PA;

else if(strricmp(s,"PSS",3) == )

dpb~pkpt].pk-type = SS;
for(n=O; pkbuf'pkpt ni I=:'; n.-+-);

n n + 4;

s &pkbuffpkpt~n;
sscnf~s,'%d %d 9'cd 0/'d Fod 7d",&dpb'pkpt'.pk~ q,&dpb'pkptl.pL-offw,

-mod2. void INTIN'T(o

/* key the transmitter e

if~i =- O)H1IPORTA J= 0x08;,

else H11PORTA &= OxF7,

/0service the OCI interrupt (real time clock, 30HZ)/

-mad2- void OCIINTO(
H1ITFLGI - Ox8O;
HiITOCi +- &-x9c40;
H11COPRST o-rs

HIICOPRST - Naa;
i!f(((H,'-ORTA & &x02) ==0) && '&ctflaK)&atflaq - 1;

if(adfixg){

HIIIADCTL -OxlO;
whiINH1HIADCTL & OxtIO -- 0);

adval =a HIlADRI;

clk504'

etimo- ;

ifqdcount,dcount--;

irfpcount)pcount-.;

igedkSO >o- 50)(
clk50 0;
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-mod2- void COPINTO(
message(O,"COP RESET!";;.

set up interrupt service routints!

void int-setupo{

mod2- void OClIN'TO';
mou'2- void INTLNTO;
mnod2-. void COP'LNT (;
mocd2- void SCILNTO;

void VECTORO;
dcount = C;
Pcount =0;
VECTOR(OC1INT,9);
VECTOR(INTINT,14);
VECTOR(COPINT,17);
VECTOR(COPINIT,18);
VECTOR(SCIINT,O);
H11TOC1 = 0;
H11TMSK1 1= x;

/ * set up serial interivte '

tty...stup(){
chksum 0;

rtku 0;
rstate =0;

HIISCCR1 = 0;

H11SCCR2 = Ox2C;
H1IBAUD - x= "

H11DDRD - 2;
HliPORTD -0;

/* is &trial interface ready/
comr2.dy ()

if(H1 I1SCSR & &x20)retiarn(l);

else return(0);

adon(){
1-IXOPTION I- W~O; 7' power up aild
adflag 1;

#include "hex.c"
#inchit 'ddisplay.c"
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/* hex.c program

,/ convert hex ascii string to integer
xtoi(3)char *s;{'

int i;

i =~co(i<<4);co~s

rettirn (i);

/* convert hex ascii digit to int~eger ~
ctoh(cl)

inft cl;

{ if(c1>lj6)cl=c1-32;

cl=cl-48;

return(zl);

,'convert integer to hex a-scii character /
char htoc(i) mnt i;(

char h;

h =i +- '0';

return(b);
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/* display.c program

#define DWAIT (while(DISPLAY & Ox8O);}
;:dcine BWAIT {dcoun~t = 2; while(dcount);}

/* initiaise the LCD display/

iniL-dispO{(
BWATIT;
dctrl(0x38);
BWAIT;
detrl(0x38);

B WAIT;
dctrI(Ox38);
B WAIT;
dctrl(0x3g);
dctri(OxOc);
dctrl(Ox06);
detril();

I.output control byte to the LCD

dctrl(v)int v:(

DWAIT;
DISPLAY=

/*output a character to tne LCD

DWAIT;
DISPDAT

/*output a strin~g to the LCD /
dputs(s) chat '%;(

whdle(*§)(dput~c(*$); P+-;)

I.output a moalap to the LCD */

memag,(i,. t i; char *s;(
i$ - O)l - OX80;

elsemQiO
lc ti (i);

dputa('

dcttl(i);

dputa(s);
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1. SCOPE

1.1 Identification. This Interface Requirements Specification establishes the require-

ments for the interfaces identified as the HHM-to-PMC proximity transmission (PRTA)

and the PMC-HEM RF transceiver (DRTG and DRTH) for the CSCIs identified as Per-

sonal Monitor Communicator Software, PMC-CSCI.1, and Hand Held Monitor

Software, HHM-CSCI.2, in the Personal Monitor and Communicator, PMO-SYS.1, Sys-

tem.

1.2 Purpose. The three interfaces are necessary for accurate communications between

the PMC and the HELM.

1.3 Introduction. This document provides detailed and complete specifications of the

communication interfaces between the personal monitor (PMC) and the hand held mon-

itor (HHM) which compose the Personal Monitor and Communicator, PMC-SYS.1, Sys-

tem.

2. APPLICABLE DOCUMENTS

2.1 Government documents. The following documents of the exact issue shown form a

part of this specification to the extent specified herein. In the event of conflict between

the documents referenced herein and the contents of this specification, the contents of

this specification shall be considered a superseding requirement.

SPECIFICATIONS
Military

MIL-S-83490 Specifications, Types and Forms

STA.N`DARD S
Military

DOD-STD-2167 Defense System Software Development
MIL-STD-483A Configuration Management Practices For

Systems, Equipment, Munitions, and Computer

Programs

MIL-STD-490A Specifications Practices

2.2 Non-Government documents. The following documents of the exact issue shown

form a part of this specification to the extent specified herein. In the event of conflict

between the documents referenced herein and the contents of this specification, the con-

tents of this specification shall be considered a superseding requirement.

4
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OTHER PUBLICATIONS
Oppenheim, A.V., Schafer, R.W.

Digital Signal Processing
Prentice-HalI,Inc., Englewood Cliffs, NJ, 1975

Kernighan, B.W., Ritchie, D.M.
The C Programming Language

Prentice-HallInc., Englewood Cliffs, NJ, 1978

Introl C MS-DOS Host Guide Version 1.0

Introl Corporation, Milwaukee, WI, 1987

Motorola Semiconductor Technical Data

Advance Information for the MC68HC11A8
HCMOS Singie-Chip Microcomputer

Order number MC68HC11AS/D

Programmer's Reference Manual
M68HC11 HCMOS Single-Chip Microcomputer

Order number M68HC11P.M,/AD

3. REQUIREMEENTS

3.1 Interface Relationships. See interface identification figure (Figure 1).

3.2 Interface Identification and Documentation. See interface identification table
(Table 1).

3.3 Detailed Interface Requirements.

3.3.1 CSCI-to-CSCI Interface Requirements. This section is not applicable to this
specification.

3.3.2 CSCI-to-HWCI or Critical Item Requirements.

3.3.2.1 Proximity Transmitter/Receiver Interface.

a. Signal Direction. See interface tablc (Table 2).

b. Signal Format. The transmitted signal is a 125 KHz electric-field proximity
signal with an upper transmission range of 4 inches.

5
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c. Memory Buffer And Location. This section is not applicable to this interface.

d. Transfer Protocol. This section is not applicable to this interface.

e. Initiation Condition. See interface table (Table 2).

f. Priority Level. This interface has the highest priority in the system.

g. Expected Response. Table 2 shows the expected response to the PMC activa-
tion. If no response is detected, the proximity signal is re-transmitted after a
variable-time delay.

3.3.2.2 Digital RF Transceiver Interfaces.

a. Signal Direction. See interface table (Table 2).

b. Signal Format. The H-M-to-PMC interface (IF DRTG) can transmit one
message. The format of the request for the soldier status message (CSS) is
shown in Table 3. The PMC-to-HHM interface (IF DRTH) is capable of send-
ing two messages. The formats for the transmission of the PMC positive ack-
nowledge (PPA) and the PMC soldier status (PSS) are shown in Tables 4 and
5.

c. Memory Buffer And Location. The memory necessary for the transceiver con-
sist of two 2C0-byte output buffers, "tpackbuf' and "pkmess", one 10 x 50 byte
input buffer, "pkbuf", and one 50-byte input buffer, "rpakbuf."

d. Transfer Protocol. Serial communication is used for data transmission. To
transmit a mecsage, the serial communication status register (SCSR) is polled
until the transmitter-ready bit goes high (1). The character to be transmitted
is then written to the serial communication data register (SCDR). To receive
a message, the serial communication receiver interrupts the processor when a
character is received. The interrupt routine implements a finlte state machine
to recognize valid packets.

e. Initiation Condition. Table 2 indicates the general signal initiation conditions.
The HHM-to-PMC RF transceiver interface (IF DRTG) is accessed at 15
second intervals when the HHM !ends a CSS request for updated PMC infor-
mation. Two means exist to initiate the PMC-to-HHM RF transceiver inter-
face (IF DRTH). The interface can be initiated by a data packet sent by the
PMC in response to the PMC being activated (PPA), or by a data packet sent
by the PMC in response to an information request from the HHM (PSS).

f. Priority Level. This section is not applicable to this interface.

g. Expected Response. The interface table (Table 2) shows the e.pected
responses for all sgnals.

6
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4. QUALIFICATION REQUIREMENTS

4.1 General Qualification Requirements. Both a bench test (hard wired) and a func-

tional test were performed to verify the operation of the PMC-HI-•IM interface. See

Appendix I for details of the testing.

4.2 Special Qualification Requirements. This section is not applicable to this

specification.

6. NOTES

6.1 Acronyms. See acronym summary table (Table 6).

7I
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HWCI 4 HWCI 9
PROXIMITY PROXIMITY
RECEIVER TRAIS -

(PRC) PRTAMITER
(PRT)

from PMC-CSCI.1 from HHM-CSCI.2

CI F _
HWCIG6AR DRTG f HWCI 13

DIGITAL RF I DIGITAL RF
TRANS- TRANS-

CEIVER CEIVER
(DRT) DRTH (DRT)

from PMC-CSCI.l from HHM-CSCI.2

FIGURE 1. Interface blo'rk diagram

NOTE:
IF - INTERFACE
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TABLE 2. Interface summary.

INTERFACE INFORMLATiON IN1TLTION EXPECTED
NAME DESCRIPTION CONDITION RESPONSE

PRTA Proximity data Proximity receiver PMC sends
h'WCI 9-to-H-iWCI 4 activated acknowledge

packet

DRTG Transmit data Data packet PMC
serial communication sent by HHM processes
IHWCI 13-to-HWCI 6 RI' transceiver update

request

DRTH Transmit data Data packet --HM
serial communication sent by PMC processes
HWCI 6-to-IVCI 13 RF transceiver packet for

display
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TABLE 3. Request for soldier status (CSS) format.

DATA LENGTH DATA T'IPE CONTENT DESCRIPTION

2 bytes ASCR _ __A packet header

1 to 5 bytes ASCII I to 5 digits PMC id number

1 byte ASCII : id end marker

3 bytes ASCII CSS packet ty'e

1 byte* ASCII space (blank)

1 byte* ASCII I signals CSCI 1 response

2 bytes ASCII hex digits packet ,.hecksum

2 bytes ASCII LfCr packet trailer

* optional
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TABLE 4. PMC positive acknowiedge (PP.4) format.

DATA LENGTH DATA TYPE CONTENT DESCRIPTION

2 bytes ASCII -A packet header

1 to 5 bytes ASCII 1 to 5 digits PMC id number

1 byte ASCII : id end marker

3 bytes ASCII PPA packet type

2 bytes ASCII hex digits packet checksum

2 bytes ASCII LfCr packet trailer
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TABLE 5. PMC soldier status (PSS) format.

DATA LENGTH 1DATA TYPE I CONTENT DESCRIPTION

2 bytes ASCII -A packet header

1 to 5 bytes ASCII 1 to 5 digits PMC id number

1 byte ASCII :id end marker

3 bytes ASCII PSS packet type

I byte ASCII space (blank)

1 to 5 bytes ASCII 1 to 5 digits evaluation count

1 byte ASCII space (blank)

1 to 3 bytes tASCII 1 to 3 digits off-wrist level

1 byte ASCII space (blank)

2 to 3 bytes jASCII 2 to 3 digits heart rate

1 byte ASCII { space (blank)

1 to 4 bytes ASCII 1 to 4 digits motion count

1 byte ASCII space (blank)

1 to 3 bytes ASCII I to 3 digits A/D reference level

1 byte ASCII space (blank)

2 bytes ASCII LfCr packet trailer

I.
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TABLE 6. Acronym summary.

ACRONYM MEANING

CSS Request for soldier status

DRT Digital RF transceiver

DRTG H-M DRT to PMC DRT interface

DRTH PMC DRT to H-M DRT interface

HM• Hand held monitor

PMC Personal monitor communicator

PPA PMC positive acknowledge

PRC PMC proximity receiver

PRTA PRT to PRC interface

PRT HHM proximity transmitter

PSS PMC soldier status
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APPENDIX I.

10. INTERFACE TEST SUNM-vAkRY

10.1 9.Pneh Test.

10.1.1 Overview of Bench Test. The serial communication signal lines of a PMIC
and a hHM were connected directly together. This connection served to bypass

the radio transceivers. Temporary pushbutton switches were attached to the

PMC proximity interrupt and the Hf-fM activate. Three tests were then per-

formed on the hard wired units.

10.1.2 General Results of Bench Test.

10.1.2.1 Supply Current Test. A DC millampmeter was connected in series with
the PMC power supply. The power supply was turned on and the supply current

was measured and recorded. The PMC current value was approximately 21 mA.
After waiting for one minute, the supply current was again measured and
recorded. At this time the PMC CSCI entered the "STOP" state and the PMC

current reading was approximately 0.6 mA.

10.1.2.2 PMC Activation Test. Actual PMC activation was simulated ry pressing
the HHM activate pushbutton and the PMC proximity interrupt pushbutton in

quick succession. An oscilloscope monitoring the MINM proximity signal output

line displayed a burst of 125 Kuz square waves when the HIVM was activated.
The -IU! display read

PMC # Activated
where # was the identification number of the PMC. Monitoring the PMC radio
power line with an oscilloscope showed the line became active when Lhe PMC was

activated.

10.1.2.3 Status. Test. The ULW-, would query the activated PMC every 15 seconds.

Initially the HILM would receive the message

Off Wrist
The oscillopeope monitor-ng the radio key line verified prcpe- •p•ration of tae line
for both ýtie FILM and PMC. The PMC wrist strap wa.1 the.. ,plied to the wrist

of a subjt-t. The subject remained still while the fULM display was monitored.

The subject's heart rate was obtained from the subject's pulse. This heart rate
was compared to the results displayed by the HILM. The last step was for the
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subject to intentionally move during data collecticn. During this time the HEM

display reported motion.

.0.2 Functional Test.

10.2.1 Overview of Functional Test. This test checked the performance and the

accuracy of the various PMCs and HIHMs. The units were tested by strapping a

PMC on a subject and recording the subýect's heart rate or motion reading which

was disp!ayed by the HH-M every 15 seconds. The HM1 heart rate was compared
with the subject's actual heart rate which was obtained by feeling the subject's

pulse. Each PMC was tested continuously for a period of 90 minutes. The test-

ing occurred while the subject was resting, * !king, restinS after walking, run-
ning, and resting after running. All delivered PMCs and HlIBvs were tested.

10.2.2 General Reqult-s of Functional Test. The PMCs and HI-34s generally per-

formed as expected. Accurate heart rates were obtained when the subject was
resting and when the subject was resting after walking. Some heart rates

transmitted during light waiking were accurate. Mcst motion caused the FIMf to

d~splay a motion reading rather than a he;.rt rate value. Running produced the

Heavy Motion
message to appear. Following exercise, the PMC occasionally transmitted heart

rates less than 60 bpm where heart rates in the range of 120 bpm were expected.

Such readings probably resulted by the impedance signals due to the heavy

breathing mixing with the impedance signals due to the heart Dumping blood.

The HILM had no problem in obtaining information from the PMC
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mm *c mm. c

/88/

/" Multiple Casualty Monitor 
8/

/P Vet. 1.0

/* (c) 1989 Purdue University 
,/

#include <stdio.h>
#include <hllreg.h>
#include <bmec.h>
#include <terminaj.h>

/* display handler declarationu /
#include "dispdec.h"

#define LF 10
#define CR 13

#define PROXVAL 200
#define PROXMIN S
#define MAXD 5
#define MMAXRETRIES 3 /* mazimum number of retries /
#define EVALTIM 15 /s time for PMC to complete an evaluation 8/

/* Received packet statuses /
#define GOODPAK 1
#define BADCHK 2
#define BADPAK 3
#define TIMEOUT -1

#define ACTIVE 1
#define INACTIVE 0

#define SHOW 1
#define NOSHOW 0

#define MOTIONLT I
#define MOTIONMOD 2
#define MOTIONXVY 3

/* structure used to set up serial interface 8/

atruct ioctl 'ttyb;

char ck 50; SO" 50 HZ counter for real time clockint dcount; /8 50 HZ down counter for general purpose
" timing */int stcount; /P 50 HZ down counter for status timing

Int scount; /* 50 HZ down counter for sleep routine
int etime; /8 I HZ evaluation time counter 8/

char tpakbuf[200i; /8 buffer to construce packets for
" transmission I/

char rpakbuf[501; /8 buffer to store received packets '/char 'pakptr; /* pointer to receive paciet buffer 8/iMt rutt; / state of receive packet finite satate
n machine I/in& ckmum; /8 check sum calculated on received packets '/aIt rchksum; /* check sum included in received packets 8/

char fine(801; / b buffer for display mesages s /

Dee 18 10:29 1989 Page 1 of mm.c



mm.c 
mm.c

/* soldier status values returned from a P.fC 8/
jut evnum; / , evaluatiin number /
iot offw; /* PMC off wrist flag 8/
jut hrate; /8 heart rate I/
int batt; /8 battery voltage 8/
int mocount; /8 motion counter 8/
int id; /8 PMC ID -/

jnt adflag; /* enable A/D conversion flag 8/int adval; /* value from A/D conversion 8/

jut retries; /0 number of reties for communication /

unt first; /* flag to mark first evaluation cycle for a
SPMC 8/

char

char clksec;
char clkmin;
char clkhr;

/I CC vars 8/

#define .-LAXCAS 20
#define WIN SIZE 10
#define HR _HI 90
#define HRLOW 50
#define HR MIN 30

#define STIMEOUT 12
#define DTIMEOUT 8

char addval; / ADD pushbuttcn current value 8/char delval; / DEL pushbutton current value 8/
char upvai; /8 UP pujhbutton current value 8/char dnval; /8 DWN pushbutton current value 8/char hlpval; /8 HLP pushbutfon current value "/

char addlast; /8 ADD pushbutfon last value 8/
char dellast; / DEL pushbutton last value 8/
char uplast; /8 UP puihbutton last value 8/char dnlast; / DWV pushbutton last value 8/char hlplaut; /8 HLP pushbutton last value /

char addstate;,/ ADD pushbutton state 8/
char delstate; / DEL pushbutton state 8/char upstate; /* UP pushbutton state /
char dastate; / DWN pujhbutton sta'e /
char hlpstate; /8 HLP pushbutton state /

char addflag; /" ADD pushbutton flag 8/
char delflag; /8 DEL pushbutton flag /
char upflag; / UP pushbutton flag ,/
char dnflag; /8 DWN pushbutton flag /
char hlpflag; /8 JiLP pujhbutton flap 8/

lInt evalflag; / evaluate flag 8/

lot crs; /8 current number ;f casualties "/Ink curru; / current polled cesualty '/
int caert; /8 casualty pointed to by cursor "7

Dee 18 1O:29 1989 
Page 2 of mm.C
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int nextcasid; /. nezi wusble casid number
Strilct CU {

int casid;
int pmcid;
lut evuum, ofiw, hrate, batt, mocount;
int inhib;
stiuet

unsigned hrhi: 1, hriow: , iowpulse: 1, oftwrist:1, battlow:1, motion:2;
unsigned p3.kerr:1, timeout:l;

stat;
} casualty[MAlCASI;

char *Motion~str[]

-NO

"YES-,
"MES",
"YES"

char 'stat-str(l=

"IRT RATE HIGH",
MRT RATE LOW",

"LOW PULSE*,
"-OFF WRIST-,
"BATTERY LOW",

"COM ERROR*,
"COM LOST"

char null hr str(]=

P routine declarationsg S/
void int-setupO);
__mod2__ void OCIINTO;
__mod2__ void INTINTO;

main() main

/'turn rf transmitter off '
key(O);
/' initialize keyboard '
H11PACTL = MxO IH11PACTL;
H1 1PORTA = xDQ HiZPORTA,
kbclro;
/' initialize Pariabies
casptr = 0;
at" = 0;
nxtca~d =1;

evailnag 0;
ciarcas = 0;
/' set up inlerupte
int - tupO);

/Istup seinal pert/
ttymwtUP0;
/* initialize LCD display/

dcursr(0);
dcurusW*.3);
wmaks(4, WINSIZE);

Dee 18 10:29 1989 Paqe 5 of mm.c



...main
/P Power up message '
heip sareeanO
pmc~sceeno;
pine show();
/' iurn on A/D converter /I
&dono;

main processing laoop

/* process any buison pushes 'I
if (iddflag){I

addc3s*);
pine_showQ);
a~ddf1g =0;

delc*s-;
pinc_showO);
delflag = 0;

)else if (hipflag)
hlpflag = 0;
help_sareeao),
pine_screeD();-
pinc shaw(,,

)else if (arOWS())
pie_ showQ;

check casjSHOW)
;f (advsi ->= 64 && steount C' I'

sprint~f(line, -Low Mult~imonitor Battery*);
dstatus~Iine);

stat-clrO~;

sleep(i) sleep

scount = i 50;
while (scount);

proi() pro

H11PORTA 1= O-x2O;
dcount = S;
while (dcount);
HiIPORTA &= Oxdf;

dop*s) dopss
( rfecteve a PMWC Solie~r Status

lont
chair ;
to- (j = 0; rpa~kbutljl j++)
It (strucinp(&rpakb 'ii + 11, -PSS', 3) =0)

return (0)
-j+ 4;

a k rpalebufljj;
ocatif(i, "%d 'td %d %4d %d %d*, &evnaui, koffw, khrate, kinocount, &ostt);
casualty curcxs rvn1uttin v .nM;
casualty cuica off'. otfw;
casuaity curcasi hratit - ra
casualty curcas macaunt - inocount;
casualtyfcurcul.batt -hatt;
cualty~curcxa .stat.hrhi -0;
caaufAlty~curcul stat~hrlow -0;

Dee 18 10:f9 IMPg Page 4 of mm-c



..dopss

casual ty fcurcas .stat. lowpulse =0;
casuatyicuIcas .stat.off'wrist =0;
casualty~curca~s .stat.battlow = 0;
casual ty icurCas I.stat. motionl = 1;
if (offw > 190) (

casuadlty i~curcasi .stat. off wrist = 1;
casuaitytcureasi.hrate = 0;
casuaityicurcasi .mocount = 0;

if (mocount >= 1 && mocount < 10){
-asualycuircu'.sta&h..mot~ol = 2;

else if (mocount >= 10 && mocount < 25)(
casual ty (curca~lsta. I4motion = 3;

else if (macaunt >= 25) {
casualty icurcasi.statflotion = 4;

if ((hirate =~= 0.1 11 (brate == -4)){
casu&I ty (curcasi.statowpu Ise = 1;

Seize if ((hiate > 0) &k& (brate <= HRLOW)){
ca5uajtyjcurcasjI.stat.hricw= 1;
alazrm(2);

else it (buate >= HRuHI)(
casuaitylcurcasi.stat.hrhla = 1;
alazrm(3);

if (batt >= 68)(
casualty fcurcasl.stat. battlow 1;

return (1);

doppa() 
doppa

/* do Poitv Packet Acknowledge '

char 's;

tat lid;
for (j = 0; rpakbuflji '=++:

if (,3tmncmp(&rpakbuft) + 11, -PPA*, 3) !=0)
retu... (0);

while (vdigit(pa~kbuflj - 11))

s= krpukbuffjl;

return (lid),

docW , d) docss

s enid out Cent~ral Soldier St at us query /

p = ktpakbu({0;
spriatf(p, "'A%dCkSS I", !d);
sendpak(p);

"rndpak(pik) a endpak
Char *pk;

tat

p -pk;
far (i 0; 'p; P++O)

i+ 'p;

1%.8 fArI Elf PageS Of mm.e



i & Oxif; ... sendpak
=(i >> 4) + '0;

if 8  > .9.)
*p= 'p + 7;

'p = hi & Oxf) + '0"
if ( 'p > ''

'p + 7;

Op =LF;

'p =CR;

'p =0;
key( 1);
dcount = 10;
/* while 'Hcount);'i'
waitdo;
p = Pt
pkputc( '\r');
pkputc( 'X');
while ("P)

pkputc( 'p);

pkputcf CR2;
pkpu tcqCR);
k ey(0)

char cpkut

putchaxr(c);

getpacket(t~meout, oktyp~e, id) getpacket
in& timeout,
char Op kty pe;

jutdone, c, :,id;
char03
'Sttat = 0;

chru 0;
Pakptr =&rpakburrol,

lilt t irneout *50,
'e= 0;

while (I)
while (corn rdy()==0

if (cbeckd() 0)
return (TIMEOUT).

c gechcar() & Cx7f;

/* dctrl(O 0 ol), I/
switch (rstate)
ease 0.

If (c '
Opakpt~r++ c;

chksluzm += c;

breask;
*Aso 1.

if (c



... getpacket

break;
if == 'A*)

*pakptr++ =c;

ch~ksum 4-c
rstate =2

)else
pkabortqj;

break;
casom 2:

if (c ==LI 11 c == C-R)
'pakptr 0;

s=pakptr;

"scanf(s, %,&rchksum);
chksuim - 3--+
chksum S;
chks3iM chksum & Ox!!;

*s-= 0,
*3=0;

if (chksium *= rchksizm)
pkaborto;

else
for (j = 0; rpakbutljj! '; +)
nt (strincmp(&rpakbufEJ + 11, pktyp, 3) ==0)(

wbile (isdtigitrpakbufii - 1l))

s = kypskbuifjj;

if ((lid == id) 11(id - 0))
return (GOODPAK);

n ot our peeket, tais it awep
pkabortQ,

)else (
lpakptrH- = c
chk3UM += C;

break;

af (paskptr >= krpakbuCf4gl)
pkaborq);

pkabo'~)pkabort

pskptr = &rpakbufj0I,
chksuam - 0;
?stawL - 0;

rnod2 voied IN TIN T

lot

It 0i -- 0)
H11iPORTA I- OxO$*;
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... key
H] XPORTA. &= OxF7;

__mod2 void 0MCINT

H1iTFLG1 = 080;
f1IkTOCI -+= 0x9c,10;
HI1C0PRST = 0x551
H11COPRST = Oxaa;'

//$ ceck anid debounce keL's (keys are ac~tve low)/
it (((H11PORTA & 0x04) == 0))

h~pyal ACTIVE;
else

hipyal INACTIVE;
if (cik5O & Ox01) (

;f (((HqIIPORTA & 0X01) 0))
daval ACTIVE,

dnayi = INACTIVE,
if 1((H11PORTA & Oi02) 0))

upvaJ ACTIVE,
else

upvA] = INACTIVE;
* se.' up for neit read */

H11PORTA = Cr40 1(HUlPORTA & Ox.3r);
)else (

if (((H1PORTA & N01l) ==0))
deival = ACTIvE,

.kse
delivl = 1,NACTI"E,

if (((HIlPORTA & 0102) ==0))
addyal = ACTIVE,

*ele
addyal = INACTIVE.

/ it up f/,i nezi rea4 '/
H11PORTA =0x80 I(HII1PORTA & 0z.F);

if 'hipyal + dnaya* upy3l + deivaJ +- addyal > 1)(
.ivl INACTIVE.

draval INACTIV'E,
'ipyal -INAC

1TIVE
deival INACTIVF,
asidval INACTIVE,

dokeyf &dnvai, &Jnl~st, Adzostat~e, kdnflac),
'Jokeykilupya, kuplast, ku~state, &UPflacJ,
1Jokey(kdefval, &deilast, &deistate, kdeif)ag),
dokey(&addval. &,%ddlut, ka~ddstato. kadd(IAC),
if (adflac kk cAkSO == 0)

HIIADCTL -OxIO,
while (HIIADCTiL & 0,0O all
adval - HIIAi)RI,

If 'c'count)
dcount- -,

It (Stcount)
stcouct- -'

It ($count)

$count--,

it (cikSO >- SO)(
ci kswc+ ±



..OrINT
c~kSO = 0;
etime++;

if fdlksec >= W0){
clkmin-v-;
dlksec = 0;

if (dlkrin >= 60)(
cikhr++;
clkmin = 0;

dokey('vai, la~st, state, flag) dokey,
e]ar oval, 1ast, 'state, 'nag;

if (*State == INACTIVE)
if (4yal == ACTIVE &&k 'ast = ACTIVE)

State ACTIVE;
=na ACTIVE;

els
it ('val == INACTIVE && 'last = INACTIVE && Ifl&C= INACTIVE)

eState = INACTIVE;

'last 'Val;

mod2 void C PN
COPINTI, OPN

dstatusO(COP REZSET!-l;

void
int 54tup() inLsetup

-- mod2 void MCINT(';
-mod2 void INTINT();
_MC42 void COPIN'TO;

v;id VECTORO;
dcouot -'0;

Vcout =0;
stcount 0;
eume = 0;
VECTOR(OCIINT, 9);
VECTORjINTINT, 141,;
VECTOR(COPINT, 17),
VECTOR(COPINT, 18),
H1iTOCI =0;
HIIThISKI Im ft80;

tty wtup{) tty-~se tup
4 hrum 0

rchksum -0;

rtatso - 0;

H1IBALTD - 0W35
iocti(tUyb, GETFA.RAMS);
ttyb->.io~ru. CTRL( H'),
ttyb->io)~ii - CTRL('U*);
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... tty-Setup
ttyb->io flags = R.AW;
ioctl(ttyb, SETPARA.AMS),

corn_:dy() C 07TLdy

it (H11SCSR k 0x210)
return (1);.

else
return (0);

&don() adon
H11OPTION 1= 0x8c; ~ 'poser up Slid
H1 IPORTA 1= OxIO; /* power up wristz circuit 8

adoff() ado!!
H11OPTION &=- 17F; power dotom a/d 8

H11PORTA &= OxEF; /8 power up wrisiz ctrcuit 8

azfl4g = 0;

/ C G routines 1

heipsceen()helip-scr een

usetatt4(DlSP_NO0RM);
amem~agei, 0, Multiple Ca~suLdty Monitor )
anesatizSel, 0, T
nrnessa.go2, 0, "INSTRUCTIONS
xiness&CeO, 0, -

asetatt.-IfDISP_ REV);
armes~ago, 0, 'To Add Casuallyv To List.'),
asetattr(DISPNORM),'
arms&enag4, 0, Put MM4 nta PMC, Prms --ADD>-),
ammeacSII 0, -. Wait .,)c \tPMC ACTIVATED'\"
arnesswg.l, 0, Labol l.o<!y with murnber thown').
zmftsa~g#_47, 0,
m~etazttrýI)ISPREV),
nmesssgei7, 0, "To Doletei Casualty from List'~),
01mtAttr(DISPNORM),
aumesageiO, 0, *Us* ufrow keys to select )

amemsage~, 0, Casualty to be doictod
sazrimage(10. 0, "Pres <DELETE.> tho mesmajo )
ntmesaalf11, 0,' \"CONTFIRIM DELETIONVr\ appwo I
nzmimma.(12, Ji . From <DELETE> Lgmn~
amic-ag(1~3, 0,*
a**tattr( DISPREV),
animmage(13, 0, -To Si.. This SaseC),
nsetattr( IISP_- NRM);
nsnhlag(.14, 0, ** From AfELP>
usetsittr(DISPRBLINX) 

'amemagui(IS, 0, Proew any key to nit HELP )
asetattr(D[SPNORM),
dupdb*);
while (1kqyhiq))
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.ep... epscreen
check cas(NOSHOW);

sleep( 1);
if (a4dcflag){

kbc!r();
a~dflag =TRUE,

else
kbciro;

stcount STIMEOUT * W;

pm~sxen pmc...screen

n~tattrtDlSP REV);
amesage~O, CF, "Multiple Ca~sualty M1onitor 1;
nmeta~tt(DISPNOR.M);
amessage(1, 0, 'CAUS HEART MOT. STATUS )
iamessage'21, 0, "NO. RATE T
amessago(3, 0,--------------- - )--;
umessage(14, 0,---- * ------- ) ; -------
asetattz4DlSP_REV)-
ammesage% 15, 0, -Prms <HELP> for instructions )
asetattr(DlSPNOR.M);
msetattr(DISPNOR-M);

pmc-show() pmc....how

jut a;
;at status;
char hr strfsl-
char h

/' witr wqindow, it nectieitt, *
if (a -offwin(caaptr))

it(n > 0)
wscrollu~p( a);

*I**
wscrolldown(-m);

dorrore();
for (I = 0; 1 <z acas; i+-+)(

if (status uiaxstatbi))
If caiPt,)

Ws~tattr(DlSPRBLIN`);
also

wuetattzjD lSP _BLINK).

if (i -- cuptJ)

*Ntattr(DISP_ NORM1,,

It (cuualtylij brat* > IRM.IN* (
%vnntf(hr itr, *%3S, casauetyHj) brat*);
hr sptr = br-str;

br _pt, - muIaihr~st;

spratfha * %03d %.38 %3e %*- l4s', caau&Jt;-I-iI ~uid,
braspu, motioaistricasaul tyi I -stat. mot~ion 1



.. prncshow
wput~hIne),

wupdate);

pIfc_ show I(I' pmc-sho wil

lit status;
char hir stzýSi;
char rspr

/' Gler window if neccesiary /

* fin = offirin(c-~pir),){ f,(,t > 0) wscrollup(n); else vsC7olldownf(-n ,i,

,/* update caua1tjv window/
wsettextposii, U);
if (status =maxstat(i))

if (i ca-prz)
vietattr(DISP_RBL.INK);

wsetattrlDlSPBLIN'K),

It( = casptr)
wIetattr(DISPRE~v),

ws~tattx(DISP_,NORMI);

it (ca~suaity~il hrate > 30)
sprint.'(hr~str, "?ý3&, cxsualty~i brate),
ýr -sptr =hr itr;

hr-sptz r null _hr _ ty;

soriatf(line. ' %03d %'3s O'3s O%--14s*, casuaity iicasid,
hr _sptr, msotion _strcxsu&lty~ij Stat'Motioni,
stat - tristatus)

istatusis) ds tatus

jedtiplay statui 'isisage Jtdll line)
cattattr(D[SP _ REV),
asettextpos(15, 0),
a pu tsi"
aOettrtpoa(1S, 0),
O pu ti~s)
dupdln( IS),
stcount - STIMEOUT *So,

dstatum0s) ds ta tus 0

oaetattr(DlNP REV),; display primary stetia Fmessdge (461f /I-%#)
asettextpo.1S7, 0);
a puta('

a pu tsa);
dupdinf IS);
stcount - STIMEOUT I so;



..dstatusgO

dstatusl(s) 
ds tatusi1Char

/' display secondary iat tus message (half

asetattr(DISPREV);lie
asettextpos(lS, 15);
aputs("*
asettextpcs( 15, 15);
MputSs);
dupdln(15);
stcount = STIMEOUT S0;

stat clr() 
staLclr

if (stcount 0) ()
asetattr(DISP -REV);
nsettextpos( 15, 0);
nputs("
dupdln(I5);

Offwin(pos) Offwin
int POS;/ return scroll to get window p,.s on screen

i= wgetorgo;
if 'ko < i)

return (pos P s) aeel dn vaeg
if 1pos > WIN-SIZE + i -1

return (POS - (WINSIZE + i - 0));
return I(0);

ialtwipos) 
f tlint p0s; n i

/~return display rote of window pos (-Iif:
not pis)

I =wgetorgO;

if ipas < j)

if (Pa, > WINSIZE + i -I

return (-1),
return (Win row~dr ý o

domoreo) dom ore
int

i= wgetorg,);
nsetattr(DISPNOR.M);
if Ci > 0) (

nmemage(3, 0,-- - ----- --- -- More- - -- -- -- -- -- --nputattr(3, 12, DISP REV);-
nputattr(3, 13, DISP REV);
nputattr(3, 14, DISP REV);

ele putattr(3, IS, DLP-RE)

Dee 18 10:29 1989 
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..dornore

amessage(3, 0,- - - - - - - - -- - - - - - - -
if (uras > i + WIN SIZE) (j

ummsage(14, 0, _"T ------ v-More-v ------- v)

aputattr(14, 12, DISP REV);
aputattr(I4, 13, DISPREV);
niputattr(14, 14, DISP REV);'
nputattr( L4, 15, DISP _REV);

els amessage(14, 0,---- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ---

/* cety board routines /ehi

keyhit()kyt

if (hlpflag 11 drifla. 11 upfIzg IIde.lfag II ddflag)
return (1);

else

kbclr()kbc~lr

addlast INACTIVE;
dellast INACTIVE;
uplast -INACTIVE;'

dnilast INACTIVE;
hiplast INACTIVE;
addflag INACTIVE,
defflag INACTIVE;
upflag -INACTI'VE;

dnflag INACTIV'E.
hlpflac INACTIVE;
addstata INACTIV-E;
delstate =INACTIV-E,
uipstate INACTIVE;
dnstate INACTIVE;
hipsta-e INACTIVE;

ar~ows()arrows

af (upflag 11 dnflag)(
if(Upflag) (

upfixg = 0;
if (casptr > 0)

casptr -- ;

else if (daflag)
dnflag - 0,

if (ca~sptr < ricas
casptr++;

return ()

return (0);

addcu~)addcas

nt. status;

dstatus("A~ttermptlrig PMC Activation");
if (acas >= NAXCAS) (

dstatus("Lirmt Exceeded - PMC Not Added');
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..addcas
sleep( 1);
return;

/~attempt PMC activation *

retries =0;
do(

/'pulse prozimify transmittter 8

proxo;
/* check for PMVC response
status = getpacket(2, "PPA", 0);

#ifdef BENCH
dstatus~rpakbuf);

#endif
it (status == GOODPAK)

id = doppaO;
retries++;
/ * repeat activation attempt until stscessful or too *
/ * many retries '/

}while ((status != GOODPAK 11 id == 0) && retzries < MAXRETRIES);
if (retries >= .1AJRETRIES)

id =0;
addflag 0;

/ if id == 0 then activation wai wunucessftd
if (id == 0)(

dstatus('ERROR- -Repeat Activate Step~s");
sleep( 1);
dstatus(?Put MM Near PMC, Press <ADD>");-

}else if ((a inlist(id)) !=-1)
/' previously, activated PMC/
it (czsualtylml.stat.timeout == 1){

dstatu~s("C~sualty Reactivated");
casual tyiaj.,ý,t. timeout = 0;
sleep( 1);

)else (
dstatus("Ca~sualty Already Active");
sleep( 1);

els
casualty'ucas .pmcid =id;
casualty ncas casid =nextcauid;
casualty ncas .evuum 0;
casimlty n2cusoffw =0;
casualty ncasi~hrat~e =0,1
casua&Ity [ncas batt =0;

casualty ancas Mocount =0
casualty tcas -inhib = 1;
casualty ncas .stat.hrhi =0'
casualty ncasi stat hrlow =0;
casualty ncas istat.lawpulse 0;
casualty naca 1 .stat.offwrist =0;

casalt ncslstat battlow =0;
casualty Ocas stat~motion =0;
casualty rcu .stat.pakerr 0;
casualty ncaa .stat.timenut =0;
casptr = ncas++;
spriatf(line, '?MC %7d ACTiVATED", id);
dlstatus(tino);
si,.p( 1);
sprintf(lin*, ,MA.RK CASUALTY WITH #%o3d*, neitcasid++);
dstatua(line),

delcas() deIc as
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... delcas

if (ocas > 0)(
/* confirm delete/
dstatus("Hit <DELETE> to Confirm");
delflag = 0;
dcount = DTIMEOUT *50;
while (!keyhit() && dcount);
if (deiflag)

removecaso;
dstatus("");

)else
dstatus("Casualty Not Deleted");

}else
dstatus('Nio Casualties to Delete");

removecas() remove cas

fo. 0i casptr; i < acas; i++)
=i + 1;

casualtylicasid casua~ltyjjj.casid;
casu adty Ii .pmcid =ca~sualty~jI.pracid;
casualty ievnurn= casualty~jj .ev-nur;

casuaLltyi WoNW =C23Ualtyfjl.Offw;
casualty irhrate =ca~sualty [j1. hrat~e;
casualty i .batt =cast:a&!ty~ 1. bitt;
Casualty i MOCOUnt = casuiltytijimocount:
casualty Ii stat.hrhi = casualty~ijj stat. hrhi;
casualty {i .stat.hrlow = casuzltyljl stat Snloov;
casuxlty~i .stat.lowpulse =casual tyfj I stat. lwpulse;
casualtyli .stat.offwrist =casualtyfj1 .stat off wrist;
casualtylli .!tat.battlow =casuaJty~j,1 .stat. battlow;
casualtyl stat~motion =casual tylil1 stat.motion;
casualty lii.stat.pakrerl ca~sualty~jj stat. pakerr;
casualtyjil stat~tareou t =casualtyijj stat~timeout;

wsetattr(DISPNORIM);
wcln(ncazs);
if (casptr > acas I

ca~sptr = acas-1

check _cas(sh owrnode) che ckL.cas
;at showmode,

lot cursrow,

if (etime >~= EVA.LTINM)
evalflag = 1;
etime =0;

if (ev;I~flag)(
If (curcas < ncas)

If (ca~sualtyfcurcasi.inhib)
casualty [curc~sl. Inahi b =01

It (showmods && ((cursrow = inwin(curc-4s)) 1= -)
/* do cursor, get ajnd show status
dsetcursps(*cursrow, 0);
dcursor( I);
pmc_ show I (curcas);
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dcursor(0); ecea

curca3s++;
}else

curcas =0
evadflag = 0;

getstatus(id) getstatus
int id;

int status;

retries =0;

casualty icurcasj .stat.pakerr =0;

casua~lty[curcasl .stat.timeout =0;

do (
docss(id);
status = getpacket(2, 'PSS", id);
retries++;

}while (status != GOODPAK && retries < MAXRETRIES);
it (retries < MAXRETRIES)

dopsso;

casual tylcurcasi.stat. timeout 1;

/nit.d reinnulif misi ncau1t it*
intid

for (i = 0; i < flcas; i ++)
if (casualtylij.ptacid == id)

return (i);

return(-)

ala.rzm(abeeps) alarm
int abeeps;

wbis'a (abeeps--)
dcount = 20;
H11PORTA = HIIPORTA & Oxef;

HlIPORTA =H11PORTA xio01;
it (abeeps) (

dcount = 20;
waitdo;

Maxstat(i) max tat
lont i;

If (casual tyli.stat.timsout =
return (7);

It (casalaty(il.stat.pakerr= )
return (6);

If (casualty (i ..tat~ofwrist ==1)
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..maxstat
return (4);

it (casuaity[ij.Stat.hrrow = 1)
return (2);

if (casualtyfil.stat.hrhi ==1)

return (1);
if (ý".asuty(ij.stat~lowpulse = 1)

return (3);
if (casualty~ij.stat.battlow= 1

return (5);
return (0);

waitd() waitd
while (acount)

if (axrowý))
pmc_showo;

checkd() checkd
{ ~/* check dcourit to -cc if still active i

It (dcount) (
if (a~rrowsJ))

pmc_showo;
return();

return (0);
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/* dcln.c:

/* AND1.7!91 LCD displayi routine for use with the Multimonitor:

#include <displayli>

jut line;

iut i.

dsettextpoas(line, 0);

for (i 0; i < DISP_COLS; i++)
dputc( ')

dsettextpo-(0, 0);

/ANDiu9i LCD dilplay routine for use with the Multimonutor. 5

#include <display.h,.'
dcls() dcs

tor (i =0; i DISPROWS; i++

to, (j =0; J < DISP COLS; j+

dputctj*)

dsettextpos(0, 0);

/dctritc:

/ANDIOPl LCD display routine for use with Mhe Mullimonstar:

#Include <display.h>dti
dctrl(v) d r

lot T.,
/send control byte to display

DISP WAIT;
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.. dctrl

DISPCTL = v

, AND1O91 LCD display routine for use withi the Mutitmoviitor:

#include <dispIay.h>

dctrll(v, data) dctrIl
jut v, data;&,

/send di:play one data byte 8

DISPWAIT; P~ and one control byte

DISPDATA =data-,

DISPWAIT;

DISPCTL=

/dctrl2. c,

/* AND1091 LCD display routine for tue with the Vuitimon~tiov:

einciude <display h>
dct.-i2(y, d:.tal, data2) dctrl2

int v, datal, data2;
/ send duap.lay two data byte$

DISPWIT; / and one control byte

D[SPDATA =datal;

DIS? WAIT,

DISPDATA = data2;

DISP WAIT;

DISPCTL = v

/*dctursor.c: 8

/8AND1091 LCD dusplap routine for tut wtrth the Multimonitor: 8

#include <dispfsybh>
dcizrsor(mods) deursor

Sat, mods;
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..dcursor

if (mode)
dctr1(Ox9E); /* DISPLAY CURSOR ON 8

else
dctrl(ox9C); /DISPLAY CURSOR OFF 8

/'dctrsor.c: 8

/* AND1O9I LCD display routine for use with the Multimanifor: 8

#include <display.h>
dcu.-sor( mode) dcursor

imt mode;

it (mode)
dctr1(r)x9E); /'DISPLAY CURSOR ON /

dctri(ox9C); /*DIS?'A Y CURSOR OFF /

/*dcurjsize~c
/8AND1091 LCD display routine for usa winth the .'Jdtimornlor:

*mueiud* <display.b.>
dcursasiZe(3i ze) dcurssize

int, si ze;

site = OxAO I ý'size G x07),

dctrl(site); /CURSOR TYPE 8

/ddatace:

/AND1O91 LCD display rout'ine for use taiht/s eA ifultimontiar-0

#la.Iude <displaybh>
ddatWc) ddata

let, C;
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..ddata
/5send data byte to display/

DISPWMIT;

DISPDATA =c;

/5diap~iniite:

/AND1091 LCD di:.Play routine for use with Met .fultimoniior:

#imel'ade <display~h>

while ((DISPCTL & ft2O) 0);-

dct~rl(0%84)' / MODE SET /

dc~rt2(0x40, 0, OXOA); /5TXT HOME COM

dctr12(ft41, O-A 1e, 0); /5TXT AREA COMt

dctr12I.0x42, 0, OXOS) / GR HOME COM

dctrl2.(0x43, OXI E, 0); /5GR AREA COM 5

dctrl'2(Ox24, 0, OXOA); /5ADDR PTR SET 5

dctiiZ1(0x2.4, 0, 0X08), , ADDR PTR SLT

dctrIOxAO); / CURSOR TYPE 5

dctrl(0x9JC), / DISPLAY MODE SET ,

Disp _text_ row 0;

Dtzp _text col 0,

Disp _curs_ row =0,

Disp curs col 0;

Disp taxt attr r)ISP NORM,

Nit_ text-tuW 0;

Nit text col -0,

Nit curs row =0,

Nit curs -col 0;

Nixt text-attr DISPNORM.

for (i 0; i< DISPROWS, i*-+)

for' (j - 0; j < DISP COLS, 1++)
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..disp-.init

Cur img chfilbl = OxFF;

Cur img_&tfzijij = OxFF;

"dUpdatOO;

/'ANDIO91 LCD diaplay routine for tue wilk the Multimoftitor:

#inciude <display.b>
dmessage(r, c, s) di7,. 'sage

int r, c;
char ;

dsettextpos(r, c);

dputa(3);

/tdputiitrc:

/AND1091 LCD dusplay routin~e for we. witA tA. Maaltimens tar:-

#ia.Ivde, <dý$Plzy.b>
dputattr(r, c, attr) dpu ta ttr

r, ., ttr;

dsetattrpo.(r, c);

dctrll(OXCO, a~ttr);

/'ANDVOeI LCD display routine for wje titA (Ae Mvltamegqtitor '

*#a.2INd. <displayb>
d piatcc) dpu tc
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.. dputc

if (c == '\)

Disp_text_col =0;

Disp text row =(Disp text row -t- 1) %c DIS?_ROWS;

c c. - 0x20;

/ w*iten char 5

dsettextpos(Di3P text_ row, Disp text coi);

dctrll(OxcO, c);

/5 write char' a tt ribuite
dsetattrpos(D13P text_row, Disp_text_coI);

dctrll(OxcO, Disp_ text_ attr);

/' update rotasi end Co ariabltS/
Disp-text-col-++;

if (Disp_text_ccl >= DISP _COLS)

Disp_ teXt-cal 0;

Disp text row++;

if (Disp-text row >= DISP _ROW 5)

Disp text row = 0;

/5dputctser c: 5,

/* ANDIOPI LCD display routine for wee wiIthe(A Mtsltimonmer

#imclud* < display h-,
dputcb&Ylr. c, ch) dputs ,.htI

at r, c, ch,

ch -cb - 0 2 0;

doottextpos(r, c),

dctrIl(OrxcO, ch),

/ dpuls c:5
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,'ANDJO91 LCD 4iiplay routine for iue with the Yu~imaifrr~nor: a

#include <display.h>
dpuws)5 dOuts

char e 's

dputc( 's);

/Cdrcfaaddr~c:

/DAND) 091 LCD ditplay routine for vie with Me. Mtdtimenitor:

#includ* <display.b>
d~rc;',adidr(r, c, msb ptr, lsb ptr) drc2aaddr

int, r, c. ' -4 ptr, 'Iý_ptr-;

it (r <z 8)(

eisb ptr 30 + c;

'rnib_ptr -DISP AADDRIM,;

else

'lsb-ptr 8 ) * 30 .- c;

Crnsb - tr D[SP-AADDR2M;

/* AND101#l LCD display routine for vie with the Mutmomiestr.

#Include <display b>
drc2taddr(r, c, rnsb ptr, lsb pt~r) drc2taddr

lot r, c, 'rihb~ptr, Izb~pt~r,

It r < S) (

11b..ptr - t 30 + C,

txb~ptir~ DISP-TA.D)RIM.
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..,rc2taddr

else

Isb~ptr =(r - ) 30 + c;

*msb~ptr =DISPTADDRVA,

/* dietatirpos.c

,/AND1091 LCD diuplay routirne for use vntA the Multimonitor:

#iaelud* <dispizy h>
cSetattrpoS@. c) dse tattrpos

mat r, c;

ist Isb, misb;

Jrc'.azddr(r, :, kmsb, Csb),

Dizp _text row r

Disp _text coi c;

~8dsefalfr c

/'A.'Di 091 LCD dtiplay routine. for we with IA@ Mulimonmtor

#iucltsdo <display b>
(let.attr ~t~r) dsetattr

Dtsp _ t*xt attr -ý attr.

/ASDI09l LCD deaplav 'Gwlifte !or we with (he Muitsmonoccr

#1slaIdo <display h>
dasetcurs~o,(r, c) dse tCUrspos

lot , ,
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..d~setcurspos

if (r >= 8)

r=r+ OXIO - X08;

dctrl2(0X21, c,r)

Disp _curs_row r;

Disp curs-col c;

/ diettezipos.c

/* A.VDiO91 LCD display routine for use with the .ufifuLmonitor: 5

#include <dispIay.h>
dsettextpos~r, c) dsettextpos

r, c;

ing 1sb, msb;

drc^.taddr(r, c, &msb, &Jsb);

dct=12(0,X2'4, 113b, msb);

Disp text row r

Disp-text col =c;

,/dupdaie.e 5

/ ANDl091 LCD display routine for use with the Multimnniirssur

#include <display.h>
dupdate() dupdate

for (1 0; i < DISPROWS; i+-t)

for (j = 0; j < DIS? COLS; j++s)

if (Cur imC_chlifili!= Nxt_ img_ch~iI~jj)

dsetteztpos(i, j);

dputcha~r(i, j, Nxt~imgch~iI~jI);

Car-img-ch~iulb Nxt .img ChjiI[jI;

if (Cur img at(ijljj !=Nxt~img_&tjij~jI)(

Dee 18 10:54 1989 Page 9 of dispiib.c
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..dupdate

dsetattrpos~i, ;

dputatlr(i, j, Nxt _img _at~i'jj);

Cur _ mg _at~iI[jI Nit _ mg _at il;;

Disp text row-, Nxt tpext row;

Disp_text_col =Nxt-text-col;

Disp-curs-row =Nit-curs _row;

Disý -curs-col Nxt-curs-col;

Disp text attr Nxt text attr;

dsetcurspos(Nxt curs-row, Nxt-curs_cot);

/* dupdln.c 5

/ANDIC91 LCD display routine for use with the .4uftirmonstor:

#inelude <display h>
dupdln(i) dupdln

int

for (j = 0; j< DIS? _COLS: i-

if (Cur img~cbiijjjj Ni'= m _c~~l

dsettextpos(i, j);

dputchar(i, j, Nxt_ img_chjIjIjj);

C~ir irng~ch'i'j = Nit _img _cb~i!Wj

if (Cur img at'ifljj =Nt m ti~o

dsetattrpos(i, j),

dputatrOi, J, Nxt _img_&tWi~jj);

Disp~taxt_row =Nit t-ext row,

Disp text _col Nxt _text-cot;

Disp curs row = Nxt curs row;

Dec 18 20:54 1989 Page 10 of die plib.c
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..dupdln

Disp curs col =Nxt-cu~rs-cal;

Disp-text-attr =Nxt_text_attr;

dsetcurspos(r~xt curs row, Nxt_curs_cal);

mc nn.c: 5

/5 ANDJO5i LCD display routine for use with, the Mlulimoniior: 5

#include <disp!%y.h>
acin(lize) ncin

int line;

int

asettextpos(line, 0);

for (i 0; i < DISPCOLS; i++)
aputc(' )

asettextpos(0, 0);

i csnd.c: 5

/ANDJ 091 LCD display, routine for use wvith the MlulUmonitor:

#includie <displaybh>
nc*s) clc s

for (i = 0; i< DISPROWS; i++

asettextpos(i, 0);

fe r (j =0; j < DISP_COLS; j++)
npatc( )

nsettextpos(0, 0);

/5nvneuage.c: 5

Dee 18 10:54 198 Page 11 of dii plib.c
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/~A.VDIO9I LCD display routine for use with the Multimoniior: 5

#include <.display~h>
nriessage(r, c, !)nme ss age

int r, c:
char is;

nsettextpos(r, c);

/*nputattr.c

/~AND1O91 LCD display routine for use with the Mu.timnonitor: 5

#include <displaybh>
apu~attzVr, c, attr) nputattr

/~nputc~c

'A.VDIO91 LCD dissplay routine for use with the Muffirmontior:

#include <display.h>
aputx(c) npu te

int C

if (c= '\a*)

Nxt text cot 0,

Nxt-text-row =(Nxt_ text_row + 1) % DISP ROWS;

else

/ ' write char ~
nsettextp*sNxt_text_row, Nixt-text-coi);

/* wrii, char's attribute V/

as.tattzrpos( Nxt tex* _row, Nxt-Lext cot);

Nit_ mg ch 114xt_ text_ rowl [Nxt_ text_ col) = c;

Nxti g 26t(Nxt_ text_ rowt([Nxt _text col I) Nxt text attr;

Dee 18 10:54 1989 Page 12 of displib.c
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..nptttc
/ * update rowa and cot variables 5

Nxt-text-col+-t;

if (Nxt text cot >= DISPCOLS)(

Nit-text_cot = 0;

Nxt text row++;

it (Nit text row >= DISPROWS)

Nit-text-row =0;

/'nputchar.c 5

/AND1091 LCD display routine for use with the Multimonitor: 5

#mnclude <display.h>
aputchas(r, c, cli) nptstchar

jut r, c, ch;

Nit img cbjr][cI = ch;

/*

#include <displayli>
o2put(s) nputs

char

while ('s){

Uputc( S);

/ * tetattrposec

/5ANDIOPI LCD display routine for vie with the Mudtimonitor: 5

#Include <display.h>
nsetattrposr, c) nsetattrpos

in& r, c;

Dee 18 10:54 1989 Page 13 of displib.c
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..nsetattrpos

Nxt text row r;

Nit_ text_ col c

/Anietaitrpos. c:

/* AND1091 LCD dtipi~y routine for use with the Multirnonitor: 8

#include <display.h>
asetattr( attr) nsetattr

int attr;

Nxt text att~r = attr;

/ njzetcurspoa. C: 8

/AAND1091 LCD di~play routine for use with ther Multimonitor: 5

#includ~e <dIsplay.h>
nsetcurspos(r, c) Tnsetcurspo3

Int t, C;

N 7 t-curs-ruw r-

Nxt-curs-col c

/A nuetteztpos,.-C

/AANDI091 LCD dtiploy routine for use with the Multimonitor: 5

1#Include <display.h>
risettextpos(r, c) nse tteztpos

int rc

Nit-text row r;

Nit-text_ coi c;

- Page 14 of die plb. c
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/ wcln.e: 4

/AND1091 LCD display routine for usIe with the Multimonitor:

#include <display,.h>
wcla(line) we In

mnt line;

wsettextpos(line, 0);

for (i = 0; i < DIS?_COLS; i++)
wputc( ')

wsettextpos(0, 0);

/AND1O91 LCD display routine for use with the Multimonitor:

#include <displayli>
wcis()WC Is

lot Ij;

for (i = 0;, < WINROWS; i++)(

wsettextposli, 0);

for (j =0; j < DIS? C,)LS; j++)
wPUtCC~)

'wsettextpos(0, 0);

/4ANDIOQI LCD display routine for use wisth the Muitimornior: 9

#Include <display.h>
wgetorl() wyetorg

return (Win row org);

rlee Is 10:54 1989. Page 15 of die plib.c
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win _to_ nxt.c: 5

/~AND1091 LCD disp(lay routine for use with the Mulfsmoniior:

#include <display~h>
,i- to-nxt() w rL-to-nxt

int ij,'row, wrow;

crow = Wia-row-dorg;

wrow =Win row _org;

for (~-0; i < Win_ row-len; i+n+, arow-++, wrow+t+)

for (J 0; j < DISPCOLS; j++){

nputchar(nrow, j, Win ch~virowfj'),

nputxttr(mrow, j, Win_%t~wrc~w'jj),

nsettextpos(0, 0);

/1wln_ to_ nlne:.

/* AND1091 LCD display routine for utu wiiA Ahe Mu'.monetar:

#inelud* <dsdzpi;.y.h>
win-tonaln(wrowv) w~L- to-nin

int wrow,

jut Drow;

offset =wrow - Win _roworg,

if (offset >= Win _row _ en 11 offset < 0)
rotors;

crow Win row 'lorg +- offset;

for (j=01 j < DISP_-COLSj-j

nputchbu(nrow, j, Win _ chwrow;1j1);

nputattr(arow, j, Wir' - t~wrowlfjI);

Dee IN 10:51 IILQR"
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/*wmah~e. C:

/8A.D1091 LCD display routine for use with the Multimont4;e 8

#include <displaybh>
wvm,-ke~drow, len) wmalce

ink drow, len,

Win-row-len = ten;

Win row org= 0;

Win-rowrdorg = drow;

wsetattr(DISPNOR.M);

~8ANDIu;I LCD ditplay routine for use with the Muitimniortor: 8

#mnclude <displayli>
winssage(r, c, s) wmessage

MG r, c;
ebar

*P " ts(s);

/AND1091 LCD display routine for use with Me. Multirnoniior:

#include <displiay.h> pta
wputattr(r, c, attr) w uat

int r, c, attr;

Win atfrlfc! tr

/8 pute.c: 8

Dee 18 10:54 1989 Paes 17 of dispiib.c
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/* AVD1O91 LCD display, routine for iuse tvith Me Muitimonitor:

#include <display.h>
w pu tc~c) wpu tc

iut C;

if(c == '\D')(

Win_ t~'xtcol =0;

Win-text-row =(Wia text_row + 1) 'oWIN-ROWS;

/' write char/
wsettextpos(Wia_ text_row, Win _text_col);

/1 Write Char 's attrsUtt */

wsetattrpos( Win -t~ext row, Win~text col);

Win chjWia text rowjiWia text colI = c

Wia-at;Wizi-text row!~i _text _coil = Win text attr;

/* update row and col variables /
W~n-text coii--t-;

if (Win text col >= DISPCOLS)

Win-text col = 0;

Win _text row--'-

if (Wia text-row >= WIN-RO WS)(

Win text row = 0;

/* wptitchar c

/DAND1O91 LCD display routine !or tise tith Mhe Multimonitor

#Include <display~h>
Mput~az(r, C, ch) wputchar

lint r, c, ch;

Win cb(r]jcl ch,

Dee 18 10:54 1989 Page 18 of di phiib.c
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/5wptst.c: 8

ANDlO 91 LCD isayroutine for use withAMe Multimanitor:

#include <display-h>
wputs(s) wputs

char's

While ( '3){

wputC( eS);

/AND1o91 LCD display routine for use with tMe Multivrslnitor:-

#include <disp~ay-a>
wscoIldowm(a) wscrolldown

Win row org a;

If (Win row o-g < 0)

Win row org = 0;

i- to-nxt();

du pdz teo

P/ wscrollup. c:

/AND1091 LCD dis play routine for use tirih the Mulitmorntior:

#Include <dispizy~h>

'fscroidup(n) 
wacrollup

let Iustpol,

lutpos WIN-ROWS - Win rowjsn -1
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..wscrollup
Win row org n;-

if (Win _row _org > Ia&stpos)

WuIZI-o-g-og = !aUtpos.

dupdate{);

/AND1091 LCD display routine for use wit;, !he .ui~imonitor:

#incudel~ <displaY b>
wsetattrpos(r, c) wsetattrpos

int r, c;

Wi _ text_ row r;

Win text col =C;

/ tuatitr. c 5

/AND1091 LCP dtaptjy routine for use with the ,luitianomitor: 5

/a.. 0......... &.......... 0 00 .. a a a a 0 ....... 0 ....0 000 85 /

#include '*displzy h>
wsetattr( attr) wsetattr

jta at tt

Win _ text-ittr = attt,

/5.ND1091 LCD display routine for its. with the .Wujjm~ntjstr,-

915.elndw edispiy h-,
wsetcuripos(r, C) wsetcurspos

at r, c;

Win _ctrs_ row = r

Wi cIuru _c wri c;
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..wSetcurspos

/'AND109J LCD display routine for tue toith the Multimonitar: 5

#include <dcisplay.h>
wsetrextpos(r, c) wSettextPOS

iat r, c;

Win tem' tow r;

Win text col c

*wispdctuec:

/5ANDIOPI LCD dis play routine for use wtth the Multimonilor:8

#include <display~h>
wUPd ateil) wupdate

dupdate();

/8 updInmc

AND1091 LCD diupl.y routt.e for wue W1.A the Mulhtmornsor: 8

lot

If 0i < Wini -roworg 1 >= Wuinrow Ion + Wnrow org)
return;

jwWiz row dorg + i - 'A'vi row orC;
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DATA W.A. HILLENBRAND BIOMED. DAMD17-87 '-7195 A007-DL 9/30/89

LIST ENGR. CENTER, PURDUE UNIV.

DRAWINGS, ENGINEERING & ASSOCIATED LISTS SHEET 1 OF 1

DWG DOCUMENT SHEET NOMENCLATURE OR DESCRIPTION
SIZE NUMBER NUMBER

B PMC-MEC-ASY 1-2 PMC OUTLINE DIMENSIONS

A PMC-ELE-ASY 1 OF 5 PMC ASSEMBLY - BOTTOM VIEW

A PMC-ELE-ASY 2 OF 5 PMC ASSEMBLY - EDGE VIEW

A PMC-ELE-ASY 3 OF 5 PMC ASSEMBLY - TOP VIEW

A PMC-ELE-ASY 4 OF 5 PMC CASE BOTTOM

A PMC-ELE-ASY 5 OF 5 PMC ASSEMBLY - TOP REMOVED

A PMC-ASY-PL 1 OF 1 PMC PARTS LIST

B HHM-MEC-ASY 1 OF 1 HHM OUTLINE DIMENSIONS

A HfiM-ELE-ASY 1 OF 3 H HM FRONT PANEL REMOVED

A HHM-ELE-ASY 2 OF 3 HHM REAR PANEL REMOVED

A HHM-ELE-ASY 3 OF 3 HIUA FRONT PANEL - REAR VIEW

A HHM-ASY-PL I OF 1 HUIN PARTS LIST

A PMC-INT-BLK 1 OF I PMC INTERFACE BLOCK DIAGRA"M

A HHM-INT-BLK 1 OF I HH1M INTERFACE BLOCK DIAGRAM

A PMC-FLO-PRE I OF 1 PMC PREPROCESSOR FLOW CHART

A PMC-FLO-SGP 1-2 PMC SIGNAJL PROCESSING FLOW CHART
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PARTS W.A. HILLENBRAND BIOMED. DAMDI7-87-C-7195 PMC-ASY-PL 9/30/89
LIST ENGR. CENTER, PURDUE UNIV.

PMC PARTS LIST SHEET 1 OF 1

QTY NOMENCLATURE OR DESCRIPTION
PQD

1 case bottom
1 case top
1 battery cap receiver
1 battery cap
1 battery contact assy.
1 wriststrap assy.
1 electronics assy.
6 #2-56 x 0.7 RHP SS
2 #2-56 x 1.0 RHP SS! leather strap (2.6x5 in.)
1 wiring harness3 elastic strap
2 electrodes, .6 in. dia. SS
2 electrodes, .6 x .25 in. SS
4 #4 flat washers
4 #2 lock washers
4 #2 nuts
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PARTS W.A. HILLENBRAND BIOMED. DAIMDI7-87-C-7195 HHM-ASY-PL 9/30/89

LIST ENGR. CENTER, PURDUE UNIV.

HHM PARTS LIST SHEET 1 OF 1

QTY PART OR IDENTIFYING NU!ABER NOMENCLATURE OR DESCRIPTION
RQD

1 front panel
1 rear panel
1 frame
1 battery cover
1 battery holder
1 battery cap
2 C&K KSlIR22CQ pushbuttom, switch
2 switch contact board
1 pushbuttom cover plate
1 pushbuttom spacer
1 C&K 7101JlZQ rocker switch
1 prox trans- assy.
1 ra-io assy.
1 antcnna
1 antenna connector
1 CPU board
1 AND491-30 LCD display
1 Durell 04Z LCD backlight
1 ERG F309-E819 backlight power supply
1 Lexan display window
14 #2-56 x .5 FH socket
30 #2-56 x .25 FH socket
4 #2-56 x .5 RH
4 #2-56 x .25 RH
24 #2-56 nuts
18 #2 flat washers
18 #2 lock washers
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DISPLAY ACTIVATE

(DIS) SWITCH
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TRAINS-
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F-I

PTRA HWCI 12
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Prprcssor

determine where data determine amounti zero out off-

' on and off-scale of motion (mocount) scale segments

[high-pass• Ilow-pass i !=pazoidal wgenindow-7
iflter segment filter segment on-scale s

S[ calculate average of

S absolute value of
o-aon-scale segment

Osd new on-scale maximoum level
level - (6 x median value of signal)
if (level>75) -l evel - 75

F1if (level<2.5) ->level - 25

L replace off-scale taeodlwno

segment with 80v on-scale segment

determine where data
is off-scale

(based on ntw level)

dv*ermine segment
length (seglen)

Outputs: -.J., mocount

Outputs: val, mocount, seglen,

processed data segme!nt
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DATA AND DRAWING PACKAGE FC2 ELECTRONIC EQUIPMENT SHEEr 1 OF 1

DWG DOCUM-ENT - DESCRIPTION
SIZE NUMBER NUMBER

A PMC-RAD-ADJ L r"rC 1-.DIO ADJUSTMEN7 "RCCEDURE
A PMC-SYS-TST 1-2 DMC SYSTEM BENCH AN[5 ;UNCTIONAL TEST
B PMC-CPU-PWMq I PMC MAIN BOARD COMPONT7NT TA.YCUT
B PMC-RAD-PW[ 1-2 PVC RADIO LINK PRINTED WIRING MASTER

B HH.M-RAD-PWM. 1 HYM RADIO LINK ORINTED WIRING M-ASTER



Magnavox Radio Adjustment Procedure
Models 801 and 802

Equipment

RF generator with 72.168 YHZ output and 39" stick antenna.
100 M.HZ bandwidth oscilloscope.
Nonconductive screwdriver.
RF field strength meter or spectrum analyzer with antenna.

1. Connect RF generator to antenna and set for 72.1.68 MHZ,
Fm modulation with 1KHZ tone, 4KKZ deviation, and 0.5 Vrms
into the stick antenna

2. Connect oscilloscope to the RECEIVE AUDIO pin (Pi-6)of the
radio module.

3. Adjust L3 fo_ best symmetry of the 1K•I: sinc wave.

4. Connect oscilloscope to pin 1 of Ul on the radio module.

5. Reduce RF generator to 50mV rms .,•t2 the 'ntenna.

6. Adjust C5 for maximum amplitude at U1 pin 1.

7 Disconnect oscilloscope from the radio module.

S. With the radio powered from batteries (6V) and with
NO GROUND attached, connect the KEY line (Pl-3) to
the negative (-) terminal of the battery supply.

FOR MODEL 801

9. Monitor the radio transmitter output with the spectrum
analyzer or field strength meter. Adjust CS for maximum
transmitter output power.

FOR MODEL 802

10. Same a 9 above except adjust C29 and the series antenna
capacitor.

•ON T AC ' PURDUE UNIVERSITY
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10. INTERFACE TEST SUNLMARY

10.1 Scope. This appendix establishes the test procedure used to test the inter-
face between the PMC units and the HHM units.

10.2 Bench Test.

13.2.1 Overview of Ber.Lh Test. The serial communication signal lines of a PMC
and a iN-IlM were connected directly together. This connection served to bypass
the radio transceivers. Temporary pushbutton switches were attached to the
PMC proximity interrupt and the HHNI activate. Three tests were then per-
formed on the hard wired units.

10.2.2 General Results of Bench Test.

10.2.2.1 Supply Currcrt Test. A DC millampmeter was connected in series with
the PMC power supply. The power supply was turned on and the supply current
was measured and recorded. The PMC current value was approximately 21 m'..
A.fter waiting for one minute. the supply current was again measured aid
recorded. At this time the PMC CSCI entered the "STOP" state and the P'.I C
current reading was approximately 0.6 rmyk.

10.2.2.2 PMC Activation Test. Actual PMC activation was simulated by pre: ring
the HHM activate pushoutton and the PMC proximity interrupt pushbutt< - in
quick succession. An oscilloscope monitoring the HlMl proximity signal output
line displayed a burst of 125 Kiz square waves when the I-iM was activated.
The HHM display read

PMC 4 Activated
where # was the identification number of the PMC. Monitoring the PMC radio
power line with an oscilloscope ihowed the line became active when the PMC was
activated.

10.2.2.3 Status Test. The 111D.1 would query the activated PMC every 15 seconds.
Initially the 1HEM would receive the rnessace

Off Wrist

"The oscilloscope monitoring the radio key :ine verified proper operation of the line
for both the HIM and PMC. The PMC wr;st strap was then applied to the wrist
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of a subject. The subject remained still while the HHM display was monitored.
The subject's heart rate was obtained from the subject's pulse. This heart rate
was compared to the results displayed by the HEM. The last step was for the
subject to intentionally move during data collection. During this time the HHM
display reported motion.

10.3 Functional Test.

10.3.1 Overview of Functional Test. This test checked the performance and the

accuracy of the various PMCs and HI-Ms. The units were tested by strapping a
PMC on a subject and recording the subject's heart rate or motion reading which
was displayed by the HIM every 15 seconds. The HHM heart rate was compared

with the subject's actual heart rate which was obtained by feeling the subject's

pulse. Each PMC was tested continuously for a period of 90 minutes. The test-
ing occurred while the subject was resting, walking, resting after walking, run-

ning, and resting after running. All delivered PMCs and HIDvs were tested.

10.3.2 General Results of Functional Test. The PMCs and HEMs generally per-
formed as expected. Accurate heart rates were obtained when the subject was
resting and when the subject was resting after walking. Some heart rates
tranqMitted uuring light waiking were accurate. Most mot'on caused the HHM to

d'spiay a motion reading rather than a heart rate value. Running produced the
Heavy Motion

message to appear. Following exercise, the PMC occasionally transmitted heart
rates less than 60 bpm where heart rates in the range of 120 bpm were expected.
Such readings probably resulted by the impedance signals due to the heavy
breathing mixing with the impedance signals due to the heart pumping blood.

The HIRE had no problem in obtaining information from the PMC.
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LIST ENGR. CENTER, PURDUE UNIV.

PMC/HHM ELECTRICAL ENGINEERING DRAWINGS LIST SHEET 1 OF 1

DWG DOCUMENT SHEET DESCRIPTION
SIZE NUMBER NLMBER

B PMC-ICN-SCH 1 PMC INTERCONNECTION DIAGRAM

B PMC-CPU-SCH 1-2 PMC MAIN BOARD SCHEMATIC DIAGRAM

B PMC-CPU-PWM 1-8 PMC PRINTED WIRING MASTER

A PMC-CPU-PL 1-2 PMC MAIN BCARJ. PARTS LIST

B PMC-PXR-SCH 1 PMC PROXIMITY RECIEVER SCHEMATIC DIAGRAM

B PMC-PXR-PWM 1-6 PMC PROX. RECIEVER PRINTED WIRING MASTER

A PMC-PXR-PL 1 PMC PROXIMITY RrCIECER PARTS LIST

B PMC-RAD-SCH 1-3 PMC RADIO LINK SCHEMATIC DIAGRAM

B PMC-RAD-PWM 1-2 PMC RADIO LINK PRINTED WIRING MASTER

A PMC-RAD-PL 1 PMC RADIO LINK PARTS LIST

B PMC-BHD-PWM 1-6 PMC BULKHEAD BOARD PRINTED WIRING MASTER

B HHM-ICN-SCH 1 HHM INTERCONNECTION DIAGRAM

B HHM-CPU-SCH 1 H1DM MAIN BOARD SCHEMATIC DIAGRAM

B HHM-CPU-PWM 1-6 HFUM PRINTED WIRING MASTER

A HHM-2PU-PL 1 HIHM MAIN BOARD SCHEMATIC PARTS LIST

B HHM-RAD-SCH 1-3 HHM RADIO LINK SCHFEMATIC DIAGRAM

B HHM-RAD--PWM 1-2 HHM RADIO LINK PRINTED WIRING MASTER

A HHM-RAD-PL 1 HHM RADIO LINK PARTS LIST

B HHM-ANT-SCH 1 HHM RADIO ANTENNA SCHEMATIC DIAGRAM
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PARTS W. A. HILLENBRAND BIOMED. DAMD17-87-C-7195 PMC-CPU-PL 9/10/89
LIST ENGR. CENTER, PURDUE UNIV.

PMC MAIN BOARD SHEET 1 OF 2

QTY COMP-NAME REFERENCE-DESIGNATOR DESCRIPTION

1 68HCllAlFN IC3

8 HC132 IC12 IC10 IC!0
IC10 IC12 IC12
IC12 ICl0

11 RESV R24 R25 RNIH RN1F VAL-100K
RN1G RN1E RN1A
RN1D RN1C RN1B R19

1 RESV R23 VAL-4.7K

1 RESV R26 VAL-6.8M

2 RESV R27 R9 VAL-62K

1 RESV R20 VAL-1.2M

2 RESV R17 R14 VAL-51K

1 FZESV R4 VAL-470K

1 RESV R6 VAL-91K

2 RESV R21 R22 VAL-IM

1 74HC573 IC6

1 74HC138 IC9

1 27C256P TC7

5 CAPV C3 C23 C22 C21 C24 VAL-0.luF

4 CAPV C14 CiS C19 C17 VAL-100pF

2 CAPV C15 C16 VAL-InF

1 XTALV CR1 VAL-8. 0M.HZ

1 AD589 IC4

2 CAPH C12 C13 VALUT-27PF

1 CAPH C8 VALUE-33nF



PARTS W. A. HILLENBRAND BIOMEED. DAMD17-87-C-7195 PMC-CPU-PL 9/10/89
LIST ENGR. CENTER, PURDUE UNIV.

PMC MAIN BOARD SHEET 2 OF 2

QTY C-OMP-NAME REFERE'\CE'-DF. QTIGNATO-R DESCRIPTION

2 CAPH C?, C6 VALUE-5 .6nF

2 CAPH Ci C2 VALUE-820pF

1 CAPH C3 VALUE-l2OpF

1 PMOSSGD, Qi

6 CHOKE Li L3 L4 L5 L6 L2 VAL-33uH

1 8464P IC3

1 C4040B Il

1 S8054HN IC5

IRESH ~ IR8 VAL- 10K

2 RESH P16 R13 VAL-2.2M

2 RESH R15 R12 VAL-53.5K

2 RESH R2 RI VAL-47K

I RESH P3 VAL-470K

1 RESH R5 VAL-120K

1 RF-SH R7 VAL-620K

2 RESHl R8 RIG VAL-100K

I R E S) L I VAL-12K

2 CAPV Cii CI0 VAL-0. IuF

I CAPI! C9 VAL-lOnF

1 CAPV C4 VAL-0.82uF

3 DTQDE D3 D2 Dl

4 TL064N ICi Xci 1(:l rlC1

I POLCAP C5 VAL- 2. 7li f

2 TLO62'2 1C2 102
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27 3.58 MHz 27

9 9

p 1 7 T~i VCC

i!~~~~J -;~;2: _____

LIL
RXAZ TX
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PARTS W. A. HILLENBRAND BIC.MED. DAMD17-87-C-7195 PMC-RAD-PL 9/10/89

LIST ENGR. CENTER, PURDUE UNIV.
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0 0 0 0 0 0 0 0 0
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PARTS W. A. HILLENBRAND BIOMED. DAMý\$D17-87-C-7195 HHY-CPU-PL 9/10/89
LIST ENGR. CENTER, PURDUE UN4IV.
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PARTS W. A. HILLENBRAND BIOMED. DAMD17-87-C-7195 PMC-PXR-PL 9/10/89
LIST ENGR. CENTER, PUR.DUE UNIV.

PMC PROXIMITY RECI:EER £CARD SHEET 1 OF I

QTY REFERENCE-DES IG:;ATCR DESCPIPTION

2 RP R3 VAL= 10K

1 R2 VAL_63K

1 RI VAL-360K

1 R9 VAL-390K

1 R5 VAL-56K

1 R6 VAL-430K

1 C3 VAL-470pF

1 :2 2 N39C6

1 Q1 2N3904

1 DI IN4148
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ARMY HAND HELD MONITOR Al
COIL FORM

O.D. 3/8" dia. TYGON O.D. 3

,/

The Coil form consists SECONDARY
of two pieces of tygon,
the outer has an O.D. 25 turns
3/8" dia- The outer #20 AWG
piece is shrunk on a spaced
smaller dia. of tygon over
tubing, this will give form
enough rigidity so
that a coil can be
wound onit, yet be
flexiable.

25 turns
#20 AWG
Close
wound

BASE ASSEMBLY

B1R4A 1.5 turns
BRASS -' SOLDER over primary'SLEEVE __ FILE

Sr-• FILET

•-'•(---BNC

CONNECTOR L j BASE ASSEMBLY

O.D. 1/4' dia. TYGON



ARMY HAND HELD MONITOR ANTENNA 72 MHZ
COIL FORM MECHANICAL ELECTRICAL SCHEMATIC

138" dia. TYGON O.D. 3/8" dia. TYGON

<!SECONDARY
7SECONDARY

25 turns <

#20 AWG
spaced COIL FORMcxover <

0< ~form

51.5 turns
420 AWG

25 turns
#20 AWGPRMRClose_ PRIMARY

wound PRIMARY

-- - 11 turns
15turns 11tujrns 1 2OAWGover primary #20 AWG

R L I BASE ASSEMBLYBN
N BNC

O.D. 1/4" dia. TYGON CNTRACr NO. PUROUE UNIVER:

DAMD17-87-C-7195 W.A. HLLENBRA
APPROVALS DATE WEST LAFAYETT

DRAWN D 9-10-M9

SIZE NM/B
SCALE N/A



NTENNA 72 MHZ

MECHANICAL ELECTRICAL SCHEMATIC

3I8" dia. TYGON

SECONDARY

COIL FORM

51.5 turns
#20 AWG

PRIMARY
PRIMARY

11 turns I I turns
11 turns t0 nAWG
4&,o AWG 2

BNC

BNC
"CTRACT NO. PURDUE UNIVER3ITY

DAMD17-87-C-7195 W. A. HILLENBRANO BIOMEDICAL ENGINEERING CENTER

APP"ROVAL3 DATE WEST LAFAYETTE ;N 4710

," 9.1o9 HHM ANTENNA SCHEMATIC

SAZE FAWIN NO.

B1 HHM•••MT-SCH

xALu N/A -sjt 1 oE 1



PROGRAMMING SOFTWARE

for the

MULTIMONITOR



t Mumliple Casualty Monitor m c

/° Ver. 1.O 0/

/" (c) 1989 Purdue Universty

#include <-•hio.h>
#include <ilrePg.L>
#include <bmec.h>
#inelude <terminiab.h>

/ display handler declarations 8/

#inelude "dispdec.h"

#define LF 10
#deflne CR 13

#define PROXVAL 200
#define PRO)MIN 5
#define MA.X'(D 5
#define MqA.ITERIES 3 / maxii.aum number of reiries /
#define EVALTIME 15 /I time for PMC to complete an evaluation /

/8 Received packet statuses /

#define GOODPAX 1
#define BADCHK 2
#define BADPAK 3
#define TBIEOUT -1

#define ACTIVE 1
#define INACTIVE 0

#define SHOW I
#define NOSHOW 0

#deflae MOTIONLT I
#define MOTIONMOD 2
#define MOTICNHVY 3

/s structure used to set up serval interface /
Street i-ctl 'ttyb;

char cdkS0; 7S 0 HZ counter for real time clocr /
lit dcount; / S 0 H1Z down counter for general purpose

* timing /
lnt stcomnt; 7' SO HZ down cour•er for status timing '/

int scount; /* 50 11Z down to r for sleep routine /
iUn etame; /I 1 HZ evaluatio. .ime counter '/

echae tpakbuf1200i, 7' buffer to construct packes for
Strarnmission '/

char rpakbuflsol; 7' buffer to store received packets /
char 'pakptr; /8 pointer to receive packet buffer "/
is& ritata; 7t' stae of receive Packet finite satatr

lt chksum; /8 check men calculated on received packets I
lot rchksum; /* check ism included in received packel. '7

chat linelso!; /' buffer for display mciea gee/.
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/* soldier status values returned from a P.C /
jut evnum; / evaluation number 8/

;at offw; /" PMC off wrist flag '/
iat hbate; /' heart rate /
mat bitt; 7' battery voltage /
int Mocount; / motion counter •/
int id; /d PMC ID "7

int idfiag; , enable A/D convers.on flag ',
int a lva! r alue from A,,D conversion /

int re t-:es; number of retes for communication "/

jut first; 7' flag to mark first evaluation CyCIe for a
PMC /

char 3;

char clksec;
char dkmin;
char clkhr;

/8 GG vars '7
#define NLAXCAS 20
#define WIN SIZE 10
#define HR FII g0
#de~fine HRLOW 50
#define HR-MIN 30

* #define STIMEOUT 12
#define DTIMNEOUT S

char aAdvai; / ADD puiAbutton current value
char deival; /e DEL pushbutton current value
char upva4; 78 UP pushbutton current value "'
char dnvt; /7 DW, pajAbuutta current value '/
char hlpvy; // HLP p.hbutton current vaiue

char addlast; /" ADD pushbutton last value !
char dellast, /, DEL putAbutton last value
char uplast, / * UP pusAbutton last value /char dalast; /7 DWN pushbutton last value "/
char hlpi&at; ,' HLP pujhb,.tton last value '7

char addstat*; 7' ADD pushbutton jlat, 8/
char deistat¢e /" DEL pushbutton state /
chor upstate; ,/ UP pushbutton state /
char d(Istate, / DvW.V puithbutton state '/
char hbpstate, /8 HLP pushbutton stite "/

char addflaa, /' ADD pushbutton flat "
char defl'z-, /" DEL pushbutton flag ,/
char upflag, /8 UP pushbutton flag "/
char dnflac, 7' DWN pusAbutton flat 8/
char h1p1laL, / IILP pusAhbutton flat '/

l1 *vaifla; 7' evaluate flat '/

iat ucU; / current number ef caaualties "/
lInt curcu; 7' currint polled cauualty "/lot cuptr, / cassaely pestned to by cursor °/
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itnextcasid; /ntxt Usable ca.,id number7

!at casid;
jut pmcid;
jut eynum, oftw, hrate, batt, mocount;
int inhib;
struct (

unsigned hrbi:1, hrlow:1, lowpulse:1, offwrist:1, ba~ttow:1, motion:2;
unsigned paker-:1, tmeout:l;

} stat;
)casual yMýAXCAS;.

char 'mnotion suj =

"-NO"
"-YES-,
"YES-,
"YES"

char *Stat-stijj

"MRT RATE HIGH-,
"HRT RATE LOW-,
"LOW PULSE-,
"-OFF WRIST-,
"BATTERY LOW",

"-COM ERROR",
"COM LOST"

chat aul-hi-stxr]

/routi~ne declarations*
void int q~tupfl;

rnmod2 __void 61NO
-- mod2 -- void INTINT0;

an () main

/turni fI tralumifUer olff
key(O);
/ .'.I: keyrboad i
HI11P.4CI 1, = fliSO I 1111PACTL;
H11P"ORTA - O)iDO H11PORTA;
kbclz
/ 0 IM111he vnchi
casptr 0;
acaj 0,'
nextcajud 1 ,
orwalflag 0,
curcas 0);
/' s et up umter~ptA
lot-Utu pf),
/' Me up jfMI1 pert/
tty mtupt':

/ rn*.asaeLCD ifuaplay

dcui* .1,3

wmake(4 WINSVZE);
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... matn
P Power up message 8

help screen():
pmc_screen();
PMC Showk,;

/ turn on AID converter ,

ado no;
/' main processing loop *
while (1)(

'/ 1 process anyi 6u:!on pus.3ei

a~dcas").

addflag = 0;
)else if ldeilag)

delcas-4);
PMC _ShOWt_
deiflag = 0;

else if (hlpflag)
hipfla.g = 0;
help_waeean);
pmc screen1);

) cre if (arrowý))

check _c"s4SHOW);
it (adVal >= 88 && Stcount ==0)(

sprit'ine, L~aw Multimcnit~or Battery");
dlstatusl linei;

stat _ cro;

s~eep~isleep

3count 30
while (Ve'Ouat)'

proxý)pro-x

HiII1ORTA 1= 'O

while ýdcollat),
111IFORTA &t= Oxdt,

dopss
r*~ 4c i P.%f C Soldier Statui

for (j = 0, rpakbuf'j;
if (%trocrnp{&rpakbt't j +, 1! SS', 3) '- 0)

resurs (0),
Jj + 4;

su~af~s ~% %4%d %d S,'d lud", kwv'uum, koffw, &brats, krnocount, Abattl,
cuuaty~cuarc a"1 UMt M CVUUn.
cxUquityicUrca*ý off* OffW.
casuyatyicurczs brat* b rat*,
Casualty C'srcall Mocouut -Morount,
cuzjaltylcurcaai batt = batt,
Culsuityteorcuia stat.hrbi -0,
casualty;.Irc~rutal rc.w0



casualty curcasi-stat.Iowpulse 0; .. 0s
casual tycurcasj .stat. of fwrist 0;
casualty ýcurcas;s.stat.ba~ttow =0;
casualtytcurcas!.stat~moticn 1;
if (offw > 190) {,

casiialty~curcasi.stat.oftwrist =1
casuait) curca~sl.hrate = 0
casuaitrCurcasýMccouzt=0;

else
if "Moccunt >= I && mocount < 10)

casual ty'curcasi. srtat. motion = 2;
else ifr (MOcount >= 10 && mocount < 25)

casualty,'curcasj .stat.motion = 3;
Ielse if (mocount >= 25){

Casual tY;CUYZcsi.3tat. motion = 4;

J f(ýrate ==0) 11 (hrate == -4)){
casual ty~curcas], stat. owpulse = 1;

else :r ((hrate > 0) && (hrata <= HRLOW)){
caasualty'icurcasi.3tat.hx~ow =1;
ajazw(2);

else it (bxate >= HRHI)(
ca~sualty curcaal~stat.hirbi 1;
alarm(3);

it (but >= 88)
casualtyý(-irczs!.3tat~battlow =1

return (1);

doppaj) doppa
P8 do Positie Packet Acknowledg:

int.
char *8
imt lid,
for (I = 0: rpakbuf'ji ='

if (stracmp(krpakbuf~j T ' PA', 3) !=0)
return (0);

while (isdiCittrpakbu~j 1 I))

s &rpakbu'jl,
sicanf(?, "'' &hd);
return (Id),

d) docss

char /8 senid out Central Soldier' Status query/

p =&tpakbuVO!,
sprintf~p, -A'd CSS 1'*, id),
stndpak( p);

wamdpak(pk) sendpak
char p

p =pk;
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mninxc in n*C

... send~vak

=p (i >> 4)- '0;
if (Ap > 9,

if '.p *> '9,

'p= p 7,

= Ca,
p.--.;

"? 0:
key(1):
dc.)Unlt = 0
/ whsIe('dcot.flt

p = PK;
pkputc¶ '\r'!
pkputz, 'X');

pkpUtz CRY
pkputciCR:,
key;01,

p k p~it~c c) pkputc
char

p' u 'h ar ý. ,

g~pce~tnot p.p.d) ge tpacke t

jut ~ m Po U~ t, d

Cher

0

-bism ý 0.

'lone 0.ý
while ý1:

while "m 01.

reur Tc ,lO', UT'

switeh jsta~ej

it (c , )
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break ... etpacket

if (c =IA') {
*pa~kptr-t-i c;

chksum t,=
rstat~e =2;

)else
pkabortoj;

break;,5 case 2
it ý'c == H CRj

pakptr =0;

4 s = pakptr;
3--;

ssczaf(s, "%", &,rchkSUM);
chksum -- --
Chksum -= ;
chksum =chksum & Gfft;

else
for (J = ; rpakbuf'j1! :;
if t(3 cmp(&rpkbUf'j -. ii, pk*ype, 3) ==0)

while (isdig~tqrpzkbufj -1)

S = !~b~1

if(~iid == idl 11 Ai = 0))
returnaGODA)

break:

ir(paiptr &,;&kbt~fr49;)

ps 7 o f pkabort

10:29e 199Pg 7fný



...key
HilPORTA &- Ox'rS7

_mod2 'void0ClN
OC1I11TT

H~ITFLGI Ox90
H1 'TOC'. C~hO
H~IICOP?,-T = 06

.1 COST= Chaa

if ýJHiiP ~RTA & 0x04; ==- 01,
hpa = ACTIVE

hipv~aJ = INACTIVE;

if ýýH11POTA & 0-011,= 0))
dnval = ACTIVE,

ýnva1 = INACTIVE;
it (rHH1PORTA & 0x02) ==01)

upVa4 ACTIVE;

upvxi INACTIVE,
set up )for n~ext read '

H11?ORTA = 0x-10 I(H1lPORTA & 0x3F';,

if 4'Hi1PORTA &.- 0%01) ==0))

dlvi= AC T I'VE,

4ew = INACTIVE;
if I'lil:PORT.A & 0x02) 00)

,(dva.l = ACTIVE
cis*

a~,Yi= I.NACTIVE.
/set up for vnezt read "

HiiPORTAý' OxSO I !HIIPORTA & Ox3F),

if hlpval ý. dava; - ipr;Ll + difival i ddval > 1)
h: pyai IN*ACVl,,E,

-iv' IN ACi"VE.

a;3 IN'A C -, N,
,evi INACTIfT.

I'~ACTIVE,

'~~evf~px.4 P:, k;pitats, kupfixg;.
ej V %I kleitat#v 1AOXflAL.

whvie (Iii ADCTL OxAO - 0),

ulyal 1IIADRI

dcount--.
If (rtr~ount)

If (Wount)
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0MCINT
clkSO = 0;
etime++;

if (clksec >= 80)(
c~kmi~i++;
clksec =0;

if (clkmia >= 80)

clkrn~n = 0;

dokey(va!, last, state, flag) dokey
char 'val, 'last, 'state, 'flag;

it ('statc == INACTIVE){
if '(Ayal == ACTIVE && 'last == ACTIVE)

'state =ACTIVE;

'flag =ACTIVE;

if ('val == -NACTIVE && 'last ==INACTIVE && 'flag ==INACTIVE)
*state = INACTIVE;

'last * Val;

-mod.'_ void
COPINT()- COPINT

dstatusOf'CO? RESET'");

void
i t setu p() inL.se tup

__mod2 void OClINT));
__mod2_ void INTINTO;
-__mod2 void COPINT));
void VECTOR));
dcount =0;
scount = 0;
stcount = 0;
etime = 0;
VECTOR(OCIINT, 9);
VECTOR(INTINT, 14);
VECTOR(COPINT, 17,),
VECTOR(COPINT, 18),
H11TOCI =0;
H11TMSK1 1= 0x80;

tty setup)) tty-..se tup

chksum = 0;
rcbksum =0;
rstats = 0;
open();
H1IBAUD = 0%35;
ioctl(ttyb, CETPA.RAIMS);
ttyb->io erase CTRL('H')-;
ttyb->io kill =CTRL('U);
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..tty-setup
ttyb->io flags = RAW;
ioctl(ttyb, SETPARAMS);

corn_rdy() c o -rnrdy

if (H11SCSR & ox~o)
return (1);

else
return (01,

adon() adon

HilOPTION xo;/* power up o/d -
HIIIPORT.ý OxIo; /* power up wrist: circuit *
adflag 1

adoff() adoff

H11OFTION &= O~x7F; power down a/d /
HIIPORTA i~=Ox:7F; /8 power up wrist:- circuit
adflag = 0;

/8 GG routines 8

help-sareen() he lp..scr een

acisO);
nsetattr(DISP_NORM),
nrnessa(g;in 0, Multiple Casualty Monitor )

nmessage{1 0,
nmiesagei2, 0, "INSTRUCTIONS.
nmnessage13, 0,
asetattI(lSP_REV),
nmessige43, 0, -To Add Casually To List.");
nsetattr(DISP_NORNI);
nmessagei4, 0, P,,it MM near PMC. P~ess <A.DD>'),
nrnesszgej5, 0, Wait for \'PMC ACTRVATED\" )

ninessagelO, 0, Label body with number skhowa*),.
unmesisage(7, 0,
as-etattrIOISP_REV),
nmessageJ7, 0, "To Delete Casualty from List:-,,
rivta~tr*IDISP _NORM);

nzressageý8,' 0,' Use arrow keys to seiect )

amessage(9, 0, casualty to be deleted
nrnessage{10, 0, . Press <DELETE>, the messago I);
time!Aagelll1, 0, ' VCONTFIRM DELETION'\" appears')
amessage~l12, 0, -,Press <DELETE> agzan
nrnessage( 13, 0, ' 3
nostattr(DISPREV);
nmesasqe(3, 0, "To See This Screen:"),
naetattr(D ISP_ NORM);
umessaje(14, 0, "'Piesit <HELP>
nsetattr(DISPRBLI.NX);
nrnessage(IS, 0. "Press any key to exit HELP ");
tisetattr DISPNORM');

while ('keyhit())
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check_cas(NOSHOW);..hepsr 
n

sleep(l);
if (addflag){

kbclro;
a~ddflag =TRUE;

else
kbclro;

stcount = STI3.fEOUT * 50;

pmc~screen') pmnc...screerL

lisetattr(DISPREV);
nmessage(O, 0, Multiple Casualty Monitor ")
nsetattr(DISPNORM);
nmessage(1, 0, "CAUS HEART MOT. STATUS
umessage(2, 0, NO. RATE
amessage(3, 0,-----------------------------------
zmessage(14, 0,------------------------------------
asetattr(DISP _REV);
nmessage(15, 0, -Press <HELP> for instructions )
nsetattr(D IS? _NORM);
wsetattr(DISP_NORM);

pmc_show() pm c-.s how

int status;
char hr -stri5I;
char 'hr sptr;

/*alter tvindow if necccssary /
if (a = offwin(casptr))4

if (a > o)
Wsarollup(n);

else
wscrolldown(-n)-

7'display ca'uaties
domoreo;
for (i = 0; i< ncas; i-H.)

wsettextposi, 0);
if (status = maxstatqi))

if (i ==casptr)
wsetattr(DISP_RBLINK);

else
wsttattr(DISPBLINK);

)else (
if (i casptr)

wsetattr(DISP REV);
else

wsetattr(DI SP _NORM);

If (casual ty~ij. brats > HR -MIN)
.sprintf(hrstW, *73d", casualtyfi) hrate);
htr -rpt- Qa hr atr;

)els'e I
hr~sptr = nuil hr str;

spriatf(Iiae, *%03d %3s %3s %-142", casualty 11 .casid,
hr sptr, motion str [casual ty ji1.stat. motion 1,
stiat stZ[statusj);
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I wupdate(J; .m s

pmc_showi(i) pm -s howl
jut i

iut status;
char h t
char 'hr_ spt,:;

/ alter windoto if neccessary

* ffn =offwin~casptr))( iffn > 0) wscrollup(n); else woserolldown(-n);

/ * update cauially wvindow ,
wsettextpos(i, 0);
if (Status = maxstat~i))(

if 0 i caiptr)
wsetattr(DiSP_RBLlN'K);

else
wsetattr(D ISPBLI.NKI;;

else
if 0(= casptr)

wsetattr(DISP?_REV);
ci*wsetattr(D ISP_ NORM);

if (casual tyfi j. hrate > 30)(
S sprintf(hr~str, "%Jod", casualty~id.brite);

hr -sptr = hr str;
else

hr _sptr = ::ulHbr.rstr;

sprintf(Iine, %0'o3d Fo3s %3s %'-14s", czsualty~ij~casid,
hr_sptr, motion - strcasu al tyiij. stat.motion!,
stat_ str~statusl)

wputs(line);
wupdln(i);

dstatus(s) ds ta tus
char

'display status message (full line)/
asetattzADISP_REV);
nsettextpos(15, 0);
nputs("
asettextpos(15, 0),

dupdio( 15);
stcount =STIM.EOUT *50,

dstatusO)(S) dstatusO

asetttr(ISPE/* display primary i'slus message (Aalf line) /

asot 7 ; *11oPage 12);



mm.*c

mm.*C

..dstatusO

cht a ru:S / * display secondary statue message (half d a u

nsetattr(DISP REV);
nsettextposl(15, is);
npurts("*
nsettextpos(15, is);
aputs(s);
dupdla(15);
stcount = STIMIEOUT 50;

stat_clr()ot~ l

if (Stcount 0) 0)
nsetattr(DISPREV1,;
nse~ttmxpos(15, 0);
nputs("
dupdla(15);

offwiu(pos) 
offwinn

{ n / *; return scroll to get window pos on screen /
int

i= wgetorgo;
if (Pos <i)

return (pot / sct dn neg '

if (pos > WIN SIZE + i -1)

return 5pot - (WINSIZE + i 1 ));
return (0);

inwin(pos) 
tflwtf

int /os return display row of window pos (-I if

not vis) *

= getorgO;
it (pos < i)

return (-1):
it (pos > WIN -SIZE +- i- 1)

return "I,
return (Win _row _dorg + pos -)

domore() 
domor e

int

S= vgetorgfl;
usetattr(D IS? _ NORM);
I f (i > 01 (

nmmiuuea(3, 0,-------- -Mr- -- -- -- -- -- ----
sputatti(3, 12, DISP REV);

( aputattr(3, 13, DISF? REV);
nputattr(3, 14, DISPREV);
nputattr(3, 15, DISPREV);

aloe
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P, ...do more
amessage(3, 0,- - - - - - - - -- - - - - - - -

if (ncas > i + WIN_-SIZE) {
amessage(14, 0 , ..v-----vMreY------v)
Uputattr(14, 12, DISP__REV);-
nputattr(14, 13, DISPREV);
aputattr(14, 14, DISP _REV);
nputattr(14, 15, DTSPREV);

nmessage(14, 0,-- -- -- -- -- -- -- -- -- ---- -- ---- -- ---------

key board rou~tnes/
keyhit() keyhit

if (hipia~g 11 doflag IIupflag IIdetflag IIaddflag)

return (0);

kbclr) ic Ir

add'ast INACTIVE;
dellast =INACTIVE,
uplast =INACTIVoE,
dnlasr. INACTIVE,
hipiast =INACTIV;E;
addflag INACTIVE,
deiflag =INACTIVE,
upfiag INACTIVE;
dnflag =INACTIVE
blpflag =INACT iVE
addsitate =INACTI'vE;
deistate INACTIVE,
upsta~ = INACTI'VE,
dnstat = INACTIVE.,
h~pstate INACTIVE;

arrows() arrow3

it (tiP-'13. 11 dtflag)
if (1upfag) (

olp(Iag = 0:
if (caupU > 0)

casptr---,
else. if (dnflagj

d n f l ;,C 0 ; '
it (casptr < ocai I

return (I),

return fo',,

addc*s) addco.s
lIn& status;

dstatuO"A~ttmptiog FMC Act vatiaon);
It (acis >= MAXCAS)(

dstatusf-Lirnat Exceeded - PMC Not Added");
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*...addcas
sleep(1);
return;

/'attempt PMC activation *
retries =0;
do (

/* pulse prozimiiy~ transmitter f

proxo;
/ * check for PMC response
status = getpacket(2, 'PPA', 0);

4 . #1fdef BENCH

#eudif dstatusrpakbuf);

if(status == GOODPAK)
id = doppao;

retries++;
/* repeat activation aftempt until sucessful or too 5

/* many retries */
while ((status !=GOODPAK 11 id == 0) && retries < MAMIETRIES);

it (retries >= MLAXRETRIES)
id 0;

addflag =0;
/5 if id == 0 then act~ivaion was unsucessfltd'
if (id == 0) (

dstatus(-ERROR -- Repeat Activate Steps');
3leep4 1);
dsta.'us(YPut MvM Near PMC, Press <ADD>");

)else if ((n = inlist(id)) !=-1)
/s previously activated PMC

i(casual tyin].stat. tineout, 0;1

sleep( 1);
}else {

dstatus("Casualty Already Active');
sieep(1);

else
casualty I casj.pmcid id
ca~sual ty tcsf casid =neitcasid;
czsualy)uc2.si.e'num 0;
casual ty~iicaf.Of fw V 0;
casualty ncazl brate 0;
casualty ncasi batt 0;
casua~lty ucasll mocount = 0;

casualtyjacasi statbatw = 0;
casualty~ ncaai.stat motio 0;

cauialtyincas1.stat.p:hrlow 0;

csuartintf ae, sttM fwrs 0dATVTE"; )

saitusaltinc.); a.t1~u

spriatf(line, "PMAR 'O CAS VALTY D" W AH#%3" nx;si

dstatus(Iiso);

delcoa) delcas
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... delcas

if (Bcas > 0
P confirm delete ~
dstatus(-Hit <DELIETE> to Confirm");
deflag = 0;
dcount = DTI.MEOUT '50;
while ('keyhit4) && dcouat),
if (dei~lig)(

rernavecas;

dstawusl"Ca~sualty No, Dtleted-,
else

dstatus("No, Casualties to Delete");

remo-fecasi() remove cas

for (i =cst, < acas;

cas~.alty '1 casid =casualty)j casid;
casuaL~tyi =-. ca~sual ty) .pmc~d;
casualty I evaum =casualty 1: e'num:
casualty =ff casualtylj!.offW,
casualty~l. zrzte =ca~sualt !ji.hrate;
casua~ty,i batt casualty~jIbatt;
casualtytl.Muount = casualty;!) mocount;
ca~sualtyi.; stat -I= ca~sualty'j;.stat.hrhi;
casualty 1L Stat. , casualty'ji stat.hrlow;
caaualty'iý 3txt.ý! :0 casua~lt-yiji st~at~owpuise;
c-asualty l:stat.o" - = casuaity'JI stat.offwrlst;
casualty I! stat bat-, casualtyJ: stat~battlow;
casualty 11stat~mou, . casualtyill stat.motion;
casualty i.stat.paxerr casuaity) 1stat.paeer;
C26SU &ItyI~ 3t~at.tizneOUt CaSUaltTijI'stat~timeout;

Wsetattr)DISPNOR.M),
Wcln(1icas),
if (cxsptr > acasu I

casptr = aincs 1

check _cashsowmo~de) check-cas
in& Showmode,

If (ptrne >=~ EVAIT!ME)
evaifl4C = 1,
et'me 0,

if (Ovalfla)
It(Curcio < Oc~s)

it (cauualty'curcaai 10bib)
cwasu&tyjciircul inhbb 01

oleo
getstatus(csuuaity~curcas1 prncid),

* ~It (showmode &A fkcursrow = iawla(curcu)) 1=-1)( ~/ do cursor, get and j/~ow status
doetcurspos(curtrow, 0);

* dcursor( 1),
pumcsbow I(curcas),
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... ch.,ckeas
dcursor(O);

curca3s++,
)else {

curcas = 0;
evadflag =0;

getstatus(ii) gets tatus
mt id;

mnt status;

retries 0;
casualty 'curcaJsl tat. pakerr 0;
casualty[cur casi.3tat. ti meut 0;
do

docss(id);
status = -etpa.cket(2, PSS", id);
retries++;

}while (status != GOODPAK && retries < MAXR.ETR[ES);
it (retriet < %MA.XETRIES)

dopsSi);
cls* 0

casuaty~curcas;.stat.timeont =1;

iuitid idis
int id return cujid if pmeid is in rsuaalty, list 8

for (i = 0; i < uacas, i-H-)(
if (casuaitylii.pmcid ==id)

return W;)

return -)

ialarm(abeeps) alarm
int eer

while (abeeps--)
dcount = 210;
HIlIPORTA =HIIPORTA & 0zef;
WaitdO;
HIIPORTA =H11PORrA to
if (nbeeps) (

dcoItin 20,
La tdO

maxutat(i) manatat

It (casm 11ty(i lStat.ti Moogt =.1)

rturn (8);
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..maxstat

return (4);
if (casualtyji].qtat.hrlOw = )

return (2);
if (casualty~fl~stat.bhrbi

return (1);
if (casualty I!stat.lowpulse 1

returnl (3);
if (CasU&Lty:I stat battow-=

return s
return 10),

while (dcount)
if aros

pmc-ShOW(;

chcd check dcount to see if still active ch/k
if (dcoumt)

if (arrCWSC)
pmc-Shown,)

return (1);

return (0),
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/dcMn.c:

/* AN'D1O91 LCD displa~y routine for use with !te Multimonifor:

*include <CdIsplay~h>

dr n(line) dcln

int lin ;

dsettextpos(ine, 0);

fr. (i 0-; i DISPCOLS; i±+.)
dputc(' )

dsettextposk'O. 0);

/dlia.c:

/* AND1091 LCD display routine for tue with the Multimorntor:

#uzaclud* <ci~splay.h>dcI

for (1 0; 1 DlýP ROWS; i-i-i-f

dsettextpos(i. 011;

for (j =0;, 1 < DISPCOLS; j.

dpul-4'

/AND1O91 LCD display reutime for uo,e with the Multfmrntnifr: a

fimellud.o <display b>
d~detr)

( / jseni control byte to dis play '

DISPWAIT,
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..dctri
DISPCTL = v

/~dctrll.c

" ANDIO91 LCD display routin~e ~'or use with the Afultimonxtor-

#include '-Zispliy.ý>

dct.:Il(v, data) dtl
iut Y, data, 

cti

P send display one data Syte *1/

DISPW.AT, and one control byte

DISPDATA = data;

D ISPW.AIT,

D[SPCTL = v

/dctril2 c:

AN.4D1091 LCD display rouiatne for use *,tlh the Mutzmonztor:

#include <dtsrpay h>
dctrl' (v, datal, data2) dc trl.2

jut Y, datal, dita2,
"'send display two data byte$

DISPWAIT , ,'and one control byte

DISPDATA = dital,

DISI'DATA -data2.

D ISP W T.

/*dcursor c

/'4NDI0oP LCD dtipiaw routine for 'vie with the MuQitomenutr

f<,112 diplay b"-
dcumsr(mods) dcttrsor

lontmo.
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..dcursor
it (Mode)
dctrl(Ox9E); / DISPLAY CURSOR ON /

else
dctri(Ox9C); /'DISPLAY CURSOR OFF 8

:8dcursor.c.- a/

,/AND1091 LCD display routine for use with the Muitimonitor: a

#mnclude <displayli>
dcursorf mode) dcursor

nt, mode;

'mode)
,C*.r1(0x9E); / DISPLA Y CURSOR ON 8

else
dctrl(Oz9C)- DISPLA Y CURSOR OFF 8

/8ANDiODI LCD display rvistine for use waith the Multirnorndar:8

#Iinclude <display h>
dcurssi ze'si te; dcthrssize

size = OAO I(size k Kr,.

dctri(size), /8CURSOR TYPE 8

/8 d 4a e a /
/ANLD1091 LCD display roistine for usee with the Wuhmevsitor 8

#loaIvda, <display b>dat
dd ata(c ddt

lot 1%
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..ddata,
se nd da~a byi to display

DISPNVAkT;

DISPDATA =c;

'AND1O9i LCD disP.,';j -outine `or use wt!,` :.he .tfti~hnow:'ar.

#include -<dispiav h>
,,sp _ in It d isp- init

while fUDISPCTL & u~x2oý )

dctri(OY84); ,'MODE SET /

dct, 11V014O, 0, OXOA', ,'TXT IJO-E COM *,

dctr!2( CX41, 0-x1e, 01, r XT AREA OCiM

dct, i2ýOX4!, 0, X0XS, * CR Ji ME COMV

dc-,121r)x43, OXlE, 0). (-R AREA4 COM

dctrr' 20124, 0, OXOA'. " ADDR PTR SET

dctr!Z(Gx24. 0, OX08L ' ADOR '"R SET ,

dc r!(OxAC), sCU!, TYPE

dcL-!fOx')C), *DISPLA Y MODE SET

Oisp _ toxt row 0.

Dvip _ 'ext col -0,

D;3p _curs Tow 0,

Disp- rliri ci 0

Disp ,pit at~r MITP NoiR \

.N It text row 0.

Nit _ trst ol 0.

Nxt Curl FOWI 0,

Nit teit attr - ) NP P NO PM.

re 1 0. DISP. ROWS,

* re (i .- 0. j DISP (OI i. ~-
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..disp.:nit

Cur_Img_chLi1[JI = OxFF;

Cur_img_at!i]~jj = OxF7;

dupdate(),

,'dmessage. c:

/* AND1091 LCD display routi-te for use with the Mulfimonitor: 5

#include <display.h>
dnmessage(r, c, s) dmessage

iut r, c;
char 3

dsettextpos(r, c)-;

dpUts(s.),

/dputattr~c:

/ANDiO9 LCD display routine for use with the Multimonsiicr:

#include <display h>
dputattr~r, c, attr) dpu tattr

iot r, c, a ttr-;

dsetattrpostir, c);

dctrll(OXCO, Ittx);

, aputC C: 5

/~AND1O9I LCD display routine for use with the Multimonitor.

#include <display b>
d putc(c) dpu te

lint C;
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..d6putc
-' if (c = '\n')

Disp text cot - 0;

Disp trext_row =(Disp text row -+ 1) %DISP _ROWS;

cIse

C =C - 0x20:

''write cAar

dsettextpos(Disp text_-ow, Disp textco)

dctrll(OxcO, c);

Swrite char s attribute

&~t:Lttr-pos(Disp _text_ row, Dis _ text_cofl;

dctxli(Oxco, Disp_ text_ attr) ,

/5 update row and col variabl', /

Disp text_co1-.--;

if (Disp text cot >= DISP COLS)

Disp _text._ col = 0;

Disp_ text_row----

if (Disp-text row >= DISPROWS)

Disp text row = 0;

/'dpL.Ichar~c: 5

~"ANDI091 LCD display routine for uut with ihe Multimaviitor: 5

#include -dispiay h>
dput~char(r, c, hb) duc

int r, c, ~, duc

Ch = Ch- 0X20,

dsettextpusir, C),

dctrll(OxcO, ch),

/5dputj.c:-
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/* AND1091 LCD display roustine for use with the Multimonitor: 5

#include <displayli>
dpULS(s) dputs

char

while ('s)

dputc( 's);

/5 dre2aaddr.c: 9

/5ANDiO91 LCD disvolay routine for use with the Muffimonitor: 5

#Include <display.h>
drc:!aaddr(r, c, mxsb_ptr, lab ptr) drc2aaddr

int r. c, 'msb~ptr, 'lb_ ptr;

if (r <8 (

'Isb ptr =r '30 + c;

'masb_pt = DIS? AADDRlM;

else

'lab ptr (r - 8) *30 + c;

'msb~ptr DISPAADDR2M;

/5dre2taddrec5

/AND1O91 LCD display routine for use with the Multimonitor: 5

#include <display h>
drc2taddr(r, c, rnsb ptr, lsb ptr) drc 2taddr

lot r, c, misb~ptr, 'lsb~ptr;

if (r < 0

lsb~ptr r '30 +c;

'msb-ptr DISP-TADDRINI;
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..drc2taddr

'1sb~ptr (r - 8) 30 + c;

'msb_ptr DISP _T.ADDR2MI;

/ dsetattrpcs.c

/* AND1O9i LCD aisploy routine for use with the Muliimoniior: 5

tfinclude <display h>
dsetattipos(r, c) dse tattrpos

jut r, c;

int 1sb, msb;

drc2aaddr(r, c, &msb, &]sb);

dctrI2(0X24, lsb, msb):

D*-ptext-row r;

Disp text_ col C

/ dsetaUr.c

/AND1091 LCD display, routine fOr use with the Multimonitor:

#inciude <display.h>
dsetattr( attr) dsetattr

jut attr;

Disp_ text attr =itr

/*daetcurspos. c

/~AND1091 LCD dusplay, routine for tise with the Multumrnomor:

#lnelude <display.h>
dietcurspos(r, c) dsetcurspos

jut r, C;
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if (r... dsetcurspos

r = r + OXIO - OXOS;

dctrl2(0X21, c, r);

Disp_curs3_row r;

Disp_curs_col c;

L. ,/ dsettezipos.c 3

/8ANDIO91 LCD disptu&, routine for use taith the Muitirnonitor: 3

/***$****** * *** *** **************************3********

#include <display.h>
dsettextpos(r, c) dsettextpos

imt r, c;I

int Isb, msb,

drc2taddr(r, c, &msb, &isb);

dctrl2(0X214, Isb, msb);

Disp_text_row = -

Disp text cal =c;

/8dupdate.C

/ AND109I LCD dis play routine for use with the Multimonitur: 8

#iinclude <display h>
dupdate() dupdate

for (i = n;l, < DISPROWS; i++)4

for (j =0; j< DISPCOLS, j++)

if 'ýCur img chilijij ! Nxt img ebiji) ()

dsettextpos(i, j);

dputcha~r(i, j, Nxt imc cb~i!jj1),

Cur img chliljj Nxt imgc c~iI~jI;

It (Cur img at~iljlj Nit img -Atlfi]l )
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..dupdate

dsetattrpos(i, Ai)

Cur irng at~iý!jl = Nxt_ img _at[ijijj;

Disp te-xt_:ow Nxt text _row,

Disp text_crl Nx._ t~ext_col;

Disp curs row =Nxt-curs-row;

Disp curs col =Nxt curs col;

Disp textattr =Nxt_ text_attr;

dsetcurspos(Nxt_ curs -row, Nxt_curs_col):

/ dupdMn.c 5

/AND10o.1 LCD display, routine for use totth the Muftimonifor:

* #include <dispIay.h>
dupdln(i) dupdln

jut i

iot j

for (j = 0;. < DISP _COLS; j-.--)

ir (Cur _t cch~ilj '= Nxt~irng~ch'i!Ijt)

dsettextpos(i, J),

dputcha~r(i, j, Nxtt mg~r'!j)

Cur img _ch'ilij! Nit - mg chfdij>I

~t (ur _mg at'~j~ Nit _Img _a't'!:jj)

dsetattrpos~i, j),

dputattr(i, j,Niim t j)

Cur _img_ &t'irjj Nxt _imC _&t[6I~j;

( Disp text row =Nxt_text_row;

Diap text coI Nxt _text _ccl,

Disp curs row Nit curs row;
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..dupdln

Disp curs-col = Nxt_curs_col;

Disp text-attr = Nxt_text_attr;

dsetcurspos(Nxt_ curs _row, Nxt curs_col);

/* nelnec:

/* AND1O91 LCD dispta7/ routine for tue with the Muitimonitor: 1

k #include <display.a>
ncln(line) ncin 7

mt line;

asettextpos(line, 0);

for (i =0; i <( DISPCOLS; i++)
nputc(' )

t nsettezztpos(0, 0);

/* ndCj.: 5

/AND1091 LCD displa7i routine for mic umth the JMoulimoniior: 5

#include <dispizy.h>
ncis~)nci

lint :,j;

for (i 0; < DIS? _ROWS; i+

osettextposbi, 0);

fre (,j 0; ;< DISP_ COLS; i++')
npuLc(' )

nsettitpos(0, 0).

/ mtoeleq.c:
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/* AND1091 LCD display# rouliri for use with the dulihmonitor: 8

#include <display~h>
nmessage(r, c, s) nmessage

'ant r, c,

asettextpo5'r, c);

apu tsis)

/* npUtatr.c 5

/* AND1091 LCD display rouhne for tue wtht the Multimonitor:

#include <d~ispiay.h>
aputattr(r, c, attx) nputczttr

int r, c, attr;

Nixt im gatfr'Ic' = attr;

/* nputc.c 8

/* AND1O91 LCD display routine for mte tvith the 1,iufih.uaonsor: 8

#iutdud* <disD~ay~h>
nputc(C) npzstc

in C;

if (c = = 'Z*

Nit _text _Col =0;

Nxtttiit row =(Nxt text row 1) ý- DISP _ROWS,

/ * write cAzr/
Bmtteztpos0Nxt text row, Nxt _text _ ol),

/' *writ, char 's attribute */

ns~ta~ttpos4Nxt_ text -row, Nit _ txt _col);

( Nt_ g _cbNxt - et-rw~xt text Coll = C;

Nxtmg tIit tet ro~!Xt -taxt -Cofll Nxt text att7;
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... nputc
/u tpdate rowa and col variables

Nxt-text_col+-i;

it (Nxt_text_col >=~ DISP COLS){

Nxt-text-col = 0;

Nxt -text row++;

if (Nxt text row >= DIS?_ROWS)

Nxt text row =0;

/8npultekar.c 8

/* AND1O91 LCD display routine for age wthi/ the Multimovtifor: 8

#iaelude <display.b>
uputcbar(r, c, ch) nputchar

{ 1str, c, cb;

Nxt img cbYrllc = ch;

/ * nputdec

/8AND1091 LCD display routine for we wthi/ the Multimorntior: 8

#;aeludo <display.h>
aputs(s) flputs

char %

while ('I)

UputC( *3);

/1AND1091 LCD display routine for use uthi/ the Multimomiter: 8

Us(trpsr #1iue CIPI) h , nse tattrpos
in.r C
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... nsetattrpos

Nxt-text row r;

N~xt _text-_col =C;

,'nseta~irpos. C: 5

/'A.DJO91 LCD display routine for use taith the~ Vuifimonstor:

#include <display h> rs at
nsetattx(attz) neat

int attr;

Nxt_ text_ attr = tr

/AND1091 LCD display routine for tsue with the Mutdimondsov

#includv. <display b>
flsetcurspoi~, c) rse teurspos

Nxt _curs row r,

Nxt _curs _col c;

/~ANDI09.1 LCD doJptap rOUtiMe for Use #ith the .Iullimomitor a,

#incluide '<dispiay h>
asettei'.pos(r, C) rise ttextpos

lot, r, c,

Nxt text row r;

Nxt text col C;
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/AND1091 LCD display routine for use with the Muitimonifor: 5

#Include <displayli>
wdn~liae) wc In

rat time;

int i

wsettextpos(Iine, 0);

for (i =0; i < DISPCOLS; i++)

wput4( ');

wsettextpos(o, 0);

/AND1091 LCD display routine for use with the Multimorntor: 5

#include <display.h>
Wclsk) WC1Is

for (i =0;, j < WIN_ROWS; i+-+)

wsettextpos(i, 0);

for (j 0; j <c DISP COLS, j++)
wputc( ')

wsettextpos(O. 0);,

,~AND1O9I LCD daplay routine fop, tue with the .Wultimoniasr: 5

#fooled* <diSPI&Yhb>
wgetorg() wgetofg

r~tura (Wia row org);
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/ wiin- to_ nzftc: 
8

/AND1091 LCD display routine for uje wt/ii Me Multimonitor:

#intIude <dispiav~b>

WLD toWin-to-nzt

inS ij, arow, wrow;

arow =Win - row~dorg;

wrow = Win _row org;

fre (i =0; i< Win row len: ii-++, mrow-i-±, wrow+±)(

for (j 0; < DISP COLS; j++'ý

uputchar(mrow, jWin ch~wrow ,

nputattr(arow, jWiu acrwrowi~j~

nsettextpos(0 0);

,'a 8 aeee. a......... .. 5.5.......... ... .............. SS,~as

/AND1091 LCD dtipipy routine for tue withi Mei Vujtmof,lo, er

#incluade <display hi>
wlanto.-ln(wrow) 

WITL..to-ntnint *row;

ins j, arow,

int offset,

of.t wrow - Waro~w _orC.

it lof"Iet. - IDrow-e 11 offset < 0)

ar',w Win-_row dorf ý. offset,

rer 0~ , j DISP _ COLS, j-.)

nputchar(arow. J, Winchivrowjý1),

Oputatt~r(Orow , Win _-l!~wrOWI[j.)'
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P* wmake.c:

" AND1091 LCD display routine for use urA ih, Multirnonitor: 5

#include <dispiay~h>
wmrakefdrow. lea', wm ake

irk drow, lea;

Win-row _Ion =len;

Win row org = 0;

Win-row_aeirg = irow;

wsetattr(DISPNOR.M);

/~wmessafeec:

/~ANDI...9 LCD display routins for use miAk the Mtdtimanaifor:

#include <display.b>
wmessage~r, c, a) wrn ess age

ant r. c;
Cher*s

wsettextpos(r, c),

-W P'.s W );

,'ASDIO91 LCD display routine for use tmfA the .Wulf imonmtor: 5

#imclisd* <display Ii> tt
wputattr(r, c, at~t) wJJutat

mt r, c, at~t;

Win at~rý[cj =at~t;
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/* AND1091 LCD disp Jay routin~e for use witth the Mufltmonitor: *

#incluade <display.h>
wput~c(c) WPUtC

if (c == \T1)(

Win~ text _col -0;

~- text-row (Win text row 1) WIN_ROWS,

else

/* write char 5

WsaittextP"sWin- text-. ow, Wri,-text-col),

/. write ckar's attribute '/
WsetAttrP~slW;n_ text_row, Win-_text-coi);

Wi - ch "Win -text row:Win _ text _coli c;

Wr- at Wvin text._row;Wiatext-(cofl Win text- attr;

/ l'pdate row and col vari ables '

if ýWim text coil >=~ DISPCOLSI

WiU text coi = 0;

Witi-text_ row--,

if (Win ~text row >= WIN-ROWS)

Win text row -=01

/* AIVD1O91 LCD dispay roult~me for use with fth .4 usltimonitor I

wputcbar(r, c, ch) wputcliar
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** * * ** * * *** ********** ************

/I ANDiO91 LCD disp.~ay routine for use with the Multironator:

#include <display.h>

WpPtt -'s)

/* wicroidowr&.c: 1

/AND1O91 LCD display routine for use with the Multimonitor:

#include <display.h>
wscrolldown(n) wscroildown~

Win row org a;

if (Win row crg < 0)

Win _row_org = 0

win_ to-nxtQ;

du pd aLeo

/' wscroilsp

/* AND1O91 LCD display routine for use with the Multimonitor:

#include <display h>
wscro~lup(n) wscrdllup

int lastpos;

lastpos WIN-ROWS -Win row len -1;
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..wscTollup
Wia row org += a-,

if (Win row org > Iastpos)

Win _row_org = la~stpos;

dua-d a t-e

/* wsetaitrpos.c

/* AND1091 LCD display routine for use with the M'uitimoniior:

#include <display h>
wsetattrpos(r, c) wsetattrpos

int r, C;

Win text row=

Win text-col c;

/* wsetattr.c

/4AND1091 LCD dis,--:- --- :ine for use with the Muffimonitor: 4

#include <display h>
wsetattr( attr) wsetattr

list attr;

Win _text attr = attr,

/*wietcurspoi c 4

/A.VDIO9I LCD display routine for use with the Mulitmonitor: 4

#include <display h>
wsetcurspos(r, c) wste tcur.3pos

aint r, c;

Win _curs row r;

Win _e"urs col -;
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..wsetcurspos

/* wsetteztpos.c

/* AND1091 LCD dusplay~ routin~e for use with the Mdultimonitor:

#inmelucle <display.h>
wsettextposf- c) ws etteztpos

mt r, c;

Win-text row r;

Win~te~t~col =c;

P5 wupdote.c:

/5AND1091 LCD display routine for use with the Multimonitor: 5

#include <display.h>
wupdate() wupdate

win-to-uxtO;

d update);

/5wupdln.c:

/AND1091 LCD display routine for use with the Multimonitor:

#include <displaySh> w p
Emit

imit

if (i < Win row org 11 i >= Win row lem + Win row org)

return;

win to-nln(i);

j= Win row dorg + i -Win-row_org.

dupdln(j);
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