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[57] ABSTRACT

Inflight training apparatus is provided for military air-
craft radar warning receivers that is plug compatible
with the standard receiver processor to provide realistic
training scenarios responsive to pilot maneuvering
while recording the pilot’s actions for post flight analy-
sis. The training apparatus includes inertial navigation
equipment to indicate position and attitude of the train-
ing aircraft, a memory in which is stored position and
types of enemy radars and threats that would be en-
countered on an actual combat mission, and a processor
which receives inputs from the inertial navigation
equipment, memory and radar warning receiver control
panel to control the standard receiver video display to
generate the training scenario thereon. The training
display moves, rotates, and is blanked simulating the
effects of aircraft altitude and attitude as the aircraft
turns, banks and performs other maneuvers which may
be navigational or evasive maneuvers.

5 Claims, 8 Drawing Figures
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1
INFLIGHT AIRCRAFT TRAINING SYSTEM

FIELD OF THE INVENTION

This invention relates in general to aircraft training
systems.

BACKGROUND OF THE INVENTION

In the prior art, equipment for providing training for
particular aircraft systems have generally been simula-
tors located on the ground at training facility locations.
There are only a few training locations at which a lim-
ited number of expensive simulators are located and
these locations are remote from most operational air-
craft bases which are located all over the world. In
addition to there being an insufficient number of simula-
tors to provide frequent training to all air crew mem-
bers, the aircraft crew members to be trained must leave
their operations units in order to receive such training.
In many cases reduction in aircrew manpower for even
a few days of training is unacceptable.

Prior art ground based simulators can provide only a
small amount of realism and cannot provide the realism
of an actual flight.

Some inflight training arrangements are available at
one or two training ranges where the air crewmen fly
over the training range and receive realistic radar warn-
ing displays with inflight realism. Inflight training range
training has limitations, however, in that the air crew-
men must leave their operations bases, all air crewmen
cannot receive frequent training, the training scenario is
limited and expensive to change, and the training sce-
nario is relatively short unlike actual combat missions.

Thus, existing ground based aircraft training simula-
tors and inflight training range facilities both have limi-
tations which limit their usefulness.

SUMMARY OF THE INVENTION

The present invention solves the aforementioned
shortcomings of the prior art inflight training range
facilities and ground located simulator training systems.
The present invention permits frequent inflight training
of air crewmen while at their assigned airbases. Further,
the inflight training scenarios can simulate actual com-
bat missions both in duration and the threats experi-
enced. In addition, the reactions of the pilot and/or
other air crewmen in response to the training scenario
are recorded for future analysis of their performance.
Analysis permits improving the performance of the air
crewmen.

More particularly, the embodiment of the present
invention disclosed herein is a military combat aircraft
‘radar warning receiver simulator which is used to pro-
vide inflight training with realistic training scenarios
which may include scenarios that duplicate those to be
encountered on actual combat or reconnaissance mis-
sions. In operation the radar warning receiver processor
is removed from the aircraft and the simulator installed
in its place. The simulator is plug compatible with the
existing radar warning receiver processor thereby mini-
mizing modifications to the aircraft. This permits fre-
quent training of aircraft crewmen at their operations
bases in their own combat aircraft during routine flights
and eliminates the need for having to go to remote
training facilities.

" The aircrew whose aircraft is quickly and easily
equipped with a preprogrammed radar warning re-
ceiver simulator initialize the simulator, take off, and fly
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to a predetermined point over friendly territory where
the simulator is then enabled. The initialization process
causes the simulator to function as if the location at
which the simulator is initialized is the airbase where
the aircraft is either stationed or operating from. The
purpose is to assure that during the training flight the
aircraft doesn’t actually enter enemy airspace. At air-
base locations such as in the United States, the simulator
may be initialized before take-off. No matter which
case, the scenario on the radar warning receiver video
display is the same as if the aircraft was flown from its
operations base on an actual combat or reconnaissance
mission. ‘

As the simulator equipped aircraft is flown over its
planned training course simulating a combat or recon-
naissance flight as defined by direction distance, time
and altitude, the location of simulated enemy search,
threat and aircraft radars are appropriately displayed on
the receiver video display. As the training aircraft trav-
els straight, turns or performs other maneuvers, the
display of the radars on the video display changes ac-
cordingly in a realistic manner.

The simulator may include an altimeter to sense the
aircraft altitude and includes inertial navigation equip-
ment to sense the location and attitude of the aircraft.
Data from these elements within the simulator can be
used by the computer located in the simulator to pro-
vide realistic terrain blanking dependent on the aircraft
altitude and provides display rotation and blanking as
the aircraft turns, rolls and performs evasive maneu-
vers. The display blanking may be simulating antenna
pattern dead spots around the aircraft.

As is well known, the aircraft pilot and crew member
operating the radar warning receiver respond to the
radar warning display and perform course changes,
evasive maneuvers and activate appropriate counter
measures for self protection. These actions are recorded
and analyzed subsequent to the training flight. The
analysis permits improving. the responses and tech-
niques used to evade threats and thereby improve the
chances of surviving actual combat and reconnaissance
missions. .

The invention will be more readily understood from
the following description of an illustrative embodiment
of the invention when read with reference to the ac-
companying drawing in which:

FIG. 1is a detailed block diagram of our unique radar
warning simulator;

FIG. 2 is an overall block diagram of the system
computer program; and

FIGS. 3A through 3F are the program flow charts
for the system computer program.

GENERAL DESCRIPTION

The Radar Warning Receiver (RWR) of the pre-
ferred embodiment of the present invention is found in
military combat aircraft. The RWR receives and pro-
cesses radar signals from such threats as search radars,
anti aircraft radar, missile site radar and intercept air-
craft radar and provides a video display identifying the
direction, type of radar thereby identifying the type of
threat, and the approximate range of the radar from the
aircraft. The pilot and/or other cooperating air crew-
men, depending on the type of aircraft, take evasive
maneuvers, alter flight path and utilize appropriate pas-
sive or active countermeasures such as chaff, flares and
electronic countermeasures jammers in response to the
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audio and video output from the RWR. Such actions
increase the chances of survival of the aircraft and its
crew in a combat or reconnaissance environment.

Due to the importance of the RWR, it is important
that the pilot and other air crewmen operating the
RWR must receive frequent and realistic training both
of which are not readily available with ground based
simulators and inflight training over training ranges,
both of which are usually remote from the operations
bases.

With the preferred embodiment of the invention dis-
closed herein, an inflight RWR simulator is provided
which is relatively small and self-contained; is easily
programmed on the ground for an infinite variety of
training scenarios which may duplicate combat- and
reconnaissance missions in complexity and time dura-
tion; is utilized at operations bases within the aircraft;
and is used to provide frequent, realistic inflight train-
ing. The preprogrammed RWR simulator is quickly and
easily exchanged for the plug-in processor module of
the RWR equipment within the aircraft and the crew
receives training in their own assigned aircraft without
being temporarily reassigned to remote bases for train-
ing. ,

Once the plug compatible pre-programmed RWR
simulator is installed in an aircraft, the RWR simulator
is either initialized before takeoff or subsequent to take-
off at some point remote from the airbase. In either case,
initialization causes the simulator t6 commence func-
tioning as if the aircraft were just leaving the airbase.
The simulator may be initialized at an airborne point
remote from the base to assure that during the simulated
mission the aircraft does not pass over unfriendly or
enemy territory. This is not a problem when starting the
simulated training mission from airbases in the United
States where the simulator may be initialized before
takeoff. However, at airbases close to unfriendly or
hostile countries, the aircraft must be flown some dis-
tance away from the hostile country before the simula-
tor is initialized to assure that the aircraft does not pass
over hostile territory. This must be done as the aircraft
would be flying course headings for given periods of
time as if the aircraft had taken off from the airbase on
a mission over hostile territory. During the training
flight various types of search, threat and intercept air-
craft radar are displayed on the RWR video screen and
the RWR equipment is operated in the same manner as
if the aircraft were on an actual reconnaissance or com-
bat mission. In a well known manner, the pilot of the
aircraft, and other cooperating crewmen will make
course changes, altitude changes, take evasive maneu-
vers and utilize on-board countermeasures equipment
just as they would do during an actual mission to pre-
vent being shot down. The only difference is that flares
and chaff most likely will not be ejected from the air-
craft. The video and audio outputs of the RWR control
equipment on the aircraft in response to the simulator
can be realistic to the point that blanking occurs for
terrain blanking depending upon the altitude of the
aircraft and blanking due to antenna pattern dead spots
around the aircraft depending upon the attitude of the
aircraft as it flies level or undergoes various evasive or
other maneuvers. In addition, the display will change
and appropriate audio signals will be provided to the
operator reflecting the change in received radar signal
status of missile radar sites in their acquisition, firing and
homing modes of operation.
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Actions of the pilot and other air crewmen responsive
to the training scenario are recorded for evaluation after
the training flight. In this manner techniques may be
developed and the crews develop a high degree of pro-
ficiency in the utilization of their defensive equipment
to thereby maximize their chances of surviving actual
reconnaissance and combat missions.

To prepare a training scenario, a file is placed in a
memory of the simulator for the flight to be simulated.
Each threat radar has many entries in the memory file.
These entries indicate the type of threat radars, the
distances from the point at which the RWR simulator is
initialized to each radar, how close the aircraft must be
to the radar before the radar is turned on, changes in
radar operating mode or frequency, altitude the aircraft
must be at before certain weapons systems associated
with specific radars are utilized, terrain blanking infor-
mation, antenna dead spot information, audible sounds
generated for different threat radars reflecting their
operational status and other similar information. Inter-
nal to the simulator is self-contained inertial navigation
system, altimeter, a microprocesor and the memory
containing the training scenario file and the operational
program for the simulator. The inertial navigation sys-
tem indicates the position of the aircraft with respect to
the earth to the processor. The altimeter indicates the
altitude of the aircraft to the processor. The processor
relates the present position of the aircraft to the position
of simulator initialization point and checks the scenario
file. Information for threat radars that would be dis-
played on the RWR video display are utilized to present
the appropriate audio and video display signals on the
RWR. The display is updated frequently to accurately
reflect the motion of the aircraft. The processor also
utilizes the inertial guidance system signals when the
aircraft is diving, rolling or performing other maneu-
vers to appropriately change the RWR display just as it
would appear in a real non-simulated situation. Further,
the processor utilizes the antenna dead spot information
and, terrain blanking information then can be stored in
memory, as well as aircraft altitude information, to
appropriately blank the display of threat radars to accu-
rately simulate blanking.

To better understand the description of the system
block diagram shown in FIG. 1 and the computer pro-
gram flow charts shown in the remaining figures, a
description of the controls on the RWR must first be
given. There are ten buttons or switches, including
multiple position rotary switches, on the RWR control
panel which are listed and described immediately here-
inafter. '

1. AADefeat—This button is utilized by the RWR
operator to either enable or disable the display of radars
associated with anti-aircraft weapons systems. This
control would typically be used when the combat air-
craft is flying at high altitude where conventional low
altitude effective anti-aircraft weapons systems are inef-
fective and the display of their radars would only clut-
ter up the RWR video display.

2. Target Separate—In actual operation occasions
arise where the RWR display of two or more radars the
display of which is overlapped on the RWR video dis-
play. While this button is depressed by the RWR opera-
tor the overlapped displays of the two or more radar
sources is separated so that the operator can determine
the type of radars.

3. Unknown Enable—In operation the radar warning
receiver receives radar signals from various radar types,
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many of which are identified by the receiver as being
threat radars of a specific kind. However, signals may
be received from other radars which the receiver can-
not identify as being of any type of known threat. These
- unknown radars will not be shown on the RWR video
display unless the Unknown Enable button is operated.

4. Priority Switch—This is a two-position switch
which causes the RWR receiver to display either the
five or sixteen highest priority threat radars. The RWR
operator may use this switch to display only the five
highest priority radars to avoid possible confusion by
having sixteen radars displayed.

5. Gate Switch—This switch does not affect the oper-
ation of the inflight training system of the present inven-
tion so is not described here.

6. Test—This is a four-position rotary switch having
an off position and the remaining three positions are
used to test all lamps on the receiver, put various char-
acters on the video display to assure its operation and a
system test checking various computer programs within
the system.

7. Missile Launch—This button is operated by the
equipment operator and causes the RWR to display
friendly radars for limited training purposes.

8. Altitude Priority—This switch causes the RWR to
display all threat radars, threat radars for weapons sys-
tems that can only affect the aircraft at high altitudes, or
threat radars for weapons systems that can only affect
the aircraft at low altitudes. '

9. Diamond Hand-off—On the RWR video display
there is usually a diamond encircling the highest prior-
ity threat at any moment in time. As the highest priority
threat changes the diamond automatically transfers to
the newest highest priority threat. The RWR operator
also receives audio signals for the threat so marked by
the diamond. When the operator depresses and holds
down this button, the diamond moves from one threat
radar to another threat radar in descending order of the
threat priority at approximately one second intervals.
Upon the diamond marking a display of a threat radar of
interest, the key is released and the diamond remains
marking the threat of interest.. Accordingly, an audio
tone is provided the operator for the threat of interest.
To return the diamond to the highest priority threat,
this key is momentarily operated. S

10. Mode—This is a multi-position rotary switch, one
position of which is entitled Priority Open. When the
switch is in this position, the following operation is
provided. When the RWR operator has placed the
previously described Priority Switch in the position
such that only the five highest priority threat radars are
displayed, if there are more than five threat radars a
lamp is lit to inform the operator that there are more
than five threats and the operator may then operate the
Priority Switch to cause up to sixteen threats to be
displayed. A second position of the Mode switch is
entitled Search Radar and causes search radars to be
displayed at the outer. periphery of the display. Other
positions of the Mode switch cause the receiver to dis-
play only those threats located in front of the aircraft
and operating in designated radio frequency bands. Still
other positions of the switch are utilized to display the
radars for infrared tracking weapons.

DETAILED DESCRIPTION

Turning now to FIG. 1, therein is shown a detailed
block diagram of our novel radar warning receiver
‘training system which is plug compatible with radar
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warning receiver equipment already existing in combat
aircraft. OQur novel training apparatus comprises data
processing system 10, inertial guidance unit 11, and
driver and interface circuit 12 which are physically all
contained within a single housing. These three units are
described in greater detail hereinafter.

Data processing system 10 contains a scenario mem-
ory 14 which is a bubble memory that will not lose its
stored contents if power to this memory is interrupted.
Memory 14 has a training scenario stored therein prior
to the warning receiver training apparatus being in-
stalled in a combat aircraft for training purposes. As
mentioned previously an almost infinite variety of train-
ing scenarios may be created to provide realistic train-
ing for combat aircrews at their assigned airbases. The
complexity of the training scenarios is limited only by

* the number of storage bits within the memory 14. In

20

addition, as a combat aircraft goes through a training
flight utilizing our novel radar warning receiver train-
ing equipment, the flight path and maneuvers the air-

- craft is taken through by the pilot responsive to the
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training scenario are also recorded in scenario memory
14 to be read out at the end of the training flight for
evaluation. ,

Processor 15 is a 16-bit general purpose computer
which functions under control of the program stored
within program memory 17. Memory 17 is an electronic
Programmable Read Only Memory (PROM) well
known in the art, which may be erased and repro-
grammed with a new program. Utilizing a programma-
ble computer our novel radar warning receiver equip-
ment can be updated to provide training scenarios with
increased capability and new types of threats. Random -
Access Memory (RAM) 16 is used as a scratch pad
memory to temporarily store information: being read
out of and written into scenario memory 14 and to
provide scratch pad memory to processor 15 as it func-
tions under control of the program stored in memory
17. Information and program written into and read out
of memories 16 and 17 is coupled to and from processor
15 via buss 18. Flow charts for the program are shown
in FIGS. 3A through 3F which are described further in
this specification.

The program source listing stored in program mem-
ory 17 is at the end of this specification and Table A
located in this specification just prior to the program
source listing is an index that correlates the steps in the
program flow charts of FIGS. 3A through 3F with the
program source listing.

Inertial guidance unit 11 is a commercially available
unit containing standard apparatus and provides outputs
indicating change in aircraft attitude (86x, y, z) and
change in aircraft velocity (6Vy, v, z). These outputs are
pulse trains representing the attitude and  velocity
changes in the aircraft body frame. Inertial guidance
unit 11 is the key to providing realism with our novel
radar warning receiver training apparatus. The inertial
guidance equipment senses the aircraft’s movements
during the. training flight and provides information
which is processed with data processing system 10 to
change the radar warning receiver video display to
properly reflect aircraft motion during the training
flight. In addition, it is the information from the inertial
guidance unit 11 that is stored in scenario memory 14
for evaluation of the aircraft flight path and evasive
maneuvering following the training flight.

Within inertial guidance unit 11 are three sets of
gyros 22 and accelerometers 23 that sense angular rates
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and acceleration about the X, Y and Z Cartesian coordi-
nates. As motion of the aircraft is sensed by inertial
guidance unit 11, the error signals from gyros 22 and
accelerometers 23 are applied to gyro-loop electronics
24 which attempts to hold the accelerometer pendulum
and gyro gimbal nulled in a manner well known in the
art. These signals are also used as the analog rate signals
within unit 11. Accelerometer integrator 25 and gyro
integrator 26 convert the respective analog signals input
thereto from units 23 and 24 into digital pulse trains that
are input to comparator logic 27. Comparator logic
circuit 27 adds the pulse trains from integrators 25 and
26 to a 12.8 KHz reference signal. The 12.8 KHz refer-
ence signal is needed to provide an accurate time base
for the data sampling interval. These pulse trains then
represent the incremental changes in attitude 80y, v, z
and incremental changes in velocity 8Vy, v, z experi-
enced by the inertial guidance platform.

Driver and interface circuit 12 functions as the inter-
face between data processing 10, inertial guidance unit
11, and radar warning receiver 13. Acting in many ways
like the radar warning receiver processor which our
novel training equipment replaces on a plug compatible
basis, circuits within driver and interface circuit 12
generate the characters seen on the radar warning dis-
play and provide the necessary voltages to drive the
cathode ray tube of receiver 13. Other circuits tempo-
rarily store information from the inertial guidance unit
11 to be input to data processing system 10. In addition,
information regarding the status of the control buttons
and switches on the radar warning receiver control
panel are applied via driver interface circuit 12 to data
processing system 10 as software interrupts; and lamps
on the control panel of receiver 13 are lit under control
of data processing system 10 via driver interface circuit
12.

Processor 15 operates on an interrupt basis in a man-
ner well known in the art. All interrrupts are applied to
processor 15 via input lead 19 from service controller 35
displayed via interface circuit 12. Service controller 35
performs two functions. The first of these functions is to
take a S MHz input from clock 28 and divide same by 10
to provide the 2 microsecond time clock signals used to
contro! the system. The second function is to receive all
interrupt information from inertial guidance unit 11 and
radar warning receiver 13. The order of priority of
these interrupts is also determined by controller 35
which causes processor 15 to be interrupted in accor-
dance with predetermined interrupt priorities. The
order of interrupt priority from the highest priority to
the lowest priority for the RWR control panel only is:
(1) Display Information, (2) New Information for Dis-
play, (3) Read Sensor Data, (4) Switch Interrupts, (5)
Information to Lamps, and (6) Sensor Data Available.

Interrupts from inertial guidance unit 11 are applied
via the interface portion of interface and data adder 36
and service controller 35 to processor 15. Interrupt
information from radar warning receiver 13 is informa-
tion indicating the status of the switches on the receiver
control panel within the aircraft. As the switches are
operated each sends an indication to data latch interface
37 within interface circuit 12. The switch or control
information is stored within data latch interface 37 and
is then input to service controller 35 as shown. Service
control 35 analyzes all received interrupts and orders
them for priority input to processor 15 as mentioned
previously.
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In operation RAM 32 performs two basic functions.
First, RAM 32 is used to store inertial sensor informa-
tion applied thereto via interface 36 from guidance unit
11 to be read out to processor 15 which uses the sensor
information to update the radar warning receiver 13
display. After processor 15 processes sensor informa-
tion stored in RAM 32 under control of the program
stored in program memory 17, processor 15 generates
signals for an updated display on the cathode ray tube
(CRT) of radar warning receiver 13 and stores same in
another portion of RAM 32. The display information
stored in RAM 32 by processor 15 is periodically read
out to update the display on receiver 13. To perform
this update function, processor 15 knows in what ad-
dress locations of RAM 32 are stored the display infor-
mation to be updated. Processor 15 first generates the
address in RAM 32 for the updated information and
applies same via leads 21 to address buffer 29. Address
buffer 29 applies this address via address buss 45 to
addressing inputs of RAM 32. With specific address
locations within RAM 32 being accessed, the updated
information is applied via data buss 20 to be stored in
the particular memory locations within RAM 32.

To periodically update the video display of radar
warning receiver 13, RAM 32 has its display informa-
tion periodically read out therefrom under the control
of X-Y address counter 30 and ISA address counter 31
both of which are driven by clock 28. Counters 30 and
31 typically generate sequential addresses which read
out all display information stored within RAM 32. The
first information to be read out of RAM 32 is a binary
word indicating the specific location on the video dis-
play of receiver 13 at which an alpha-numeric or other
symbol is to be displayed. This position information
read out of RAM 32 is applied via data buss 20 to be
stored within X-Y position latches 38 which then input
same to adder 39. Next the specific alpha-numeric or
other character that is to be displayed at the specific
X-Y location is read out of RAM 32 and input to Char-
acter PROM 34. At the same time Address Generator
33 is responsive to counts from clock 28 to sequentially
and cyclically energize each of the alpha-numeric or
other characters stored within PROM 34. Only that
alpha-numeric or other character identified by the in-
formation also input to PROM- 34 from RAM 32 will
cause a digital code to be output from PROM 34 to
adder 39 identifying the character. Adder 39 is respon-
sive to both the information input to it from PROM 34
indicating the character to be displayed, and from the
X-Y position latches 38 indicating the position on the
receiver 13 video display at which the selected charac-
ters are to be displayed to generate another digital sig-
nal which when applied respectively to digital to analog
converters 40 and 41, generates the X and Y deflection
signals for the CRT display of receiver 13. In this man-
ner, the selected character is displayed at the appropri-
ate location on the CRT. This process is repeated for
each character displayed on the CRT of receiver 13 and
occurs cyclically for refresh purposes. As the aircraft
performs maneuvers, or just travels in a straight line, its
change in position is sensed by inertial guidance unit 11
and processor 15 responds to these changes in informa-
tion to change the information stored in RAM 32 to
appropriately change the display on the CRT of re-
ceiver 13. In this manner the operator of the RWR in
the aircraft receives a very realistic video display which
accurately simulates real operations.
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At the same time, processor 15 is responsive to inter-
rupts applied via lead 19, service controller 35 and data
latch interface 37 indicating the state of switches and
controls on the control panel of radar warning receiver
13 to display only particular threats, to light particular
lamps on the panel of receiver 13 and to provide partic-
ular audio tones to the receiver operator.

As RAM 32 is cyclically read out under the control
of counters 30 and 31, information in this memory is
read out. As information regarding a particular charac-
ter to be displayed is read out of RAM 32, the code
identifying the particular character is applied to charac-
ter PROM 34 and the position information is stored in
X-Y position latches 38. The position information
stored in latches 38 is input to adder 39. Character
PROM 34 responds both to the character identifying
signal input thereto from RAM 32 and a cyclical count
from address generator 33 to generate the signals neces-
sary to display the particular character on the CRT of
radar warning receiver 13. These character display
signals are also input to adder 39 which sums this signal
with the position information. The output from adder
39 is via digital to analog converters 40 and 41 and then
applied to the X and Y CRT deflection circuits in re-
ceiver 13. The result is that the particular character is
displayed at the appropriate location on the face of the
CRT of receiver 13.

During a training flight the flight path taken by the
aircraft, including any evasive maneuvers, is reflected
by signals output from inertial guidance unit 11. The
signals from unit 11 not only are used by processor 15 as
previously described and receiver 13, but also loads this

_information into an assigned portion of scenario mem-
ory 14. Subsequent to the training flight, the plug in
piece of apparatus comprising data processing system
10, inertial guidance unit 11 and display drive and inter-
face circuit 12 which are plug compatible with the stan-
dard radar warning receiver equipment which it re-
places, is taken out of the aircraft and the flight data
stored within scenario memory 14 during the training
flight is read out and analyzed to provide information to
the pilot as to the particular maneuvers and flight path
he took the aircraft through during the training flight.
In this manner the pilot is able to sharpen his combat
flying skills and increase his chances for survival in
actual combat. )

Turning now to FIG. 2, therein is shown a general
block diagram of the computer program stored in pro-
gram memory 17 and utilized by processor 15. The
more detailed flow charts for the program are shown in
FIGS. 3A through 3F which are described further in
this specification. As may be seen in FIG. 2, the com-
puter program is broken into four major portions enti-
tled Background Processing, Real Time Clock Process-
ing, Control Panel Processing, and Inertial Sensor Pro-
cessing. As the name Control Panel Processing implies,
this portion of the computer program processes infor-
mation received from the radar warning receiver con-
trol panel via operated switches and returns signals to
the control panel to light appropriate lamps. The Iner-
tial Sensor Processing portion of the computer program
processes the inputs received from inertial guidance
unit 11. As noted on FIG. 2 by the arrow with the title
Increasing Processor Priority, the Inertial Sensor Pro-
cessing has the highest priority and will preempt or
interrupt all other program operations for processing by
processor 15. Control Panel Processing is the next high-
est priority, Real Time Clock Processing has the third
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highest priority and Background Processing has the
lowest priority. As noted on FIG. 2, the jagged lines
between the four major blocks of computer program-

‘ming denote program interrupts.

Basically, the background processing software ar-
ranges scenario threats in a threat priority order and
does what processing is necessary to appropriately
move scenario interceptor aircraft and other threats on
the video display of the radar warning receiver. The
real time clock processing software periodically up-
dates the video display and reviews the priority threat
list in view of the priority set by the operator of the
radar warning receiver using controls thereon. The
control panel processing portion of the program re-
sponds to the operation of controls and switches on the
control panel of the radar warning receiver to cause
other portions of the computer program to perform
such functions as suppressing the display of unknown
radar sources, suppressing the display of anti-aircraft
artillery radar sources when the aircraft is at a high
enough altitude to be outside the effective range and to
separate the display of two targets that are so close as to
be overlayed on the display. The control panel process-
ing also handles lighting of lamps on the radar warning
receiver control panel and provides an audio tone to the
receiver operator for such functions as when a missile is
launched against the aircraft. The inertial sensor pro-
cessing program processes the outputs from inertial
guidance unit 11 to compensate inertial sensor data for
known errors and to compute rotation matrices keeping
track of the aircraft attitude with relationship to the
center of the earth. There is a fifth portion of the sce-
nario program entitled Initialize Software which is uti-
lized only at the beginning of the training scenario and
allows the inertial guidance unit 11 to locate the spin
axis of the earth relative to the attitude of the aircraft
and to get the latitude of the aircraft. This operation is
slightly different than the customary gyro compassing
performed in other inertial navigational systems.

FIGS. 3A through 3F show more detailed flow
charts for the computer program stored within memory
17 of data processing system 10. FIG. 3A shows the
Background Processing flow chart which includes a
block entitled “Calculate New AI Position” 47. This
latter block is disclosed in greater detail in FIG. 3E.
FIG. 3B is the real time clock processing flow chart and
FIG. 3C is the control panel processing flow chart.
FIG. 3D is the inertial processing flow chart wherein is
a block entitled “Compute Gravity Vector Compo-
nents” 130, which block is disclosed in further detail in
FIG. 3F and entitled “Gravity Routine.”

"Table A, which is located further in this specification
immediately prior to the computer program listing it-
self, is a formal index which shows the correlation be-
tween the computer program listing and the flow chart
diagram of FIG. 2. For instance, referring to Table A,
that part of the computer program associated with the
block on FIG. 2 entitled “Initialize Software” is first
shown. Thereafter are the computer program subhead-
ings under each of the blocks of FIG. 2. For example,
under “Examine Threat” is seen IDLE, and under
“Move Threat If Necessary” is seen MOVE and SQRT.
This correlation may be seen all the way throughout
Table A.

Turning now to FIG. 3A, therein is shown the de-
tailed program flow chart for the background process-
ing. From FIG. 2 it may be seen that the background
processing software has the lowest processor priority
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and, accordingly, the processing of the background
processing software is often interrupted by other por-
tions of the program. When all interrupt processing has
been completed then microprocessor 15 returns to the
background processing software. As the background
processing software is often interrupted, and the real
time clock processing and control panel processing
software may also be interrupted by the inertial sensor
processing software which has a higher priority, micro-
processor 15 functions in a manner that when its pro-
cessing of some software is interrupted the instructions
and other data stored in registers at the moment of
interrupt are stored to be recalled to continue the pro-
cessing upon return from interrupt.

The purpose of the background processing software
is to maintain and periodically update a threat radar list
in a priority order. As microprocessor 15 processes
background processing software it works its way down
the threat radar list from highest priority to lowest
priority. The highest priority threat is at the top of the
list while the lowest priority threat is at the bottom of
the list. The priority of a threat radar is determined by
a numerical value called the range ratio and as the range
ratio value decreases the priority of the threat radar
- increases. The value of the range ratio is computed by
microprocessor 15 from an equation wherein the range
ratio equals the slant range divided by the effective
weapons range. From the information stored in scenario
memory 14 the slant range to each threat radar is com-
puted and then compared to the effective weapon range
of each threat to get the range ratio. Microprocessor 15
organizes a threat priority list to keep the highest prior-
ity threat first. This updating is necessary to account for
the flight path of the aircraft on which is located the
radar warning receiver and also the movement of air-
craft interceptors having threat radars.

The background processing software is shown in
FIGS. 3A and 3E with the flow chart shown in FIG. 3E
being an expansion of the flow chart block entitled
“Calculate New Al Position” 47 in FIG. 3A. The block
diagram of the software starts at IDLE and the program
represented by block 45 points to the highest priority
threat. Thereafter, the threat list is analyzed in descend-
ing order of threat priority and the threat priority list is
reordered as threat priorities change as determined by
the calculation of the range ratio of each threat.

Once the highest priority threat is determined by
block 45, the program represented by block 46 first
determines whether the threat is an aircraft interceptor
(AI) the source position of which will continuously
change. If the threat is not an aircraft interceptor the
program goes directly to block 48 to calculate the up-
dated range ratio of the highest priority threat, which
range ratio will change as the training aircraft changes
position on the face of the earth. In the event that the
highest priority threat is an aircraft interceptor we exit
from block 46 through that portion of the program
represented by block 47 wherein the new position of the
aircraft interceptor is calculated. This is necessary as
the aircraft interceptor is continuously changing posi-
tion. Microprocessor 15 uses the updated aircraft inter-
ceptor position to determine if the aircraft interceptor
has passed the training aircraft and is no longer a threat.
In this event the aircraft interceptor is no longer a threat
and is removed from the threat table. Once the new
position of the aircraft interceptor is calculated, the new
range ratio of the aircraft interceptor is calculated by

20

25

30

35

40

45

50

55

65

12
that portion of the program represented by block 48 in
the flow chart.

Once the updated range ratio of the highest priority
threat is calculated as just described, we pass via IDLE
2 to block 49 which points to the next lowest priority
threat within the threat table. Block 50 represents that
portion of the software which determines whether the
next lowest priority threat pointer points to a threat
which is past the end of the priority list. If the answer to
this question is “yes”, the software returns via IDLE to
blocks 45 through 48 to perform the functions just de-
scribed restarting at the beginning of the threat table.
~ In the event that the next lowest priority threat is not
past the end of the priority list, the software progresses
to make a decision as reflected in block 51 as to whether
or not the next lowest priority threat is an aircraft inter-
ceptor. In the event that this next lowest priority threat
is not an aircraft interceptor, the software continues to
block 53 to calculate the range ratio.

In the event that the next lowest priority is an aircraft
interceptor, we go to block 52 where the new position
of the aircraft interceptor (next lowest priority threat) is
calculated before passing on to block 53 to again calcu-
late the range ratio. When the next lowest priority
threat is not an aircraft interceptor the program by-
passes block 52. The functions performed in blocks 51
through 53 are identical to those functions performed
by blocks 46 through 48 previously described. Once the
range ratio is calculated for the next lowest priority
threat we enter that portion of the software represented
by block 54 wherein the range ratio for the next lowest
priority threat is compared to the range ratio of the
highest priority threat. In the event that the range ratio
of the next lower priority threat is not greater than or
equal to the range ratio of the previously processed
higher priority threat we pass via IDLE 3 to block 56 to
determine if the threat that was previously analyzed
was the highest priority threat. If the previously pro-
cessed threat is not the highest priority threat, block 57
is bypassed to go to block 58 which causes microproces-
sor 15 to reorder the threat table interchanging the
lower priority threat RS with the previously higher
priority threat R4. If the previously processed threat R4
is the highest priority threat the program goes to block
57 which causes microprocessor 15 to now place the
highest priority pointer on threat RS instead of threat
R4 before continuing on to block 58 to interchange
threats R4 and RS5 in the threat list. Once this is done we
pass to IDLE 2 which cycles the program back to the
block 49 to repeat the steps thereafter for the next lower
priority threat in the threat table. This sequence is re-
peated until all threats have been processed. If the range
ratio of higher priority threat R4 is equal to or greater
than the range ratio of threat R5 the program goes via
IDLE 4 and block 55 to repeat the processing starting at
IDLE 2. In this manner, the threat priority table is
periodically checked and reordered as appropriate to
keep it updated. Microprocessor 15 utilizes the updated
priority threat list to determine which threats should be
displayed on the video display in response to other
software which is described hereinafter.

That portion of the computer program represented
by blocks 47 and 52, both entitled “Calculate New Al
Position,” is shown in a more detailed block diagram in
FIG. 3E which is now described. As the title “Updates
Aircraft Interceptor Position” implies, this program
subroutine is used only for threats which have a non-
zero velocity. These non-zero velocity threats are mo-
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bile threats, generally aircraft interceptors, whose latest
position must periodically be calculated and the range
ratio recalculated. When the decision made in decision
blocks 46 and 51 of FIG. 3A is “yes”, the computer
program subroutine represented by the flow chart in
FIG. 3E is called up. Immediately upon starting the
subroutine, a decision is made by block 59 as to whether
or not .the previously calculated time to intercept a
mobile threat is less than or equal to zero. This means
that the mobile threat has reached and/or has passed the
training aircraft. Based upon principles of modern aerial
warfare, an assumption is made that the intercept air-
craft, once having passed the training aircraft, cannot
turn around and reintercept the training aircraft. Thus,
if the previous time to intercept was equal to or less than
zero, a “yes” decision is made and we exit from the
subroutine with no further processing. When the previ-
ous time to intercept is greater than zero the intercept
aircraft is still converging on the training aircraft so the
program computes the current range vector as repre-
sented by block 60. After the range vector for the inter-
cept aircraft is updated then the distance or range of the
intercept aircraft is computed in block 61. Thereafter,
the vector difference of the intercept aircraft and train-
ing aircraft velocities are computed using the direction
vectors and distances of both aircraft as represented by
block 62. Once this difference has been computed the
time to intercept between the intercept aircraft and the
training aircraft is calculated as represented by block 63
and the computed time is saved in a register as repre-
sented by block 64. Upon the revised time to intercept
of an intercept aircraft being less than or equal to zero,
that intercept aircraft is no longer a threat and the pro-
gram exits from block 65 to block 71 to set an inactive
threat flag on the aircraft interceptor and then exits
from the subroutine. However, upon the revised time to
intercept being greater than zero the program goes to
block 66 to calculate a new range vector for the inter-
cept aircraft at the new computed time to intercept.

As the training aircraft will most likely take evasive
maneuvers to avoid contact with the intercept aircraft,
the velocity vector for the intercept aircraft under con-
sideration must be updated and this function is now
done as represented by block 67. The next step in the
program is to calculate the time since the last update of
the intercept time as represented by block 68. This up-
dated time is the elapsed time since the program made
calculations with regards to a specific intercept aircraft
and is utilized to determine how far along the velocity
vector the intercept aircraft has moved for the elapsed
time as represented in block 70. At this time all calcula-
tions with regards to a specific intercept aircraft are
complete and we exit from the subroutine to calculate
the range ratios as represented in blocks 48 and 53 of
FIG. 3A.

The next major subroutine of the system software is
the real time clock processing subroutine the detailed
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flow chart for which is shown in FIG. 3B. The primary

purpose of the real time clock processing subroutine is
to keep track of the elapsed time for the training mission
and to cause periodic display refresh of the video dis-
-play on the radar warning receiver with the training
scenario.

The first step is to determine if one second has
elapsed in the mission time as represented by block 72.
If one second has elapsed the program goes to the step
represented by block 73 and the mission time is incre-
mented by one second. The incremented mission time is
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then compared to the time at which the video display
was last refreshed to determine if the display should be
refreshed as represented by block 74. The program also
goes directly to block 74 if one second has not elapsed
as shown by block 72. If it is not time to refresh the
video display, which is refreshed two times a second,
the program exits from the subroutine to return from
interrupt to process lower priority program. If it is
determined by the program represented by block 74
that it is time to refresh the display, the next question to
be determined is if the training scenario has been started
by the pilot. If the training scenario has not been started
by the pilot, there is no need to go through with display
processing and we exit from the subroutine. In the
event, however, that the scenario has been started we
go to the portion of the program represented by block
76 and a transform matrix is computed to get into the
display coordinate system. To accomplish this transfor-
mation a vector in the scenario frame, which vector is
derived with the background processing program sub-
routine, is first transformed into a space stable reference
frame where the rotation of the earth is first accounted
for. Next the partially transformed vector in the space
stable reference frame is transformed into a strapdown
frame by the inertial sensor processing and finally is
transformed into the display coordinates.

Once scenario vectors have been transformed by the
display transform matrix represented by block 76 into
the display coordinate system software the program
goes down through the threat priority list starting with
the highest priority threat as indicated by block 77 to
determine if the particular threat is to be displayed.

As previously described, different types of threats
will not be displayed as indicated by the settings of
controls on the radar warning receiver control panel.

The program as represented by decision block 78
next decides whether or not the threat being processed
is beyond three times the weapon range of the weapon
associated with the particular threat radar. If the train-
ing aircraft is beyond three times the weapon range that
weapon is not a serious threat and will be disregarded
by not displaying the threat. If this decision is “yes”, the
program goes directly to decision block 85 which is
described hereinafter. In the event that the training
aircraft is within three times the weapons range, the
assumption is made that the threat radar associated
therewith will be in view on the video display of the
radar warning receiver so the program progresses to
block 79 to determine if the threat being processed is an
active threat. There are cases where the threat may not
be active, such as the threat being an aircraft interceptor
which has gone past the training aircraft. Another such
case is that the training aircraft may not be within the
turn-on slant range of the weapon yet. Upon the threat
being an active threat the program goes to block 87
which causes the program to display the threat as is
described further in the specification. In the event the
threat is not an active threat the program goes to block
80 to decide whether or not the weapon is a latent
threat. A latent threat is one that will soon be an active
threat such as a training aircraft soon to be within the
turn-on slant range of the weapon. If the weapon is a
latent threat the program passes to block 82 which will
be described hereinafter. In the event the weapon is not
a latent threat the program passes to block 81. A
weapon that is not a latent threat, such as an aircraft
interceptor which has already passed the training air-
craft, will not receive any further consideration. This
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type of threat is to be removed from the threat list. To
accomplish this, the program represented by block 81
sets a program flag which causes the threat to be re-
moved from the threat list. The program then pro-
gresses to block 82 which checks to see if the non-active
and non-latent threat is presently being displayed. If it is
being displayed the program causes the display to be
removed from the video display. The program next
progresses to block 83 where a decision must be made
following the display of each threat radar in a descend-
ing order of threat priority as to whether the number of
threats being displayed exceeds a number indicated by
the pilot using switches on the radar warning receiver
control panel. If the maximum number of threats is
already being displayed no further time is wasted pro-
cessing threats that will not be displayed and the pro-
gram exits from block 83 and go directly to block 85
which is described hereinafter. However, in the event
the maximum number of displayed threats is not ex-
ceeded the program goes from block 83 to block 84 to
determine if the end of the threat list has been reached.
The determination that all threats have not been pro-
cessed causes the program to go to block 88 which
causes the program to cycle back to block 78 to process
the next threat in the threat list. This process continues
down through the threat list in a descending order of
priority until either all threats are displayed or until the
indicated maximum number of threats are displayed.

Upon the threat list being exhausted the program
goes to block 85. The program associated with block 85
makes a determination whether or not all threats in the
threat list were processed on a previous displayed re-
fresh cycle. If all threats were not processed any left-
over threats from the previous refresh cycle are deleted
as indicated by block 86 before the diamond hand-off is
processed. Upon all threats in the threat list having been
processed on a previous refresh cycle, the program
processes the diamond hand-off as represented by block
89. Once the video display of the radar warning re-
ceiver is current, displaying only those threats as indi-
cated by settings of the controls of the receiver, then the
diamond hand-off must be associated with a particular
threat radar displayed on the receiver video display as
indicated by the operator. As previously described, the
operator operates one of the controls to move the
diamond displayed on the video screen from one threat
radar to another. Once the diamond processing is com-
pleted the real time clock processing subroutine is fin-
ished and the microprocessor returns to processing a
lower priority subroutine of the computer software.

The program subroutine having the second highest
priority is the control panel processing subroutine
which responds to the operations of all controls on the
radar warning receiver control panel and returns all
signals to the control panel to provide the audible and
visual outputs. The detailed flow chart for the control
panel processing subroutine is shown in FIG. 3C and is
now described. Upon there being a change in any of the
controls on the radar warning receiver control panel an
interrupt is generated indicating that this control panel
subroutine needs processing. Due to the priority of the
subroutines noted in FIG. 2 the control panel process-
ing subroutine will interrupt and take precedence over
the background processing subroutine of FIG. 3A and
real time clock processing subroutine of FIG. 3B, but
will not take priority over the inertial sensor processing
subroutine of FIG. 3D. As previously described with
reference to FIG. 1 the various switches and controls
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on the radar warning receiver control panel each have
an associated latch within circuit 37 of the display
driver and interface circuit 12. It is these latches within
circuit 37 which are tied to data buss 20 and are read by
processor 15 utilizing the software of the control panel
processing subroutine per block 90 in FIG. 3C. The
software reflected by decision block 91 first determines
whether or not there has been change in the mode
switch on the radar warning receiver control panel.
Upon there being no change in the setting of the mode
switch we go to block 93, but if there has been a change
in the mode switch we go block 92 to set up a new mode
state as indicated by the new setting of the mode switch
before going to block 93. The software represented by
block 93 determines whether or not the diamond hand-
off button has been operated. If the diamond hand-off
button has not been operated we bypass the steps repre-
sented by blocks 94 through 98 and go to block 99.
However, if the diamond hand-off button has been op-
erated we go to block 94 to determine if this button was
operated with a short push or a long push. This is neces-
sary for a short push on the button causes the diamond
to float and mark only the current highest priority
threat; whereas a long push causes the diamond to cir-
culate through each of the threats in descending prior-
ity order at a one second interval allowing the operator
to momentarily listen to the pulse repetition interval
(PRI) of each of the threats. Upon the diamond hand-
off button being released after a long push, the now
circulating diamond will stop whenever it presently is
located on the display and the operator will continue
listening to the PRI of the marked threat. Upon the
program determining that the operation of the diamond.
hand-off button was a short push we go to block 95 to
determine if the diamond is already locked onto a
threat; that is, already in the floating mode. Upon the
diamond being locked onto a given threat by a previous
long push and subsequent release of the diamond hand-
off button the program goes to block 96 and the causes
the diamond to float again to mark only the highest
priority threat. If the diamond was not locked onto a
threat a short push causes the program to go to block 98
to change the state of the diamond causing it to lock
onto the highest priority threat presently being marked.
Similarly, if it was determined in block 94 that the oper-
ation of the diamond hand-off button was not a short
push, we go to block 97 to determine if the operation of
the button was a long push. Upon determination that
the operation of the button is a long push we go to block
98 and the software again causes the diamond to lock
onto the threat currently being marked with the
diamond when the button is released. Thus, a short push
on the diamond hand-off button causes one of two
things to happen. If the diamond hand-off button is
operated with a short push when the highest priority
threat is being marked in the floating mode, the
diamond will only lock onto the highest priority threat.
In the alternative, if the diamond hand-off button is
operated with a short pulse when the diamond is mark-
ing a displayed threat other than the highest priority
threat, the diamond will revert to the floating mode
marking the highest priority threat.

In block 99 of the computer program flow chart the
program next determines whether or not the altitude
priority rotary switch has been operated changing the
altitude priority of threat radars. Upon there being no
change in the altitude priority of targets we go directly,
via the circle marked with a capital letter “A”, to block
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101. Upon there being a change in the altitude priority
we go to block 100 instead and the threat priority table
is changed to reflect the altitude priority selected by the
switch. For example, there are certain weapon systems
which can only threaten the aircraft at high’ altitudes
and need not be displayed if the aircraft is flying at very
low altitudes. If any of these high altitude threats are
being displayed and the altitude priority switch indi-
cates that only weapon systems which can threaten the
aircraft at low attitudes are to be displayed, the high
altitude weapon system threat radar display must be
removed from the threat list and, accordingly, removed
from the display.

The control panel processing subroutine next pro-
gresses, via the circle marked with a capital “A”, to
block 101 which determines if the missle launch button
on the receiver control panel has been operated. As
previously described, this button is operated to cause
the receiver to display friendly radars for limited train-
ing purposes. If the missile launch button has not been
operated the program goes to block 105 which will be
described further in the specification. In the event the
missile launch button has been operated, the program
goes to block 102 to determine whether or not the radar
warning receiver equipped with our novel training
equipment has been placed in the training scenario
mode. In the event that the receiver is not in the training
scenario mode the program goes to block 104 and
causes a capital “T” to be displayed indicating that the
training mode that has been selected by the operation of
the missile launch button. In contrast, in a radar warn-
ing receiver equipped with our novel equipment the
operation of the missile launch button while the equip-
ment is in the scenario mode causes the program to go
to block 103 which initializes the scenario to restart the
training scenario from the beginning.

The program next determines in block 105 whether
or not there has been a change in the setting of the test
switch. As described previously, the test switch is a
four-position rotary switch having an off position with
the remaining three positions being used to test all lamps
on the receiver and to cause various characters to be
displayed on the video display to assure its operation. In
addition, a systems test checking various programs
within the system is also performed. In the event there
has been no change in the setting of the test switch the
program goes to block 107 to check the operation of the
gate switch as is described further in this specification.
However, in the event that the test switch has been
operated the program goes to block 106 and causes the
particular test selected by the switch to be enabled.
Then the program also goes on to check the status of
the gate switch as indicated by block 107.

As previously described, if there has been no change

. in the setting of the test switch, there is no need to set up
a test so the program went directly to block 107 to
" determine if there is a change in the setting of the gate
.switch. The program also went to this step in the pro-
gram if a new test had been selected and the selected
test has been set up in response to the program. In the
event there has been no change in the setting of the gate
switch the program goes directly to block 109. How-
ever, in the event there has been a change in the test
switch the program goes to block 108 which causes the
newly selected gate function to be implemented before
the program goes to block 109. Block 109 determines
the present state of the two-position Priority Switch
which causes the receiver to display either the five or
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sixteen highest priority threat radars. Upon there being
no change in the operation of the Priority Switch the
program exists from block 109 te point “B” which takes
the program into block 111. In the event that the Prior-
ity Switch has been operated to the other of its two
positions the program goes to block 110 to cause the
display to display only five or sixteen threat radars as
indicated by the new position of this switch. Once this
function has been completed, the program then pro-
gresses via point “B” to block 111.

The next radar warning receiver control panel input
to be checked is the Unknown Enable button. As de-
scribed briefly heretofore, received radar signals that
cannot be identified as being associated with a known
threat are normally not displayed to avoid cluttering of
the video display. However, to provide flexibility the
Unknown Enable button may be operated which alter-
nately causes the unknown radar types to be displayed
or not displayed on the video display. Once this is done
the program progresses to block 113.

Block 113 determines if there has been a change in the
Target Separate button on the radar warning receiver
control panel. As previously described the operation of
this button causes two overlapped radar displays to be
separated so that the operator can determine the type of
radars. Upon there being no change in the operation of
the Target Separate button, the program progresses
directly to block 115. However, if there is a change in
the state of the Target Separate button, the program
progresses to block 114 which either causes the over-
lapped threat displays to be separated if the button is
newly operated, or to overlap the two displayed threats
if the button has been released.

The program then progresses on to block 115 to de-
termine if there has been a change in the setting of the
AA Defeat switch on the receiver control panel. This
switch is typically operated when the aircraft is operat-
ing at high altitudes where low altitude effective anti-
aircraft weapons systems are ineffective and the display
of their radars would only clutter up the receiver video
display. If there has been no change in the state of the
AA Defeat button the program exits as the control
panel processing subroutine is completed. In the event
that there has been a change in the setting of the AA
Defeat switch the program progresses to block 116
which either places flags next to the AA threat radars in
the list or removes these flags, which in turn either
causes there AA threat radars to be displayed or su-
pressed, depending upon the state of the switch. After
this function has been completed the program again
exits as the control panel processing subroutine is com-
pleted.

Turning now to FIG. 3D, therein is shown the block
diagram for the inertial sensor processing subroutine.
Program block 130 within this figure is blown up in
greater detail in the flow chart entitled “Gravity Rou-
tine” shown in FIG. 3F. The inertial sensor processing
subroutine processes inputs from the inertial sensor unit
to keep track of the motion of the aircraft relative to a
space stable reference frame. One hundred twenty-eight
times a second an interrupt is generated for the inertial
sensor processing subroutine. As noted in FIG. 2, the
inertial sensor processing subroutine has the highest
processor priority and will interrupt the processing of
any of the other three subroutines. Upon an interrupt
being generated for the inertial sensor subroutine, the
program goes into its first step represented by block
117. Block 117 causes registers to be set aside to save the
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information for whatever other subroutine processing is
interrupted. Upon the inertial sensor processing subrou-
tine being completed the program can return to the
interrupted subroutine and, using the information stored
in the registers, picks up within the subroutine at the
point of interruption. The program next progresses to
block 118 which causes the inertial sensor processing
interrupts to be counted. The program then proceeds to
block 119 to determine if the interrupt count made per
block 118 is an odd or even number. An odd interrupt
count causes the program to progress to block 120
wherein the program causes the service count or inter-
rupts to merely accumulate. Thereafter the program
progresses to block 121 which causes the information
stored in the registers set aside per block 117 to be
restored for continuation of processing of an inter-
rupted subroutine. The program then exits from the
inertial sensor processing subroutine to commence pro-
cessing a previously interrupted subroutine. As odd
interrupts are generated at a rate of 128 times a second
for the inertial sensor processing subroutine are only
accumulated and no further processing takes place,
effectively the rate is 64 times a second as processing
only continues with the inertial sensor processing sub-
routine for even service counts of interrupts.

In the event the service count of interrupts is an even
number, rather than odd, we exit from block 119 to
block 122 wherein the program compensates the inertial
sensor data for known sensor errors such as gyro drift,
scale factor unbalance, accelerometer bias, alignment
uncertaintities of the gyro and mass unbalance of the
gyro. These are known factors which are constants to
be used to compensate for the known sensor errors. In
reality these known error factors change a small amount
in flight but error introduced by treating them as con-
stants is not large enough to be of any real concern. The
program next progresses to block 123 wherein velocity
and angle differences introduced by actual movement
of the aircraft are determined to get revised information
regarding the motion of the aircraft. The next step in the
subroutine is to compute the rotation matrix as shown in
block 124. This rotation matrix is called a quaternion
rotation matrix and is used to get the attitude of the
aircraft in the space stable reference frame referenced to
the center of the earth. The next step in the inertial
sensor processing subroutine is reflected by block 125
wherein a decision is made if the phase of the service
count of the interrupts is equal to four. Every eighth
second the program goes to block 126 wherein the
quaternion is normalized to round off errors that are
introduced by the finite word length in the computer
before going on to block 127. Block 127 is also reached
directly from block 125 in the event that this interrupt
count is not four. In block 127 the quaternions are ro-
tated reflecting the aircraft position. This is done in
order to keep track of the training aircraft in the refer-
ence frame referenced to the center of the earth to
properly provide a display of threat radars as the air-
craft is flown and maneuvered by its pilot. The program
next progresses to block 128 to compute the direction
cosine matrix using the quaternions.

The next step in the program is to update the gravity
vector if the service count is equal to eight. At this
one-eighth second rate the program goes to block 130 to
compute the gravity vector components at the aircraft
position in the reference frame. Between these one-
eighth second intervals the program goes directly to
point “A” which takes us into block 131. We also go to
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block 131 via point “A” after the gravity vector compo-
nents are computed. The fine details of the computation
of the magnitude of the gravity vector of block 130 are
described further in this specification with the detailed
description of the gravity routine program flowchart
shown in FIG. 3F.

Inblock 131 the body axis acceleration of the training
aircraft is transformed into the reference frame. Once
this is done the program progesses to block 132 where
the gravity components are subtracted out. Next the
program goes to block 133 where the aircraft velocity
vectors in the reference frame are accumulated and
used to compute an overall velocity vector in the refer-
ence frame. The next step in the subroutine is in block
134 which is used to check the service count pulse equal
to 12 to create a one-eighth second time interval at
which the position of the aircraft is updated. If the
service count of interrupts is not equal to 12 the pro-
gram goes directly to block 136, and if the service count
of interrupts is equal to 12 we go to block 135 which is
completed before going into block 136. In block 135 the
X, Y and Z components of velocity are integrated with
respect to time get the aircraft velocity in the space
stable reference frame. Once this is completed the pro-
gram progresses to block 136 which causes the informa-
tion taken from an interrupted subroutine and stored in
registers until the interrupt was completed to be re-
stored and we exit from the inertial sensor processing
subroutine. The microprocessor then commences pro-
cessing a previously interrupted subroutine starting at
the point at which is was interrupted.

In FIG. 3F is shown the computer program flow-
chart for the gravity routine which is only shown as
block 130 in FIG. 3D. In computing the gravity vector
components a procedure is utilized whereby the ap-
proximate gravity is completed from the sense of accel-
eration received from the inertial sensor. The first step
in the gravity routine is block 137 wherein the vertical
unit vector is completed. To accomplish this the com-
putation X, Y and Z position of the training aircraft in
the reference frame is utilized. Once this has been done
the program performs the next step represented by
block 138 of computing the sensed acceleration magni-
tude. Information received from the inertial sensor unit
is accumulated over one second periods to be used to
compute the sensed acceleration magnitude. The mag-
nitude of the computed sensed acceleration is then ana-
lyzed in block 139 to determine if the sense of accelera-
tion magnitude is what it is expected to be if all the
training aircraft were doing were proceeding at con-
stant velocity subject only to the earth’s gravity. Upon
the answer to this determination being “no”, the pro-
gram proceeds to block 147 which is described further
in the specification. Upon the answer to this determina- -
tion being “‘yes”, the program progresses from block
139 to block 140 and the computed sensed acceleration
magnitude is input to a low pass gravity filter wherein
the sensed magnitude is integrated over five minutes to-
filter out any vibration and similar effects. Thereafter,
the program progresses to block 141 in which the pro-
gram looks at the rate of change of the gravity vector.
A rate of change occurs as the training aircraft changes
altitude. For example, if the training aircraft were gain-
ing altitude there is a positive vertical component of
velocity which causes the gravity vector to be of a
decreasing magnitude. Similarly, if the training aircraft
were losing altitude there is a negative vertical compo-
nent of velocity which causes the gravity vector to

Nintendo Exhibit 1004
Page 0019



4,424,038

21

increase in magnitude. It is the rate of change of the
gravity vector that is of interest.

Once the rate of change of the gravity vector is deter-
mined the program proceeds to block 142 wherein the
information derived in block 141 is checked to deter-
mine if the gravity change is consistent with the vertical
velocity of the training aircraft. In the event that the
rate of gravity change is consistent with the vertical
velocity of the training aircraft, the program goes to
block 147 which is described further in this specifica-
tion. However, in the event that the gravity change is
inconsistent with the vertical velocity, the program
progresses to block 143. For example, if the output of
the gravity change filter shows that the gravity vector
is increasing but we have a positive vertical velocity,
there is a problem and the information is inconsistent.
For this inconsistent information the program repre-
sented by block 143 takes the vertical velocity compo-
nent to zero by puiting the vertical velocity component
through a low pass centripedal force filter which forces
the component towards. zero. The program then pro-
gresses to block 144 via “A” to determine if the output
from the centripedal force filter is positive. When the
output is positive we make the assumption that the
acceleration we are sensing is due to the gravity vector
and proceed to block 145. In block 145 the program
takes a cross product of a vector along the axis of the
training aircraft with the vertical vector to compensate
for the fact that the aititude of the aircraft may not
precisely be what is calculated by the computer. This
must be done as the vertical vector may not be purely
vertical yielding tangental acceleration and causing
misalignment of the gravity vector. The result is the
computer eventually losing track of the aircraft. If the
cross product is zero, the computer is tracking the air-
craft. In the event that the cross product taken by the
program represented by block 145 is not zero the pro-
gram progresses to block 146 wherein the cross product
is used as an input to a software implemented quater-
nion low-pass filter which forces the cross product
towards zero and thereby assures that the computed
vertical vector is actually vertical.

The next step in the program is represented by block

147 which is reached from blocks 139, 142 or 146. At"

this step the program sums the output of the centripedal
force filter with the output of the gravity filter and
performs a scalar product multiplication on the sum to
get the gravity vector. Once this step is complete the
gravity routine is finished and the program returns to
block 131 within the inertial sensor processing subrou-
tine shown in FIG. 3D.

The above completes the descnptlon of the computer
program flowcharts shown in FIGS. 3A through 3F.
The computer program written from these flowcharts
may be found further in the specification in Appendix
A. Table A preceeding the computer program shows
the correlation between the program and the flowchart
diagrams of FIGS. 2 and 3A through 3F.

Sometime in the future radar warning receivers will
most likely not be a separate equipment within military
aircraft but instead will be integrated with the elec-
tronic counter-measures and other equipments. Accord-
ingly, there will not be a separate module that can be
removed from the aircraft and replaced with the train-
ing module disclosed herein as the preferred embodi-
ment. In such future integrated systems other inertial
navigation systems within the aircraft will provide in-
puts to our novel equipment. Similarly, for another but
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not all inclusive example, other microprocessors and
memories within the aircraft electronic systems will
provide the storage and processing now provided
within out system. Such changes are within the ability
of those skilled in the art to implement while staying
within the scope of our invention.

While what is described hereinabove is the appli-
cants’ preferred embodiment of their invention it is
obvious that one skilled in the art may make numerous
changes without departing from the scope of the inven-
tion.

TABLE A

INITIALIZE SOFTWARE

START
ALIGN ¢
ALIGN 1
COMP
SNGDBL, MURWCD, DZML30
ATTUDE
ENRM
DZML30, DMUL30
ROTATE
DZML30, DMUL30
EROT

ROWVC3
DZML30, DMUL30
ALIGN 2
COMP
SNGDBL, MURWCD, DZML30
ATTUDE
ENRM
DZML30, DMUL30
ROTATE
DZML30, DMUL30
EROT

DMUL30, DZML30, V3NRM
DZML30, DMUL30, DSQRT, DDIV30
DDIV30, DSQRT, DDIV |
STEP 1
DZML30, DMUL30, DSQRT, DDIV30
STEP2
DZML30, DMUL30, DSQRT, DDIV30
STEP 3
DZML30, DMUL30, DSQRT, DDIV30
INIROT
INRSRV
EROT
DZML30
INIPOS
DMULS30, DZML30
SCNINI
DZML30, NAV§
EXAMINE THREAT
IDLE
MOVE THREAT IF NECESSARY
MOVE
SQRT
COMPUTE THREAT PRIORITY

-RNGPRI

SQRT
UPDATE THREAT PRIORITY LIST
IDLE
POINT TO NEXT THREAT
IDLE
ADVANCE MISSION CLOCK
RTCSRV
TRANSFORM THREATS TO AIRCRAFT REFERENCE
RTCSRV
SCNSTP, SCNDIS
DISPLAY THREATS SATISFYING
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TABLE A-continued

CONTROL PANEL CRITERIA

RTCSRV
RMVTHR
DPPUSH
DSPOCT
DPPOP
MISINT, DPPUSH
RMVTHR
DPPUSH
SRCRDR
RMVTHR
DPPUSH
DSPTHR
DPPOP, SQRT, SEPARO
AOARTN

UNKRDR
RMVTHR
DPPUSH
DSPTHR
DPPOP, SQRT, SEPARO
AOARTN
AAARDR
RMVTHR
DPPUSH
DSPTHR
DPFPOP, SQRT, SEPARO
AOARTN
DISPLAY THREATS
XRDR
RMVTHR
DPPUSH
DSPTHR
DPPOP, SQRT, SEPARC
AOARTN

BLKRDR
RMVTHR
DPPUSH

READ CONTROL PANEL SWITCHES
CPSRV
SETUP DISPLAY CRITERIA
CPSRV

DPPUSH, DPPOP, DSPDMP
INITIALIZE SCENARIO
CPSRV

SCNPOS

DZML30, DMUL30, DSQRT, DDIV30

SCNINI
DZML30, NAV(

INTERFACE
)

READ ATTITUDE AND VELOCITY CHANGES
STRAP
5 RDSTRP

COMPENSATE INPUT FOR SENSOR ERRORS
STRAP

10 COMP

SNGDBL, MURWCD, DZML30

VERT
DZML30, DSQRT, DDIV30, DMUL30, INRSRV
EROT
DZML30

TRANSFORM INPUT INTO SPACE STABLE FRAME
STRAP

20 ATTUDE
ENRM

DZML30, DMUL30
ROTATE

DZML30, DMUL30
EROT

DZML30
SRDCM

DZML30

25

DVXFM
ROWVC3
DZMI.30, DMUL30
GRAV
30 DZML30, DMUL30, DSQRT, DDIV30

INTEGRATE VELOCITY TO OBTAIN POSITION
STRAP
NAV
35 DZML30, DMUL30

COMPENSATE FOR EARTH ROTATION

STRAP
40 NAV

DZML30, DMUL30

ICONDITIONAL ASSEMALY gWITCRES

£
NERLG EQuU q 1825 = DON'T/D0 _ASSEMBLE ONaL INE
. ‘ i _DERUGGER .
LABYSY EqQu ] §1871 w QPERAVIONALZLABORATORY TESTY
GRG V080

MOGE ASSIGNMENTS

i T 0t sve me foo

£ouy @ L IMMEDTATE
gau 2 JRELATIVE
g6y 2 §ABSOQLUYTE

IDTSPLAY INTERFACE
§

NSPCHR  EOU 1Fafa 1CHARACTER REGISYERS

NsEXY EQU 1Fedn JPOSITION REGISTERS

SYMCN EQU 183 §SYMBAL TURN ON BRIT

RINGT Eau 170 1NISPLAY CENTER cOARDINATE
RINGE EQu 18R-RINGO 1.5e EYHAL RANGE RADIUS
RING2 EQu 1A4wRINGD JLETHAL RANGE RAAJUS

RINGS EQU 1BrapinGd p2aLEYHAL RANGE RADIUS
RING4 EQuY 'EgeRINGD JOUTYER EDGE RaDIUS

H
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IRTC INTERFACE
.
RTCXFR EQU 'Ap 1 INTERRUPT XFER VECTOR ACR
HYS EQU 'FFER {RYC STATUS REGISTER
"
;STRAPDOHN INTERFAGE
SRPXFR EQU v13C ISTRAPOQWN XFER VECTOR ADOR
STRQOP EQU 'F10g . 1 #ANGLE BYTE
STRQOM EQU 1Fe@q 1= ANGLE BYTYE
STRYXP EQU 1F{2a 1+DELTA VX BYTE
STRYXM EQU 'F107 1»DELTA VX BYTE
‘STRYYP EQY tFi0g 1+DELYA VY BYTE
STRYYM EQU '‘Figs teDELTA VY BYTE
STRCX EGU 'Fi1s : ILITTON X ANGLE RATE
SIRCY EGQGU tFil14 tLITTON Y ANGLE RATE
STRCZ FQU '‘Fiig © JLITTON 2 ANGLE RATE
STRYX EQU 'Fi32 fILITTON X DEL VELOCITY
SIRVY  EQU 1Fi34 tLITTON Y OEL VELOGITY
STRyZ FQu 1F136 (ILITTON 2 DEL VELOCITY
BAOLIT EGU 11%8 ILITTON OATA ERROR XFR ACR
4
{CONTRCL PANEL INTFRFACE
' .
"CPXFR EQU '1a8C 1CQNTROL PANEL XFER AOR
CPREAD EQU '‘Fi{FE {CONTROL PANEL STATUS REG]STER
CPWRT  EQU 'FiFc 1CONTROL PANEL QUTPUT REGISTER
MSkMOD EQU 12 IMODE SWITCH MASK
@162 MSKHND EQU '18 IHANDQFF MASK
g1288 HANCL EQU '1a 1LONG HANDOFF PUSH
£113¢ HANES EGU '8 ISHORT WANDOFF PUSH
£1129 MSKALY EGU 160 l;hg&TUnﬂ_EELQRIII_ﬁﬂliﬂﬁ
1142 KNTAUT EQU 129 1ALTITUGE=AUTO
S @116g KNTLO  EQU '4p tALTITURESLO
21182 KNTH! EQU téa tALTITUREGHI
p120g BJTLN EQU 180 {MISSILE LAUNCH SWITCH BIY
1222 MSKISY EQU 1300 ITEST SWITYCH MASK
g124g KNTIGFF  EQU 19aQ 1TESTROFF
012628 KNTLMP EQU 1120 $TESTsL AMP
g128g¢ KNTDSP FEQU. 1230 {TEST=DISPLAY
2137 KNISYS FEQU t3p0 1TESTwSYSTEM
1327 MSKGAT EQU 1Cad ~ §GATE SWITCH MASK
. €134g BJTOPN EQU 1im00 tOPEN PRIQRITY BIT
#1362 BITUNK EQU 12000 tUNKNOWN ENABLE RIT
S g438g BITTIGY EQU 14000 $TARGEY SEPARATE BIT
- 21402 B]lTAAA EQU t8a0p tAAA DEFEAT BIT
21422 LMPLCH EQU & {MISSILE LAUNCH L AMP
21442 LMPALY EQU 12 IMISSILE ALERT LAMP
g146g LMPCPN EGU 14 ~ JOPEN LAMP
g143¢ LMPHND FEQU '8 LHANDOFF LAMP
£21508 LMPUNK - EGQU s fUNKNQWN LAMP
21%2p ULMPSPR EQU 120 1SEPARATE LAMP
_@1%4g LMPIGY EQU 147 1 TARGEY LAMP
‘g156¢ LMPPR] EQU 180 {PRIORITY LAMP
gi158g &
g16dg $TTY INTERPACE
g162¢ ¢
21642 TKS EQY 'FRFR 1TTY STATUS REGISTER
_gi66p  TkB EQU ‘FFF2 1TTY DATA REGISYER
" @i168g TPS EQy '‘FEF4 1TTY PRINT STATUS REGISTER.
g170g TPB EQU ‘FFFe {1TYY PRINTY DATA REGISYER
2472¢ EJEC
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INITIALIZE
START BR ads {tPRIMARY ENTRY PAINT
JMPM 044(R) 1ALTERNATE ENTRY POINT
LM RINTHRT(R) 1SETUP STACK POINTER
MOVL, R4, THRU'EN
MUL R3, R4
ADD R4.R4
LA R18,THRTAE(R4) 1R453STACKP=THRTAB#2sTHRLEN#NTHRT
LM Ri4s'FA(]) 1 TURN OFF INTERRUPYS
| SR Ri4
LA R14:DI80FF (R) {1BLANK DISPLAY
JSUB nSeDMP IR
MOVL R14 s MAXTHR 1SETUP DISPLAY STACK
MOVL, R13.@ 1R13=ADR WITHIN DISPLAY BUFFER
LA R12,nISSTK(R) {1R12=ADR DISPLAY STACK
SM R12,01ePNT(R) LINIT DISPLAY STACK POINTER
LM RE.'8028(]) {END OF ACTIVE BUFFER TAG
STARTY SI R13:R15
SH RE.01SAUF(R13)
ADDL R1%,4
RCY Ri4:STARTY »
LA Ri4,CPSRV(R) ISETUP CONYROL PANEL_INTERRUPT
' SERV]CE
SM R14,CPYFR(A)
LM RE.'90¢1)
SH R .CPXFReZ(4)
LA R145S0V(R)
LA R13,80VT(R)
LA RiP,F2¢R) 1R1@=ADR OF 2ND QUATERNICN (E2)
LA R9,PCON(R) tR9=ADR PCDO
LA R7.ACPAS(R) 1R7=A0R ACPOS -
LA R6.DACVEL(R) tR6=A0R DACVEL _ ..
MOVL R12,0
MOV R11:4 R e e e -
START3 S R12,R14 1SOV( 1) =2
4 Hl?nR‘l"l lSD_VT ‘_ll.Eﬂ-._._..-,. .
S| R12,R1in IEVEC(1+1)30
Sl R12,R9 1PCOO(T) =0
91 R12,.,87 1 ACPQOS (1) al
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SM R12,CRSENE(R) 1D1SABLE cROSS PRODUCT
LM R12:1FFIF(]) 1SETUP OLD CONTROL PANEL STATUS
XRMR R12,cPREAD (&)
ANDYL Rléa‘rﬁ
ORL Ri?lq
SM Ri2,cPalD(R)
MOVL R13,iMpTGT
SM R12,LMPWRL{R) PINIT LAMPS
SM R13,CPLURT(A)
LM RL14,NTHRT(R) tR44 COUNTS THRU THREATS
LA R12s THRTAE(R) 1R123A0R THREAT TABLE
SM R15,pRIBEG(R)  1INIT PRIQRITY THREAT PQINTER
MOVL R17,=1
MOV Ri7,R15 -~ {R13=ADR CURRENT TMREAT
ADDL R12,29THRLEN 1R12=ADR NEXT THREAT
S R12,R43 IPOINT TO NEXT THREAT
SH RI{,ITHROCT(RLZ) (INIT DISPLAY ADR
LMB R17)THRFLGIRL2) 1SET THREAT TQ LATENT
ANDY, R1M,=MASACT/'100a1
ORL RiA,CNTLNT/ 1120
sMa Rim, THRFLG(R1Z)
BCY R14sSTARTE
MOVL Ri4 .07 -
S R17,R13 IMARK ENO OF PRIORITY THREAC
LM ~ RE.'64n7(1) 1GSHFT7=2#4144Geu2 (1KM/SEC224430)
SH RZ,GEST(R) 5

2a.AL% ) E PN
SM R14,SRPXFR(A) ! =INITIAL ALIGNMENT
LM RE'FOLL)
SM RP.SnpyFRA2(A)
MOVL  RE.E LINIT ALIGNMENT FLAG (AFLG)
SM RZ.AFLEA(R) 1271 = INCOMPLETE/COMPLETE
LM RE o) tENABLE INTERRUPTS .
LSR RE ‘
LM RE,AFLG(R) IWAIT FOR INITIAL ALIGNMENT
B2 and § TO COMPLETE
JSUB LSaALlER) 1COMPUTE LATITUDE & INITIAL ALIGNMENT
LM RE.IFOLD) IDISABLE INTERRUPTS
LLSR RA
R13,ACVEL(R)

LA

t1R143=A0R ACVEL
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S1 R12,R6 _ 1DACVEL (1120
BCY R11,87ART3
ARDL, Rifl, =14 1R12sADR Fi
LM RO, '4200 (1} jEL2Y
S1 RE.R1D
S1 R192,R1G
SM R12,SSRVCT(R? {STRARDOWN SERVICE COUNT=Q
SM RA2: TIMKNT(R) $ALIGNMENT TIME COUNT=0
SH R13,TIMKNT &2 (H)
SM R12,W18GM(R) jodolioslgl
SM R1%2,Wig0QMe2(R)
LA Ri4,0LAOX(R) ¢ INIT COMPENSATION CLOOX &8 CLDCZ
MOVL Ri$a4
S1 Rl?ﬁRih
BCY Ri3s0a2
MOVL R13,42 1INIT RAW DATA INPUTS
LA Ri4,RAWDVIR)
S1 Ri2.R14
BCT Ri?nﬁmé
SM R12,TIME(R) IMISSION TIME=O
SH R12,n1ePRI(R) 1 AUTO PRIQRITY
SH R12,D1@UNK(R)  JUNKNQOWN ENABLED
SM R12,0187GT(R) INO TARGEY SEPARATION
LA Ri4:RAASRV(R) {SERVICE LITTON DATA ERRCR
SH RL4,BABLIT(A)
LM RE.'FOLD)
SM RZ,BAQI [T+2(A)
SH RL2,RARCNT(R)
MOV R1%2s-1
SM R12,0MAADR(R) 1DELETE DIAMOND ADR
SM R12:SCNENE(R)  1DISABLE SCNARIO PROCESSING
SM R12:7SPLME(H) {D1SABLFE | AMP TEST
SM R12,DSPENE(R) tDISABLE THREAT DISPLAY
SM R12:nIsIR(R) INQT [R

_SM_ Ri16,nlgBNC(R)

tALL_RF BANDS

SM R12,018SCh(R) 1SEARCH RADARS DISABLED
SM R12,NISTRN(R) INOT TRAINING
—SM_ ni2,0lgAAA(g) tAAA D1SABLED
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MOVL R3.6 tR3 COUNTS 3 COMPONENTS

MOVL R2.M_ :

Sl R2.R43 LACVEL(1) 50

S R2.R14 IDACVEL(1)=D

BCY RI. a6 _

ACDL R13,ACPOSXmACYEL m2u6 1R135ADR ACPOSX

LA Ri4,WE(R) tR14=A0R WE ‘

JSus | DZML3D¢R) 1 (R2,R1Y=WE2R*COS(LAT)

ADDL R1¥,ACVELYwACROSX IRL3=ADR ACVELY

S1 R2,R13 IUPDATE ACVELY

S R1,R13

MOVL R2.1 1INIT SERYICE COUNT

ANRM RA.,SSRVCT(R)

LM RE.'80¢1) tINIT TIME UPDATE

AOMR RE.SSRVCT(R)

SM RE.SECUPD(R)

LM RZ,'8ada8(1) tFORCE QVERFLOW ON 1 SEC GRAVITY
SM RZ.GSCND(R)

LA R14,STRAP(R) '1STRAPDOWN SERVICE ROUTINE [S REAL THING
SM R14,SRAXFR(A)

LA R14,RTFSRV(R) 1SETUR RTC SERVICE ROUTINE

SM RL4,RTEXFR{A)

LM RE.,tedely

SM REIRTCXFR42(A)

MOVL R13:,1 IRTC 85gMS .
SMB RiSoRTS(A)'
- MOVL R2,'12 JENABLE INTERRUPTS
LSRR RO
. EJEC

|
!

BACKGROUND PROCESSING

I0LE LM R4:PRIREGIR) {R4=CURRENT THREAT POINTER
LA R6IPRIREG2THRENT(R) JR6=PAST THREAT PQINTER
MOV RG,R4
LM RAITHRVEL(RE)  JMOBILE THREAT?
B2 avk 1N
JSUB MOVE (R} {YES, MOVE IT )
JSus RNGPRI(R) {COMPUTE (RANGE RATIO)#s2
“IFN DERUG
LMB RZ.TKS(A) {ROBsKEYEOARD STATUS
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BNM TTYEND §1NO CHARACTER

LMB RB.TKB(A) iRG=INPUT CHARACTER

ANDL  RZ,'7F 5

CMPL, R@, 1A ILP?

BE pog _ 1YES, DON!T_ECHO

JSUB TTYOUT(R)Y INO, ECHO

MOV Ri.R@ 1TRY FOR # CONVERSION

ADDL Ril.=130

BLY TTv2

CHPL RE. 39

BLE TTYA ICHAR 4a9

ADDL Ri.%7 :

CMPL R4 1CHAR AaZ?

BLY T7¥2
TTYA CMPM R1.:CHREAOM(R) {LESS THAN BASE?

BGE T7ve tNO

JIND CHRNBR(R) IYES, XFER TO NUMBER PROCESS
TTY2 LA R3 CHRAOM®2(R) IR3=ADR COMMAND TABLE ‘

MOV, R2:CHRI'ENsY {R2 COUNTS THRU TABLE
TTY3 CMPM RE.B(R3)

BNE Tiv4 INO MATCH; KEEP YRYING

JIND CHRWRKZCHRCCM(R3) IMATCH, XFER Yo FROCESS
TIv4 ADDL R3.2 IKEEP LCOKING FOR MATCH

BCY R2,7TTYz :
CHRERR  MOVL R3.V3F §NO MATCH IN TABLE

JSUB TTYQuUT{R) jCOMMAND ERROR, TYPE ?
RPRCE - MOVL RE: 1D |TYPE CRLF

JSUB TTVOUT(R)
REINIT MOV R2.CHRIEN JREINITIALIZE, R2 COUNYS THRU

DISPATCH TABLE

LA R3I.CHRINI(R) tR3sA0R INITIAL DISPATCH TABLE
RPRQCY L] R{.R3 {MOVE INITIAL TO WORKING

SH RY ICHRWRK=GRRIN]IG2(R3)

RCY R2'RRRACY <
TIYL® . MOVL RG.10 {RESEY #BASE Y0 40

SM RE.CHRROM(R) .
TIYNE  MOVL RE.0

SH RZ.NBRT(R) 1830

SM RE.NBRR2(R)

SH RZNFLAG(RY i NFLAG=Q
TYYEND EQU s

1TEND

LM R5, THRPNT(R4) tR5=NEXT THREAT POINTER

BNZ 804 {MORE THREATS ON _THREAD

JMPM IDUE(RY {NQ MORE THREATS, STARY OVER
_ IMB = RZ.THRELG(RS)  {CHECK FOR THREAT EXPIRATION
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ANDL, RG,MASACT/110¢
CMPL RE.CNTEXP/'10p JEXPIREC?
BNE 10LE2B INO
LM RG. THRPNT(RE) 1YES, REMOVE [T FROM THREAD
SM RE . THRPNT(R4)
JMPM 101'E2(R)
IDLE2B LM RZ . THRVEL (RE) IMOBILE THREAT?
B2 pea ihNO
JSuB MOVE (R}
JSUB RNGPRI(R) 1COMPUTE (RANGE RAT}O)»»Z
CMPH RZ.THRPRI(R4) tHIGHER PRIQRITY?
BGE ICLE4 INO
IDLE3S LM RO :THRANT(RE) 1YES, INTERCHANGE THEM
SM  R4.THRANT(RE) {R4 BECCMES NEW NEXT
SH RZ.THRPNT(R4) B
SM RS, THRPNT(RE) {PAST PQOINTS TO NEXT (NEW CURRENT)
MOV R6,R5 ~ IPAST=NEXY (NEW CURRENT)
gareaa JMPM 10i'E2(R)
g612¢ IDLES4 MQV R6.R4 $ADVANCE TO NEXT THREAT
£&122 MOV R4 RS
go14g JMPM 10LE2(R)
Ba16¢ EJEC

| IRNGPRI = GALCUI ATeS REINGEZWEsPONS RANGE PRIORITY
¥CALL1NG SFQUENCE ]

RSaTHREAT POINTER
JSUB RNGPRT(R)

REsPRIOGRITY (DISPLAY RADIUS)

'RNGRR] PUSH R2.3 1SAVE REGISTERS
LA R4, SACROS(R) :BQfADR_AAS_EDSlllﬂﬂ_liﬂlﬂﬂ—————~—
L1 R3'R4 |
SBMR  R@THRY{RE)
MUL RO RO 1(RE,R1)=xDIFwal )
L R2, R4
SBMR R2,THRY(REY
MUL R2'R2
DADD REIR2 1(RE,RL)I=XDIFew2+YD]Faa2
LI R2.R4
SBMR R2:TMRZ(RE)
MUL R2,R2

DABD RZ.R2 §1{RE,R1)=RANGE=#®2

LM R2.THRANG(RE) 1R2=PREVIQUS RANGE
JSUB SQAT(RY {R2=PRESENY RANGF
M R2,; THRRNG(RS)

Nintendo Exhibit 1004
Page 0028



4,424,038

39 40
LM R, THRPRI(RE) JRA=CURRENT PRIQRITY
MOV R4.MASTYP - 1 R4=RADAR TYPE MASK _
ANMR R4, THRELG(RE) ISEARCH RADAR
B2 BNEPS LYES, LEAVE PRIQRITY ALONE _
LM R3; THRWR(RS) {RI=EFFECTIVE WEAPONS RANGE
CHP R2.R3 LRANGE ,GE WEAPONS RANGE
BGE RNGP2 . 1YES
LM RO.2sRINGZ=ZoRINGLI(]) INO, COMPUTE INNER RADIUS
MUL RE.R2 {RO=2# (RING2-RINGL)#RNG/WEAPON
D1V RZ.R3 -
SEMR RZ.RING2=Z2aRINGL(]) [R2=RP+24RING1<RING2
CMPM RE.RINGLCLI) IRADIUS,GE.RINGL?
BGE RNBP4 1YES
LM RZ,.RINgL(I) NG, CLAMP AT RING1L
BR RNGP4 .
RNGF2 LM RORINBI=RINGZ(]) {COMPUTE QUTER RADIUYS
MUL, RZ,R2 (Re R1)=(R1Ncs RINGZ)aRhG/hEAPHN
a1V RZA A3
BNV ééé fOVERFLQW?
LM '7FFF¢FIAG1-2uR1NGZ(I) tYES, SEY PRIQRITY
70 MAX
SBMR REB.RiNEI=ZeRING2(]) IRE=RI%2aRINGZ<RING3
RNGP4 SM RZ  THRPRItRS) 1UPDAYE THREAT PRIORITY
RNGPS LM R1:SCNFNB(R) {1SCNARIOQ ENABLED?
BM RNEPX INO; LEAVE LATENTS LATENT
LMB R1i;THRFLG(RE) ILATENT THREAT? .
ANDL RL.MASACT/ 1100
CMPY, RL:CNTINT/ 1102
BNE RNAPS 1)
CHPM R2.THRON(RS) IYES, INSIDE TURN ON RANGE?
BGY RNERY §NG
LM R1i.aMAGACTR1 (1) {YES, ACTIVATE THREAT
ANRM R1.YHRFLG(RS)
LM R4, THRVEL (RS} 11S THREAT MOBILE?
BZ RNEPY - N0
LA R3.SACPOS(R) {1YES, COMPUTE VELOCITY CCMPONENTS
LI RE.R3
SBMR REZ.THRY(RE)
MyL REZ.R4
DIV RE.R2
SM RE.THRYX(FS)
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Ll R2.R3
SBMR R2,IHRY (RS}
MUL RE.R4
Dlv RZ.R2
SM R .THRVY(RS)
L R2.RX
SBMR RZ.,THRR(RE)
MUl RE.R4
DIV RE.R2
SM RZ.THRYZ(RS)
LM RE.TIMF(R) IUPDATE THREAT LAST UPDATE TIME
SM R, THRUPD(RE)
LM RE . THRPRI(RE)
BR RNGP?
RNGP6  CMPL RL.CNTON/'128  1ACTIVE THREAT?
aNE RNBRYX tND
RNGF? LMB Ri.THRFLG(RS) 1YES, MISSILE LATENT?
ANDL Ry MASMIS/118¢
CMPL R1:CNTMLT/ 110
BNE RNePX tNO
CMPM R2,TWRMFR(RE) LYES, WITHIN LAUNCH RANGEZ
BGY RNGPX {NO
ADDL R1.CNTMLT/'34@g (YES, SET MISSILF ALERY
SMB R1.THRFLG(RE) :
LMB R1'THREVL (RS) LINTERCEPT TIME=s=EVAL TIME
NEG RY.R{
SM RY.,TWRINT(RE)
RNGP X POP R4,3 {RESTORE REGISTERS
JRYS ' {tRETURN
EJEC

1ﬁQME_1;~ﬂ¥£__ﬂnB1L£_luﬁEAl__Q_lﬂlERcgp7 reRaEs

CALCULATIAN 18 AN APPROXIMAT]ON
scALLIhG SEQUENCE]
REsTHREAT PG?NTER

l JSUB MOVE (R}
{
MQVE PUSH Ré.12 1SAVE REGISTERS
LM RO ,SENENB(R) 1SCNARIQ ENABLED?
BM MOYEXL tNOQ, MOVE NQTHING
LMB RZ.THRFLG(RE) ILATENT THREATY?
ANDL REIMASACT/ 1102 )
CMPL RB.CNTI'NT/110¢ '
BE MOVEXY 1YES, DON$T MQve [T
CMPL RA'CNYAFF/'10g tTHREAT TURNED QFF?
BE MOVEXL 1YES, DONIY MOVE 1Y
LM RR.TIMF(R) {HAS AT LEAST ¢ SEC ELAPSEDR?
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SBMR R, THRUPD(RE)

BGY T »aves

POP Rii,12 {RESYORE REGISTERS

JRYS ) §RETURN |

LA R17,SAFPOS{R) jR11=ADR A/C PDSITION VECTOR

L1 R6.RiY 1{R6,R7,R8)sRANGE VECTOR

SBMR R6,; THRY(RS) , ,

Li R7.R14_

SEMR R7.THRY(RE)

LI R8.RI1

SBMR R8.THRZ(RS)

LM RO, THRANG (RE) 1(RB,R1)=0LD RANGE (1KM=z2##20)
MOVL R1:0

LA R4, THRVX(RS) tR4=A0R THREAT VELOC]TY VECTOR

L1 R9.R4 1 (R9,R4Z RIL)STHREAT VELECITY

‘VECYTOR

SBMR RO.ACVY(R)

L1 9100?4

SBMR R1B4ACVY(R)

L] Rii:R4

SEMR R11,ACVE(R) v‘

MOV R2.R11 1 (R2,R3)=DOT(RANGE,; VELOCITY DIFF)
MUL, R2.R8

MUL R1M,R7

DADD R2.R12

MyL, RY,Hg

DADD R2.R9

BGY MOVEY {INTERCEPY TIME »?

LM R2'aMASACT a1 i10EACTIVATE THREAT

ANRM  R2!THRFLG(RS) '

LM R2.CNTAFF(I)
_0ORRYM R2 . THRFLG{RE)

PoP Ri{:12 {RESTQRE REGISTERS -
JRETS 1RETURN |
Dlv R2.R® {R2sINTERCEPT VELOEITY (1KM/SEC=2#%14)
DIv RO ,R? $RB3TIME 7O INTERCEPY (41 SEC=2##6)
LM R2ArYY(R) __$1(R6,R?,R8)=RANGF VECTOR AT lNTERCErT
MyL R2.R@

ADD RA A2

LM R2,ACYY(R)

MUL R2'Ra

ADD R7.R2

LM R2.AcVE(R)
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MUL R2.Rp

ADD RE8,R?

MQV RE.Rs {MOVE TWREAT ALONG NEW RANGE VECTQOR

MUL RE,R6 . '

MOV RI.R?

MUL RIIR?

DADD R2.R3

MOV R3:Ra

Myl R3I.RR8

DADD RZIR3

LM RE.THRRNG(RF)

JSus SQRT(R) 1R2=UPDATED RANGE

LM R4 TIMF(R)

LM RZ:THRUPD(RS)

SM R4.THRUPD(RS) ISTORE UPDATE TIME

syB R4,RQ jRA=Y[ME SINCE LASYT UPDATE

S8 R4.,6 1} SEC=z2»a6

LM R3, THRVEL(RS) {R3I=THREAY VELOCITY

MOV RZ.R3 tUPDATE THREAT VELOCITY VECTOR

MUL RZ.R6

01y RE . ) e

SM RE,THRVX(RS)  1UPDATE THRVX
ML, aa R4
ADRM RO.THRX(RE) - 1UPDATE THRX
MOV RE A%
MUL, RE.R7
DIV RZ.R2
SM QQ:TNRUY(RB) 1UPDATE THRVY
MUL RO.R4
ADRM RO THRV(RS) {UPDATE THWRY
MOV RO.R3
MUL Rﬁ+Ba
DIV RA,R2
SM RO, THRvZ(RS) I1UPDATE THRVZ
MUL RO.R4
ADRM RO :THR2(RE) tUPDATE THRZ

MQVEX  POP R11,12 {RESTORE REGISTERS
JRTS IRETURN
EJEG

{SQRY » CALCULATES SORY(RZ,R1)

;CALLING SEQUENCEY

-e

(R3,R1})2SQUARE

R2=SQUAnr a0aT ESTIMATE

JSuB SQAT(R)
R28SQUARE RmOOT
PUSH R3’2

_ 3SAVE REGISTERS

CMPL RE.0 INEGATIVE #7

BLT SGATX IYES, EXIY

CMPL R2.¢ 1ESTIMATED BEFORF?
BNE SQRT1 {YES, USE 17
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MOV R2:R@ 1R3=07
RZ SOmia : 1 YES, TRY R1
ADD R2.Ra ' {ESTIMATE=2aRg#24512
LA R2.'1000(R2)
BR SQRTYL
SQGRYZ MOV R2:R{ 1R1=07
B2 80pTY {YES, EXIY
SRZ R2.8 INO, ESTIMATEz20a({=8)8R1t2445
ADDL R2,'22
SQRYL  NEG RI.R2 {(RI,R4)=zFSTIMATE %#2
MUL RI.R2
DADD R3.RD jR3I/R4)3ASESTIMATE ##2
DIV R3I.Ro 1R3I=(AwESYIMATE®42)/(2#ESYIMATE)
SRA R3, 1
ADD R2.R3
CMPY R3.E IDELYA ,GY,0?
BGY SGRT{ IYES, RE<ESTIMATE
CHMPL, R3 =d {DELTA LT, =17
BLY saaT4 LYES, RE-ESTIHATE
SQRTX  POP R4 ;2 tNO, RESTORE REGISTERS
JRTS {RETURN
E‘JEC R - . Pany 3
1BAQSRY ~ SERVICE nOUTIiNE TC cOUNT OCCURRENCES OF LITTON DATA
ERRQRS

RADSRY PUSH Rids1
MQVL R13:4
ADRM R14,8ANCNT(R)

rap Rid,1
RYI
EJEC

LALIGN® = STRAPDOWN SERVICE REUTINE Y0 FLUSH PENMING INTERRUPT
ALIGNG PUSH RE.1

LA RE.ALIENL(R) I1RESET SERVICE ROUTINE TC ALIGNL
SM RE.SRPXFR(A)
PQP RA. 4
RT
EJEC
IALIGNY = STRAPDNWN SERVICE RCUTINE TO_COMPUTE LSQELY 1
! OF GRAViTY VECTOR AS A FUNCTION OF TIME
ALIGNL PUSH RE.15 ISAVE REGISTERS
. Jsus  RpQOeTrPy¢R)  JREAD STRAPDQWN DATA
LM RE.SSRYCT(R)  |RASSERVICE CQUNT
SM REL'FFFC(A) 10UTPUT TO DISPLAY PANEL
LCL RE .1 A tEVEN COQUNT?
B2 aag 1YES _
POP R14,15 INO, RESTQRE REGISTERS
RTY 1tRETURN.
JSUB COMP (R) {COMPENSATE THE RAW INPUT
JSUB ATTUDE¢(R) J.COMPUTE NEW ATTITURE -
JSUB DVXFM(R) §XFORM CDELTA VEL
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LM RZ.,SSRVCET(R)

AND{ RZ.VIF 11 SEC ELAPSED?

B2 " IYES

PCP Ri4,15 INO, RESTORE REGISYERS

RY! : 1 INTERRUPT RETURN

LA R13, TIMKNT(R) {UPCATE TIMKNY

LI RZ,R{3 1(Re,R1)=TIMKNT

Ll R1,R13

L1 RC.R13 1(R2,R3)=TIMINC

L - RI.R13

ACDL R1§If6 )

DSUB RZ.R2 1(RC,R1)=TIMKNTSTIMINC

SI. __RZLR93 S

S R1.R13

MOVL R1743 tR4Z COUNTS 3 VECTOR COMPQONENTS
LA R11,SDVvTI(R) jR11=ADR SUM(aVEL*T)

LA R12,SOV(R) tR12=ADR SUM(VEL)

LA ‘R14,DARVEL(R) tR14=ADR DELTA VELOCITY IN REF FRAME
MOVL RS .0 1(R8,R9) ACCUMULATES 2w#s14+#DACVE| ##2
MOVL R9.0 ,

LA R13,JALNGN(R) tRL33A0R 1,/(NsG)

L1 RE.R{2 1(RE,R1)=250V(])

L R1.R12
- AQBL Ri2,=~2 —

JSUB DMUL3IJER) t{R2,RL)a(REIRL)SVEL(])/(GaN)
S| RE.R{2

S1 R1.R12

Lt RE AL 1(RE,R1)3SDVT(Y)

L R1,R11

ADDL Rif,=2

LA R13,TIMKNT(R)

JSUB OMUL32(R) 1(RG,RL)I3(RETRL)

. . N

L) R1.R11 :

Ll RZ . R4 {1 (RE,R{)=NACVEL(L)

L R1,R14 _

ADDL Rl4,»2

DSLA ap.7

MUL RZ.R®

DSLA RZ.2

DADD RE.Rg

MOVL RE,D t2ZERO DELTA VELOQCITY IN REF FRAME
Si RE.R14

St RA. R4

BCT CRAm,ALT2

LA RL3,GEST(R) tR13=ADR GRAVITY ESTIMATE
Ll RE,RL3 1(R2,RL)z280%40Gne2

L RLIRL3

) IRy

psug R&,Rp 1LOW PASS FILTER

DSRA R8.,6

DADD RA.RA8
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S1 RE.R13 {UPDATE 2a9140Ges2
S Ri.R13 »
LM RZ.SSRUCT(R) = 1256 SECONDS ELARSED?
BP ALTX - . INDy KEEP THIS SERVICE RCUYIN
LA REIALUIEN2(RY ", ICHAMNGE TQ HOLDING SERVICE ROUTINE
SM RE.SRPXFR(A) o
MOVL RZ.1 | '
SM RZ,AFLGIR) JAFLGSL
ALIX POP R14,15 {RESTORE REGISTERS
RT{ tRETURN
EJEC
$1ALIGNZ o SERVICFS STRAPDEWA INTERRUPY WHILE (GROUN
! PRUCESSiNG FOMFUTES EARTH'S SPIN VECTOR
ALIGN2 PUSH RE.15 ~ 1SAVE REGISTERS
JSUB ROSTRP(R) e
LM RZ.SSRUCT(R) {RASSERVICE CQUNT
LCL RO .4 JCOUNTY EVEN?
BNZ o510 INO
JSUR cOMP (R 1YES, COMPENSATE
JSUB  ATFUBE(R) JUPDATE ATTITUCE
POP R14,15 " YRESYQORE REGISTERS"
RT§ $RETURN
EJEC

{STRAP o STRAPDQWN SERYICE ROLTINE
!

STRAP  PUSH RG.15 §SAVE REGISTERS
JSUB RNsTRP:R) $READ SYRAPDOWN
LM RB;SSRUCT(R) |Ra=SEvacE.COUNf
LCL RE.4 {EVEN CCUNT?
82 STRAPZ ~ JYES, DO COMPENSATION & ATTITUDE
STRAPY PQP Ri4,45 : {RESTORE REGISTERS
RT1 © . yRETURN
STRAPZ JSUB COMP (R} 1COMPENSATE RAW DAYA Foa ERRORS
JSUB VERT (R} ' $ALIGN TO VERTICAL
JSUB ATFUNE ¢ R) 1COMPUTE NEW ATTITURE
JSUB DVMFMIR) {XFORM DELTA V To REFERENCE FRAME
JsuB GRAV{R) {PERFORM GRAVITY CALCULATION
JSUB . NAVI(RY 1XFORM REFERENCE DATA INTO SCNARIO
“FRAME
BR sTRAPYX CJEXIY
EJEC
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$1RUSTRP » REARS STnApPDAWN IAPLTS

54

ICALLING SEQUENCE}
H JSUB RDSTRP(R)

ROSTRP LA Ri4,pAWDQ(R) 1R14=ADR RAW DFL ANGLE
LA R13sRAWOONM(R) tR133ADR RAW DEL ANGLE MAGN]ITUDE
MOVL R12.4 jR12 COUNTS 3 ANGLES

RDS1 LMB R2.:STRaP(R42) 1R23+ANGLE COUNT
LMB RI.STRAM(R42) tRI2=ANGLE COUNT
L RE,Ri4 1RA=RAWDOL])
L R1.R13 tR1=RAWDOML{ )
ARD RE.R2 {RASRAWDO(1)*NET PULSE CCUNY
suf RZ.R3 -
S1 RB.R14
ADD RL.R2 fRLSRANDOM( 1) TOTAL PULSE COUNT
ADD Ri.R3
sl R1.R43
ADDL Ri2:2 - INEXT ANGLE
CMPL R13,2a3 tMORE ANGLES?
BLT rROS1 1YES
LA Ri4,RAWDV(R) tR143ADR RAW DEL VEL
LA R1%:RAWDVV(R) tR43=ADR RAW DEL VEL MAGN]TUDE
LMB - R2.STRUXP(R) 1R2=+DFLTA VX PULSE COUNT
LMB RISTRUXM(R) -~ t1R32=0ELTA VX PULSE COUNT
L REZ.R14 JROZRAWDVYX
L R1,R13 © JRLSRAWQVXM .
ADD REG.R? {RESRAWDVXNET COUNT
sSy8 RE.R3
Si R2.R14
ADD R1.R2 {RL=RAWOVXMeTOTAL COUNT
ADD RL.R3
sl R1.R13

" MOVL R1%2:m ___

- RDSZ LMB "R2ISTRUYP(R12) 1R2=+0ELTA VEL PULSE CQUNT
L.MB8 R3I'STRYYM(R12) JRIs«DELTA VEL PULSE COUMNT .
L RZ,R14 JRA=RAWDV
L R1.R13 {R1=RAWCYM
ADD RE,R2 1RZSRAWOVNET COUNT
sy8 RE.R3
S RE.R{4
ADD R1:R2 1R4sRAWDVM*TOTAL COUNTY
ADD R1.R3
Sl R1.R43
ADDL R12:2 {NEXT VELQCITY
MRl pia,oed  yMORE VELOCITIES? -
BLY rROS2 1YES
MOVL Ri.1 t INCREMENT SERVICE COUNT
ACDRM Ry :SSRUCT(R)

JRTS tRETURN
EJEC R
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{COMP = COMPENSATES RAW STRAPCOWN [NPUTS FOR KNQWN ERRORS
:CALanG SEQUENCE}

H JSUR cOMP¢RNY

GOMP LA R14,a8r(R) 1R44=ACCEL BIAS ADR
LI RI.R14 1{R2,R3)=ABB(1)
SEXE R2.R3
LI R5.R14 {(R4,R5)1=4BR(2}
SEXE R4 RS .
L1 R7.R14 1{R6,R7)sABB(3)
SEME RARY
LA Ri4,RAWDV(R) 1R44=RAW DELTA VEL ADR
L1 g&lai4 1R8=OVA (1)
LI R9,Ri4 1RS=DVA(2)
LI RiA,R14 §R18=0VA(3)
LA gis.cAn{R) 1R{4=CAR AQOR
LI RE,R14 1R8=CAB(1,1)
MUL RA.R8 1(R2,R3)=ABB(1)+CABt1,4)4DVALY)
DADD RZ,R@
LI R174R14 tR{1=CAB(1,2)=sCAB(2,1)
MOV RO.RIL
MU RO.R9
DADD R2,Rp 1(R2,R3)=(R27R3I)+CAB(1,2)#DVA(2)
MOV REZ.R31
MUL R@,R8 ‘
DADD R4,RO 1 (R4, R5)=ABB(2)+CAB(2,4)*DVAIL)
L1 R17,R4i4 1R11=CAR¢1,3)=5CAR(3,1)
MOV RE.R11
MUL RO,R19 )
DADD R2 .R¢t 1 (R2,R3)=(R2;R3)+CAB(1,3180VA(J)
MOV RB.R1L
MUL RO.R8
DADBD R6:R@ §(R6,R7)2ABB(3)+CAB(3,1)*QVA(1)
L1 RE,R{4 tRO=CAB(2,;2)
MUL RE.R9 -
pADD R4.RB {(R4,R5)=(R4,R5)«CAB(2,2)#DVA(2)
L1 RL{:R14 jR11=CAB(2,:3)sCAB(3,2)
MOV RO,R{1
MU L, RE.R1M
DADD R4.RM 1(R4,R5)3(R4,R5)«CAB(2,3)#DVA(3)
MOV RE.R11
MUL RE.RQ
DADD R6 RO 1(R6,R7)=(R6,R7)«CAB(3,2)190VA(2)
L1 RZ.R14
MUl REZ,R1D {tRA=CAB(3;3)
DADD R&.RO t{(R6, R7)-(Ré.R7)+CA8(3.3)oDVA(3)
LA R14,CARUBA(R) :R14 CABaUBA ADR
LA R13,RAWOVM(R) tR13=RAW DEL VELOCITY MAGNITUDE ADR
Ll RE,R14
LI R1,R13
MUL RAIRY _
DSUB R2.Rn 1(R2,R3)=(R2,R3)~CAB=UBA{L,1)#DVAMIL)
L1 RE;R14
1.3 Ri.R43
M RZ.R1 -
Ugbg R4:R; |(RA,RS)=(R4.R5)-CAB“UBA(2|2’“UVAM<2)
L3 RZ.Ri4

i
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Ll R1.R13
MUL R2.R1q
DSUB R4&.Ra 1(R&,R?7)3(RATRY)~CAB#UBA(3,3)eCVAM(3Z)
LA Ri4,c0V(R) IRL43COMPENSATED DEL VELOCITY ADR
S1 R2.R{4 (UPCATE COMPENSAYED DE| VELOCITY
S R3.R14
S! R4.Ri4
S1 RS ,Ri4
S R6,R14
S] R7.R14

COMPENSATE ANGLES

LA Ri¢.GBR(R) 1R14=3ANGLE BIAS ADR

Ll R3I.R14 t(R2,R3)=6BBLYL)

SEXE R2.R3

Ll R5.R{4 1(R4,R5)3GBB(2)

SEXE R4, R5

Ll RZ2.R14 1{R6,R7)3GBB(3)

SEXE R&.R7

LA Ri4,CG8(R) 1R14=CGE(1:1) ADR

LA R13,RAWDO(R) tR13=DTG(1) ADR

JSUB SNADRL ¢R) 1(RE,RL)=C6E(1,1)90TG(1)

NADD R2.Rg {{R2,R3)=GBB(1)+cGB(1,1)%DTG(1)
ADDL Rid,4a 1R414=CGR(1,2) ADR

ADDL Ri%,2 tR1330TG(2) ADR

Ll RE.Ri4

Ll Ri.R43

MUL RZ.R1 '

DADD R2.Ro 1(R2,R3)s(R2 R3I)«CGB(1,2)4DT7G(2)
L] RZ.R44

Ll R1.R13

MUL REZ.R1 .

DADD R2.R@ 1(R2,R3)=(R2,R3)«CGB(1,3)#07G(3)
ADDL R13,-6 J1R13=DTG(1) ADR

L1l RZ.R14

Ll R1.R43

MUL RE.RY ,

DADD R4 .Ro t(R4,R5)=GBB(2)+CGB(2,1)80TG(1)

JSUB _ sNaDgL (R)

DADD R4.RD 1(R4,R9)=(R4,R5)+CBB(2,2)8D7G(2)
ADDL Rid,.4 1B14=CGR(2,3) AQR

ADDL R1342 tR13=0TG(2) ADR

Ll RA,R14

L1 8, R13

MUL RZ,R1 . :

DADD R4.Rp 1(R4,R5)=¢tR4,;R5)+CGB(2,3)20T7G(J)
ADDL  Ri®, a6 1R43=07C0¢41) ADR

L] RB.Ri4 )
L1 RL,R13

MUL RE.RY -

DADD R&. R0 1(R6,R7)=GBB(3)+CGB(3,1)#0TG(1)
Ll RE,R14

Ll RY.R{3

MUL RZ.R1 , .

DADD R&.Ra 1(R6,R7)=(R6,R7)+C0B¢3;2)14DT7G(2)

JSUB shapgi ¢R)
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DADD R6.RO p(R6,R7)=(R6EFR7)«CEB(3I,3)uDTG(3)
LA R14,CGRUBG(R)  jR$4=CGEaUBG(1,3) AOR
LA Ri3.RAWDOM(R)  §R43I=DFGM(L) ADR
LI R@,R14
L] R1,R13
MUL RE . Rq ]
DSUB R2.Ra 1(R2,R3)=(R2,R3)=CGEAUBGIL,12s0TGM(L)
L RB.R14
L1 R1.R43
MUL REZ,RY .
0SUB R4,R@ 1{R4,R5)=(R4,R5)=CGBaURGE2,2)uDTGM(2)
L1 RE.R14
L1 R1,Ri3
MUL RE,Rq -
DSUB R, R@ 1(R6,R7)=(R6,;R7)~CGE*UBG(I,3)#0TGM(3)
LA R14:€GRMU(R) 1R14=CGEeMU(1,1) ADR
LA R13,0DV(R) jR13I=COMPENSATED OV ADR
JSUB MURKED (R) L
NSUB R2,.Ra 1{R2,R3)=(R2,R3)=(CCRaMU(1,K)#CDV(K))
JSUB MURNED (R} : ’
nsus R4.Rp 1 (R4,R5)3(R47R5)~(CGB8MU(2,K)aCDV(K))
JSUB MURWEDR)
DSUB R6,RE “1(R6, R?)'(Ré R?)-(CGB‘HU(S.K)»CDV(K))
LA R14,0LPOX(R) tR14=ADR aLDOYX
MOV RE.R2 $ (R8,R9)=CURRENT 0X
MOV R9.R3
MOV RiM. N6 s¢(R1A,R14y)=CURRENT Q%
MOV R4 oR7
L RB.R14 1(RE,R1)=0LD0OX
ST R8 R14 tUPDAYE QL DOX
L Ri.R14
81 RO.R14
asug RA.RA {(RB,RO)=0%DIFF
L RZ.R14 1(RB,R1)=0L00Z
Sl RiB.R14 fUPDATE oLDaoz
L Ri.Rid
S Ri{sR14
DSUB Ri6 RO 1 (R18,R11)3020IFF A
Si RB°RI4A §1STORE QXpIFF
S1 RE.R14
SI Ri8,R14 §SYORE 0ZQIFF
3 Ri{,R14
ADDL R140=6_ 1R4420XDIF ADR
LA R1S,KFAC(R) .
JSUB DEML3E(R)
DADD R&.RA §(R6,R7)=(R6,RT?)+KFACRAXDC]F
ABDL Riéa4 i
JSUB DZXLIG(R)
DADD R2.R@ 1(R2,R3)=(R2,R3)«KFAC#0ZC[F
DABD R4.Rgp 1{R4,R5)=(R47R5)sKFAC®0ZL]F.
LA Rid,c0n(R) {Ri4s COMPENSATED ANGLE ADR

Nintendo Exhibit 1004
Page 0039



4,424,038

61 62
L RE.R14 1(R2,Ry)=PREV]OUS CDOX
S1 R2.R{4 tUPDATE CpOX
L Ri.R14
Sl RI.R14
L RE8.Ri4 1{R8,R9)=PREVIOUS cDOY
S1 R4.R14 1UPDATE cDOY
L RO,R14
S R5.R14
L R1G:R14 1(R12,R11)=PREV]OUS CDOZ
S R6,R14 tUPDATE cDOZ
L. R1i,R14
8] R7,Ri4
LA R14,PCHO(R) IUPDATE PcDO
Si RO.R14
S Ri.R14
Si RBIR14
S] R9.R14
Sl R16sR14
Si R19{:R14

iCORRECY DEL VELOCITY FOR SaMpLING LAG

Ll

. LM _ R2,CpO¥(R)  1(R2,R3I)=COOX

LM __p3I.CNoYe2(R)

DSLA R2.4 §CD0=22844CD0

DSLA R4 .4

DSLA R6.4

MQV R8,R2 {(RB,R9,R10)%28040C00 MSW

MOV R9 R4

MOV Ri#:R6 :

LA R14,C0V(R) tR14=C0V AOR

Li RiT.R14

L1 R12,R14

DSLA Ri7s8 jR11=CDVYXudeds -
L1 Rli.RiZ

L1 Ri3.R14

DSLA Ri%,R 1R12=CDVY®20%8

L1 R1%,R14 -

L Ri4,R14

pSiL A Ri%: 8 1R132CDVEn2e88

LA Ri14,COV(R) tR14=C0V ADR

‘MUl RO6.R{2 1{R6,R7)=C0Q(3)ea0V(2)

MQV R@.R9O )
MUL RP.R13

DSuB R&,Ra 1{R6,R7)=c00¢(3)ec0V(2)=C0O(2)8COV(3)
MUY, R2.R13 1(R2,R3)=c00(1)ueDV(3)

MOV RZ.R10 .

MUL RE,R{1 _

psus R2.Ro 1(R2,R3)=cD0(1}eeDV(3)=CC0(I)aCOV({L)
MUL R4:R11 t{R4,R5)=cD0¢2)8c0V(1) '
Mgy RZ.RA

MUL RO.R12 -

psuB R4,Rp 1 {R4,R5)=CN0(2)86DV(1)=C00(1)aCOV(2)
SEXE Ri:R2 IRESCGALE TO HWALF THE CROSS PROOUCT c1=2«e3ﬁa
psLz R2.5

' SEXE R3,R4

DSLZ R4,5
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SEXE R5,R6
IDSL 2 R6.5
L1 RLF,R14 LUPDATE CpV
L Ri1sR14
ADDY Rids=2
DADD RigsR5
S RL@sR14
Sl Ri4:R14
L1 Rif,R14
L R1T:R14
ADDL Rias=2
DADD RiA,R1
§1 RiZsR14
ST R1{sR14
Ll R1M,R14
L Ri1:R14
ADDL Rid4s=2
NADD RiA,R3
S RiB.R13
) Ri1,R14
i
12ERQ RAW DATA ACCUMULATORS
!
MQuL RE. @
LA R14:RAWOV(R)
MOVL Ri.12
COMP3 S] RZ,R{4
8CY Ri,CaMP3I
JRTS tRETURN
EJEC

IRDSTRP » READS | [2ToN STRAEDCHN INPUTS
1CALLING SEQUENCEI

l JSUB RDSTRB(R)
ROSTARP LA R14,RAWDO(R) {R44=ADR RAW ANGLE RATES
LM R13:STROX(A) {READ ANGLE RATE
S1 R13,R14
LM R18,STROY(A)
Si R1SsR14
LM R1%,STROZ(A)
S R13:R14
LA Ri4,RAWDV(R) {READ DELTA VELOCITIES
LM R1Z,STRVX(A)
Si Ri?nﬂig
LM R13,STRVY(A)
Si R13:R14
LM R13,8TRYZ(4)
NEG R13:RYS {CORRECTION FOR SIGN INVERSION
S R13,R14
MOVL R1.2 { INCREMENT SERVICE COUNT
ADRM R4 .SSRUET{RY
JRTS tRETURN
EJEC
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iGALLING SEQUENCEY

§ JSU8B £OMP (R)
COME LA Ri4.0a(R) 1R14sADR COMPENSATED ANGLE
LA R13,RAWDO(R) §R13=ADR RAW ANGLE RATE
MOVL, R12:3 tR42 COUNTS 3 COMPONENTS
LA RL1,PCAC(RY 1R112ADR PREVIOUS COMP ANGLES
CCOMPL L1 RE,RL3 1 (RB,RL)ZRAN ANGLE RATE
MOVL Ri,8
_ DSRA RO LB g{R2,Ri)e
‘ ‘gAucLszz@gxxLﬁzﬂanglﬂazﬂéﬂ_
L R2;R1i4 $1(R2,R3)=PREVIOUS ANGLE
- 5] RB,R{4 SUPDATE ANGLE
L RI.Ri4
S1 RY.R1i4
Si R2.R{1 tUPDATE PREVIQUS ANGLE
81 RI'R4Y
BCY R12,£0MP1
LA R14,CDV(R) tR{4=ADR COMPENSAYED DELTA VELCCITY
LA R13,RAWDV(R) {1R133ADR RAW DELTA VELOCITY
MOVL 19,3 {R12 COUNTS 3 EOMPONENTS
LM R3,14FE7(]) ~4R3I=SCALE FACTOR
comMp2 L1 RZ.IR{Z
MUl RO.R3
DSRA RE.7
S RO.Ri4
51 RL.R14
BCY R15,C0MP2
JRTS
EJEC

BATTIURE R UATERNION VECTOR, COMPUTES RESULTANY ___
} xRECTION eOexNE MATRIX & PERIODICALLY NORMALIZES

QUATERNIONS
JCALLING SEQUENCEL
JSUB ATFURE ¢ R)Y
ATTLUDE LM RE,SSRVCT(R) 1RB=AND('F;SERV]IGE COUNY)
ANOL Bo I '
CMPL RE.4 ITIME YO NORMALIZE GUATERNICNS?
BNE 098 INO
JSUB ENRMIR) LYES
JSUB ROFATE(R) 1COMPUTE ROTATION MATRIX
JSUB ERBT(R) {ROTATE QUATERNIONS
JSUB SRAACMIR) 1COMPUTE DIRECTION COSINE
- - (STRAP 10 REF)
JRYTS §RETURN
EJEC .
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I0UXFM = XFORMS cOMPENQATED DELTA VELOGCITY INTQ

{ REFERENCE FRAME VELOelty
:CALLING SEQUENCE

48018 DYuEMIn) :
oyxsm LA R14,STORMT(R)  {R14aADR QF STRAPDOWN 10 REF OCHM
LA Ri8,0DVIRY 1R1SgADR_nﬂMEENSAlﬂﬂﬁliLﬁﬁlll -
. -VECYOR
LA R12,DAEVEL (R) 1R{23ADR REFERENCE DELTA VELOCITY
VECTOR :
MOVL RT3 1R11 COUNTS 3 VECTOR COMPONENTS
DYRFMY %% R§°212 }(R2,R3)=DELTA VELOCIYY COMPONENTY
l R3,R42
JSUB ' ROWVE3(R) a(Rﬁ.R1)=
SUM{STORMT(1,k)#COV(K),K31,3)
ADDY Ri%;=4
BADD R2,Rg 1 (R2,R3)=UPDATED DELTA VELOCITY
S1 R2,R12 {UPDATE DELTA VELOCITY
S1 R3,RY{2
BCY R11,DVXFML Lo
JRTS {RETURN

SQALL!hG SEQUENCE!

NLCNS (F1,E2.E3,64)

$ JSUB ENRM(R)

ENRM LA Ri3, i ¢R) 1R43=E4 ADR
MoV R14:R13 §R143EL ADR
JAUR nEML3ge R . 1 {REA,Ri)=E1e8?2
CAQDL R13:4
AQDL Ri4,.4
JSUB DMUL3FtR) (RO, RY)SELeb24E2002
ADDL Ri7,4 -
ADDL R1€o4 )
JSUB DMULBJER) 1(R2,R3)3ELe824E20824E 342
ARODL R4S, 4
ADDL Rido4
JSUB nMuL.3@¢R) 1{RA,R1)sEloe2sfpep2+EInadeEdnel
DSRA RE.1 1(R2,Ry)=(RORL)/2
LM R4, '1afaB(]) [(R4AR5)=K=1:5‘(RE|R1)
MOVL, RS, @
psug R4, Ra
LA Ry 4, ENRMK(R) f4R14=K ADR
S1 R4.Rid
s R5.R14
ADDL 913052
ADDL Bi%,0304d 1H13=E4 ADR
JSUB DEML3D¢R) §(RB,R1)=K%EL
S RE.R13 1UPDATE E4
Si R1:R13
JSUB DEML3Z(R) § (RB,R1)=K®E2
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Si RG,R13 IUPDATE E2
Sl RL.R13
JSUB DEML3AIR) 1 (RE,RY)SKES
Sy RE.RL3 IUPDATE E3
S1 RL.R{3
JSUB DZML3B(R) 1 (RE,RL)K#EM
S1 R8,R13 {UPDATE E4
s} Ry,R13
JRYS
ENKMK ~ DATA Y. {NORMAL JZATION SCALE FACTOR
EJEC

tROTATE « SETS (P nULTrRNIQL BOTAY!ON MATRIX

1CALLING SEQUENCE]

{ JSUB ROTATE(R) .

RQTATE LA Ri4,CDOLR) _{R14=ADR COMPENSAYED ANGLE VECYOR
LM R2.'4008¢1) 1(R2,R3)=ROT(L:1)34
MGVL. RI.O ’
MOVL R4.0 1(R4,R5)=ROT(4,2)
MOV, RS, 2
MOVL RG.8 1{R6;R7)3RAT(L:3)
MOVL  R7,8 ,
MOV, RA aﬁ 1{RB,RI)=ROT(1,4)
MOVL  R9,8_ |
LI R@2R14
L] Ri.14
DSRA  RB.4 _
DSUB R4.Ro 1{R4,R5)2aCDOX/22W2X
L{ Re,Ri4
Ll R1,R14
DSRA RO,1 .
DSUB R6.Ra 1¢R6,R7)=22CNOY/2=W2Y
Ll RE,R14
LI Ry.Ri4
DSRA RE .1
pDsus R8.Ro 1 (RB,R9)=CDNZ/2:2W22
ADOL R14,=12 tRi4s ADR COMP ANGLE VEcTOR
MOV RiR,R14
JSUB DZML32tR) 1{R@,R1)zcdsk2ae2
ADDL Rid4.:4
ADOL R13:4
JSUB pMuL3gER)
ADOL Ri4:4
ADDL R1%:4
JSUB "pMULZAER)
LA Ri4,0S0(R) 1R143A0R 0SQEmdey2an2
sl RE,R14
$ Ri.R14
ADDL Ridse2
DSRA RE.3 _
psuse R2.Ra ‘ 1 (R2,R3)={ *W2e82/2
LA R1%:SIXTHIR) {R43I=ADR SIXTH
JSUB DZML3IB ¢R)
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S RE.R14 10SQ=0SGR/6
S R1.R14
AQDL Rids ;2 i e e e
LA Riz.cDa(R) {RL3=ADR S2#W2 VECTOR (CDO)
JSUB DZML3BR)
NSRA RE,3 ‘
DADD R4.RO 1{R4,;R5)={R4,;R5)aW2083/6
ADDL R13:4
JSUB nZul327R)
OSRA RE.3 ‘ )
DARD R6.RE 1({R6,R7)3(R6;R7)eHIR0] /8
ADOL RiS.4
JSUB DEML 3B (R)
DSRA RE.3 )
DADD RE,.RO {(RB,RO)=(RBIRI )2 W2003/6
LA Ri4,ROTMTI(R) tSAVE ROTATION MATRIX
Si R2.R14
S1 RI.RI4
S1 R4,Ri4
S1 R5,R14
St R&.R14
Sy R7.R14
S RB.R14
S RO:Ri4
JRTS §RETURN
WiSGM DATA Go@ isdeHiaa?
ase DATA BB
SIXTH  DATA  1ARA.TRAAE 12483876
EJEC
tERQT = ROTATES qUATERNIONS (E1,F2,E3.,E4)
1CALLING SEQUENCE!
} JSUB ERAT (R} .
EROY LA Ri4,RQTMT(R) {R414=ADR ROT(1,1)
LA RLZ,EVFC(R) {R43sADR E VECTOR
JSUB DEMLIZF(R)
MOV R RE 1 (R2,RI)=ELIEROTLL,LIREL
MOV R3I.R1 .
ADDL R18:4
JSUB nZulL 33¢R)
Mav R4,.RO t(R4,RE)=E2'3ROT(1,1)%E2
MOV RE.RY
ADOL R13:4
JSUB DEML3E(R)
MOV R6,R@ §(R6,R7)SEI'ZROT(1,1)#E]
MOV R7.R%
ADGL Ri%9,4 -
JSUB DEML3BER)
Mav RA,RA 1{RE,R)3FA'ZROTLL,1)%F4
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MOV R9.R1 ,
AQDL Ri4.4 1IRL43ADR ROT(1,2)
AQDL Rix, =8 |R13.ADR E2
JSuB DEMLIA(R)
DADD R2.Ra 1tR2,R312(R2{RI}+ROT(1,2)eE2
AQDL RiZs~d 1R13=ADR EY
JSUB 0ZML3IBR)
NSUB R4.RQ 1 (R4,R5)e(R4R5)=ROT(1,2)#EL
ADOL Ri%:12 {R43I=ADR E4
JSUB DEMLEZ(R)
DSUB R6.R@ 1{R6,R?7)=(R&6,R7)=ROT(L,2)4E4
ADOL Rix. =4 1R413=zADR E3
JSUB DEMLIB(R)
DADD RE,RQ 1(RE,R9)=(RE;RI)4ROT(1,2)#E3
ADDL Rl4:4 tRL4zA0R ROT(1,3)
JSUB pEML3IA(R)
DADD R2,Rn 1{R2,R3)=(R2,R3)«ROT(1,3}#E3
ADDL R1%.:4 I1RL3=ADR E4
JSUB DEML3ARY
DADD R4.R0 1{R4,RS)=2(R4,R5)+ROT(L,3)4E4
ADDL Rix, =12 1R13=A0R £
JSUB __ DEML3IB(R) ) .
pSuB R6,R@ 1(R6,R7)3(R6,R7)=ROT(L,3)0EL
ADDL R13,4 tR43ISADR E2
JSUB DEML3IZLR)
DSUB RE8.RE {(R8,R9)=(RE,RI)mROT(1,3)0E2
ADDL Rid.4 tR442ADR ROT(4,1)
ADOL R13,8 tR132ADR E4
JSUB DZMLIBER)
DADD RZ.R@ 1(R2,R3)3(R2,RI)«ROT(1,4)eE4
ADDL R18sw~4 1R4133ADR E3
JSUB  pALL3AR)
DSUB R4.RD 1(R4,R5)3(R4R5)=ROT(L,4)eE]
ADDL Bi%,=4 1R132ADR E2
JSUB DEML3B(R) :
DADD  R&.Ra lgRé.R?;=(R6iR7)¢RnT(124)¢EZ_
ADDL RiZs~4 {R43=ADR E}
JSUB nEML3B (R
psug YH.T {(RB,R9)={RB,RI)~ROT(1,4)9EL
Sl R2.R13 (UPDATE EY '
St RIR43
. 8] R4.R13 tUPDATE E2
S1 R5,R13
S1 R&,R1Y {UPDATE E3
Sl R7;R13
Sl R8.R13 IUPDATE E¢4
s! ROIRY3
JRTS 1RETURN
EJEC
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Lﬁﬂaﬁﬁ—m—DE&lMEs—QLREcilﬂk_cﬂSXNE~MAEBlXMLSIRAE&QH&_IQ_REEEBENQE)
FROM QUATERNTONS (E1,E2,E3,E4)
SGALLENG SEQUENCE S
J3UB DiRe0g(r) .
SRDCM LA R430EL(R) {{R2,R3)=zELas?

MOy Ri4,R13
JSUB D2ML3A(R)

MY p2.Ra
MOV R3.R{
ADDL RiS: 4 §(R4,R5)sE2e82 )
ADBL Rida, 4

-

JSUB DEMLIB(R)

MOV Ré:Rm

MOV R5,R1 ,

ADDL Rigaa 1¢(RG,R7)8EJen2
ADDL- Rid, o4 :

JSUB BZML3B{R)

May aa:nm

MOV R7.R{

ADDL R{Ss4 §(RO,Ry)agdoag

ADDL RiA, 4
JSUB DEML3IBR)

MOV RE8,R2 1(R8,R9)=STOR4LsF1xs?
MoV RO.R3 1 +F2e02qE3aa2nE4ae2
DADD R82R4
DSUB RAB.R4

ki DSUB  R8'Ra
SH RBISTORLL(R)
SH R9.STORLLe2(R)
MOV R8.R2 1(R8,;R9)3STQR22zF 1442
MOV R9:R3 . § wF2002zE3en2cF4ne?

DSUB RE,R4
DADD R8.R4
psus. R8.RQ

SM RB.8TOR22(R)
SH R9.STOR22¢2(R)
psuB R2.R4 1({R2,R3)=570R33IaFiae?
psus R2.Ré | oF2#025E3fn2eE4an2
DADD R2,Rn
SH R2:STORII(R)
SM R3.STOR3II+2(R)
LA RIS(EL(R)  1(R2,R3)sELeE2
LA Rléa?2¢a)
JSUB  pZEmL3A¢RY
MOV R2.RM
MOV m3 R4
ADDL Ri3.8 {(RE,R1)329EIRES

ADDL R14,8
NSUB pEML3IZLR)
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NADD RG.RO

DADQ R2.R2 §(R2,R3)=2%E{ak?2

MOV R4.RY 1 {R4,RS8)320E3aF4u(RE,RY)

MOV RB8,R{

DADD  RE.R? 1 {RE,RL)I9STARIRepa(EL4F24E38E4)
psus R4,R2 1(R4,R5)3STOR23a2sTEIwE4nELeE2)
SM RB.S70RI2(R) L

SH R1:S70R3I2¢2(Ry

SM  R4.ST0R23I(R)

SM RS .S7T0R2362(R)

ADDL RiNs=d - 1{R2,R3)IE24E4

JsuB DZML3BIR)

MOV R2,Ro

MOV R3.RY '

ADDL RiN¢ =4 1(RE,RL)IELwE]

ADDL  Rid.=4. -

JSUB DE2ML3IBERY .

DADD R2.R2 1{R2,R3)=s20E24E4

DADD RZ,Re 1(RB,R1)z2%E{al]

MOV R4,R2 1{R4,R8)320E2eE48(R2;RI)

MOV RS.R3 '

psus R2,Ro 1(R2,R3)aSTQR3{ =29 ({E2%F4nELeET)
DADD R4.RE 1¢(R4,R5)sSTQR13=24(E24F4*E1@ET)
SM R2:STORILIR)

SM R3I;STORILe2(R)

SH R4.STORL3I(R)

SM RE.STOR13+2(R)

ADDL  Ridr4 1(R2,R3)3EL0E4

JSUB pZML3I2 tR)

MOV R2,Re

MOV R3.R4

ADDL R1304 1(RE,R1)1328E20E3

ADDL Ri4,=d

JSus DEMLIB(R)

DADD n@.RE

DADG  R2.R2 1(R2,R3)z22E14E4 \

MOY R4 RO t{R4,R5)=20E24E3a(RARL)

nox RS 84 R TQR24 E2#p3+ELaES)
DADD RE.R2 1 (RB,R1)sSTQR21a2#(E28EJ*E1
pDSUB R4 R2 { (R4,R5)=ST0R1222a{E24E3I=ELeE4)
SM RE.STOR21(R)
SM. RLISTORRL*2(R)

SM R4:STORL2(R)

SM R5.ST0R1242(R)

JRYS tRETURN
. BJER.
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1LSGALT « BACKGAOUNO RAUTINE TO LSQFIT GRAVITY VECTOR AS
! A FUNCTIBN OF TIME & 10 ALIGN STRAPDOWN FRAME
t Y0 EARTH!S SPIN AxIS FROM THE DERIVED VELQCITY VECTQR
1CALLING SEQUENCES
] JSUB LSaALTtR) .
LSGALL MOVL R9.3 tR9 COUNTS 3 VECTOR COMPCNENTS
LA Ri8,s0UT LR (R193ADR SUM(VELeYY
LA R1T,6286(R) tR412ADR 256 SEC GRAVITY VECTOR
LA R12:68¢R) tR4{23ADR @ SEC GRAVITY VECTOR
LA rRid.8s0V(R) {R14sADR SUMCVEL)
LSGAY LI RB.R10 1(RB,R1)32SOVTL])
L Ri:R{@ ,
LA R13,LSoK1(R) IRL3=ADR (4#Nu2)/(8e(Nai))
JSUB pM1L33¢R) t(RE.Ri)n
SOV(1)e(daNe2) /(B (Nel))aSOVT(])
DSLA RE.3 1(RE,RL)=GE(1)sAC])
S RZ.R42
S1 Ri,R12
LI R2,.R{4 t(R2,R3)asOV(])
L1 R3.R14 ]
DSUB R2.R@ ' 1(R2,R3)3S0V(1)«60(I)
Si R2,Ri1 ,
S R33R21
ADDL  Rii,e2
MOV R2,Re 1 (R2,R3)=G62(1)
MOV R3'RT , :
LA R14,L50K2(R) (RLATADR 256#2/(Net)
MOV Ri{3:,R11
JSUB  DZML3Z{R) 1(RE,R1)=2256%8(]) _
DADD RE.R2 1(RE,R1)=G256¢1)aAt])+2564B(])
S1 RO,R11
S Ri.RLL
LA Ri4,SDyeSCVT(R1DA) 1R14=ADR NEXT SOV
BCY R9:.LSQA%
LA R14,60¢R) {NORMALIZE G@ VECTOR
JSUB VINRM(R)
LA R14:6286(R) INORMAL12E G256 VECTOR
JSUB VINRM(B) -
LA RO;=144230¢(1) 1USE DOT PRODUET TO O0BTAIN
COS(LAT)ae2
P MOV R1.9 1{(R€,RLY=2L
LA Rig.cAeR) 1R4133ADR GE VECTAR
MOVL R12,3 jRL2 COUNTS 3 VECTOR COMPONENTS
JSUB aMUL3g R 1{RA,RL)=SUMCGA(T)InG256¢]) =1
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ADOL Rids 4
ADDL, R1%.,4
BCY R12:#w8
LA R13,Cc08PHZ(R) tR133ADR COSPH2
S1 RO,R13
S RL.R13
ADDL RiZs=2
LA Ri4+,LSAK3(R) IR443ADR COS(WESM)=l
JSUR noIvV3IZeRY 1(RE,R1)=CQS(PH]Ywn2
LM R6.'4208¢(1) P (R6,R7)aSIN(PH])#u281  nCOS(PH])®a2
MOVL R7.0
DSus Ré,RQ
MOV R2'@ (ESTIMATESZ
JSUB  DSeRT(R) 1(R2,R3)=COS(PHIY
st RZ'RI3
Sl R1,R13
Si R2,R13
SI RI.R13 5 _
s1 R6,R13 ISAVE SIN(PHI})w#w2
s R7.R13
ADDL RiX, 22 _ 1R{3=ADR SIN(PH])®x2
ADDL Ri4,LS0KPRelSGKJ 1R142ADR (¢wK)nu23(1eRERWERWE/G)ws2
MOV RA.RQ t(R4,R5)300S(PH])®n2
MOV RS R4
JSUB DZML3B(R) {(RZ,RLya(L{cK)eu2eSIN(PH]I) w2
D L ]
MOV R2,Rp
MOV RI.R1
PUSH R2.6
JSUB DODIV(RY
PQP R7.6
MQV R4,Ro 1(R4,R5)=COS(LAT)»u2
MOV R5.R1 . .
ADDL R13,;SINPH]=SINPH2 IR13IEADR SIN(PHI)
MOV RE;Rg
MOV R1,R?
MOVL R2.0 1ESTIMATESS "
JSUB DSART(R) 1{R2RI)=SINIPKR])
S RZ;RiS
S R3I,R43
S R4.,R{3 IUPDATE COS(LAY)ae2
§1 RS LRI
MOV RE.R4
MOV R1.Rs

2.0 {ESTIMATESE
JSUB DSART(R) t{R2,R3I)=COS(LAT)
§1 R2 K13
s1 R3IIRL3
LM R2.'4020¢1)
MOVL Ri.8 ,
psue REIR4 1(RA,RL)ISSIN(LAT) a2
St RA.RLI
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Si R1IRL3 '
MOVL R2:0 A
JSUR nSaRT (R} 1¢R2,R3)=SINCLATY
8] R2,R13
81 RI,RL3
JSUB sTePi{R) 1BALANEGE 2 GRAVITY COMPQOMENTS
H4SUB sEP2tR) 1BALANGE X GRAVI?Y COMPONENTS
JSUB STEP3(R) 12 GRAVITY COMPONENTSSSIN(PHI)
JSUB INTROT IR} {SETUP CURRENY GUATERNIONS
JSUB INTPASER)Y _LINTTIALTZE PQSITIAON
LA R43:GEST(R) §RE3=ADR GRAVITY ESTIMATE
L1 RQ:R33 1 (RZ,RYy)322ui4uGan?
L R1i,R13 . N
ADBL R13)67MAGoGEST a2 1R135ADR G7MAG
HOVL R2.8_ tESTIMATE =S
R DSORTLR? 1(R2,R3)32¢#87aGRAV]TY
Si R2.R13
S RILIRL3 ) .
ADOL Ri%;6InT=6FrAGR2 IR13EADR GINT
DSRA R2,7 1{R2,R3)8GRAV]ITY
Si R2;R13 §INIT GRAVITY INTEGRATOR
s RI;RI3____
ADDL R1S:VGINTeBINT=2 IR13EADR VGINY
- R2:R13 §INIT VERTICAL GRAVITY INTEGRATOR
Sl R3,R{3. , :
LA Ri4,COSLTZ{R) 1R143ADR COS{LAT)=a2
LA R$3:,COSLAT(R) jRL3=2A0R COS(LAT)
Jsus DZML3B¢RY 1 {RB,R1L)3VERT CENTRIPEDAL FOQRCE
LA R1S,ENTFFR(R) | sCOS{LAT)es3uHFEaa2eRE
S1 RA A3
S RL.R13
AGDL, RiZoe=2 §R13=ADR CNTFR
ADDL Aia,ESRE-ECS| T2 1R145ADR WF2RE.
JSUB DZML 3G (R
_DADD  m2:R@ 1(R2,R3)aGMAGEBINTSCNTFR
0SLA RB.6 tADJUST FOR INYEGRATOR SCALE
8 RA.RI3 {UPDAYE CENTRIPEDAL FORCE
S Ri.BL3
S R2,R13 tUPDATE GMAG
8 RI.RY3
ADDL BiSee? 1R43=ADR GMAG i
LA Ri4,608LAT(R) 1R448ANR COS(LAT)
LA R4S, REF (R 4R123ADR GREF VECYOR
JSUB DZHL3IA(R) j(RB,R{)3GREF (1)
DSRA RE.3
Si RE.RI2 tUPDATE GREF(1)
St Ry .RI2
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MOV RE.%

S1 RA.R12 IUPDATE GREF(2)

Si RE,R12 _

ADDL R14sSINLATACOSLAY IR144ADR SIN(LAT)

JSUB DEMLI(R) 1(RB,R4)3GREF (D)

DSRA RE,3

S1 RB,R12 tUPDATE GREF(3)

8 RY.R{2 i

LM R2.14@a0(1)

LA R14:COSHT(R)

MOVL RE.0

Si R2,R{4 1£0SWYay

S{ RE,R14

Si RO.R{4 1ISINKTsE

Sy RO .R14_ _

JSUB SCNINTER) 1INIT SCNARIOC DAYA

JRTS ‘ iRETURN _
LSGKL  DATA 12030,13030 1(8aNe2)/(Ba(Na1))
LSOK2 DATA 17780, 17FED 120N/ {N+1)
LSOKI  DAYA "FFFD. 12531 1COS(KEaN) o}
LSGKPH DAYA *3F8e,1DEEA 1 (LoREaWERWE/G)aa2

EJEC

1CALLING SEQUENCE

IBaUY XoAxls SUCH THAY GB1(3)362564(3) (GE.@

! Jsue sTePi(R)

STERL LA R1A.xCpStRY RIE=ADR XCQS
LM R4,'4300¢1) 1 (R4,RS)=xCOS=4
MOV R5.0
MOVL, RG .0 1(R§,R?)=XSINs0
MQYL R7:0
LA R14:C3RIFFIR)  1RL45A0R G3IDIFF
LA Ri{,c@g(R) pR118ADR GA(3)
LA R12,62562(R) {R423ADR 6256(3)
Ll R2:Ri1 1{R2,R3)=2GL(3)
L RI,Ri1
ADDY Rid s ab 1R142ADR GO(2)
LI RE,Ri2 1({RE,R1)36256(3)
L RL.Ri2
ADDL Ri2:nb 1R42=ADR G256(2)
DSUB R2,R2 1{R2,R3)=68(3)=6256(3)
Bz STeP18 A
S1 R2.Ri4 1G30IFF=2GA(3)nG256(3)
S R3.Ri4 _
AQOL Ridamb 1R14=ADR G2ODIFF
L1 R2,RiL - J(R2,R3)=62(2)
L R3,R44
ADDL RiTs =2 tRL13ADR GE(2)
L1

RE.R12 1(RB,RL)3G256(2)
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L RL,R12
ADDL R12,=2 1R${23A0R 6256¢2)
psus R2 RO 1{R2,R3)=68(2)=6256(2)
Sl R2:R14 1G201FF=6a(2)nG2586¢2)
s R3,Ri4
ADBL, Ridsa? jR143ADR G2DIFF
MOV Ri3,RL4 {R13=A0DR G2OIFF
JSUB pEML3BER) }(RB,RL)2G20IFFwa2aG3IDIFFans?
ADOL R4S, 4
ADBL R14.:4
JSUB DML 3EER)
ADDYL Ri4s4 1R44=ADR GSQRY
MOV, R2.8 _ {ESTIMATE=®
JSUB pSaRT(R) 1GSQRTsSORT(G2DIFFa#2+G30]FFua2)
Si R2,R14
S RI.R14
ADDL Rl&pfz
ADDL Ri%s=4 LR43I=A0R GLOIFF
JSug p0iIvVIgR) 1{R2,R1)2G2DIFF/GSORT
[P nayhiw
MOV nd.Ra 1 ({R4,R5)=%XC0S
MOV RS,RY :
ADOL R13s4 {R132A0R G3DIFF
J3UB nAivzaeR) 1 (R ,R1)3GINIFF/LSORY
Si RO:Ri2 1eXSINSG30IFF/GSQRY
S Ri.A1Q
ADDL RLEn;é
MQV R6,RA 1({R6,R7)=aXSIN
MQy R7 .84
STEPLB LA RL3:STN(R) tR13=A0R XSIN
LA Ri4,68v(R) tR14=A0R GE(2)
JSUB DEML3BLR) 1(RB,RL)I3GO(2)8XSIN
coM RO ,Re
NEG R1.R4
BNZ Yy
ADBL RE@.4
ADDL R13s=4 fR1{3=ADR XCOS
ADDL RiA,4 tR{4=ADR GB(I)
JSUB DMUL 3B (R) 1(RE, Ri)=00<2)-XSIN~GQ¢3)-xcos
CMPL Re. 0 168 ¢33y, 6F .87
8P sTrPYD 1YES
COoM RE.Rg {NG, NEGATE Gpgt(3)
NEG RY LRY
BNZ Y-y ]
ADDL RE, 4
COM R4 ;R4 iNEGATE €QS
NEG RS!RS
BNZ o9d
ADBL a411
COM R6,R6 {NEGATE SIN
NEG R7.R7
BNZ e¢4
ADDL R6,1

Nintendo Exhibit 1004
Page 0053



4,424,038

89 90
STEPLD SI R4,R10 IUPDATE XcO0S
Sl RS IR12
S R6.R10 {tUPDAYTE XSIN
S R7.R14
MOV R2.R@ {(R2,R3)=GE(3)=6256"1(3)
MOV RIIRY
. ADDL Rids =4 JR14=A0R G2(2)
JSUB nZML3BIR) 1(RB,RL)=GE(2)8XC0S
ADDL R13,4 - IR13=ADR XSIN
ADDL Ri4:4 1R143ADR G2(3)
JSUB DMUL 3@ (R) 1(RB,RL)=G2(2)aXC0S=GB(I)aXSIN
S| RZ,R1y  1UPDATE Gat2) '
St R1IR11 '
Sl R2.,R11 {UPCATE G@(3)
S1 RIR1Y
ADDL Ri3s -4 tR133ADR XCOS
MQV Ri4,R12 t1R143ADR G256(2)
JSUR D2ML3ALR) (1 (RE,RYL)=26256(2)aXCOS
ADDL R1344 fR13I3ADR XSIN
ADDL Ri4,4 tR14=2A0R G256(3)
JSus DMUL3@ER) 1(R@,R1)36256(2)eXCOSwG256(3)#XSIN
St RE.RY2 tURPDATE G256(2)
Sl Ri.Ri2
Sl R2IR12 tUPDATE G256(3)
S RI.R{2
LM R2.123m0¢1) 1{RB,RL)=(1+C0S) /2
MOVL Ri'@
DSRA  R4,1 1{R4,R5)=200S/2
DAQD RO,R4
MOVL R2.0 1ESTIMATE=D
LA Ri4.XET(R) 1R143ADR XEY
— JSUB  nSaRT(R)
Sl R2.R14 1XE3=SQRY((14C0S)Y/2)
S] RI.R14
LM RE,'20008¢(]) 1 {RE,RL)=(1=C0S)/2
MOVL R1.2
DSUB RE.R4 :
MOVL R2.0 1ESTIMATESD
JSUB DSART(R)
CMPL RGO 1eSINLEWD 7
BLE SYTPPIF LYES i
NEG R3I.R3
BNZ Y
r ADDL rR2:1 ]
STEPLF S R2.R14 I XE23SART((15C08)/2)
S RI.R14 —
JRYS {RETURN
EJEC
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1STEP2 = ROTATION AROUT ZoAx1S SUCH THAT GE1(1)36256(1)
& GO'{2),i'T.0
acALane SEQUENGE S
JSUR STEE2¢R)

§

STEPz LA R1G,2CaS(RY) fR1€=sADR 2C0S
LM RA ' 4QAmAETY . _3{R4,R5)=22C0S=1
MOV RSZ@ -
MOV R6. @ §.{RA,R7)=2SIN5E
MOVL R7:0 :
LA RiaecinEFF(R) ‘1R14cADR GADIFF
LA R47:60x%(R) "yRL13ADR GB(4)
LA R1%,6286X(R) 1TR12=ADR G256(1)
LI R2,R11 .. 1(R2,R3)=6B (1)
LI R3IRLL. . .
L1 RO,R{2 F(RB,RL)=6256(1)
L1 Ri,R42 : - 3
pSuBR R2,RA _I(R2,R3)=2G0(1})26256(1)
B2 s7rP28 Lo o o
Sy R2,Ri4 161DIFF=G6a(1)n6256¢1)
St RI.R{4&
L1 R2.R11 1{R2,R3)=G62(2)
L RI:R{L
ADDY, Rifecb §RE12ADR GB(4)
L R@,R{i2 1(RB,RL)=G256¢(2)
L "RY.Ri2 ‘
ADDL R12,mb 1R42=2ADR G256(4)
pSUB R2.R@ §(R2,R3)=G6E(2)56256(2)
S R2.R{4 o .
S R3I.R14
AROL Ri4: =6 §R143A0R GLODIFF
MQV R1iS:R14 tR433A0R GIDIFF
JSUR nEML3ARY 1 {RR,RY)= GlDIFP'OZtGZDlFF‘iZ
ADDL Ri?aé
AROL Bi4:4
JSUB BMUL3EER)
ABDBL Rids8 1R14=ADR GSQRY
MOVL R2.06 1ESTIMATE=Z -
JSUB DSeRT(R) {1GSQRT= SGRT(GlolFFn'2*62D!FF"2)
Si R2.RI4
S R3I,R14 _
ADDL ﬁiénaz -
JSUB DOiV3B(R) 1(RE,R1)=G201FF/GSART
Si RE.R14 12€08=G201FF/GSQART
S1 RL.Rs8
MOV R4.RO 3 (R4,R5)=2€CQS
MOV R5.R{
ADDL RL8o =4 {tR13=A0R GIDIFF
JSUR noiviziR) 1{RA,R1)=GI0DIFF/GSART
Si RORid 1ZSIN3G10IFF/GSARY
) R Rid
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ADDL Rifsmb
MOV R6,Rp 1(R6,R7)=2SIN
MQV R72IRY
STEP2B LA RLI,2SIN(R) 1R43sADR ZSIN
LA R{4,GA%({R) jR142ADR G2(1)
JSUB DZML3G¢(R) b(RE,R1)3GB(1)=»2S]N
ADDL R13,2CAS=2SIN tR4{3=2ADR ZCOS
ADDL Ri4,GAY=GEX {R14SA0R 6B(2)
JSUB aMOLBRAIR) 1(RE,R1)=6B(LI122S]N+GRA(2)a2C0S
CHPL, RE.8 168'(¢2),LT,8?
BM sTeP 2N 1YES _
COM RE,Rp INO, GB'(2)s:GB'(2)
NEG R1.RY
BNZ Y
ADDL, RC.1
COM R4.R4 iINEGATE €OS
NEG R% IRS
BNZ Y
ADDL R4,1
COM RE.RA 1S{Na=S|N
NEG R7.R7 o
BNZ b4
ADDL R6, 4
STEP2D SI R4.RiD {UPDATE 2¢0S
S] R5.R¢@
Si R6.R10@ 1UPDATE 2SIN
S R7.R10 ,
MOV R2.,R@ §{R2,R3)=GE"(2)
MOV RI. R4
ADDL R13:,2STNwZCCS tR13sADR ZSIN
JSUB DZML33(R) j{RB,R1)=c6R(2)82SIN
COoM RE.RE
NEG RYIRY
BNZ XY
ADDL RE.1
ADOL R1Z3,2CnSeZSIN t1R132ADR 2COS
ADDL Rid,GAX=GEY 1tR44=ADR G2(31) _
JSUB DMUL 33 (R) {1 (RE,R1)=sG2(1)e2c0S=GA(2)#2SIN
Sl RZ,R11 {UPDATE Gg(1)
Si R1.Ri1
81 R2:R14 fUPCAYE 62(2)
Si RIRLY
LM R@,'2@p2(1) 1(RE,RLI=(1+CQS) /2
MOV RY.0
DSRA R4.1 1(R4,R5)=C0S/2
DADD RO R4
MOV, g2.d 1ESTIMAYE @
LA R14,2E7(R) {R14=ADR 2E1
— _JSUB pSeR¥(R)
s R2,R14 12E18SQRT((1+C0S)/2)
s1 ‘Ry
LM RE,'2008 (1} 1(RB,R1)=11C08)/2
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MOV Ri.@

pSUB RG.R4 :

MOVL R2.8 1ESTIMATE=D
JSUB nSaRTLH)

CMPY, R6,D 1SIN,GE,2 7
BP STpPoF 1YES
COoM R2.R2 . INO, PE4sZ2E4
NEG RI.R3
BNZ n6a
ADDL R2.1
STEP2F SI R2.R14 12E4=SQRT({12C0S)/2)
S R3I:Rid
JRYS tRETURN
EJEC
191rrg = RUTAILLIQON ABOUT YeAXIS SUCH THAT G2'¢3)sSIN(PHI)
{CALLING SEQUENCEY
| JSUB STEPI(R)
STEP3 LA Ri4,60¢R) 1R14=A0R GB(1)
MOV Ri3,R14 tR432ADR G2(1)
JSUR nEML 3@ R) 1(RE,R1Y=GB(1)asDeBB(3)un2
AQDL R14.8 tR14=ADR G@(3)
ADDL R19,8 1tR{3=ADR GB(J)
JSuB DHMUL3B(R)
LA R19,vGeQ(R) §1R423A0R GSQ
Sl RE.R{2 1GSA=GA( 1188246 (3)wn2
S R4 ,RI2
ADDL R12s22
ADDL Ri4s=d tR143ADR GB8(2)
ADBL. RiSsad 1R13=SADR GB(2)
JSUB DZML3B(R) t(RO,R1)agGB(2)wa2
COM R2.RA
NEG Ri.R1
BNZ o84
ADDL RE 4
LA R14,COSPHZ(R) {R{43ADR COS(PH])#a2
L1 R2 R4 ~ J(R2,R3I)=COS(PH])»a2
L R3I.Ri4 '
ADBL Ri4,RADRCCSFHZ =2 IR142A0R RAD
DABD R RS
MOVL R2,0
JSUB DSART(R)
81 R2:Ri4 tRAD=SQRT(COS(PHI)a#2eG2(2)#52)
s RI.R14
ADBL Ridp=?
ADOL RiZy =4 - 1R13=ADR GEZ(1)

JSUB DZML 3B ¢(R)
ADDL R14,SINPHIoRAL 1R14=2ADR SIN(PHI)

ADDL R13.:8 - jR133ADR 6O(3)
JSUB pMUL3BIR) (1 {RB,R1)3GA(I)uSIN¢PH])+GA(1)#RAD
LA R13,YCAS(R) 1R{3=ADR YCQS
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S{ RZ.R13 1YCOS=(RO;R1)

S R1IRL3

ADOL  Ri%,-2

MOV Ri4,R1> IR14=ADR GSQ

JSUB 0OtV3IB(R)

MOV R4.Re 1(R4,R5)=YCOS

MGV RS 'RT _

LA R13.G602(R) {R13=ADR GB(3)

LA Ri4.SINPHI(R) JR14=A0R SINPH!

JSUB DZML3Z(R) 1(R6,R7)sG2(3)sSINPHI
MoV R6.Ra

MQV R7.R1

_ ADOL  pig.ss  yA13=ADR GB(1)

ADOL R14,RAAN=SINFHI (R{43A0R RAD
JSUB DZML3IB(R)
psus R6,Rp 1(R6,R7)3G2(3)sSINPHI=GR(1)sRAD
LM RE.'2¢ad( 1) 1(RB,RL)=(1+CQS) /2
MOVL R1.0
DSRA R4,1 1(R4,R5)=c0S/2
DADD RZ R4
MOVL rR2.8 1ESTIMAYE=R
LA R12,YET(R) tR123ADR YEL
JSUB DSBRT(R)
S1 R2.R42 1YE13SARY(¢1+C0S5)1/2)
S RI.R12
LM "R@.'2002¢(1]) 1(RB,Ry)=(1-C0S)/2
MOVL R1.0
psSus RE.R4
MOVL R2.0 IESTIMATES®D
JSU8 DSORT(R)
CMPL R6.0 1SIN,GE,2 2
BP sTrP3B 1YES
COM R2.R2 INO,YE3z=YEJ
NEG RIIRY .
BNZ kg
ADDL  RZ2,1 -
SIEP3IB S| p2iRi?2 LYE3=SQRT((15C0S)/2)
S RIIR12
JRTS 1RETURN
YGSg DATA  p,2 168(2) 892
- LAL_QL,AIEELMLQNS_ER OM XE4.XF2,2F1,3E4,YE1,YES
JCALLING SEQUENCE!
| JSUB INIROT(R) :
INIROTY LA RIBLXETL(R) 1R4C@=ADR XE1
Ll R2.,R10 1 (R2,R3)sEL1=XEL
L1 R3,RyQ
LI R4.R10 I (R4,R5)3E2=XE2 .
L] R5!R12
MOV RO 1 (R6,R?)=F3I=0
MaVL R7.0
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MOVL R8,0 1{R8,R9)=F4=0
MOV RO ‘A
JSUB INRSRV (R) 100 STEPL ROTAT1GN
L R2.R48 1 (R2,R3y=Fi=2F1
LI R3.R40
MOVL, R4, B 1 (R4,R5)=F230
MOVL RS @
MOVL R6,0 1({R6,R7)=E3=0
MOVL R7.0
LI RB.Rid 1(R9,R1Z)=E422E4
LI R9,R10
JSuB INRSRVER) 100 STEP2 ROTATION
LI R2.R10 1 (R2,R3)=EL=YEL
LI R3.R1d
MOV R4 . @ 1{R4,R5)=E2=0
MOV RS0
Li R6,R10 $(R6,R7)=p3=YE3
1.1 R7.R31@
MOV, RE.O -1 {(RB,R9)=E4=1D
MOVL R9,8
JSUR {NRSRY (R) 10O STEP3 ROTATION
L1 R2.Ri 1(R2,R3)sE4L=INITIAL 2EQ
L1 R3I,.RiA
MOV, R4 .0 1 (R4,R5)=zE2:=02
MOVL R5.0
MOV R6,0 1 (R6,R7)=£3=0
MOV, R7.8
L1 R8.R18 §1(R8,R9)=E4=INITIAL RBE4
Li R9.R{i2
JSUB INRSRV (R) 100G BISECTION ROTATION
JRTS {RETURN
EJEC

= USES o 0 QUATERAIENS. Y0 ROTATE MEW QUATERNIONS
{ SERVICES INIROY RCUYINE
ICALLING SEQUENCE]
§ {R2,R3y=nFW £1

§ (R4,R3)anEW E2
4 (R&4,R731aNEw £3
L (RB,R9)aMEu g4

; JSUB INRSRV(R) : _
INRSRV LA R1{:ROTMT(R) tR11=ADR ROTATION MATR{X

LA RL2,FVEGI(R) 1R123ADR QUATERNION VECTCR

3SR RO $GEY SYATUS

PUSH RE.1 - 1SAVE STATUS ON STACK

LM RE.'FEL]) i TURN OFF INTERRUPYS

LSR RS

Li RO.Ri2 JROT(4.108E]

L R{IRg2

ADDL Riéngz

S1 RO,Ri1

S1 RY,R31

Si R2.,Ri2 tELsELY

Si RI.R{2

MOVL 1M IROT(1:2)==E2
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MOV Ri4,R1D 1R14=ADR RDISY

Sl R2,R12 PUPCATE RpDIST

S| R3,R12

ADOL R1S. =8 1R133A0R ACPOSX

MOVL R1G,3 {R1B COUNTS 3 ECOMPONENTS
SRAVE JSUB DOiIV3IO(R) JCOMPUTE UNIT VEET

s] RE,R12

S} Ry .R12

AQDL R4%:24

BCY RiB,GRAVD

ADDL Ri4,UVRTXsRL1ST {R14=ADR VERT UNIT VECTOR

LA R4, ACVEL(R) {R13=ADR A/C VELOCITY VECTOR

MOVL REg.,0 1 (R2,R1)=D0T(ACVEL,UVRY)

MOVL RY .8

MOVL R1iG:3 {RLE COUNTS 3 COMPONENTS
JRAVEA  JSUB DMUL3BtR)

ADDL R13:4

ADDL Rid,4

BCT RiA,GRAVOA

L R2,R12 1(R2,R3)=0LD VERT VELOCITY

S1 RE,R12 tURDATE VERT VELOCITY

L R3.R12

St R1.R12

nsua RE.R2 L (RA,R1)=yERY ACCEL

S RA.R12 '

S R1.R12

Li R1%,0SFND(R) tR133ADR GSCND

M jRLZ COUNTS 3 COMPONENTS

MSZt Eé@éx {(RB,R1y529014aGSCNOse?

MQV Ri.0

SM - R@:CRSENB(R) {DISABLE AT REST BRANCH IN VERTICAL

ROUTINE

GRAVY L] R2.R{3 1(R2,R3)=GSCND( )

L] RI.RL3

DSLA R2.7 1(R2,RI)z2#87eGSENDCT)

BNV odd §OVERFLOW?

WHRM GRAVS(R) {1YES: FGRGET INTEGRATOR

MUL R2,R2 t1(R2;R3)=28414aGSCND([)nu2

DADD RB.R2

aCY Rim,6REVY

DSLA  RE.2_ FADJUSY SCALING (2w83@21)

L R2.R12

JSUBR nSaRY (R} 1 (R2,R3)=22#27aGSCND

St R2.R12 jUPDATE G7MAG

) R3:Ri2

DSRA R2,7 ) §{R2,R3)=GSCND MAG

ADDL R14,GESTaLVRTX"12 IR145ADR GEST

51 RZ.Ri4 1UPDATE GSCND MAGNITUOE

Si R3I.R14 )

L1 R@,R14 1 (REB,R1)=INTEGRATED GSEND MAGNITUDE

L R1.R14

ACDY R144=2 {R44=ADR GSCNO MAGNITUDE INTEGRATOR

psus R2,R@a §(R2,R3)=ESTIMATE=CURRENT VALUE

MQVL R4.15emiL LG/ 20000 {(R4,R5)=7,5MG

LM RS .15eMILLG/2e15aMILLG/ 12020021 L0080}
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MOVL Riie
L1 R2.R{2
L. R3. R12

ADDL Rl?ﬂwz
psus RB,R2

81 RﬂLﬂii

Si R1.R{4

Si R4,R{2 tE2=E2!

S1 R5.R42 .

MOVL RZ.0 IROT(1,3)2°E3
MOVL Rizg

LI R2IR12

L R3. Ri2

ADDL Ri?amz
psSuB Rg.Ro

Si RE.RYLL

Si Ry R{1

Si R&.R42 LE3=E3!

S R7,R12

MOVL RE.D IROT(1,4)=E4
MOVL Rilﬁ

Li R2,R12

L R3,R12

ADDL Ri?an
DSUB RZ.R2

S{ Relaii

S Ri.Rs1 e -
S R8,R12 §E4=E4"

St R9.R32 S

JSUB ERAT(R) JROTATE NEW BY QLD

PGP RE .1 {RECOVER STATUS

LSR RE

JRYS §RETURN

EJEL . B

IGRAY » COMPUTES GaAui®Y VECTCR GQMPAONENTS
‘GALLING SEQUENCE§
JSUB GRAV(R)

,RAV LM RZ.SSRUCT(R) (RA=AND( ' 2F,SERVICPE COUNT)

ANQL, R@Z'?F

CMPY RO 8 1 YIME Y0 UPDAYE 6GRAVITY COMPONENTST

BE GRAVR §YES

JRTS {NQ; RETURN
duuL_4A___4u4amuuuu___uuLJmLAuLnmijMJuﬁnus

_GENTER

LA R13,ACP0S(R) tRL3=ADR A/C POSITION VECYOR

MOY R14,R413 tR14=3ADR A/C POSITION VECTOR

JSuB DZMLIBE¢R) i(R@,Ry)=R#a?2

ADDL, R13.4
AQDL Rido4
JSUB pMUL3A¢R)

AQDL RiS:4
AQDL Rid,4

JSUB DMUL3B(R)

L R2Ri2 |
JSUB  DSART(R) 1 (R2,R3)=ROIST
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DSUB R2.R4 : 16Y UPPER LIM]T?
BGY GRAVS 1YES, SKIP THE INTEGRATOR
DADD R2,R4
DADD R2,R4 1LY LOWER LIMIT?
BLY GRAVS IYES, SKIP THE INTEGRATOR
DSUB RZ.R4 {(R2,RI)=ESTIMATEsCURRENT VALUE
OSRA R2.6 1GSCND MAGNITUDE INTEGRATOR=
DADD R2iRe I GINT«(ESTIMATESGINT)/2#0¢4
S R2.R14 {UPDATE GSCND MAGNITUDE INTEGRATOR
S RI,R14 ,_'__..‘____._~ e
SM R2,CRSFNB(R) 1ENABLE AT RESY BRANCH IN VERT
ROUTINE
ADDY R14,UVRTXeG]NTa2 1R145ADR UVRTX
ACOL R1Z,-12 tR13=A0R GSCND
ADDL R19,VGFSTeG7MAGw2 IR12=ADR VGEST
MOVL R1lo, 3 1R42 COUNYS 3 COMPONENTS
MOVL RE.Q 1 (R@,RL)=DOT(UVRY,GSCND)
MOVL Ri.0
ADOL R13,4
AQDL. Ri4s4
BC? R18,GRAVLE
S RE.R12 tURDATE VERT GSCND
S1 Ri.R{2
LI R2.R12 1{R2,R3)=VERT G6SCND INTEGRATQR
L R3.R12 :
ADDL Ri%4m2
DSUB R .R2 {VERT GSCND INTEGRATOR=
DSRA RA.6 ! VGINT«(ESTIMATEwVGINT) /28486
DADD R2.RO - -
Sl R2.R12
st R3,R12 .
ADDL R14,CNYFReUVRTIXwg2 1R3$45ADR CNTFR
ADOL R12,VRTAaVGINT=4 1R122ADR VERT ACCEL
LI R2,R12 1 (R2,R3)3VERT ACCEL
L RI'Ri2
MOVL RE.4sMTLLG/'12000 1(R2,RL)24MG
LM RL4aMTLLGw4®M]LLG/ 102020112000
DSuB RZ.R2
BLY GRAVS. {CENTRIPEDAL FORCE YOO LARGE
DADD RE.R?2 » : )
DADD RO.R2
8LY GRAVS {CENTRIPEDAL FORCE Y00 SMALL
Ll RZ.R14 1(RE,R1)=CENTRIPEDAL FORCE®2%46
L RLIRL4
ADDL Ri¢:=2
‘ DADD RE!R2
S RE,R{4 IUPDATE CENTRIPEDAL FCRCE
INTEGRATOR
S R1.R14 -
ADDL Ri4,UVART=CNTIFR"2 1R145ADR VERT UNIY VECTOR
LA R13,VRTV(R) tR13sADR VERT VEL
LI RE.R13 1 (R2,RL)=PRESENT VERT VEL
L1 RL,R13
Ll R2,R13 1{R2,R3)=VERT ACC
L R3I.R43 .
ADOL Ri%:VRTVaVRTAe2
pSus RZ R2 {RECOVER OLD VERY VEL
sl RE.R13
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Sl RL,R13 © JR1$=ADR VERT ACCEL
LA R12,ACVEL(R) - - IR$2sADR REFERENCE VELOCITY
HOVL  Rim:3 T 1R42 COUNTS 3 COMPONENTS
GRAVI  JSUB  DZML3diR) 5 '
L1 R2,R1i2 o
L R3,R12 “U1(R2,R3)=REF VEL(])
ADDL R12,42
DSuB R2,R@ tRESTORE QLD VEL(I)
Si R2.R12 :
St RI.R42
ADDL R1444
BCY R1%:GRAV3 : :
GRAVYS LA R13,GINT(R) 1R13=ADR GINT
LI RB.R13 $ (RE,R1)3GSCND INTEGRATOR
L R{.R13X _
ADDL R13:CNFFReGINT=2 iR13ZADR CNTFR
Ll R2'R13 1(R2,R3)=CENTRIPEDAL FORCE#2%46
L1 R3IRY3 o : .
DSRA R2.6 R ,
DABD RZ.R2 1 (RE,RL)aGRAVITY ESTIMATE
S1 - RA,R13 L _
S RL.R13
ADOL R13s=2 {RL3=ADR GRAVITY ESTIMATE ,
LA R14,UVRT(R) 1R14=ADR VERTICAL UNIY VECTQR
LA R12,6RFF (R) JRL23ADR GRAVITY VECTOR
MOV, R7.0
LA R9.GSCNO(R) 1R9=GSCND ADR o B
MOVL  R4Bs3 IRLE COUNTS 3 COMPONENTS =
GRAV?  JSUB DEMLIBR) 1 (RB,RLISGREF (1)
DSRA RE.3 1ADJUST.FOR 1/8 SEC
S1 RE,R{2 {UPDATE GREF(I)
Si Ri.R12
ADDL Ri4.4 :
St R7:R9 . 1GSCND(1)=8@
s1 R7:RQ
BCY RiAs,GRAV7
JRTS :  §RETURN . '
RDISY _ DATA Bao §DISTANCE FROM EARTH'SCENTER TO A/C
UYRY EQU o {VERT]CAL UNIT VECTOR :
UVRIX  DATA 2.8
UVRTY  DATA 00
UYRTE  DATA Bo0
VRTY DATA fam jVERTICAL VELOEITY
VRTA DATA B0 {VERTICAL ACCELERATION
G7MAE  DATA B0 1SORT(22014aGSCNDox2)
GEST  DATA  p.a {GRAVITY ESTIMATE
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GINT DATA Py IGRAV]TY INTEGRATYOR
VGEST DATA B 100T(GSENDVERT) ESTIMATE
VGIAT DATA 2,0 1EOTLGSCND.YERT) INTEGRAYOR
CNTFR  DATA Bt {CENTRIPEDAL FORCE
GMAG DATA Y fGRAVITY MAGNITUDE
CRSENR  DATA r Lﬁlhnlnz£aﬂ__aﬁScuﬂ_ﬂM£RFLﬂhANC
QVE LOW
MILLG EGU 12022 1LSE OF IMG <2aa3z31KM/SEca
EJEC

LVERT = ROYATES qULITERnIONS T FchE CROSS _PRQNUET TOWARE ZERQD
1CALLING SEQUENCE]
JSUB VERT(R)

{

tYIME Y0 ALIGN To VERTICAL?

VERT LM RE.SSRYCT(R)
ANDL, RB,"IF
CMPL, R i@
BE VERTY $YES
JRTS {NO; RETURN

{
{COMPUTE EAST &
i

NORTH VECTOR CF TANGENT PLANE -

VERTY LA pix, uvpT2(R) tR13=ANR UVRTZ
MOV ‘R14:R1L3 1R143ADR UVRTZ
JSUB nZML3d¢R) 1(RE,R1)=UVRTZe822SIN(| AT)®e2
LA R12,UEAST(R) tR123ADR EAST UNIT VECYOR
L R4.R12 1 (R4,R5)sUEASTX==SIN(LONG)
L R5,R12
Ll RE.R{2 1{R6,R7)=UEASTY=COS(LONG)
L R7,R12
ADDL RL2:~6 tR42=ADR UEASTX
LM R2:140m2¢1)
MOVL R3.0
psus R2.R@ 1(R2,R3)=C0S(LAT) €82
B2 VERY2 {NORTH OR SOUTW POLE?
MOV RB.R2 iNO
MOV RY:R3
MOVL R2:0 .
JSUB DSaRT(R) §(R2,R3)=COS(LAT)
LA R14,UNBRTZ(R) {R14=ADR UNORYZ
SI R2:Ri4
S R3: R14
ADDL Rid4s~2 ,
ADDL R17,UVRTXsUVRYZ jR43=2ADR UVRTX
JSUB pOiv3d iR} 1 {RE,RL)=COS(LONG)
MOV RE. Rz L (R6,R7)3EASTY=E0S(LONG!
MOV R7.R
ADDL R13, UVRTYsUVRYx 1R13=ADR UVRTY
JSUB DD?VSG(R) 1 (RB,R1)=SIN(LONG)
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MOVL R4, 1 (R4,R5)3UEASTX==SIN(LONG)
MOV, RS .2
DSuUs R4 ,Rn
VERT2 S1 R4,R12 IUPCATE UEASTX
Sl R5;R12 . e
S R6.,R12 SUPDATE UEASTY
S R7.R42
ADDL R18,UNORTZSLEASTY w2 IRL25ADR UNOQRTZ
S R2,R12 1UPDATE UNORTZ
8 R3'R42
ADOL R12: UNBRTX =L NQRTZ»2 1R12=ADR UNORTX
LA RLI3;UVRTZ(R) tR13=A0DR UYVRTZ
LA R14,UEASTY(R) 1RL4=ADR YEASTY
ISUB8 DZML3LR) J(RE,R1)sSINCLATISCOS(L ONG)
MOVL R2,8
MOV, R3, 2 R
nDsus R2.Ra 1{R2,R3)sUNORTX==SIN(LAT)#COS({LONG)
S] R2!R42 {UPDATE UNORTX
S1 RIRY2
AQDL, RL4,UEASTX=LEASTY IR14%2ADR UFASTY
JSUB DZML 3@ (R) 1(RE,RL)zaSIN(LAT)#SIN(LCNG)
S RE.R{2 I1UPDATE UNORTY
S RL:R12
ADDL R12:AEASTYulNGRTY=2 1R12=2ADR A/C EASY VELOCITY

§
ICOMPYTE EAST VELORITY
i

1R13=A/C VELOCITY VECTOR

LA R1i3,ACVEL(R)
MQVL 17,2 1R11 COUNTS 2 COMPONENTS
MOVL RE.2
MOV Ri.8 . '
VERT3I  JSUR AMUL3AIR) 1(RP,R1)=DOT(UEAST,ACVEL)
ADDL Ri%:4
ADDL, R14:4
BCY R1T,VERT3
LM R2.EASTV(R) 1({R2,R3)=EARTH EAST VELOC]TY
LM RI.EASTVeZ(R)
DSUB RZ,R2 1(RO,R1)=EAST VEL REL T0 EARTH
L R2.Ri2 1{R2,R3)=0L0 EASY VELOCITY
8] RO.R12 tUPDATE EAST VELOCITY
L R3.R12
S1 Ri.R12 )
DSuB R2.R0 1(R2,R3)=2A/C EAST ACCEL
Si R2'Ry2 {UPDATE =A/C EAST ACCEL
S] RI.R12

i
1COMPUTE NORTH VELACTITY

ADDL R13,-8 {R{3I=ADR A/C VELOCITY VECTYOR
MOVL R11,3 JR11 CGOUNTS 3 CQOMPONENTS
MOV, RG. 8

MOVL R1.0
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YERT4  Jsupm AMUL3d:R) 1{RE,R1)3N0T(UNORYACVEL)
ADOL R13,4
ADDL Rided
BCY R1{+VERT4
L R4,R12 1{R4,R5)=0L0 NORTH VELOCITY
St RE'RY2 tUPDATE NORTH VEi QCLTY
L ~ RS,R12
S] Ri.R12
pDSUR R4 'R 1{R4,R5)=mA/C NQRTM ACCEL
S} R4,R12 IURDATE mA/C NORTH ACCEL
Sl R5.R12
LM RA.TIMF(R) 1HAS AT LEAST 1 SEC ELAPSED?
CMPL RE.1
8K 2eg tYES, ACCELERAYIONS ARe INITIALIZED
JRTS INO, WAIT FOR INTTIALIZATION
LN RE,CRSENB(R) JOVERFLOW ON GSCND?
B2 VERTAL 1YES, SKIP AT REST CHECK
LA R13,GEST(R) tR132ADR GEST
Ll RO.R13 1{R2,R1)2GEST
LI R1.R13
L1 R6.RYZ 1(R6,R7)=GINT
Ll R7.R13 .
DSUB R2.R& 1{R2,R1)=GESTaGINT
LI R6IR13 1(R6,R7)=yGEST
Ll R7,R13 o .
psuB RE.R6 . 1(RE,R1L)aVGESYoVGINT~GEST
L1 REIRY3 1(R6,R?7)=VGINY
L R7.R13 .
DADD R .R& {(RO,RL)=VGESTZVEINT(GESTmGINT)
MQVL R6.0 1(R6,R7)3,IMG
LM R7.MILIG/10
DSUB RE,Rs 1SENSED ACCEL 700 LARGE?
BG? "VERTAL tYES, CHECK ACCELERATIGN
DADD RZ.R6 _
DADD RZ.R& {SENSED ACCELERAT]ON Y00 SMALL?
BGY VERT4D INO, ASSUME AY RESY & RESTVTORE
VERTICAL
VERTAL LM RE.20eM[LLG/'10200 (RO RL)a28MG
LM R1.208MILLGe22#M LG/ 112202 » 10000
DSUB R2,Rp . JEASY ACCEL LT, =20MG3?
BLE 117 INO .
JRYS IYES, DON'T RESTORE VERTICAL
_DADBD R2,.Rp
DAOD R2.Ro tEAST ACCEL +GT, 28MG?
BGE 1Y ' INO ‘
JRTS : 1YES, DCN!T RESTORE VERTICAL
DSUB R4,RD - INORTH ACrEL LT, e20MG?

BLE sed , ING -
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IRTS - "yYES, DONJY RESTORF VERTICAL
DADD R4.Ra _ .
DADD R4, Ry INGRYH ACCEL 6T, 2@ MG?

BGE B4 : lNQ

JRYS 1YES, DONIT RESTORE VERTICAL

1COMPUTE NFGATIVE ACEEL VECYTOR IM REF PRAME

i

VERT4g LA R13, AEASTV(R) ICOMPUTE VELOCITY UNIT VEGTOR
MOV R14,R13 o |R13=R14=ADR EAST VEL
JSUB DZHL3Q(R) o N - _
AGOL RiSaANﬁRTVwAEASTV tR13=ADR NORTH VEL
ADDL R14sANARTVRAEASTY 1R145ADR NORTH VEL
JSUR oMuL3A¢RY - xtRz,R1) VEL 8uw2
L R2:RI2 " JR2SVELOCITY ESTIMATE
JSUR nSART(R) __$(R2,R3)=VEI OCITY MAGNITUDE
S| R2:Ri2 " JUPDATE VEL MAGNiTUOE
S] RI.RY12 I
CHPL, R2.0 ~ T T yBERO VELOCITY?®
BNE 698 . INO
cHeL R3.@ S
BNE pad §iNG
JRTS "~ §YES,; RETURN
ADDL R14, TYMAGoANORTY IR145ADR TANGENTIAL VEL MAC
ADDL RlSoAEAS?VﬁANOR?V 4 IR133ADR EAST VELOCITY
JSuB DDYVBQ(R) " L : o e
Si RE,R{i2 TEAST UNIT VELOCITY COMPCNEAT
3] Ri;R12 o o ‘ L
ADDL R1%, ANARRTY=AEASTY §R13SADR NORTH VE| -
JSUB DOIV3B:R) ‘
SI RA.RI2 . _INORYH UNIT VEL EQMPONENT "
SI Ri.R12 _ .
_ ADDL R1S,NEASTA=ANCRTVY tR133ADR »A/C EAST ACCEL
ADDL.  R14,TUPASYeTVMAG IR14=ADR EAST UNIY.VEL
_ A ' "~ COMPONENT
JSUB Bszsmtﬁa
ADOL R1S.NNARTAGNEASTA _ 3R&Q#Ag§_§3;CUN0$TCECCCELN
UEA 4z N
ADDL, R14,TUNORT=TUEASY IR1434 COMPONENJ'
JSUB DMUL3BLR) 1(RE,R1)85ACCEL ALONG VEL VECTCR
sl RE.R{2
o R1:012 ' DECELERATION?
CHMPRL, RE.1D i ELERATIAON?
BM VERT4A §{NO, REMOVE ACCEL ALONG VEL VECTOR
ADODL R13,NDFCEL=ANCRTA IR13=ADR =ACCEL ALONG VEL
' ‘ VECTOK .
ADDL R14,TUFASTSTUNORY.  1R14%3ADR EAST_VEL UNIT
LA RL4.NEASTALR) tRi15aA/C EAST COMPONENTY
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Ly R2:RY4  1(RZ,R3)anA/C EASY ACCEL
L R3;R11
ADDL RL{1 =2 .
JSu8 nzaixaiﬁa 1{RA,RYIVEL DECFLERATION EAST
COMPONENT_
DsuB R2.R¥ JSUBTRACT EASY DECELERATION
‘ COMPONENT
S nzjﬂn tUPDAYE «4/C EASY ACCEL
S R3I.R14

ADDL RiinNNnRTAthASTA92
—_ ADDL R4, TUNQRY=TUEFASY

L1 R2.R{1 $(R2,R3)3<A/C NORTH ACCEL
L R3,Re4
ADDL Ri{eal
JSUB DEML32(R) 1(R@,R1)sVELOCITY DECELERATION
' NORTH COMPONENY
psus R2.Rp 1SUBTRACY DECELERATION CCMPONENY
S1 R2,Ri1 §STORE UPDATED =A/€ NORTH ACCEL
s R3.R11
YERT4A LA R1S,NEASTA(R)  1R413=ADR =A/C EASY ACCFL
LA R14,UEAST(R) 1R{4=2ADR EAST UNIT VECYOR
MOVL  Ri1,2 1R11 COUNYS 2 COMPONENTS:

VERT3  JSUB DEML3IZ(R)

ADDL R{3,NNORTA=NEASTA
ADOL RlaaUNnRT:UEAST
JSUB DMUL XD ¢R) -

S] * RE.Ri2

83 R4.R12

CAROL R1Z,NEASTARNNCRTA
ADDL R14sUEASTY=LNGRY

BCY rRi{,VERTS

ADDL R13:NNARTA=NEASTA tR{35ADR =A/C NORYH ACCEL
ADOL Ria.uNnRTZ-LEASTYu4 tR{43ADR UNORTZ

J4SU8 DEMLIFER) :

S} RB.Ri2

Sl Ri.Rq2

¥
{CROSS VERTICAL WI?H NFGATIVE ACCELERATION
‘ .

LA R13,UVRT(R) 1R43=ADR VERTICAL UNIT VECTCR
ADDL Ri4,NAFELYaLNCRTZ 1R145ADR NACELY

JSUB DZML 33 ¢R)

MOV R8,RP 1({R8,R9)=CROSSZ

MQV R9,R1

ADDL R13,UVRTYsUVRTX tR43I=zADR UVRTY

ADDL R14,NAFELZ«NACELY 1R1435ADR NACEL?Z

JSUB NEZML3IB(R)
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MOM R4IAA L(R4,R5)3CRQOSSY
MOV RS, R4
ADOL R1%3,UVRTZoUVRTY J1RL3I=A0R UVRTZ
ADDL Ri4,NAREL XahACELZ 1R142ADR NACELY
JSUB DZML 3B (R}
MOV Ré,.Ra3 1 (R&,R7)=sCcROSSY
MQV R7.R{ _ i
ADDL R14:NARELYsNACELYX IR143ADR NACELY
JSUB D2ML38¢R)
psuB R4.RD
ADO| RS9, UVEBTYelUUVRTZ 3RY3=ADR UVYRIY
ADDL RI4,NARELX=sNACELY tR44=ADR NACELX
JSUB DZML3B¢R)
DSuUB RE:RA
ADDL RiSnUVéTXaUVRTE 1R13=zA0R UVRTX
£ e 2 L  §R14=ADR NACELZ
JSUB DEML3IZR)
DSUB R6 .R@
LM R2,142a0(1) t{R2,R3)=Ey=y
MavL R3. 8
1ASSUME 1/G APPROX Z2aeg -
DSLA R4,2 {1 {R4,R5)2F2=Ka(CROSSX/B)/2t K=1/2aa]3
DSLA R&.2 1 {R6,R7)=F3=Ku({CROSSY/G)/2] K=z1/2a43
DSLA RS2 1{R8,R9)8E4=Ku(CROSSZ/G)/2} K=1/2#83
LM RECNFFR(R) 1CENTRIPEDAL FOREE NEGATIVE?
BP VERT? IND
DSLA R4,2 IYES,; DECREASE TIME CONSTANTY
DSLA R6.2 i Ksiz2
DSLA R8,2
VERY7 JSUB INRSRV{R) fUPDATE QUATERN]ONS
JRTS tRETURN
}
{
YEASY EGU 5 JEAST UNIT VECTOR
UEASTX DATA Bl
UEASTY DAYA B0
UNORTY EGY 8 INORTH UNIY VECTOR
UNORTX DATA @.0
UNORTY DAYA g0
JNORTZ DATA Bl
AEASTV DATA Ao TJA/C EAST VELQEITY

65
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NEASTA DAYA  a,p 1eA/0 EASY ACCPLERAYION
ANORTY DAYA 2.0 1A/C NORTH VELOCITY
NNORTA DATA 208 1=A/C NORTH ACCELERATION
IYMAG  DATA  a,a  JTANGENYIAL VELOEITY MAGNITUDE
TYEAST DATA Bao tUNIT VELOCITY EAST COMPCNENT
TUNQGRY DAYA 20 JUNIT VELOCITY NORYH GOMPONENY
NDECEL DAYA  a,m I RAT ' c ECY
NAGEL  EQU . INEGATIVE TANGENTIAL ACCELERATION

VECTOR

NACELX DATA .
NACELY DATA 2.0
NACELZ DATA 2.0

LT IO FERENCE FRAMS
1 UPDATES ORTENTATICN OF SCNARIO FRAME
| COMPUTES PaSiTION AND VELOCITY RELATIVE TO SCNARIQ FRAME
1CALLING SEFQUENCES
t JSUB NAV (R} )
NAV LM R13,SSRVCT(R)  {R12=STRAPDOWN SERVICE CCUNT
ANDL RL2.'7F
CMPL R12,12n%48 ITIME T0 UPDAYE SCNARIO FRAME?
BNE NAVYL ING
LA R14:COSHE(R) 1YES, R14340R COSWE
LA R13,00SWT(Ry  R133ANR COSWY
JSUB DEML3Z(R) 1 (R@,R1)=COSHT#COSKE=SINKT#SINKE
ADOL Ri4sSINWEMSCOSHE 1R145ADR «SINWE
ADOL R1%,SINWTLCCSKT tR4{3=ADR SINWT
JSUB DMOL3IBIR)
MOV R2.R0O 1{R2,R3)=COSKT!
MOV RI.RY _
ADDL R14)COSNEwSINKEM - 1R143ADR COSWE
Jsus p2ML33(R) 1 (RB,R1)sCOSNEASINWT«SINKE#COSKY

ADDL R44:1SINWEeCCSKE (R142ADR SINKE
ADOL R13,C0sWTeSINWT JRIIBADR COSKT
JSUB nMUL33ER)

S R2,R13 " JUPDATE COSKWT

Sl RI.RI3
S} RE.R13 tUPDATE SINWT
) R1:R13

ADOL RLN:SXV=SINWTa2
INAVE = ALTERNATE pNTRY PCINT TQ INIT PORTION OF SCNARIO DATA
1CALLING SEQUENCEY
§ R@sSINWY
H R2=COSMTY
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i R13=2ADR g¥V
i JSUB NAVB IR
NAVE L1 R4,R13 : 1R4s46SORG2COS(LAT)
MOV RS ,R2 {1R5=C0OSKTY
MOY R7.Ra iR7sSINKTY
MyL, R2:R4 }(R2,R3)=S0RGHCOS(LAT)aCCSHT
S1 R2,R{3 tUPDATE SOQRGX
S R3I.R13
MUL RO,R4 1 (RE,R1)=SORGeCOS(LATIaSINKT
S] RER{3 fUPDATE SORGY
S RL:R{3 e i
ADOL R13,8De059SCRGY =2 tR134ADR SENARIQ D=COSINE
MATRIX
NEG RE.R7
S] RA.RY3
S RG.R13
ADDY, RiY,s0rS821a80¢cS42
LM RO,SINLATLR) tR9aSIN(LAT)
NEG RO RO
MUL RB,RS §(RO,RL)==SIN(LAT)=COSKT
DSLA RE.2
St RA.R4{Z
NEG B .R9
MUL, RE.R7 1 {RE,R1)2=SIN(LAT)eSINUT
BSLA Rg.2 :
S RB,R{3 i -
ADDL R1%5,SDES3I1=80¢S22
LM B2 .CASIAT(R) 1RA=COS¢LAT)
MUL R5.RG {(R5,R6)=COS(LAT)IOEOSKT
DSLA RS .2
St RE.R13
MUL, R7:Rp §(R7,RB8)=COS(LATIASINKT
DSLA R7:.2
Si R7.Ri3
JRTS tRETURN
NAVY ANBL R16:°F 1TIME Y0 UPDATE REF POSIV]ONZ
B2 NAVS §YES :
JRTS INO; RETURN
NAV3 LA R14,ACB0S(R) j1R14=ADR POSITION VECTOR
LA R13,ACVEL(R) {R132ADR CURRENT VELOCITY
LA R19,DAEVEL(R) 1R12=5ADR DELTA VELOCITY
LA Ri§.6RFF(RY {R113ADR GRAVITY COMPONENY
LA Ri#:GSEND(R) §R12=ADR GRAVITY ACCUMULATOR
MOVL R9.3 tR9 COUNTS 3 COMPQONENTS
MOVL R8,0 iR8=0
NAYS LI RE.R{2 1(RE,R4)=DELTA VELOCIYY
L R1,Ri2
ADDL Ri2:=2
S RB.R{2 {12ERO DELYA VELQCITY
St R8,R42
L1 R2.Ri0 1 (R2,R3)=GRAVITY ACCUMULATOR
L. R3.Ri%
ADDL RiGow2
DADD R2.Rn
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S| R2.Rid 1UPDATE GRAVIYY ACCUMULATOR
S1 R3,R10
Li R2,R11 1{R2,R3)=GRAV]ITY COMPONENT
L1 R3I.R41
pSuB RE,R2 1SUBTRACY OUT GRAVITY COMPONENT
L] RZ2,R13 {(R2,R3)sCURRENT VELOCITY
L RI;R13
ADOL R13s=2
DADD R2.R0
St R2'RIZ tYPDATE CURRENT VE|OCTIY
Sl R3I.R13
DSRA RO, 1 1(R2,R1)=75+0ELTA VELOCITY
nsys R2,.Ru {1 (R2,R3)=AVERAGE VFLOCITY
LI R4.R14 {(R4,R5)=CURRENT POSIT{ON
L RS.R{4
ADDI, Rigsm?
SRA R2.1 t(R1,R2)=vELe(4/8 SEC) SCALED
{KMs320816
SEXE R1.R2
pARpD R4 R
S R4,R14 {UPOATE POSITION
Si RS.R14
Acy RO INAVE
LM R12:SSRYCT(R) {R12=STRAPDOWN SERVICE CCUNTY
ANDL R19, 1 3F 1T{ME To UPDATE POSITION IN sanﬂiq
' FRAME?
B2 Y {YES
JRTS ’ : §NO, RETURN
LA R1Z,ACROS(R) 1R14=RORG ADR
LA R13,S0RG(R)
L1 R2.Ri4 1R2=XDIFFa2e86
L1 R3I,R14
Ly RA.R{Z
L1 R1,R13
psue R2.R8
DSLA R2.6 !
Ll R3,R14 IR38YDIFFa2806
Ll R4, R14
Li RE.RY3
Ll Ri,R43
psuB R3,RE
NSLA R3I.6
L1 R4.Ri4 tR45E01FFa2eng
Ll RS,R14"
LI RE.R43
L1 R1.R13
nsus R4.Rp
DSLA R4 .6 _ ,
LA R12,S080S(R) tR425ADR SCNARIQ D=COSINE
LA R11,SAFPOS(R) 1tR11=ADR SCNARIQ PDSIT1OM
MOVL R1G,2 12 COMPONENTS
NAVZ L1 RELR12 1({RE,RL)=sXDIFFaAX]S X
: MUL RG,R2
L R8,R12
MUL {{R8,R9)sYDIFFaAXIS Y

RB.R3
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DADD RE,R8
L1 R8.R12
BZ peh
MUL RB.R4 1 (R8,R9)=ZDIFFnAXIS 2
DADD RZ.R8
7 BRASRLY tUPDATE SCNARIO pQSITION
BCY RiGaNAYT
LA R14sRDIST(R) iRL4=A0R ROIST
LI RO.Ri4 1(RE,RL)3ROISY
L RL.Ri4
LA Rl?aanGR‘R)
L1 R2:.R13
L1 RI.R13
psus RZ.R2 tWILL ALTITUDE BE &7
B8P avs
MOv, RA A iNO, PIN 1T TO ZFRD
MOVL, R1.8 ,
DSLA RG, 4 1ADJUST SCALING (1KM=2ae4)
S{ RE,Ri1 tUPDATE ALYITUDE i
ADDL R12s=id JR123ADR SCNARIQ D~COSINE
LM R2:AEVELX(R) 1(R2,R3,R4)=REF VEL
LM R3I,AeVFLY(R)
L R4 ACVELE(R)
MOVL RLB: 3 tRL@ COUNTS 3 COMPONENTS
NAVS L1 RA:R42 1¢RO,RL)NOT(VEL,AX]S)
MUL RB.R2
LI RS,R12
MUL R5.RX
DADD RE.R5
LI RS,R{2
B2 odg
MUL RS .R4
DADD R2,Rs
DSLA RE .2
CMPL Ri2y3
BANE NAVLG
LM RSIEASTVIR) 1SUBTRACT EARYH!'S EAST VELOCITY
LM R6IEASTVeZ(R)
pDsSuB RB RS
NAViE  SI RE:R14 {UPDATE VELOCITY
BCY RlWﬂNAV9
JRTS 1RETURN
EJEC

LINIPOS = CALCULATES I8ITI{AL EARYH RADIUS & A/C POSITION

$CALLING SEGUENGES
!

JSUB INTVEL¢R) _
INIPOS LA Ri4,FRE(R) {R14=A0R nECCEN®RE
LA R13,SINLTZ(R) 1R13=ADR SIN(LAT)wa2
LM RA:RE(R) {(RA,RL)SEARTHIS EQUATORIAL RADIUS

Ri.RE22(R)
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JSUB OMUL33(R) 1{RE,R1L)3CcURRENTY RADIUS
ADDL R14+S08GReERE  §R{43ADR DISTANCE T0 SCNARIC ORIGIN
Si RC.R14 §UPDATE .ORIGIN DISTANCE
S nl'nid )
ADDL Rid;=2
ADOL R13,C0sLAT=SINLT2 fRY3%ADR COSLAY
LA R13,ACP0SX(R) - {R12=ADR ACPOSX
JSue DZML3IB(R) 1 ¢(RZ,R1)=RADIUSeCOS(LAT)
Y YR R12 fUPDATE ACPOSX
] RL,RL : )
ADDL Biz.aﬂaﬂS!»ACDOSXv2 IR12EADR ACPQS?Z
ADDL R1%3:SInNLATaCOSLAY
JSUB DZML3B(R) {1 (RE,R1)=RADIUS®SIN(LAY)
sl RO.R12
s R{:Ri2
JR1S 1RETURN _
T DATA 118EA, 12437 {EARTH'S EQUATORIAL RADILS

ICPSAY = CONTRQL PiNgl SERVICE AOUTINE

CPSRV  PUSH RO,15 iSAVE REGISTERS
LM R13,cPREAC(A) tR{23CURRENT STATUS
LM R1{,CPALD(R) {RLL=PREVIOUS STATUS
SM Ri2,CPnLD(R) jUPDATE PREVIQUS STATUS
XQR R1T.R12 1R11=CHANGE IN CONTROL PANE}L s?gruq
BNZ eod { THERE WAS SOME CHANGE
CPSRXy PQP Ri4,15 INO CHANGE, SPURIOUS INTERRUPT
RY1 {REYURN
LCL R1{47 1CHANGE IN MODE SWITCH?
B2 CPHAND INO, GHECK HANDOQFF
MOVL Rz.rﬂ AYES,; ASSUME NO IR
SM RZ.DISTR(R)
SN RE'DISAND(R) {ASSUME N0 BAND RESTRICTION
SM RE,DIS§CH(R) 1ASSUME NO SEARCH
MQVL REIMAXTHR {ASSUME NO PRI/ZOPEN
SM RE.DISNUM(R) .
LM RO L MPPRIeLMPOPNw1(1) (TURN PRI/OPEN LAHPS OFF
ANMR _ R@.LMPWRD(R)
SM RE,LMPURD{R)
LM Ri.TSTI'MP(R) 1TEST LAMP ENABLED?
BZ asg LYES
SM RE.:CPWRTIR) tNB, UPDATE LAMPS
MQV R3.R{2
ANDL R3I,.MSKMOD
ADD R3,R3 1R332#MODE SWIYCHK
JIND MORTABR3) {SET MODE
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CPIRS  MOVL RE.D §MODE=1RS

SM RZ.DTSTR(R)

BR CPUAND
CPIRT  MOVL RE.4 {MODE={RY

SH REZ:DISTR(R)

BR CPEAND_
CPNLSD BR CPHAND tNOT USED
CPBAD MOV RE.R{2 1SET BAND

ANDL RO, MSKMBD

ADDL RE.=1

—— SM = p@ DiSaND{(R)
BR CROAND
CPSCH  MQVL RA'Q 1SET SEARCH MQORE
SM. RA.D1S8CH(R)
RR CRBAND
CPPRI  MOVL RE,5 10ISPLAY 5 THREATS
SH RZ,.DISNUM(R)
LM RO.LMPPRI() § TURN PRI LAMP ON
QRMR RA;LMPURND(R)
SM Rd.LMPWRO(R) ISAVE LAMP WORD
LM R1:TSTUMP(R) §TESY LAMP ENABLED?
BR ntg LYFS
Sy RE. cPWRT(A) INO; TURN ON LAMP
CPRAND LCL R1{,MSEHND {HANDOFF CHANGE?
BZ EPALY §NO, CHECK ALTITUODE
MOV, R18:MSKHNC tRLE=HANDOFF STATE
AND Bif.gis
LM RZ,LMPWRD(R) JRB=LAMP WORD
ANDL, RO e{MBHNCej ITURN OFF WANDOFF | AMP
SH RE:LMPWRD(R)
LM RY . TSTi MP(RY 1TEST LAMP ENABLED?
F: 098 iYES
SM REICPURT(AY iNO, TURN ON LAMP
LM R4 .DiSAMD(R) §RL=CURRENT DIAMOND THREAY

CMPL, Ri@,HANDS

§SHORT PUSH?

BNE 4 E IND

LM RO:DISIOK(R) 1YES, ALREADY LOCKED?
B2 cPEND2 tNOG; LOCK ON CURRENY

LM RA.LMPURD(R) 1YES, REVERT Y0 FLOATY
ORL RO :LMPHND

SH RELMPLRD(R)

SM RE.CPHRT(R)
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MCVL RG.Z
SM RE.DISLOK(R)
BR cPRALY
CPHNDY  SM CRiG.DISLNG(R) ISET LONG HANDOFF PUSH STATE
CMPL R1Z HANDL " 1LONG PUSH?
BNE . cPaLT : ‘N0, CHECK ALTITUDE
CPHAD2 SM R4 DTS 0K(R) 1YES, LOCK ON THREAT
CPALTY LCL RliaMSKALT §CHANGE IN ALTITUDE PRIQRITY?
B2 erS| N t{NO, CHECK MISSILE LAUNGHW
MOVL R1;MSKaLT
AND RL.R12 ,
MOV RZ 4 LYES, ASSUME KWl
CHMPL Ri. KNTIO . 1LO ALTITUDE? .
BNE 004 CEND
MOV RE!=q LYES
CMPY RILKNTAUY FAUTO?
BNE oug NG
MOVL RESQ 3YES
SM "R, DYSPRI(R) 1SET PRIORITY
CPMSLN SRZ R15.7 |SHIFT BITS DOWN
. SR2 R11.7 fEe T
LecL R1{:BITLN/1e0 IM!SSILE LAUNCH BIT?
Bz CP¥ST INO; CHECK TESY SW}TCH
LM R3I.CPREAD(R) - o
ANDL  R3;MSKMOD S
CMPL R3.5 1SENARIO INITIAL1ZATION?
RE cPMSL2  1YES
LM RE.DSPENB(R) ~ §NO, DISPLAY ENABLED?
BM ePYSY ING
MOVL RO.e¢ tYES, COMPLEMENT TRAINING FLAG
XRRM . REBIDISTRN(R)
BP CPMSL L 1 TRAINING ‘
LM Ri4, TRNLOC(R) {NOT YRAINING, REMOVE »f"
JSUB  DPPUSHIR)
BR cPEST '
SPMSLY  JSUB DPPOP(R) {1R14=AVAILABLE DISPLAY ACR
SH Ri4,TRNLOCER)
LM RE,TCHR(R) 1DISPLAY "T"
LM RL.TOHRXY(R)
SM RE.DiSRUF(R14)
SM R1:D1SBUF+2(R14)
SRZ R14,1
SM ~ RZ.DSPRHR(R3i4)
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SM RY.DSPvwY(R14)
BR CP$ST
CPMSL2 JSURB sCuPaSRY LCOMPUTE SCNARIOQ ORIGIN
JSUB SCNINT¢R) TINITIALIZE SCNARIO DATA AREA
LM RE.BsRFINTID) IWA]T 4 SECS TO REFRESH D[SPLAY
ADMR REZ.SSRYLT (R}
SH RB.,REFRSH(R)
MOV, RO.O
SM RE.DISLOK(R) IFLOAT THE DIAMOND
SM R2.DSPENB(R) JENABLE THREAY DISPLAY
SH Ag.SeNeNA(RY  (ENABLE SCNARIO
SM RO, ACTTHR(R) 12ERO YHREATS CURRENTLY D]SPLAYED
SH RE'DISAMD(R) JDELETE DIAMOND YHREAY ADR
LM Ri4,NMAADR(R) LHAS DIAMONG_DISPLAY ADR BEEN
ASSIGNED?
BNM cPYST 1YES
JSUR nPpoP(R) INO, ASSIGN ONE
SH R14,DMRADR(R)
LM R8:PRIREG(R) {R8=ADR FIRST YHREAT
CPMSL3 1 MB R14,THRFLG(RB) 1R1B=THREAT FLAG
ANDL RLA=MASM]IS/ 1100w} 1SET MISSILE INACTIVE
LM R . THRMFR(RE) 1DOES MISSILE RANGE EXIST?
Bz Ly INO
ORL, RiA, CNTMLT£'100 (YES, SET MISSILE LATENT
SMB R18, THRFLG(RS)
LMB RiA, THRIMS(RB) 1SEY UP ARMED MISSILE COUNT
ANDL  R18.'7F |
SMB Rip, THRCMS (RB)
L RAB.RS JADVANCE TO NEXT THREATY
BNZ cPMSI1 3 JLIST NQT EXHAUSTED
GPTSY LCL R17,MSkTS7/187 JCHANGE IN TEST?
Bz CPGATE INO; CHECK GATE
LM RE,LMPWRO(R) IYES, RESTORE LAMP CONDITIONS
MOVL RE, =1 tDISABLE TEST LAMP MODE
SM RE.TSTI MP(R)
MOy RB,R12
ANDL RO.MSKFST/ 780
LA Ri4.nIGRUF (R) {RFSTORE THREAT DISPLAY
JSUB DSPDMP(R)
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LM Ri4:SCNENE(R) 1D]SPLAY ENABLE=SCHARIO ENABLE
SM RY{4,DSPENE(R)

CMPL RC.KNTSYS/'e@

ISYSTEM TEST?

BNE cPYSTS INO
!
I INSERT SYSTEM TESY
1
CPTST5 CMPL RE.KNTASP/182  (DISPLAY TEST?
BNE CP¥ST9 INO
MOVL Ridsad 1DISABLE DISPLAY
SM R14.DSPENE(R) _
LA R14,TS¥DISCR)  3DISPLAY YEST PAYTERN

JSUB DSPOMP (R)

CPTST9 CMPL REKNTIMP/1e0 tLAMP TEST?
BNE CPEATE INO
LM RE'EFID 1YES, TURN ON YHE (AMPS
SM RE.CPHRTA)
MOVL, " RO.® 1ENABLE TEST LAMP MODE
SM RE.TSTIMP(R)
CRGATE LCL R17,MSkGAT/182 CHANGE IN GATE?
BZ cPAPEN tNQ, CHECK PRI/QPEN
t
TINSERY GATE FUNCYTONS WHENEVER WE FIND OUT WHAT THEY ARE
H
CPOPEN LCL R17,B1F0PN/182 JCHANGE IN PR] OQPEN?
BZ CPUNK INO, CHECK UNKNOWN
LCL R12,R1TQPN/182 $YES, IS OPEN ON?
BZ CPUNK {NO, CHECK UNKNOWN
LM RA.CPREAD(A) 1YES, ARE WE [N PRIQRITY MOQE?
ANDL RP 1MSKMQD
BNZ CPUNK INO, IGNORE TH!S CHANGE
MOVL R1i,16+5 IYES, SWITCH THREAT MAXIMUMS
SEMR R1.DISMUMLR)
SM RL.DISNUM(R)
MOVL R3.=LMpOPNwy 1 ASSUME NQT OPEN
ANMR R3I.LMPWRO(R)
CMPL R1.5 {tREALLY NOT OPEN?
BE 1Y {YES
ORL RI'LMPAPN tNO, 1T 1S OPEN :
SM RILMPWRD(R) {UPDATE LAMP WORD
LM R1.TSTiMP(R) {TEST L AMPp ENABLEOD?
BZ Y 1YES
SM A3 CRURT LAY (N0, UPDATE LAMPS
CPUNK  LCL R17,817UNK2182 1CHANGE IN UNKNOWN?
K cPPRAT {NO, CHECK TARGEY
MQVL RO ,=1 1ASSUME D1SABLED
LCL R12,B1FUNK/ 182 IREALLY DISABLED?

1YES

82 _ sed
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MOVL RE.8 INOy SET ENABLE

SM RE'DISUNK(R) {UPDATE UNKNOWN TAG
CPTRGY SRZ R1%,2 sSHIFT BITS DQUN

SR2 Ri2,2

LCL RiijaiTTG?l'Zeﬁ 1CHANGE IN TARGEYT?

BZ EPEAA INQ, CHECK AAA

MOVL R1,LMPSPRe| MPTGT tRLi=L AMP WORD

ORMR Ri:LMPWRD(R) 1ASSUME BOTH LAMPS QFF

MOVL RO, =i FASSUME SEPARATE

ANDL Ri .ol MPSPRa1 SR .

LCL R42:B17767/12¢0 3REALLY SEPARATE?

BNZ vag {YES )

MOVL RG.@A t1NO, SFY TARGEY §{NSTEAD

ORL, R1:LMPSPR = 1 TURN OFF SEPARAYE

ANDL Ri.%LMPTGT w1 § TURN YARGEY ON

SM RL.LMPLRD(R) (UPDATE LAMP WORD

LM R2,TSTI'MP(R) §TEST LAMP ENABLED?

a2 8ag IYES

SM RLICPURT(A) §1NO, UPCAYE LIGHTS

SM RE,DISTGT(R) tUPDATE YARGEY TAG
CPAAA  LCL R1I{,RITAAA/1220 JCHANGE IN AAA?

Bz chsz NG, EXIT :

MOVL RB.=9 1 ASSUME DEFEAYED.

LCL RiQaBI?AAA/'QZB SREALLY DEFEAYED?

BNZ seg {YES P

MEVL R2.0 sno

SH PQZDISKAA(R) _§UPDATE AAAA TAG
CPSRX2 POP R14215 {RESTORE REGISTERS

RY{ : (RETURN
MODTAB EQU ® §MODE XFER TABLE

DATA CPPRI

DATA EPeCH

DATA cPaND -

DAY A ePRND

DATA cRPaNn

DAYA cPNUSD

DATA CPiRT

DATA FEiRS

EJEC

S SeNiRIC CRIGIM ¢LAT; RFL LONGY FROM CLURRENY

1SCARNS « EOMPUYE HEADL_Q
sGALL;hG SEQUENEE}

JSUB SCNPQS(R) -
acwpos PUSH RE°18 1SAVE REGISTERS

LA R18,ACP0S(R) tR133A0R ACPQS

Moy RYA,RLS (R143ADR ACPOS

JSUB DEML3BRY § (RE,R4)2ACPOSH®224ACPOSY a2

ADDL RiZ:4

ADDL Rids 4 ‘

Jsug OMUL3@¢R)
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LA R42,8X2Y2(R) ~ 1R42=ADR SGRT{ACPOSX#824ACPOSYes2)
MOVL R2.8 1ESY1MATE =R
JSUB DSaRT(R)
§3 R2.!R{?
S R3I,R12 _
MOV R4.R2 } (R4,R5)=SART(ACPOSKea24ACPOSYas2)
MOV  RY.R3 ‘ :
ADDL . R1i3.4 IRL35ADR ACPOSZ
ARDL Rid: 4 ' ‘ o
JSUB pMliLsBeR) J{RA,R1)sSUMIACPOSET)®a2])
Jsus PSART(R)
81 R2.Ri2 . T $1(R2,R3)3SORT{SUM(ACPOS(])#e2))
Si R3,Ri2 .
JSUB pDTV (R 1{RG,R1)=20OS(PRESENT LAT}
Si RE.R12
§1 Ri K42
LA R14:RMAG(R) jR443ADR RADIAL MAGNITUDE ]
_JSUB noivzaeR) l(E&+B1L£Z£BEAEESJN(PRESEN? LAT)
sl RE.RI2 o
S1 RLIRE2 _
ADDL R13,ACPQSXwACPOSZ {1R13EABDR AEPOSY
ADDL R14,SX2Y2«RVAG (R143ADR §X2Y2
JSUB nofvzaiR) {(RE,R1)=COS¢REL LONG)
S RE.R1i2
S} Ri.R12 _ :
ADDOL R13,ACPOSYaACPOSX 1R132ADR AEPOSY
JSUB  DDiV3IG(R) 1 (RB,RL)=SINC(REL LONG)
S RE,R12
S R1.R12 ) i , ,
ADDL R14,S1nLTARSXZY2 IR1435ADR_SIN(PRESENT LAT)
MOV RL3,R14 (R13IsADR SIN(PRESENT LaAT)
JSus nZML 3@ R) {(RA,RY)sSINLTNow2
S RO.R12
S Ri‘R12
(9 RE.R{2 1(RB,R1)sWESRE
L1 Ri.R12 ~
1EF LARTSY

COMPUTE HEADING FROM VELCEITY VECYOR

ADDL R14:SNUTNZaSINLTN tRL4BADR SNLTN2
ADDYL R{Z.EWERESINLTN tR132ADR sEsWEWRE
JSUB OMOL 33 LR) t{RE,R1)eEASY VELOCITYs
’ s] vRﬁ:R_iZ WEaRFotiaEaSINLTNes2)ef0SLTN
S R{.R12
ADDYL R12,=2 __(R423ADR AVE
ADOL R13,C0SLTAmEWERE tRL3IEADR COSLTN
MOV Ri4,R1i2 1R$43ADR AVE
Jsua nZmL 3R -
MQV R2.Ra 1(R2,R3)sHERESCOSLTNa(1=EoSINLTNa®2)
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MOV R3.R1
LA R13, ACVELC(R) L1R13=ADR ACVELOQX
ADOL R14,SINLNNRAVE 1R44=ADR SINLNN
JSUB DEZML3AR)
CaM RZ.Ra
NEB RY.R{
BNZ 0o3
ADDL RE .4
OSUB RE.R2
ADOL R14,C08LNNaSIANLNN TR142ADR COSLNN
ADDY, R13: 4 1R13=ADR ACVELOY
JSUB DMUL 3B (R} t(R2,RL)SRELATIVE EAST VELOCITY
sl RG,R12 /
S1 R1i:R42 '
ADDL RiSsmd t1R$33ADR ACVELOX
JSUB DEMLIG(R)
ADDL Ri%s4 §R135ADR ACVELOY
ADDL R14,SINLNNaCOSLNN IR142ADR SINLNN
JSUB DMUL3B¢R)
COM R2,Ra
NEG R{.R1
BNZ add
AGDL RE,4
S RZ.R12
S R1,R12
ADDL R12,-2 1R428ADR AVN .
ADBL Ri4,SINLTAaSINLNN 1R14=ADR SINLTN
MQV RLSsRL? IRL3I=ADR AVN
JSUB DEMLIBIR)
LA R1i3,ACVELC®a(R)Y jR13=zADR ACVELOZ
ADDL Ri4,c0sLThNASIALTNY tR14%ADR COSLTN
JSUB DMIL32LR)
S] RE,Ry2
S§ Ri.R12 o o
ADDL Ri4, AVNeCCSE Th_ jR{4=ADR AVN
TIEND
IFN LARTSTY

‘GOMPUTE KEAODING FROM xeAXIS POS{TIOM RATHER THAN VELOEITY VECTOR

— LM p8.Stomii(R)  (RB,RO,R1B)IESTRAPNQWUN X=aAX xés_m
' _REF CQORDIMATES
LM RS.STOR21(R)
LM Ri@,87aR3L(R)
.M RA,COSINN(R) $ (RO, R1)3N0T(XnAX]S,EAST)
MUL, RA.R9
LM R2.SININN(R)
MUL RZ,R8
nSus RZ R» .
DSLA RE.2 1ADJUST SCALING (2de14=1)
S1 RE.R{2 ' .
Si RYIRy2 ‘
LM RZ.COSI'NN{(R) 1(R2,R3)2D0T(X=AX]S)NORTH)
MUL Rl RB
LM R2.SININN(R)
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MUL R2!R¢
DADD RE.R2
DSLA RE.2 1ADJUSTY SCALING (2#e14=1)
LM R2.SINITN(R)
MUL RZ.R2
LM R2.CASIIN(R)
MyL R2.R10
psSuB R2.R@
DSLA R2.2 JADJUST SCALING (2ewgd=y)
Si R2,Ry2 -
Sl R3IIR12
LA Ri4,aVN(R)
1END _
MOV Ri3sR14 tR13=ADR AVN
JSUB DEML3Z(R)
ADOL R14s AVE=AVN IR14=ADR AVE
ADOL Rix,AVP=AVN tR13=ADR AVE
JSUB OMUL3IBR)
MOVL R2.0
JSUB NSART(R) 1(R2,R3I)=SORT{AVE#&2+AUNHND)
) S; R3I'R42
ADDL R14:SVNVEwAVE {R143ADR SQART(AVN#n2+AVE##2)
JSUB pOivzdER) 1(R2,R1)sCOS(HEADING)
S] REZRiZ {COSHEDSAVE/SQRT(AVN##2+AVER2)
S R1.R12
ADDL Ri3,AVN®AVE 1R133ADR AVN
JSUB potVIE(R) t(RO,RL)=SINCHEADING)
S1 RZ.R42
Sl ‘R1.R12 )
LA R1§+SINLAT(R) 1tR113ADR SINLAT
LA R14,SINORE(R) tR1423ADR SIN(D/RE)
ADDL, P1%,SInHDeAYN 1R13=SIN(HEADINGY
JSuB DEML3D¢R) 1(R2,R1)=SIN(D/RE)#SIN(HEADING)
Sl REIR11
S RL.R1L :
ARDL Ri§s=2 1R11=ADR SIN(LAT ORIGIN)
ADDL Rix,r0sLTNaSINHD tR1IZADR COS(LAT NOW)
LA RL4:SINLAT(R) {tR14=A0R SIN(LAT ORIGIN)
JSUB NEMLIAR) 1 (RE,R1)=SIN(D/RE)#SIN(HEAD)®CCS(LATN)
ADDL R14+SINLTA=SINLAT ~ JR14=ADR SIN(LAT NOW):
LA R1i%,c0s0ORE(R) {R43=ADR".CEBS(O/RE) ‘
JSUB DMOL3B(R) 1(R2,RL)=SIN(ORIGIN LAT)
S1 RE.RiL 1UPDATE SIN(ORIGIN LAT)
S R1,R14 N '
ADDL R1TLSINLTZaSINLATS2 1R11=A0R SIN(LATI#®2
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ADODL R14,SINLATASIALTN JRL42ADR SIN(ORIGIN LAT)

MOV R1Z:R14 1R433ADR SINCORIGIN LAT)

JSUH n2ML3IB¢RY -

Si RO.R11

S R1.R11 _

ADDL R17,00sLTZaSIANLT2a2 tR112ADR COS(LAT)en2

MOV R2.RY §(RB,R1)=1=SINtORIGIN LAT)®e2

MOV RI.RY

LM RZ,'4288(1)

MOV, Ri,0

nsSus RE,R2

51 RE.Rq1 {UPCATE CQOS(LAT)wa2

S R1:R11

MOVL R2.E .

Jsus DSART(R) “§(R2,R3)=COS(LAT ORIGIN)

Sl R2,R11 o

Si RI.R11 o - , i N -
~00aHDaS N AT ¢ - 3R3132A0R CoSeHpAD)Y

LA R14,SINDRE(R) 1RL43ADR SIN(D/RE)

JSUB nEul,30:R)

S RZ.R12

S Ry . R42

ADDL R19;,=2 tR423ADR SINC(DEL LONG)

ADDL, R13,SINOLAN=COSHD . . 3R133ADR SIN(BEL LONG)

LA Rla,006LATLR) tR14sADR COSELATY :

Jsug pOTV3IA(R) {{RB;RL)=SIN(DEL LONG)

S| RE,Ri2

Sx Riaﬁiz v ' - T

LM R2.'40m@(1) 3 ¢R2,R3)=q

MOVL R3.0

MOV Ri4,R13 jR14=ADR SIN(DFEL LONG)

JSUB 0ZML33¢R) $(RE,RE)=SINCOEL LONG) 2e?2

DSUB 2 RA t‘ ‘

MOV RB.R2 $(RB,RL)=1~SINC(DEL LONG)o#2

MOV R4 .R3 : :

MOVL R2.0B

JSUB DSART(R) {(R2,R3)=COS(DEL LONG)

Sl R2.R12

Sl RI;Ri2

LM RE:REL(R)

LM RLIRE®2{R}

ADDL Ri%,FRE=SINCLA  tR13=ADR <ECCENTRICITYsRE

ADDL R14,SINLTZaSINDLN

J8UB DMUL 3@t R) 1 (RB,R1)sR=DIST 70 SCNARIOQ CRIGIN

SM RE.:SORGRERAY

SM R1'SORARSZ (R)
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ADDL Ri4,COSLNNmSINLT2 - 1R142ADR COSLAN
ADDL R1%,0080LMmERE JRY33ADR COSOLN
JSUB DEML 32 (R) |
MOV R2 R 1(R2,R3)=COSLNN2ECSOLN
MOV R3.R1
ADDL R14sSINLNMNaCOSLNN I1R144ADR SINLNN
AQDL R1X,SINDLMN=COSOLN 1R133ADR_SINDLN
JSUB NZML3AER) ${RC,RL)=SINLNNaSINDLN
DSUB R2.Rf }(R2,R3)=COSWT=COS(ORIGIMN LONGITUDE)
ADDY R13,c0sDLANRSINDLN 1R132ADR COSOLN
JSUB DZMLIPER) o
ADDL R14:C08LNNRSTARLNN tR$43ADR GCOSLAN
ADRDL R13:SINDLARCOSDLN tRE3ZADR SEINDLN
Jsuya AMILIA¢R) 1(RE,R1)=SINWT=SIN(ORIGIN LENGITUQE)
LM RiT.tFm(lY) tDISABLE INTERRURTS
LSR “Rit _
ADDL R14:COSWTSsCCSLNN 1R142ADR COSWT
S1 R2:R4i4 (UPDATE CQSHWT
si RI.R14
S RE.R14 JUPDATE SINWY
St Ri.R14 - - :
MOVL R1§s15% §REENABLE INTERRUPTS
LSR Ri1
pOR Rid4,i5 A ~yRESTORE REGISTERS
JRYS {RETURN
EJEC
] DATA AREA

JSUB SCNINT(R)

acwxn; PUSH RE.18 1SAVE REGISYERS
LA "R14,S0RGR(R) fR14=2ADR DIST YO SCNARIO QRIGIN
LA glm,énggAY1al___JﬂingﬂB_cﬂSLQRLGLM_LAiL_;_~__*___
JSUB DEML3IA(R) 1(RB,R1)=242SORCGR8COS(LAT)
DSLA RE.2
SM RE.SXY(R)
LM RLIWE(®)
MUL RA'RY t(RE,R1)=WEeRSCOS(LAT)=EASTY
SH RB,EASTV(R)
SM R1'EASTVeZ(R)
L RC.,R1Z tRE=COS(LAT)
SM RE.SPCS23(R)
ADDL R1S,;SINLAT=COSLAT tR1I3EADR SINLAY
JSUB DZML3IBR) {(RE,R1)=ReSINCLATY
SM RZ.SORRE(R)
SM R1.SO0RGZeZ(R)
L RI.R{3 1SDCS33=SIN(LAT)
SM RZ.S0Cs33(R)
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LM R2.C0SyT(R)
LM RZ.SINWT(R)
LA R13sSXY¥(R)
JSUE NAVB(RY
POP R14,15 IRESTORE REGISTERS
JRYS tRETURN
EJEC
{RTCSRY = SERVICES ReAi TIME cLQCK INTERRUPT
t
-RTCSRY PUSH RE.15 {SAVE REGISTERS
(.MB RZA.BRTSIA) 1WAS 1T THE RYC?
BM avg tYES
RICSX1 POP R14,15 {NO, RESTARE REGISTERS
RTI {RETURN
LM R2,SSRVCT(R) IYES, RZ=STRAPDOWN SERVICE COUNT
CMBM RE.SECUPD(R) I1HAS 1 SEC ELAPSED?
BM R?F1 i1NQ
MOVL rR1,1 {YES, INCREMENT MISSION TIME
ADRM R1:TIMF(R)
LM Ri:'80tD) IUPDATE NEXY UPDATE TIME
ADRM __ R1'SECUPD(R) ’
RTCY CMPM REREFRSH(R) {TIME TO REFRESH DISPLAY?
BM RYESXL 1IN0, EX1T
MOVL R1IRFINT tR1=REFRESH INTERVAL
ADRM RYREFQSH(R) {UPDATE NEXT REFRESH TIME
LM RO .DSPENB(R) 14S DISPLAY ENABLED?
BN RTESXL ' INQ, EXIT
MOVL RG.0 {ZERD FIRST THREAT ADR DISPLAYED
SM Bﬁ.DSPiSY(R)
SM RE,DSPMSL(R) {ZERD MISSILE ALERY STATLS
JSUB SCNSTP(R) |COMPUTE‘§%§fR!0 TO STRAPDOWN XFORM
JSug sCnDIStR) JCOMPUTE schnto T0 DISPLAY XFCRM
MATRIX e
LM R13:0I8TGT(R) tTARGEY SEPARATE ACTIVE?
B2 RTE2 INO
MOVL R14,RINGY IYES, INIT SPOKES
LA R19,SPAKEStR)
MOVL RL2.:32
S Ria.n13
BCY Ri%,
RTC2 LA Riw.AchHﬁcﬁ) {RL32ADR ACTIVE THREAT CCUNT

Nintendo Exhibit 1004
Page 0085



4,424,038

153 154
MOVL Rid,2
L R12,RL3 1R123ACTIVE THREAT COUNT
S] R14,R13 12ERO ACTIVE THREAT COUNT
sl R12,R13 JUPCATE START OF PASS THREAT CCUNT
Sy R14,R13 tZERO_THREATS PRACESSEN THIS PASS
LM R12,PRIBEG(R) tR123ADR HIGHREST PRJIORITY THREAT
288 THREAT PAST 3IaWEAPCNIS RANGE?
CMPM R13,THRPRItRLZ)
BLY RIZ6 LYES, ELIMINAYF REMAINING SYMBOLS
LM R1%,THRFLG(R12) INO, CONTINUE TQ PROCESS THREATS
MOV R1L,RIY
ANDL R1X)MASTYP {R13aTHREAT TYPE -
ADD Ri%3,R13
ANMR RITMASACTL]) tTHREAY ACTIVE?
BNZ Py
JIND TYPTAR;R13) {PROCESS YHREAY
CMPM RLTSCNTLNT( D) tLATENT THREAT?
BE atif 1YES
LM RICICNTEXF(]) :No. REMOVE FROM THREAT LIST
ORRM R1{,)THRFLG(RL2)
JSUB RMUTHRR) {REMOVE SYMBOL FROM DISPLAY
BR RTE4E
RIC4 LMB RIX,THRFLG(R1Z) IMISSILE ACTIVE?
ANDL R1¥,MASMIS/ 1120
°F RYr4E tNO
CMPL R13,CNTMLY/'12@ JYES, MISSILE LATENT?
BE RTe4E {YES
MOVL RO ={ . {NO,; SET MISSILE ALERT STATYS
CMPL RiSocNYMATl'le@ {ALERT?
BNE RTE4A INO, A LAUNCH
SMB R2'DspMSL#L(R) 1YES, SET ALERT STATUS
BR RTA4R
RIC4A SMB RZ.0DSPMSL(R) 1SET LAUNCH STATUS
RYC4B  JSUB DsPoCT(R) tDISPLAY OCTAGON
LM RZLTIME(R) 11 SEC ELAPSED?
CMPM RE.OMDTIM(R)
BE RTE4E INO
LM RY:THRINT(R12) I1EVALULATING?
BP RTE4c INO, INTERCEPTING
ADDL Ri:1 LUPOATE EVALULATION TIME
SM RLITHRINT(R12)
BNZ RIA4E 1STILL EVALULATING?
ORL R13,CNTMLA/'12@ §JUST LAUNCHED, SET LAUNCH FLAG
SMB R13, THRFLG(R12)
JSUB MISINT(R) {RASTIME TO INTERCEPT

Nintendo Exhibit 1004
Page 0086



4,424,038

155 156
SM Rﬁ!?gﬂﬁN?(Rin
LM RAI'VFFRB(LY. . {DECREMENT CURRENT MISSILE COUNT
ADRM R3,THRAMS(R12) -
BR RTRAE B . '
RTC4C  ADDL R{s=1 1DECREMENT [NTERCERT TIME
SM RL, THRINT(R12) 1STILL INTERCEPTING?
BNZ a?r4z . ~ BYES
LMB RL: THREMS (R12) INO, SWITCH To EVALULATION
B2 RTG4D INO MISSILES AVAILABLE
LMB R, THREVL(R12) - §RESET EVALUATION TIME
NEG RZ.RG - e
SM RE:THRINT(R12)
BR RTG4E : ; S
RTC4D LM RE . wMAqM1$w1(1) :SET‘HISSILE INACTIVE
ANRM RO, THRrLG(Rzz) |
LNB RignTHEQCYlﬁigk;nGiVK UP QCTAGON ADR
JSUB DPPUSH(R)
MOVL ) Riépai :
SMB Rléa?HROCT!ﬁig)'
RYC4E LM R3¢ ACTTHR R IEXCEEDING MAX THREAT LIMIT?
CMPM R18,N1GNUMER)
BGE RYE6 aYES
L Ri2,R12 {R{2=ADR ' NEXT THREAY
BNZ RYE3 t THREAT L IST IS NOY EXHAUSTED
RTCS LM R1i3.,018PRC(R) .1R13=# CLD THREATS PROCESSED
CMPH R13,D18CURLR) IPROCESSED THEM ALL?
BGE RYEX2 LYES
L Ri2.,R12 {NO, TURN OFF LEFY OVERS
B2 RTEX2 " JEND OF LIST -
RIC6 JSUB RMVTHR(R) jREMOVE THREAT, IF ON
_ BR RYE5 o
AYCY2 MOML pgleign 1SFT MISSILE | AMPS
ANRM RZ.LMPWRD(R)
MO V] gm:‘l tASSUME MISSEILFE iA_l‘lNCH
LM R4 .0SPMSL(R) ‘
RZ RYEX2A. ¢NO MISSILE ACTIVIRY
BM o4 tMISSILE LAUNCH?
MOVL RB;2 iNO, MISSILE ALERT i
ORRM RE.LMPURD(R) {SEY MISSILE STATUS
RTCX2A LN R14,DMAADR (R)  1R143D1AMOND DISPLAY BUFFER ADR
LM  R13,0MDSYM (1)  1R43=01AMOND SYMBOL
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LM R12, 7 IME(R) 1R12=MISSION TIME
CMPM R{2,OMATIM(R) 14 SEC ELAPSED FOR HANDOFF?
BE, RYEX28 tNO
SH R12,OMRTINM(R) 1YES, UPDATE HANDOFF TIME
LM RA1,DSPNXTLR) fR11=NEXT D]JAMOND THREATY
BNZ YY) 1 THERE 1S A NEXT
LM R41:,08R4ST(R) fNO NEXT, R11sFIRSY THREATY
LM R15,NIQLNG(R)  §L.ONG PUSH ON MANDOFF?
CMPL Ri2,4ANDL ,
BE. RER LYES

RYCX2B LM R11,n180MC(R) §{NO, R11=CURRENY DIAMOND THREAT
LM Ri5,n1gLOK(R)  jDIAMOND FLOATING?
BNZ e INO
LM R17.08P1ST(R) {YES, MQVE DIAMOND 70 FIRST -THREATY
CMPY, Ri{,@ 11S THIS A VALID THREAT?
BZ RTEX4 iNO, REMOVE DJAMAND
SM R17,DISQMC(R) {UPDATE D]AMOND THREAY ACR
LMB R1%, THRADR(R11) 3YES, R12sTHREAT DISPLAY AOR
LM Riz,nN16BUF#Z(R12) IRYBETHREATY DISPLAY XaVY
SM RiA.DIgBUFaZ(R1d) {UPDATE DISPLAY BUFFER
SM R1%,N18BUF {F14) tUPDATE DISPLAY O]AMOND
SRZ R14,1 {UPDATE DISPLAY
SH R4Z,NSPCHA(R14)
SM RLA:DSPXY(R14)
LM RE.'EF]) fUPDATE AuDJO
ANRM RZ:LMPWRO(R)
CoM RE.RA
ANMAR RA.THRERF(R11y
ORMR R .LMPIWRO(R)

RTCX2D SHM RE:LMPWRD(R) JUPDATE LMPHWRD

- LM pi{.TSTI'MP(R)  31YEST LAMP ENABLED%
B2 RTEX3 {YES
SM RA.CPWRT(A) {NO, UPDAYE AUDIO

" RYCX3 POP RL4,15 {RESTORE REGISTERS

RY{ tRETURN

RTCX4  MOVL R13,0 1 TURN OFF DIAMOND
SM R13,D1gBUF(R14) 1IN BUFFER
SR2 Riés1
SH R43,0SpCHRIR14) (0N DISPLAY
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LM RO.IFF ¢ ITURN OFF AyDlO
ANMR RZ.LMPWRO(R)
BR RYEX2D

i

ITHREAT DISPLAY PRACFSSING TAELE

H

TYFTAB DATA SReRDR §SEARCH RADAR
DATA UNKROR LUNKNOWN RADAR
DATA AAARDR tAAA RADAR
DATA XRAR 1ALL OYHER RADARS
DATA BLKRDR 1 BLANK
DATA BLKRDR tBLANK
DATA BLKROR 1 BLANK
DATA BLKRDR 1 BLANK
EJEC

{tRADAR DISPLAY PROCESSING

i
ISEARCH RANAR

‘ .
R14,018SCk(R)

SRCROR LM 1SEARGH MODE?
BP SRERDL 1YES
JSuB RMUTHR(R) INO, TURN OFF SYMBOL
BR ota {PROCESS NEXT THREAT
SRCRDY JSUB pSATHR{R) {1 TURN ON SYMBOL
JMPM RTE4(R) {PROCESS NEXT THREAT
{
TUNKNOWN RADAR
{
UNKRDR MOVL R14, L MPUNK LYURN ON UNKNOWN LIGHT
ORMR RL4,LMPWRC(R)
SM Ria, MPWRE(R)
LM RL3, TSTLMP(R) 1TEST LAMP ENABLED?
B2 skf {YES
SM Ri4.CPWRT(A) {NQ, TURN ON L AMP
LM Ri4.NISUNK(R) IUNKNOWNS ENABLED?
BP UNKRDA 1YES
UNKRDD JSUB RMYTHR(R) tNQ, TURN OFF SYMBOL
BR UNKROX
UNKRDY LM R44,:DISBNC(R? {1BAND LIMITED?
BM UNKRO2 INO |
LM8 R1S, THRBNC(R1Z) 1YES, R13sTHREAT BAND
CMP R14.R13 1RIGHT RAND?
BNE UNKRDB tNO, REMOVE THREAT
UNKRDZ2 JSUB DSPTHR(R) 10ISPLAY THE SYMBOL
UNKROX  JMPM RTE4 (R) 1PROCESS NEXT THREAT

tAAA RADAR (NOT GUNDISH}
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AAARDR LM R14,N15AAA(R) 1ARE _AAA'S ENABLED?
BP -~ aAiRDL IYES -
\AARDP JSUB  RMyTWRiR) IhNQ, TURN_OFF SYMBOL
BR AALRDY
AAARDY LM R14,01SBNC(R) IBAND LIMITED?
BM AAARD2 IND
LMB RL3+THRBNC(R1Z) I1YES, Ri13=THREAT BAND
CMP R14sR12 1RIGHY BAND?
BNE AALRDA INO, REMOVE THREAT
AAARDZ JSUB DSATHR(R) {1DISPLAY THE SYMBOL
AAARDX JMPM RTC4(R) tPROCESS NEXT THREAT
1
1QTKER RADARS
t
XRDR LM R14,D1gBNC(R) 1BAND LIMITED?
BM XRARY INQ
LMB R1N,THRENC{R12) $YES, RiIsTHREAT BAhD
cMP R14:RLY {RIGHT EAMD?
RE XRARA4 LYES
JSUB RMUTHR(R) tNO, REMOVE THREAT
_BR YREX
XRDRY3 JSUB DSPTHR(R) 1D1ISPLAY SYMBOL
XEDX JMPM RYFA4 (R} {PROCESS NEXT YHREAY
{ L
{BLANK RADARS w FXPANSTON YYPES~
|
BLKRDR JSUB RMVTHR (R) IREMOVE THREAT
JNPM RTE4(R) IPROCESS NEXT THREAT
.__EJEC

}

R12xTHREAY ENTRY ADR
JSUB RMYTHR(R)

1RMUTHR = REMOVE YQReA$ SYMgOL FROM OISPLAY
:CALL!NG SEQUENCE S

RMVTHR LMB R14,THRADR(R12) 11S SYMBOL ACTIVE?
BNM _add 1YES
JRTS {NQ, RETURN
MOVL RB.1 § INCREMENY OLD THREATS PRQCESSED

ADRM REZ . D1SRRC(R)

CMPM R12:DI180OME(R) 11S DJAMOND ON THIS THREAT?
BNE RMVTH1 tNO

LM R11,0MNADR(R) tYES, BLANK DIAMOND

MOVL Ri3,0 , .

SM R13,)0DISBUF(R14) §TURN OFF DJAMOND IN BUFFER
SR2 Ri1.1

SM R13, nSPCHﬁtﬁii) {TURN DIAMOND ON DISPLAY
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SH R13,D180MC(R)  1ZERO DIAMOND THREAT ADR
SM RixjnIaLOK(ﬁ) {REVERT 70 FLOAY
RMVTHY JSUB DPEUSH{R) - 'TURN OFF SYMBOL & RELINGUISH ADR
LLMB Ri4,THRACT{R1Z) 10CTAGON ACTIVE?
BHM BAfh 1NG -
JSUB DPRUSH{R) " yYURN OFF OCTAGON & RELINQUISH ADR
MQVL RE =1 ‘idELETE THREAT DISPLAY ADR -
SM RO . THRﬁCT(RiZ) o : “ ’
JRTS , ERETURN

EJEC
{OSPTHR = PLACES TFuRFAT SYMEOL QN DISPLAY
SCALLU\G SEQUENCE Y

R12sTHREAT ENTRY ADR

; JSUR OSprHa(R) , ,
DSPTHR LM RZ.ACTTHR(R) -~ JRESCURRENT DISPLAY THREAT ACTIVITY -
BN o4 v 1THIS IS NOT FIRSY THRFAT .
SM RléahSPiST(ﬁ> JUPDATE FLRST THREAT E
ADDL RZ 4 - { INCREMENY ACYIVFE THREATS
SH RB . ACT?HRtR) a .
LM
BNZ 544 o ING
SM Ri@aﬂSDNXT‘E) : 4 YES
MovL, RE.8 )
CMPM - R19,nieDME(R)  $1S THIS THE D!AMOND YHREAI?
BNE seg ~ BYES
SM RA.DSPNXT(R) aYgs, SEY UP YO GEY NEXT THREAT
LMB R43s THRADR(RAZ) 1AGTIVE SYMBOL?
BM - DSPTHO : INO
MOVL, RB.1 -
ADRH RA.DISPRRC(R) IYES, INCREMENT 0LO THREATS
_PROCESSED - o
BR BSPTHA
DSPTHA JSUB DPPOPIAY ihO, GEY A DJSPLAY. ADR
Y R14,THRADR{R1Z) ISTORE DISPLAY ADR
LM RE.THRSYM(R12) sGET THREAT SyMBOL
SM RE.DiSRUF(R14) 3SYHBOL TQ DISPLAY BUFFER
SR2 R14 ' ‘ o
SM R 6SPrHR(R14) 1SYMBOL_TO SYMBOL REGISTER
DSPTRA LA RiL&. THRX(RiZ) tR14=ADR THRX

LA "R13:SAcPOS(R) jR13=ADR ACX
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Ll R9.R14 _ J(R9,R12,R11)aVECTOR FROM A/C TQ
o o YHREAY
L1 RE,R¢3 -
SuB RS.R¢
LI Ri®)Ri4
LI RZ.R13
Sy8 R1G,RZ
L1 R111R14
s RZ:R13
SUR - Ri{,RE )
LA R44,SCTADS(R) IR142ADR SCNARIO TO DISPLAY XFORM
MATR]X
.1 RS .Ri4 $(R5,R6)=UNSCALEN DISPLAY X=-CQORO
MUL R5,R9 co
LI RE.R14
MUL, p@A,R{3
DADD RS ,.R@
L1 RZ.R14
MUY RAIR{Y
DADD R5.Ra. ;

- DSLA RS,2 IADJUST SCALING , -
LI ? 4 SIIINSI:AIEH I”SElAf !nggRQ
MUl R7.R9
L1 RA,R14
MUL RA,RIA -

DADD R7.R@

L{ RO .Ri4

MUL RAIRYY,

DADD R?.R@ .

"DSLA - R7.2 1ADJUSY SCALING -
MOV RZ.R§ i(R2,Ri)sxXne2sYend
MUL RE.R5
MOV R2,R7
MUL R2,R? ,
DADD RE,R2 :
BZ DSPTHX 117 ORIGIN; DON!T TRY 70 UPCATE

e B LOCAT]ON
MOVl  Rr2'@ T
JSUB SQRT(R) tR23SQRT(X2824Ywa2)

LM RA'TURBRI(R12) jRA=THREAY PRIQRITY (DISPLAY RADIUS)

CMPL RE.RING3 tPAST 22LETHAL RANGE?

BLE Y] iNO

MOVL RO.RINGY JYES, SET RADIUS Y0 OUTSIDE EDGE

LM RS .DISRNDLR) §BAND LIMITED?

BM DSPTHL INO :

CMP R7.Rs5 {YES, IN FORE SECTOR?

BGE Y LYES _

MOVL RZ.RINGY tNO, SEY RADIUS 70 QUTSICE EDGE .
PSPTHY LM R6,01STGT(R) ITARGEY SEPARATE ACTIVE?

BZ Y iNO

JSUB SEPARO{R) {YES, CHECK SEPARATION

MUL RS.R@

Dlv R5,.R2 1R5=SCALED DISPLAY X=COORD

ADDL, ‘RS IRINAG 1ADD IN CENTER COORDINATE

MUL R7 R0
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DIV R7.R2 {R7=SCALED DISPLAY Y=COORD

ADOL R7.RINGZ

SLZ RS .8

OR R5,R7 IRS5=DISPLAY LOCATION WORC

LMB Rid,PHRADR(RL12) R14=01SPLAY ADR

SM R5.D1SRUFe2(R14) JLOCATION TO DISPLAY BUFFER

SR2 Ri401

SH R%IaéPxY(514) {LOCATION TO LOCATION REG]STER
DSPTHX JRYS IRETURN

EJEC

A Y ARATION

1CALLING SEQUENCEY

{ R55UNSCALER DISPLAY XaCQORD
H R72sUNSCALER nIsPLAY YaCONRN
1 RE=zDISPLAY RADTUS
I JSUB SEPARA(R)
$ RAaUPUATED DiSpLAY RACIUS
SEPARQ PUSH R6,7 1SAVE REGISTERS
Jsus AQARTN{R) IRBSANGLE (2998632368)
MOV R7.R8 IR7=SPOKE ADR
MOV R6.RD tR4=SPOKE RADIUS
CMB| ROIRINA2 tWITHIN INNER ANNULUS?
BGE SEPAY ING
ARDL R7.4 {YES, REDUCE SPOKE COQUNT
ANDL RZ2. 138 tFOR JNNFR ANNULUS
LM R6.SPOKES(R7)  JR6sCURRENT RADIUS ON THIS SPOQKE
CMPL, RARINE2 1STILL WITHIN INNER ANNULUS?2
BLY SEPAZ {YES
MOV R7.R8 tNO, TRY SECOND ANEULUS
MOVL RE.RINR2
MOVL R6,RING2 .
SEPAY CMPY, R6.RINEI IWITHIN SECOND ANNOLUS?
BGE SEpAS 1NO
ADDL R7.2 IYES, REDUCE SPQKE COUNT
ANDL R7.13C {tFOR SECOND ANNULUS
LM R& .SPOKES(R7) tR6CURRENT RADIUS ON TH!S SPQKE
CMPL R6,RING3 ISTILL WITHIN SECOND ANNLLUS?
BLY SEPAS LYES
MOV R7.R8 t{NO, TRY QUTER ANNULUS
MOVL REIRINGS
SEPA2  ADDL R7.41
ANDL R7.'3E
LM Ré,SPOKES(R7)
SEPA3  CMP RE.R6 {NEW RAGCIUS ,GT, CURRENT SPCKE
RAQIUS?
Y. {YES
285 R@?Ré {NO, MOVE OUT YQ CORRENT SPCKE
_RADIVUS '
MOV R6,11D {UPDATE CURRENT SPOKE RADJUS
ADD P&,RE
CMP, R6,RINGA JEXCEEDING QUYER EDGE?
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BLE sed INO
MOVL R6.RINRGY 1YES, RESET TO OUTER EDGE
SM R&.SPOKES(R?)
PCP R1247 {RESTCRE REGISTERS
JRTS __LREYURN _
EJEC

1AQARTN = SIN:COS ¥0 AnA CONVERSION RQUTINE
SCALLING SEQUENCES

R55C03
R7aSIN

5

JSUB ADARTN(R)

{ RB3AOA (2#%w6=340)
AQARTN MOV R12,R7 {R12=S 1IN
MQV R17sR5 tR11=C0S
MOV R1G,R12 tR42=ABS{SIN)
SNM Y Y.
NEG " R1M3R12
MOV R9.R11 {R93ABS(CAS) .
ANM Y Y .
NEG R9.R11
MOV R7.R9 1R7=MIN(R9;R10)
MQV R6.R1D {R6EMAX(R9,R1Q)
cMP R9,R1d
BLY 1T
MQV R7.Ri%
MOV R6.R9
MQVL RE,ATNI ENe2 1COMPUTE ATAN TaBLE AOR
MUL R?.RA
Dlv R7.R6 .
ADDL R7.1 {ROUND UP TQ CLOSEST VALLE
LM REIATNFAB(RI)  tR8=ANGLE IN 1ST OCTANT
‘CMP R6.R9 {CONVERT 7O 1ST QUAORANT
BE adA INAS IN 1ST OCTANTY
NEG R8.R8 IWAS IN 2NO OCTANT
ADOL R840 1ANGLESGE , wANGLE
X0OR RiT.R12 11ST OR 3RO QUADRANT?
BM AOAR? INO
CMPL, R12,0 {YES, 4ST QUADRANT?
BNM A0RR4 1YES
- ADOL R8,'23 INQ, 3RC QUADRANTY
| BR AQAR4 FANGLE=ANGLE+188,
AQAR2  NEG RE.RA 1ASSUME 2ND QUADRANT?
ADDL R8, 122 1ANGLE=188,2ANGLE
CMPL R12:2 {2ND QUADRANT?
BNM AQARA4 IYES
ADOL RB., '24@ 14TH QUADS ANGLEeAscLE.1ea.
AQAR4  NEG RB.RA (CONVERY TO AQA
ADDL RB.'48 1 ANGLE=S135,wANGLE
BNM Y tANGLE IS POSITIVE
ADDL R, '4d 1ADD 362 TO NEGATIVE ANGLE
JRTS {RETURN
ATNTAB DATA /) {ATAN TABLE
DATA 1
DAYTA 1
DATA 2
NATA 2
DATA 2.
DATA 4
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DATA

DATA
DATA
DAY A

DATA

DATA
DATA

DATA
DATA
DATA

ATNLEN

BCALLING sequsmcg;‘ a
R123THREAY EnNTRY ADR
JSLUR M[SYN?(QL

l

S OONRNNOGUU

EQU
EJEC

wATNTAB ILENGTH OF ATAN TABLE IN BYTES

‘.EaanSSLLE_lm1£Rﬂ£&1_1132_~_;____;____ |

REZINTERCERT TiME GSEC)

MISINT LA R18,SAEPOS(R) 1(R9,R48,R11)3=RANGE VECTQR
L1 RE,R13
LM R9.THR¥(R12)
SuB RO.RH -
Ll RE.R{3
1M RiB,tHRY{(R{Z2)
sye R17:RA _
L1 RE.R{3 : L
LM R4LT: THREZ(RLZ)
SUB. - piJ.ad . G o - : :
LI R2.R13 = - §{R2,R3)=00T.LACVEL » =RANGE) .
MUL R2,R9 ‘
L1 -~ __R4:R43
MUL R4,R{D
DADD R2,R4
L1 R4.RI3
MUL R4,Ri1 , .
DADD R2.R4 :
LM RPA.THRANG(R{2) {RASTHREAY RANGE (4KMzDwe#4)
DIv R2.Rp -~ t{R2=A/C VEL ALONG RANGE VECTOR
ADMR R2,THRMV(R1Z) §R2=INTERCEPT VEI (1KM/SEC=24414)
MOV RL.8 : o :
DSRA RB,6 J{RO,R1)SRANGE ({KM=2#a14)
D1V RB.R2 1RO INTERCERT TIME (SEC)
JRTS . . tRETURN
EJEC '

SG"ALL‘I'\G SEQUENCE Y

3

ﬂLtﬂ_CﬁlAgn&;AéﬁuY THREAT

R123THREAT ENTRY ADF
R1i3sMISSILE §TATUS TAG/'iﬂG

i JSUB OSPOCF(R)
DSPCCT LMB RLiaTHPADﬁ(EiZ) § THREAT ON DISPLAY?
BNM o5 4 {YES
JRTS . {NO, RETURN
y z) N_ABQUT THREAT?
BNM pSe0c2 {YES
JSUR npéoggn; phf, R14=0CTAGON ADR
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' SMB R14,THROCT(RLZ)
LM RE,'2088(1) {R@=0CTAGON SYMBoOL
BR nSE0A3 |
0SPGC2 MQVL RC.0 1ASSUME ALERTY
CMPL, R13,CNTMAT/ 7198 JREALLY ALERT?
RE 244 _ LYES
LM RE.'88¢ 1) tNO; BLINK FOR LAUNCH

XRMR RE.DISRUF(RY14) 3RE=SYMBOL

DSPCC3 LM R1:DISRUF¢2(R11) IR1=THREAT DISPLAY LOCATION

SM RE.DISAUF(R14) SYMBOL TO DISPLAY BUFFER

SM  R{'DiSAUFe2(Ry4) 31 0CATION YO DISPLAY BUFFER
SR2  Ri4.1 _ | ;

SM RZ:DsPrKWR{RY14y $SYMBOL To QISPLAY

SM RL.DSPXY(R14)  JLOCATION TO DISPLAY

JRTS I1RETURN

EJEC

iﬂuﬁ_ﬂﬂ~__ﬂﬂl_Eaaﬂuﬂl_ni_CorPEﬂSATED QEL VEL
RITH MA8S UNBALANCE MATRIX ROW (2#a23031)
!CALLING SEQUENCE

{ R142ADR MU MATALX RCW
! Ri3=2ADR COMPENSATED DEL VELOCITY VECTQR
{ WwSUB MURWEA(R)
H R14=A0R NE¥T MATRIX ReW
} (Rg,R1}snC¥ PRAOUCY ) ,
MURKED L] R8,R13 §(RB,RI)=MU(T 1)aCOV(L)
L1 RY R4 3
DSRA R8,7
LI R8,R{4
MUL RA RO
Ll RZ.R13 © p{RE,RL)=MUCT,2)2CDV(2)
L1 R1.R1L3
DSRA RE .7
Ll RE.Ri4
MUL RB,RY )
DADD R .Ra ‘ (1 (RE,RI)=SUMEMUL ] , K)#COVEK) }
L1 RER13 1(RO,RL)=MU(],3)aCDV(3)
L1 RL.R13
DSRA RE.7
L1 RO.Ri4
MUL RE.R{ ) ,
DADD RB.R@ §(R8,RP)=SUMIMU(],K)2CDV(K))
DSLA R8,2
MOV Ri.R8

SEXE  RERR _
ADDL  R13,-13

JRTS
EJEC : v . e
® Y iIsPLAY ENTRY OFF DISPLAY STACK
" JIGALLING SEQUENCE
i JSUB DPPOP{R)
! R142AVAT|L ARLE FNTRY :
DPPQR PUSH Ri3s 1 ) }SAVE REGISTER

LM R13,DISPNT(R)  1R13=01SPLAY STACK POINTER
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LI R444,R13 : IR14=AVAILABLE ENTRY
SM R1S,01ePNT(R) tUPCATE STACK POINTER
POP R13s1 tRESTQRE REGISTER
JRYS $RETURN

EJEC S

LOEEMSB___EMSHES“AN_AM¢LLABLE_DISELAY ENTRY. QNIQ_DJSBLA!.SIAQK
AND TURNS CHAR CFF CN DISPLAY
SCALLING SEQUENCE
Ri4=AVAY| AplF ENTRY

: JSUB PPBUSH(R)

DPPLSH PUSH R1S,1 1SAVE REGISTER
MOV Ri%,. 0
SM R13,01’BUF{R14) JTURN OFF CHAR ]N BUFFER
SE2 Rided
SM R13,DSPCHR{R14) JTURN OFF CHAR ON DISPLAY
ADD pid.pia
LM Ri3,DISPNT(R) 1R13=D1SPLAY STACK POINTER
ADDL R{Z;=2
S Ri4:R17 1PUSH ENTRY ONTO STYACK
SM R1Z,DISPNT(FR) {SAVE DISPLAY STACK POINTER
POP R13,1 {RESTQRE REGISTER
JRTS {RETURN

I0SPOMF - DUMPS A AISPiAY BLEFER TQ THE DISPLAY
{187 WCRD=CHARACTER ('fFQ2, IF END OF BUFFER)
12ND WCRD=XeY

{CALLING SFQUENCE]

! R14=BUFFER ADR

| JSUB DSROMPER)

OSPOMP PUSH RiB.5" 1SAVE REGISTERS
MGVL R13,0SPXY/2.08PCHR/2 tR13=MAX CHARACTERS
LA R19,DSPCHR(A)  §R12=DISPLAY CHR ADR

: MQVL Rii:m tR{13CHAR

OSPOML  CMPL, Rif{s0 {PAST END OF BUFFER?
BM ata 1YES
L1 R1{,R14 INO, R11=CHAR
L1 RiG,RL4 tR1G=Xay
si R17,R19 {CHAR TO DISPLAY
SH RiG,DSPXYaDSPCHR=2(R12) iXeY TO DISPLAY
BCY gi9,nSpOM1
POP R14:5 tRESTORE REGISTERS
JRTS §RETURN
EJEC Y

1SCASYP = COMPUTES SCNARIC Y0 STRAPDOWN XFORM MATRIX

i SCT0ST=(STORMT) Ta(SLCOS)T

lGALL!hG gaouchs;
JSUB SCNSTE(R)

SGNSTP LA R14,STORMT(R) {R14=ADR STRAP%%%%OEO REFERENCE
LA a1m,80%0SY(R) tR12=A0R SCNAR!ORT%'STRAEDQHN
MOV, R11,3 gR14 COUNTS 3 ROWS

SCNSTL L RA.R14 1 (RB,R9,R12)=STORMY ROW

ADDL RldaSTORZln TeR11
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L R9.R14 .
AQDL RilaﬁfﬂRSlﬂSTORZi
L R1®,)R14
LA R13,80r0S(R) IRL3I=ADR REFERENCE TO SCMARIO
o 0IRCOS
L1 RE,R13 ' ?
MUL R2Ra -
L R2,R{3 _
ADDL R13,50cS521w80¢S12 |
MUL R2.R9 ‘
DADD RZ.R?
DSLA RE.2 IRESCALE (2#%1421)
- S} RO,R12 ISTORE 1SY COLUMN ENTRY
MOVL R7,2_ tR7? COUNTS LAST 2 COLUMNS
SCNSY2 L] - RE,R13 ICOMPUTE ENTRY FOR CURRENY ROW &
COLUMN
MUL RC.R8
Ll k2R3
MUL R2,R9
DADD RE.R2
Ll R2.R13
MUL R2.R1@
DADD RE,R2
NSLA RZ.2 :
S RZ.IR{2 ISTORE COLUMN ENTRY OF CURRENT ROW
BCY R7,SCNsT2 '
ADDL R14,5YnR12nSTARIY
BCT R14,SCNSTS 1AOVANCE TO NEXT ROW
JRTS IRETURN
EJEC

i
‘tCALLIhG SEQUENCE

SCTODS:STTQCSoSCTQST

JSUR SCNDIS(R)

SCNDtS LA R144STTODS(R) tR14=A0R STRAPDQWN TO DJSPLAY XFORM
MATKIX
LA R12,SCPONSCR)  1RY2=ADR SCNARIO YO DISPLAY XFORM
: MATRIX
MQVL RL.3 tRY{ COUNTS 3 ROWS .
y =ADR SCNAR!O T0 STRAFDOWN XFQRM
MOVL RL1,3 1RL1 COUNTS 3 COLUMNS
. 1(RS,Rey=COLUMN 1 ACCUMULATOR
MQVL R6,D
MOV R7.0 1(R7,R8)=COLUMN 2 ACCUMULATCR
MOVL RA ¢
MOVL R9.2 1(R9,R12)=COLUMN 3 ACCUMULATOR
MOVL RiZ.0 o ,
SCNDI2 LI R4;R14 j1R4=STTONS(4=R1,4=R11) ENTRY
BNZ 1Y) INOT ZERO, ACCUMULATE COLUMN SUM
ADDL R13,STAS21=S5TCcS1Y $1ZERO, SKIP TO NEXT SCTYOS?T
ROW
AR SCND13
Ll R2,R13
MUL R2.R4
DADD RBZRg
Ll R2.R{3
MUL

R2.R4
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RADD R7.R% _
L1 R2.R13"
MUL R2.R4 . : y ‘
DADD R9.R2 '
SENDI3 BCY R1i7isSCnDIZ JADVANCE TO NEXT STTODS: COLUMN
DSL A R5.2 1ARBJUST SCALING (2x214=21)
DSLA R7.2 '
DSLA R9.2
S] RS.Ri2 ISTORE .CURRENT ROW
Si R7.R42 '
Si R9,R12

BCY RLISENALL . TADVANCE TO NEXT Row
" 1RETURN

E”FNY:VEC?OR WITH A ROW OF 3#3 MATRIX'

{ R14=A0DRESS oF MATRIX RQW

i R1335A0DRESg aF VFETCR

i JSUB ROWVC3I(R)

§ (Ra,R1)=po¥ PRaDUCT

5 Ri43ADDRESs pF NEXT MaTRIY ROH
}

R

. R13sADDRESS OF VECTCR
gWvC3 JSUB DZML3Z(R) P(RB,R1)=MAT(1,1)#VEC(L)

ADDL =~ Ria.4 , .
ABOL- Ri3.4 ' » .
JSUR pDMUL3AIR) 1fRA,R1I=(RE,;RI)I+MAT(] 2)8VEC(2)

ADDY Ri4,4
ADDL RiZ,4

JSUB DMUL3BERY . 1(RE,R3)=(RO,R1)<MAT(I,308VEC(I) .. -

ADDL Rid, 4
ADDL, RiZ:=8
JRYS . . : aRETURN

Coo o EJEC o ‘ v
MBFR BY 16=8{T NUMRER

3GALL!NG SEQUENCE |
. R542ADR 32 BIT NUPBER

1, " R13sADR 16 A3iY NUMBER
§ JSUB SNGODBI'(R)
§ (RB,Ri)z2PRabUCT ‘ o
SNGOR|._ PYSH R2.4 : $SAVE RFGISYERS
MOV, R2,0 1{R2,R3)=g
HOVL, RI. 0 S L
LM RE.2(Ri4) - ___3(R4,R5)=pBL
L R4.R14
BM sNelDm »
DADD  R2.R4 = - - 3(R2,R3)=ABS(DBL)
L RB.R.3 IRE=SNG
AP SNEP - -~ JPRODUCT 1S ¢
.. NEG RE.Re ©: JRAsABS(SNG)
.- BR 7 SN& , §RPRODUCT IS = .
SNGOM psun R2 R4 i 1{R2,R3)3ABS(NBRLY
L RE.R13 tRB3SNG
BP SNeM . }PRODUCY S =
NEG RA.Ra
SNGM MOV R4.R3 {NEGATIVE PRODUCY
SR2 R4, 1 $}REMOVE SIGN BIT
Myl R4 :Rp _
DADD R4.R4 §RESTORE SIGN BIT
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LCL R3,1 IWAS ONE BIT LOST?
B2 a4 R iNG
ADD RS.R@ {YES, ADD IN AN -RO
MOVL R3.Q
ADG R4.R3Y . 1ADD IN THE CARRY
MUL R2.R@
ADD R4,R3
MOVL RG.@
MQVL RL.0
psusg RE.R4
POP RS 4 tRESTORE REGISTERS
JRTS JRETURN

SNGP MOV R4 .R@ tPOSITIVE PRODUCY
MOV RE.RX o
SRZ RZ.1 fREMOVE THE SiGN BIT
MUL RZ.R4
DADD RZ,.RA tRESTORE THE SIGN BIT
LCL R3.1 tHAS ONE BIT LOST?
B2 64 INO
MOVL R3: 0 tYES, ADD IN AN R4
DABD RZ,R3 '
MUL . R2.R4
ADD RE.,RX - v
POP R5,4 fRESTORE REGISTERS
JRTS lRETURN ‘
EJEC

>«8]Y _FACTORS SGALED 1,22_1&_
PRODLCY RETURNS N tRa.R1>
chLLth SEQUENCE

i " R13=A0R oF FiReT FACTQR
i R44zADR oF SECAND FACTOR
$ JSUB DEML3a(R) :
3y (R@A,Ri)spRaADUCY
DEML38  MOVL RG.0
MOVL R1.0
JSUB nMnL 3R

2nB]Y FACT 2288
AND AcCUMULATES RESULY IN (Rg,R1)
acALLIAG SEQUENCES
i R133ADR oF FiReT FACTGR
§ R148ADR oF SECAND FaACTOR
i (R@,R1)=pRADUCT ACCLMULATOR
lD\
(Rﬂ.Rl)a(Rﬂ.Rl)*PEOCUCT

PUSH rR2,8

tSAVE REGISTERS

MQuL pQ:Q, 1 (R2,R3)=20

MOVL R3.0

MOVL RS .0 1{R5,R6)30

MOV &0

LM RB,2(R13 1(R7,R8)=4

L R7.R43

BM DMRDAM :

DADO R2.R7 t(R2,R3)=ABS(A)

LM RB 2 1RT4) 1{R7,R8)=8

L R7.R14

BM nM!ﬂAi

DADD R5.R7 . $(R5,R&6)=ABS(B)

8R pMsep - §PRODUET 1S # '
pMSgAL  DSuB RS .R7 1 (R5,R6)=ABS¢BY

BR DM3IBML

tPRODUCT IS =
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DM3gAM DSUB R2.R7 1 (R2,R3)=ABS(4A)

LM RE.2(Ri4) j({R7,RB)=g

L R7.R{4

BP DM9BM 1PRODUCT 1S <

psus R5,R7 1(R5,R6)=ABS(B)
OM3ZP  DADD R2,R2 1PRODUCT IS o

NADD RS RS

JSUB DMUL (R) iGEY PRODUCT

DADD RALRD

POP R9.8 {RESTORE REGISTERS

JRYS tRETURN
DM3EM  DADD RS 'R7 1(R5,R6)=ABS(R)
DM3gML DADD R2,R2 {PRODUCY IS =

DABD R5,R5
JSUB DMIIL (RS

DsSuB RE,R2

POP R9.8 fRESTORE REGISTERS
JRTS $RETURN
- EJEC

lQﬁuL_a_MuLILEles_laanLI_ukSLQNED _EVEN FACTORS
{ AND RETURN 32 MSB Of PROOUCT
ICALLIRG SEQUENCE S

(R2,R331332 BiY EVEN FACTOR

l (R5,R6)=532 BiT EVEN FACTOR

{ JSUB DMUL(R)

1 (R2,R3)=32 MgR OF PROCUCY

DML MOVL R7.9 JRESIDUALSR742a0484RB8a20032+R9022416
MOVL RBZG
[ M RO, tadad(]) {R9=ROUNDQFF BIT
MOVL R4,0 1R4=3 FQR ADC
LEL R2 %4 §BIY LOST FROM R2?
B2 6ag IND
DADD R8,R5 1YES, COMPUTE RESIDUAL
ANRL R2IFF {MASK OFF [.SB
LEL RS.1 1BI7 LOSY FROM RS?
B2 EY Y {NO
DABD RB'R? tYES, COMPUTE RESIDUAL
ADG R7.R4
SRZ R2.1 §SHIFT OFF SIGN BIYS
SRZ R34
SRZ R5.1
SRZ R6,1
MUL, R3.R8 ‘
DSLA R3,2 {RESTORE SIGN BIY
DADD RB.R3 .
BNL Ry
ADDL R7.1
MOV RI,R6
MUL R3.R2 _
DSLA R3.2 {RESTORE SIGN BIY
DADD RE'R3
BAL pvd
ADDL R7.1
MUL R2.R5
DSLA R2.2
DADD R2.R7 §ADD [N RESIDUAL
JRTS tRETURN
EJEC
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LDOJY32 - DIVIDES glgNeD 3aglY DIVIOEND BY POSITiVE 32B!Y DIVISOR

ICALLING SEQUENCE( :
R13zADR plylinEnD

QUOTIENT 1§ SCALEC EY 2%#38

R143ADR 0IVISOR
JSUB ODIv3a(R)
(RA,RIVaSCALED QUCTIEAT

}
{
H
|
!
}
0

{001V = DIVIDES 3@al® AIVIDENE

DlvI@ PUSH R2.6 tSAVE REGISTERS

MQVL R4.0 1{R4,R5)=ABS(DIVIDEND)

—_ MOV R8.2
LM R1I2(RI)
L RZ.RY{I
BP p032nP
DSUB R4.R2 tCIVIDEND IS &
LM R 2(Ri4)
L R2.R14
BP nox@M {tDIVISOR 1S + _
COM R2.R2 1(R2,R3)=ABS(DIVISOR)
NEG R3.R3
BNZ nlsde
ADDL R2.1
BR ~ DD3oP o

pD3IgN JSUB - nDTVERY 1QUOTIENT IS »
COM R2.RO INEGATE 1T
NEG R1:R9Y :
BNZ ad g
ADDL RE,1
POP R2.6 {RESTORE REGISYERS
JRTS _ tRETURN

DO3I20P DADD R4,Ro tDIVIDEND 1S &

: LM B3:2¢(R14)
L R2.R14
BP n0x@p tDIVISOR 1S ¢
COM R2.R2
NEG R3I.R3
BNZ pO3AM
ADODL R2:1
B8R DD3dM

pD3gP JSUB NOYVIRY _1QUOTIENT IS «
PQP R7.6 {RESTORE REGISTERS
JRTS (RETURN
_EJEC

BY 3¢BIY DIVISQOR

{ SCALES QUATIENT EY 24#
! (UNSCALED QUOTIENT MUS
1CALLING SEQUENCF

30
T BE LESS THAN 2)

(R2,R3)a3@RIT AIVISCR
(R4,R5)a38R1Y RIVIDENC

{ JSUB:- nOYVeR)
i (RE,R1)3SCALED QUCTIENT
ooty CMPL R2.2 1R2=087
aNg notve INO :
MOV R4,RS 1YES, SWAP R4&R5, R2&R3
MOVL RS,0
MOV - R2 'R
MOVL R3.0
DSR2 R4.11 {ENSURE S1GN BT IS ZERO
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- . DSR2 'p2'4 T :

DBIve  CHPL  R2,'7F 1SCALE DIVIDEND & DIVISOR
BGT aug . 1S0 THAT DIVISOR [S ABOUT 2ws3¢
DSLR R2:7 : .
DSL2 R4,7
CMPM R2,VIFFLI)

BGT = oue

DSL:E R2:4

DSL2 R4:4

CHAM R, VLFFF L]

BGCY T

DSLZ R2,2

DSLZ R4,2

GMPM R2.IIFEF (1)

BGY 894

DS|. 2 R2.1

DS 2 R4, 1

CHPL, R3,B aSZGN BIT OF B2 SET?

BNM nbivin iNO

ADDL R2.1 IYES, USE IT AS NEGATIVE #

BNY poivip . IR2 =t8g00?

MOV RE.R4 - {1 'LYES), D0 SPEC]AL COMPUTATION BY:
e SHIFTS

MOV R1,.RS

DSR2 RE.1 utR@.R1>=2~(01.02)72--2 ,

SRA R3 .3 1R3=S/4 (IN CASE B23'8p@2)

MYyL R3,RA - N »

DSLA R3.2 . tR3=04eS=Qi#B2/(Bla2#846)

SEXE R2,R3 _§(R2,R3)=QleS/20a16

nsus RB.R2 - 3SUBTRACT coRRECTION

JRTS tRETURN

DDIViIB  MOVL R7:8 1SET QUOTIENT MSB
CMP R2.R4
BH1i a%hp
SLB R4,R2
LM R7.'40008¢]) 1A7=20% MSB
MOV, R6.0 jRa=REMZ
LCL RS.4
B2Z s 4
MOVL R6.4
DSRzZ R4,1
[VRA'S n@:Rg
MQV RZ.R4 tRA3QU01=3220Q
ADD R5.R5 {R5=REM1328R+REMD
ADD RIIAE
ADD R5.R&

MOVL, RG,0 ‘ :

poiye  GMP RZ A5 L ADJUST REMAINDER
BH1 LY : : '
syB R5.,R2
ADDL BB 9
ISRZ RS,4
DV R5.R2
MOVE R4 O :

MOV R4 :Rs §R130U02=22Q
MOVL R5,2 1 (R4,R5)=(0,2)
AGD Ri.R4 :
DADD RO.R4 JROUND UP
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DSR2 RE.2 1(RB,R4)a(017,021)3(Q1,02)/4
OR RE.RY §0R IN MSg
CMPL R3O tR3=B2:z¢?
B2 DDV 1YES, EXIT
MQVL R4.Q 1(R3,R4)=(B2,0)/4
DSRA R3.2 § IN GASE B2318000
DLV R3.R2 1R33S/4=2(B2,0)/(44B1)
MUL RI.Ro 1{R3I,R4)30485/4
DSLA R3.2 1{R3I,R4)=Q1eS -
SEXE R2,R3 1(R2,R3)=Q1S/20816
nDSUB RO,.R2 {SUBTRACT CORRECTION

BDIVX  JRTS §RETURN

EJEG

LOSQRY = CALCULAYTES
1CALLING SEQUENCEL

32817 SCRY(RA,RL)

(RB,R1)sSQUARE
(R2;R3}3S0UARE ROCY EQTIMATE

JSUB DSQRY{R)
(R2,R3)e3gRlT SQUARE ROOT o

DSGRT _ PUSH R4’ 1SAVE REGYISTERS
MOV THT 1(R8,R9)=SAUARE
MOV Ra:R@
ap 0SARYY 1SQUARE 1S POSTTIVE
MOVL RE.E ~ §SQUARE IS NEGAT!VE. 2ERO THE ROOT
MOVL R3. 2
pOP RE ‘4 $RESTQORE REGISTERS

, JRTS tRETURN

DSGRTL DSRA RZ,?2 § (RP,R1)=SQAUARE/4
JSu3 SGAT(RY 1(R2,RI)=ESTIMATE
MOV, R3. 8 o o
CMPL R2.0 1ESTIMATE @2
BNE a4 ING . _
LM R3.'88a82(1) IYES, MAKE 17 2¢a(el15)
MOV R4,.R8 "1 (R4,R5)3SAUARE=D]V]DEND
MQV RS .R9
PUSH R2:2 1001V DESTROYS REGISTERS 2=7
JSuB DDiV(RY ¢ 1{R3,R1)=SQUARE/ESTIMATE
PQOP R3:2 {RESTORE ESTIMATE
DADD R2.RQ 1(R2,R3)=ESTIMATE«SQUARE/ESTIMATE
DSR2 R2'1 §(R2,R3)S(ESTIMATE«SOUARE/ESTIMATE) /2
MQV REZ:RA {RESTQRE SGUARE
MOV R1.R9 o
PP R9.6 {RESTORE REGISTERS
JETS {RETURN o
EJEC

IMANEM = NGO 4L 17Ee 3 AOMEQREAT _VECTOR
1CALLING SEQUENCE |
R14sVECTOR ADR

I NI Ulmﬂuln)
§ R14=VECTOR ADR
VINRM  MQV R1%,R14 tR13=V1 ApR
JSUB nEul22:R) 1 (RA,Ry)=syles2
ADDL, Rid;4
ADDL R13:4
JSUB DMUL3BER) 1{RB,RYy)sVias24V2082
ADOL Rid.4
AQDL R13:4
Jsug DMUL 3R (R)

1{RB,Ry)=vivalayoeg2eV3as?
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1] PROCESSING =

{
1PRCC

LA

191 192
LM R2.1'48m8¢])
JSUB NSART(R) t(R2,R3)aSCRT(RA,R1)
LA R14¢,V3ISART(R) jR143ADR V3ISQRT
Sl R2;R§4
S R3,R14
ADDL Riznfz
ADDL RiZ:1=2a4 1R 3I=ADR Vi
MOV, R3:3 {R3 COUNTS 3 COMPONENTS
V3NRMY JSUB pRIvVIAIR) {¢(RA,RL)3V(])/SARY
S RB.R13
s1 R1.R{3
BCY R3, VINRML
LA Ri4,-12(R13) {RESTORE R14
JRTS : tRETURN
VISQRY DATA 8,8 1SORT(Visa2+eV2aa2+VInu2)
EJEC
i1EN nEsun
H
INUMBER PROCESSING = RY CARRIES THE D]GIT
i
NBRFLG LA R2 NPROC (R} 1SET NFLAG
SM R2,NFLAGIR)
SM R2.CHRNBR(R) INEXT DIGIT GQES DIRECYLY TC NPROC
NPROC  PUSH R4,2 1SAVE R48RS
~ LM R4 )CHRAOM(R) {R4s# BASE
LM R2.NBR2(R) tR2=(.SBaBASE
MUL R2.R4
ADD RI.RY 1ADD IN DIGIT
BNL YY)
ADDL R2'4
DSL2 R2.1 tCLEAR SIGN 81T
SRZ R3,1
SM RI.NAR2(R)
LM R5,NBR{(R) {R5=MSBeBASE
MUL R4,R5
ADD R5.R2 1ADD IN CURRENT HIGH ORDER 0IGI1T
SM RS .NRR{(R) .
POP  R5,2 IRESTORE R4&RS
JMPM TIYEND(R)
EJEC

INGPECT & MCOIFY MEMOR,

R11PRA0OD(R)

{FIRST CR GETS ADDRESS

SH

R1:CHRER(R)
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MOVL R1.16 1SET BASE TQ 16
SM R1:CHRAQM(R)
LA R4:NBRFLG(R) 1SET NUMBER PROCESSING FCR FLAG
SM Ry CHRNBR(R) ' )
JMPM TT¥NZ(R)
IPRADD LM R1.MEMINI(R) 1R1=0LD MEMORY ADR
LM R2.NFLAG(R) tWAS NEw MEMORY ADR INPUT?
B2 s4id INO
JSUB HEYMSBIR) 1YES, Ri= NEW ADR
SH  RAIMEMINI(R)  (UPCATE MEMORY AOR
SM R1:MEMAOR(R) 1 INIT CURRENT MEMORY ADR
LA R{:1PRAR(A) {NEXT CR MAY MODIFY DAYA
SM R1.CHRER(R)
LA R1.IPRI'F(R) ILF FETCHES NEXT LOCATiON
SM R1.CHRI'F(R)
8R 1PROIS - 1DISPLAY CONTENTS
IPRLF  MOVL RE.'N LECHO A CRLF
JSUB TTYOUT(R)
LM RENFLAG(R) 1MODIFY CONTENTS?
B2 x?hnis INO
JSUB MEYMSBiR) LYES, R1aNEW CONTENTS
LM RI.MEMADR(R)
SM R1Ie2(R3)
IPRCIS LM R1.MEMAOR(R) 1R43MEMQRY ADR
JSUB TTYDIS(R) 10ISPLAY ADR
MOV Re.RL )
Ll miima {R1ECONTENTS
SM R2.MEMADR(R) JUPCATE CURRENT ADR -
JSUB T1v0ISeR) 1D1SPLAY CONTENTS
LA RE,INBRFLG(R) 1SET UP # FLAG PROCESSING
SM R, CHRNBR{R)
JMPM TYYNO(R)
IPRCR LM RG:N?LKE(R3 12ND IPROC CR
e uibn e cohs

Nintendo Exhibit 1004
Page 00106



4,424,038

195 196
LM RI;MEHADR(R) {RI=MEMQORY ADR#2
SM Rile2(R3Y 1UPDATE LOCATION CONTENTS
IPRCRL JMPM REINITtR) {REIN]T TTY PROCESSING
MEMINT DATA 5} t INITIAL MEMORY ADR
MEMADR DATA ) }CURRENY MEMORY ADR
L EJEC ; _
{PPROC = PRINTS MEMORY BLCCK
]
PPREE LA ni;Ppr‘é(R) iCR PICKS UP TFRMINAL AODR
SM R1:CHRER(R)
LA Ri.PPCaL(R) 11PICKS UP INITIAL ADR
SM RL-CHREQLIR)
MOV, Ri.i6 1SET BASE TQ 16
SH R4, CHRAEOM(R) -
LA RL.NBRFLG(R) 1SET NUMBER PROCESSING FCR FLAG
SHM R1:CHRNBR(R)
JMPHM TTYNALRA)Y
PRCCL LM R1INFLAG(R) §ADDRESS INPUT?
B2 20 f IND _
JSUB HEXMSB{R) 1YES; GET NEW INITIAL ADR
SM Ri.PPARRL(R) fUPDATE INITIAL ADR
JIMPM TYVENDIR) .
PPCR LM R1:NFLAG(R) PADDRESS INPUT?
B2 oei0 ) §{NO
JSUB HE¥MSB(R) 1YES, GEY NEW TERMINAL AOR
SH R1:PPARR2(R)
LM R2:PPARRL(R)
PPLCP  LMB RL.TKSTA) 11S USER TRYING Y0 ESCAPE?
BP PPLOP2 INO
LMB RL.TKBIA) {PERHAPS, R13INPUT CHAR
ANDL Ri,'7F
CHPL R1,'i8 JESCARE?
BE PPi'0PX {YES, EX1Y
PPLOP2 MOV RLIR2
JSUB FY¥YDIS(R) 1DISPLAY ADR
L1 RL.R2
Jsua TTYDIS(R) $1DISPLAY CONTENTS
MOVL RE.'aD 1TYPE CRLF

Nintendo Exhibit 1004

Page 00107



4,424,038

197 198

JSUAR TTVOLUTIR)

CMPN R2,PPANR2(R) {DGNE?

BL.OS PPilOP INQ
PPLGPX JMRM REINIT(R) 1EX]T
PPACR} DAYA ? tFIRST ADR QF MEMORY BLOCK
PRPAQR2 gATA ) {SECOND ADR OF MEMORY BLOCK

JEC

IX PROCESSING =
i

TRANSFFrRS PROGRAM CONTROL - .

XPROC LA REZXCR(R) tSETUP X CR
SM RECHRER(R)
MOVL, RE.16 _ 1SET BASE Y0 16
SM RO . CHREAM(R)
JHPN  TT¥NB(A)

XCR LM REINFLIGER) (ADR [NPUT?
BNE ®o6 tYES
JMPM fHRERR{RY $NO ADR
JSUB  WEXMSB(R)  jR1ZEXECUTE ADR
Lk REI'FOL1)  IDISABLE INTERRUPTS
L.SH R
JHP R1 IXFER CONTROL
_EJEC

thxvse = MOVES sIfN BiT INTO WORD CONTAINING LSB'S

tCALLING SEQUENCE!

l - JSUR HExMSgp(iRrR)
Rig16 LSB'S .
HEsta PUSH RO 1 SAVE R@
LM RA.NBRY{{R) (RA=MSB
LM R1.NBR3 (R} IR43LSB1S
SL.2 R1.1 { INSERY SIGN BIT
OSARZ RE.1
POP _R@.4 {RESTORE RO
JRYS tRETURN
EJEC e
!YTYOQ? w OUTPUTS CHARACYER IN Rg YO TTY
}
TIYCUY PUSH Ri.l 1SAVE R
TYYOTL LMB R1:TPSA) {CHEECK PRINT STATUS
RP 7iv0rl tBUSY
SMB RZ:TPB(A) 1OUTPUT CHAR
CMPL, RO, 1A 1.F2
BE TTY0TA {YES,; WAIT FOR TVY
CMPYL R2:'D §CR?
BNE TIv¥073 tNG, RETURN
MOVL RB; ' A IYES, SUPPLY A LF
TTY0T2 LMB RL,TPSLA)
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BP T7y072
SMB RE.TPB(A)
MOVL RE,'D
TIYOTA LM RL'L(T) iLA 36 DOESN'T NEED A WALlT
BCY Ri.®
TIYE?3 PQP Ri:l tRESTQRE R4
JRTS. tRETURN
EJEC
1
ITTYD]S = TYPES CONTENTS CF Ry
}
TIYDIS PUSH RE'3 - 1SAVE REGISTERS
MOVL R2.4 {R2 COUNTS 4 BYTES
TTYCL  MOVL RE.B JOUTPYY R4

DSL.2 RE ., 4

ADDL RE,'30
CMPL RE,'39

BLE Y
ADDL RE,7
JSUB TIvOUT(R)
BCY R2:77Yn4
MQVL RE. 20 10UTPUT A BLANK
JSUR TIYOUTIR)
POP R2.3 jRESTORE REGISTERS
JRYS LREYURN '
EJEC
JCOMMAND CHARACTERS
§
CHRCOM DATA 18 1# BASE
DATA 149 1l
DATA 128 {CR
DATA 182 {LF
DATA 150 P
DATA 132 14
DATA 158 $ X

!
1INITIAL CHARACTER DISPATCHER
3

CHRIN] DATA  NBRFLG 1# PROCESSOR '
DATA  1PROC t1 PROCESSOR (INSPECT & MODIFY)
DATA cMBRERR tCR PRACESS
DATA  TTYEND ~ 1LF PROCESS _
DATA  PPROC iP PROCESSOR (PRINT)
DATA FHRERR 13 PROCESS
DAYA  XPROC 1X PROCESSOR (EXEGUTE)

i
{WORKJNG CHARACTER DiSPATCHER

i
CHRWRK DATA NBRFLG

CHRNBR EQU EHAWRK 1# PROCESS 1S MONDIFIED
DATA 1PROC

CHRCR DATA CHRERR {CR PROCESS 1S MODYFIED

CHRLF DATA TTYEND iLF PRODESS IS MODYFIED
DATA PPROC

CHRCOL DATA CHRERR 11 1S MODIFIED

DATA xPaoe
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CHRLEN EGU CHARINI /2aCHRCEM/2
NERY DATA 2 IMSB'S OF ACCUMULATED #
NBRZ DATA 2 115 LSB'S OF ACCUMODLATED #
NFLAG  DATA ) INUMBER FLAG
1END
EJEC

ICONTROL PANEL DATA ARFA

CPOLD  DAYTA g 10L0 CONTROL PANEL STATUS

LMPWRD DAYTA '8aFF {RRESENT LAMP STATOS

TCHR DATA 14082 tCHAR " T®

ICHRXY DAYA 1092F T _POSTYION

TRNLOC DATA 8 {LOCATION OF ntn IN DISPLAY BUFFER
TSTLMP . DAYTA i

EJEL

1#4/8 = TEST LAMP DISABLED/ENABLED

:OISPLAY DATA AREA

IMAXIMUM YHREAT N]ISPLAY ' '

MAXTHR _EQU 32
RFINY  EQU 64 11/2 SECOND REFRESM RATYE
REFRSH DATA 2 INEXT REFRESH TIME IN STRAPDOWN
SERVICE CQUNTS
OSPENB DAYA at 15470 » DISPLAY DISABLED/ENABLED
OSPMSL DATA 2 je/@/+% » MISSILE %AléN?H#!NAcTIVXTY/kLERI
1SIR  DATA . 121/0/1/ NOT IR/IRS/IR
g}_sénn DATA ;11: ;1/1/2/3 ALL BANDS/BANC $/BAND2/BANDS
DISNUM DATA MAXTHR ICURRENT NUMBER OF THREATS ALLOWED
DISSCH DATA -l tes/@ NO SEARCH/SEARCH
‘ 18/8 PLOAY/LOCKED ON #
U]SOMD DATA ) 1CURRENT DIAMQND THREAY
DSP1ST DATA ) ITHREAT ADR OF 1ST DISPLAYED THREAT
DSPAXY DAYA @ 1 THREAY ADR OF THRFAY POLLOWING QJAMOND
_ JHREAY
DISPR] DATA 8 124/8/4 LO/AUTO/HI ALTITUDE PRIQRITY
DISTRN DATA =1 1ei/@ NOT TRAINING/TRAINING
DISUNK DAYTA a_ tni/@ UNKNOWN DISABLEN/ZENABLEC
DISTGT DATA @ 1e4/@ SEPARAYE/UNSEPARATED
DISLNG DATA ) 18/HANDL » LONG WANDOFF PUSH
- | INACTIVE/AGTIVE
D]lSAAA DATA 2 Imi/? AAA DISABLED/ENABLED
O]SCFF DAYA t8a020 IDISPLAY YURNQFF BOFFER
DJSPNY DATA e 1DISPLAY STACK POIRTER
DISSYK REPY _ MAYTWR{@) 1DISPLAY STACK
- DISBUF REPTY MAXTHRt@) 1DISPLAY BUFFER
REPT MAXTHR (D)
CACTYHR DATA a 1#_YHREATS CURRENTLY DISPLAYED
OISCUR DATA 8 1THREATS ON DISPLAY AT starzgr REFRESH
‘ cYCL |
D]SPRC  DATA 2 10L0 THREATS PRQCESSED THUS FAR IN REFRESH
Tt T - - CYCLE
UMDADR _DAYA =1 1DJAMOND DISPLAY ADR
DMRTIM DATA a IMISSION TIME OF LAST DIAMOND UPDATE
DMOSYM EQU 12680 1D1AMOND SYMBOL
- SPOKES REPT 32(0) 1TARGET SEPARAYION DJSPLAY SPOQKES
TSTDIS EGU " ~ 1DISPLAY TEST PATYERN BUFFER
DATA 1418p,14078 2
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DATA 11680, 12888 2 BAR
DATA 11B80y 14167 43
DATA 14688, 19EAF 4
DATA 11680,171C2 15
DAYA '1FB8A, 860G 16
DATA 18888 - |BUFFER END
. EJEC ’ Loy
1GOMPENSAT 10N DATA
§
gACCEgERAT!GN
ABB DATA 138 §BIAS (1)
DATA 16 1¢2)
DATA 1FFDD 1(3)
CAB DATA 14EDF - 10RTHQ & SCALE FACTOR tis4)
: DATA [ ""l(iaZ)_
DATA 'FEFA oo 104 3)
DATA 14FES 1(2:2)
DATA 128 1(2,3)
DATA 14FER 1(3:3)
CABUBA DATA A : 35SCALE FACTOR UNBALANCE 1, 1)
.. DAYA g 1(2,2)
DATA "FEFD 1{3, 13).
tANGUL AR VELOG!?V -
3 gy
Ges DA?A vrwrs : . iBZAS (12
DATA 147 Cogg2). e - .
DATA 1FF34 S L
CGe ~DA?A © 14, 1EC86 '30RTHO‘ALIGN 8 SCALE (1.1) L
DAYA  'FrBE (1,20 ‘
DATA 'PFDR §(4,3)
DATA 'FPBE ' 1¢2,1)
DAYA V4, ECFF 1(2,2)
DATA 1FE92 1(2,3)
DATA  1FFDR 1(3,1)
DATA 'F?92 $1(3,2)
DATA 44, 'eavD~ »v _1¢3,3)
CGBLBG DATA 13 1SEALE FACTOR UNBALANCE 2Y) 1)
DATA g §1£2:2) - i
DATA 9 1(3:,3)
CGBMYU  DATA 12R1 © IHASS UNBALANCE LSB=2##(e9)
. ‘ RAD/KH/SEC (1,1)
DAYA 1A39 pf802)
DATA 1478 1(4,3)
DATA 13¢8 1(2,1)
DATA "4EE7 102,2)
DATA "FELS 102,3)
DATA 1FR97 1(3,4)
DATA ALK 1¢3,2)
- DATA 14620 1(3,3)
KFAC DATA "AGB, i g _ .
0LDEX  DAYA B, IPREVIOUS OX VALUE
0L0p# DATA Qa0 {PREVIOUS 02-VALUE
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QXODIF DATA I _3PRESENT=PREVIQUS OX
Q20DIF DATA G0 {PRESENT=PREVIQUS 02
EJEC
H
IMISCELLANEQUS DAT:
H
PRIBEG DATA a2 {POINTER 70 HI{GHFST PRIQRITY THREATY
AFLG DATA 9 tALIGNMENT FLAG @/1 < UNALIGNED/ALIGNED
TIME DATA 2. tTIME IN SECONDS
SECLPD DATA g  (NEXY SFCOND UPDATE AS CCUNTED BY STRAPUOWN
SERV
SSRYCY DATA @ 1STRAPDOWN SERVICE COUNT

SGNENB DATA =l te4/% v SCNARIO N]ISABLED/ENABLED .
. EJEC

IREFERENCE FRAME DiTA

{

AGPCS  EQU - & 1AJRCRAFPY PQS]T]ION VECTOR (2s8846siKM)
AGPOSX DATA Bs0

ACPCSY DAYA  g,a

ACPFCSZ DATA Bas0

AGVEL EQU . = IAIRCRAFT VELOCITY VECTOR (2##3@31KM/SEC)
AGVELX DATA By : :

ACVELY DATA Bs 8

ACVELZ DATA A, 0

DACVEL EQU # 1ICELTA VELOCITY VECTOR
DACVLX DATA  g.a

"DACVLY DATA Bodh

QACVLZ DATA 8.8

GSCAND EQU 14 SEr GRAVITY ACCUMULATAR
GSCADRX DATA g0

GSCMIY DATA LI

GSCANDZ DATA P

GREF EQU ® IGRAVITY#2,125 SEC (2##3831KM/SEC)
GREF X DATA 2.0 '

GREFY DATA 240

. GREFZ DATA AO!V

EJEC .
; Dl
VALIGNMENT DATA
|
. TIMKNY DATA Z,a INFGAYIVE AL IGNMENT TIME COUNT

TIMING DATA 12413,131C5 16/(8aGaNa(NeL))
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ALNGN  DATA 119764 12F16  11/(GsN)

sQv £Qu s 1SUMMATION VEGTOR FQR DELTA VELOCITY IN REF
FRAME

SpVx DATA 2.0

SOVY DATA g.0

Spvz DATA 2o

SpvY EGY ® 1SUMMATION VECTOR FOR DELTAVSTIMKNT IN REF

FRAME

SDVTX  DAYA 8.8

SOVTY  DATA 216

SDVTZ _ DAYA 2,0

GP EQU » INORMAL ZED GRAVITY VECTCR AT T=0

GRX DAYTA 8,0

GRY DATA Q.0

Gaz DATA 810 .

G256 EQU s {NORMALIZED GRAYITY VECTCR AT T=256

G2%6X  DATA By

G256Y  DAYA 2,8

62562  DATA B0

GiOIFF DATA o0 168(1126256(1)

G2DIFF_DAYA - g 160(2)=6256(2)

GIDIFF DATA 810 168(3)6256(3)

GSGRT  DATA 040 1SQRT OF SUM OF SQUARES

XE1 DATA Dy 1X=AXIS RQTATION E4

XE?2 DATA @0 {X=AX]S ROTATION'EZ

ZE4 DATA 3,0 1Z+AX1S ROTATION E1 o

ZE4 DATA 240 12=AX1S_RQTATION E4

YEL DAYA  @.a 1Y=AX]S ROTATION EL

YE3 DATA 201 1Y=AX]S ROTATION E3

BEY DATA 13FFF,10253 1GRAVITY BISECT]ON EL

BE4 DATA 1FFR3, 18922 LGRAVITY BISECYION E4

XGos NATA 2:0 1X"AX]S RQTATION COS

XSIN DATA Y. 1XmAX]S ROTATION SIN

2C0S EQU XCAS } 12aAX1S RaTATION COS
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ESIN EQu XSIN tZ=AZ]S ROTATION SIN
YCOS EQU XCas 1YeAX]S RQTATION COS
WE DAYTA 14076, 19FFS (1EARTH'S ROTAYION RAYE

{4 RAD/SEC32%e30)

EJEC
. R
$SCNARIQ FRAME DATA
!
‘SACEOS EQU

. 1AJRCRAFT PQOSIY[AN VECTOR (1KM=2w#4)
ACX DATA )
ACY DATA )
ACRE DAYA a
SACVEL EGU . tAIRCRAFT VELOCITY VECTOR (2##14=1KM/SEC)
AGVX DATA )
ACVY NATA 2
ACVZ.  DATA @ :
WEZRE  DATA @) 18E3F IWE#®22RE
COSPH2 DATA 2s2 ICOS(PH]) #e?
COSPH] DATA 8.0 - _1COS(PHI)
SINPHR DATA 2.0 ISIN(PHI)we2
SINPH] DATA 010 : 1SIN(PHT) .
COSLY2 DATA 2,0 1LATITUDE COSINE##2
COSLAY DATA 2.0 ILATITUDE CQSINE
SINLT2 DATA 2.0 ISINE(LAT) 542
SINLAY DATA 2.0 ALATITUDE SINE
RAD DATA 2,0 ISQRT(COS{LAT)#e24Ga(2)#82)

COSWE  DNATA '3FFF,'FFFD §COS(WEw1 SEC)
SINWEM DATA ‘FFFE,1CEZ6 IaSIN(WES] SEC)

SINWE  DATA 11 13404 ISIN(KE#t SEC)

EASTY _ DATA  o.a TEAST VELOGITY
| COSWT__ DAYA .8 {COS(WEaT)
SINNT  DATA g0 ISINCWEST)
SX2Y2  DATA 0.0 I1SQRT(ACPOSX##2+ACPOSYne2)
RMAG _ DATA s 1SQRY(ACPOSX#u2+ACPOSY»#2+ACPOSZa#2)
COSLTN DATA 2,8 1COS(PRESENT LAT{TUDE)
SINLIN DATA  dao ISIN(PRESENT LATITODE)
COSLNN_DATA  a,a 1COS(PRESENT RELATIVE | ONGITUDE)
CSINUNN  DAYA 3.2 JISIN(PRESENT RELATIVE | ONGITUQE)
SNLTNZ DATA 210 1SINCPRESENT LAT)es2
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WERE  DATA  14RC4,14925  1EARTH!S ROTATIONSEARTH!S RADIUS
AVE NATA A, "(EAST VELQCITY RELATIVE TQ EARTH
AVYN DATA @ INORTH VELOCITY RELATIVE YO0 EARTH
SYNVE  DATA 0,0 1SQRT(AYNs#24AVE##2)
COSHA-  DAYA  @z@ (COSCHEADING)
SINWD  DATA @o8 1SIN(HEADING)
SINDLN. DATA 2.8 ISIN(LONGITUDE CHANGE)
COSOLN DATA @, | 1£OS(LONGITUDE CHANGE)
ERE  DATA  (FFEA, 19848  1ECCENTRICITYSRE S
EWERE  DATA  'FPEG.17454 . |oWESREaECCENTRICITY |
Sny DATA @ 1018730 sgNAnxo_omchg_u_z_}f

X (200253 KM) .
SORG EQU o : §SCNARIO QRIGIN VECTOR <2~~16=1KH>(
SQRGX  DATA g.0 I10RIGIN XaCOORDINATE
SQRGY DATA 0.8 ;loaxctn YaCOORDINATE
SARGZ  DAYA __ @.@ iQRIGXN 22COORDINATE
sDCgSs  EQU o V;REFERENCE To SCNARIO D-COSINE

- (2ee14s4)
SDCS11 DATA @
SDCSL2 DATA @
SOCS{3 DATA @
SDCS21 DATA @
SDCS22  DATA @
SPCS23  DATA @
SOCS3) DATA @
SPCS32  DATA @
SDCS33 DATA @
SORGR DAYA Do 1DISTANCE FROM EARTH CENTER TO
| SCNARIO ORIGIN
EJEC

o e
ISTRAPDOWN FRAME DATA

14 OF LITTON DATA ERRORS

BADENT DATA a

RAWDY REPY 38 INET DELTA VELOCITY PULSES

RAWDYM REPT 3(8) §FOTAL DELTA VELOCETY PULSES

RAWDO  REPT I{a@) {NEY DFLTA ANGLE PULSES

RAWQOM REPY 3(0) {TOTAL CELTA ANGLE PULSES

cho EQU o { COMPENSATED DELTA ANGLE VECTOR
cpoy DATA 040

" ghoz DATA Py A
cov EQU @ 1 COMPENSATED DELFA VELOCITY VECTOR
covX DATA Bo8 ’
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covy DATA fia08
cpvi DATA Qe
PGCO EQU ) " JPREVIOUS COMPENSATED ANGLES
PCOCX DATA iy
PCROY DATA ot
PGOQZ DATA BT
EJEC -

H

JQUATERNIQNS FROM REFERENC

‘SRELATIONSHléS BETWEFN STRAFDCWN & REFERENCE FRAMES

EQU

£ Te STRAPNOWN

EVEC ®

£ DATA 2,8
£2 DATA BsB
YE3 DATA G
E4 = DAYL @@

{0IRECTYION COSINe MATRIX FRCM STRAPDOWN 70 REFERENCE

gTORHT EQuy o

SYORLL DATA f,8
STOR12 DATA Bs0
STOR13 DATA 2.0
SYOR21 DAYA = @,a
STOR22 DATA Be0
STOR23 DATA Bs0
STOR3IL DATA ah1
'STOR32 DATA 827
STOR33 DATA 042

1 :
IGUATERNION ROTATIAN MATRIX

OPPOSITE SENSE ROTATION QUATERNION

éDTMT EQU 8

ROT14 DATA B.8

ROT12 DAYA .0

ROT13 DATA Dol

ROT14. DATA 248
EJEC
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tRELATIONSHIP BETWFEN STRAPCOWN AND SCNARIO FRAMES

i
SCTQSY

EGU

1SCNARIQ TO STRAPDOWN XFCRM MATRIX

SY0S1y
Sy0s8i2
SY0S43

DAY A
DATA
NATA

S70S24
$70S22
§Y0523

NATA
DATA
DATA

SY0831
$70532
S70S33

DATA
DATA
NATA

bl aRem (&

1

EJEC

{RELATJONSHIP BETWFEN STRAPCOWN AND DISPLAY FRAME
}

STYQDS EGY »
S7T0L1y DATA 1038F
S70p12 DAYA 12641
STOR43 DATA )]
SY0024 DATA 12R41
sYop22 DATA 12044
STop23 DATA ]
S70033 DATA )
S7T0D32 DAYA @

[7i]

EJEC

' B ,
{RELATIONSHIP BETWFEN SCNARIO AND DISPLAY FRAME

¢
ScTeDS  EGU 8 1SCNARIQ TO DISPLAY XFORM MATRIX
REPY 9({a)
EJEC
l -
tTHREAT TABLE OFFSPTS
' o
THRENT EQU @ {NEXT THREAT (DESCENDING PRIORITY)
THRFLG EQGU THRPNTWZ IMISCELLANEQUS THREAT FLAGS
THRX EQU THAFL G2 {X«COORDINATE (1KMa2es4)
THRY FoU  vHoX.? ngCDGRnINATE {1KM=2nv4)
THR2 EQU THRY«2 12=CO0RDINATE (1KM32484)
THRLPD EQU THRZ+2 ITIME OF LAST UPDATE (1 SEC)
THRVEL EGU  THAUPD2 LTHRFAY VELOCITY (4KM/SEC324914)
THRYX EQU THARVFLe?2 {VELOCITY X«COMPONENT (1KM/SEC=20#14)
THRYY EQU THRVX®2 IVELOCITY Y~COMPONENT (4KM/SEC=28214)
IHRYZ  EQU  THRYYe? SVELOCITY ZwCOMPONENT (1KM/SEC=2%%314)
THRKR EQU THAVZeD {HEAPONS RANGE (iKM=2#ad) -
THRQN EQU THRHRe? {THREAT TURN ON RANGE (1KM32#s4)
THRPRY FQU THRON®2 {THREAT PRIQRITY (DISPLAY RADIUS)
THRANG EGU THRPR1s2 {RANGE (1KM=2ua4)
THRSYM EQU - THRANGe?2 {THREAT DISPLAY SYMBOL (BITS 7=15)
THHIMS EQuU 7Hasimh1~____LU1L1LAL_A_QE_ABuﬁn_ﬁlssiLgi_Lﬁlli_g:Q1_“
THROCY EGU THRSYMe2 {THREAT OCTAGON DISPLAY ADR (LEFT BYTE)
THRADR FEQU THROETed { THREAT DISPLAY ADDRESS (RIGHY BYTE)
THRCMS  EQU THRANRsL {CURRENT # OF ARMED MISSILES (LEFT BYTE)
THREVL, EQU THRCMSs1 1EVALUATION TIME (f SEC) (RIGHY BYTE)
THRHY EQU THREVLe1 }THREAT MISSILE VELOCITY (1KM/SECa2e%14)
THRINT EGU THARMye? LTIME T0 MISSILE INTERCEPT (SEC)
THRMFR EGU THRINT#2 {RANGE OF FIRST MISSILE FIRING (1KM=2#%4)
THRPRF EQU THRMFRs2 ILEFT BYTE = THREAT AUDIC TCNE
THREND EGU THAPRF.i 1RIGHT BYTE « RF BAND (1=3)
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THRLEN EQU THARBND/2+3 1THREAT ENTRY WQRD LENGTH
1l .
‘JYHRFLG DEFINIYION
{
MASTYR EQU '7¢ 1 THREAT TYPE MASK
IYSRCH EQU g {SEARCH RADAR
TYUNKR £EQuU 'y TUNKNOWN RADAR
TYAAL  EGU 12 tAAA RADAR
TYOTHR EGU '3 10THER RADARS
MASACY EQU 1300 ITHREAY ACTIVITY
"CNTCN EQU '2n0 t YHREAT 1S ON
CNTCFF EQU 11a@ 1 THREAT IS TO BE TURNED CFF BY
_ » e .. DISPLAY DRIVER
CNTLNY EQU 1200 FYHREAT IS LAYENT
CNTEXP EGQU 13280 ITHREAY HAS EXPIRED, IDLE LOOP
REMOVES FROM THREAT (ISY
MASMIS EQU 1Cag IMISSILE ACTIVITY MASK
CNTMOF  EGU 1200 IMISSILE INACTIVE
CNTMLTY EGU 140 IMISSILE LATENT
CNTMAY EQU '8p0 IMISSILE ALERT
CNTMLN EGQU 1Cap - yMISSILE LAUNGH
t
JSCNARIO YHREAT DAYTA
{
CCSORE DATA 13FFA;12E42 tCOS(START DISTANCE/RE)

w 17@KkM=START DIST

SINDRE DATA  1484,1535F

_ISINCSTART DISTANCE/RE)

NTHRY DATA 4 1# THREATS IN YABLE
THRTAR EQU » JTHREAT TABLE
IFIRSY THREAT 1S A SparCH RaDaR

DATA g {POINTER

DATA 2 tFLAGS

DATA o 1%

DATA ) 1Y

DATA (] 12 '

DATA [ 1UPDATE

DATA 2 {VELOCITY

DATA 9 VX

DATA a LvyY

DATA 2 1v2

DATA V7FFF tWEARPQN RANGE

DATA 1 7FFF tTURN ON RANGE

DATA 2#RING3I=RING2 {PRIORITY

DATA 2 tRANGE

DATA 12680 L A

DATA ] 101SPLAY ADR

DATA 2 JEVAL TIME

DATA ) IMISSILE VELOCITY

DATA 2 ITIME TO INTERCEPT

DATA ] INQO MISSILE FIRING

NATA 156400 |PRF _TONE='54, BAND=O
13ND THREAT 1S UNKNOWN BAND 2 :

DATA a JPOINTER

DAYA 1201 LFLAGSLATENT UNKNOWN

DATA 32 t X

DATA | 1y

DATA ("] 12

DATA @ {UPCAYTE

DATA 2 IVELOCITY

DATA o VX
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DATA 8 ' $VY g y

DATA @ ) jVa

DATA VIFFF {WEAPON RANGE

DAY A 1IFFF 3§ TURN ON RANGE

DATA 'FP . © |PRIORITY

DATA i) S 1 RANGE

DATA 71589 - 1"U" BAND 2

DATA ] 7 yDISPLAY ADR

DATA g - 1EVAL TIME

DATA ? jMISSILE VELOCITY

DATA @ N C$TIME TO INTERCEPT

DATA 2 ' S gN@ MISSILE FIRING

DATA t7g82 .. - - PRF TONEs'7F, BANDs2
}3R0 YHREAT IS AAA BANn 3. L

DATA . @ . i : . JPOINYER

DATA 1202 . A , JFLAGSLATENT AAA

DATA - 32 . T X

DATA & IR | &

DATA @ Rk

DATA g - ¢ JUPDATE

DAY A a o —gVELOClRY. o

DATA 3 o VX

NDATA ) pvy

DAYA a §\ 2

DATA - 1T7FFF . . , {WEAPQN RANGE

DAYA  VJFFF t TURN ON"RANGE

DATA WP - . - .o sPRIORITY

DATA ) ~ IRANGE

DAYA 1178 - A" BAND 1

DATA . L 101SPLAY AQOR

DATA 2 Co ' sEVAL TIME

DATA )] 1MISSILE. VELOGETY

DATA a -~ 3 FIME YO INTERCERT

DATA 0 §NO MISSILE FIRING

DATA 15804 {PRF TONE='55, BAND=1
$4TH THREAT IS A1 RAND 3 _

DATA ] §POINTER

DATA 1203 §FLAGS,ATENT QTHER

DATA t3mad D4

DATA @ Y

DATA ] {2

DATA @ tUPDATE

DATA 14998 ~ jVELOCITY

DATA B ; VX

NATA a : ' VY

DATA @ JVE

DATA 139¢C tHEAPON RANGE

DATA t7FFF i TURN ON RANGE

DATA FF .~ - {PRIORITY

DATA 1} § RANGE

DATA 1248A _ 1Al SYMAROL

DATA B tD1SPLAY ADR

DATA @ JEVAL TIME

DATA o §MISSILE VELOCITY

DATA @ tTIME TG0 INTERCEPT

DAYA . @B - INO MISSILE FIRING

DATA 16483 {PRF TONE='61, BANDS3
STACKP EGU A

END
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We claim:
1. A method for providing inflight training scenarios
for a radar warning receiver aboard a military aircraft
comprising the steps of:
storing data including an indication of the type and
position of simulated search and threat weapon
radar sources relative to an arbitrary point at
which said training scenario is started,

determining the position of said military aircraft with
respect to said arbitrary point,

determining the attitude and position of said aircraft,

and computing coordinates which represent the
location of said aircraft with respect to simulated
radar source coordinates,

comparing the position of said aircraft with respect to

said arbitrary point to the position of simulated
radar sources as reflected by said stored data to
determine the distance between said aircraft and
said simulated radar sources,

providing a visual display of those simulated radar

sources that are within a predetermined range from
said aircraft,

providing an audible signal to the operator of said

radar warning receiver upon said aircraft coming
within a predetermined distance of certain ones of
said simulated radar sources,

providing an input via the controls of said radar

warning receiver indicating simulated radar
sources associated with certain types of anti air-
craft weapons systems that are not to be displayed;
and

preventing the display of said last mentioned simu-

lated radar sources when said last mentioned input
is present.

2. The method in accordance with claim 1 further
comprising the steps of utilizing the aircraft attitude,

5
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35

222

position and simulated radar source coordinates and
information included in said stored data which indicates
the radar warning receiver antenna shadowing of said
aircraft as previously determined by aircraft parameters
to blank appropriate ones of said simulated radar
sources from said video display.
3. The method in accordance with claim 1 further
comprising the steps of:
determining when certain ones of said simulated
radar sources aboard aircraft flying a course to
intercept the military aircraft undergoing training
with the inflight training scenario have already
intercepted and passed said last mentioned military
aircraft; and
preventing the display of ones of said intercept air-
craft that have passed said military aircraft.
4. The method in accordance with claim 1 further
comprising the steps of:
providing an input via the controls of said radar
warning receiver indicating simulated radar
sources associated with certain types of anti air-
craft weapons systems that are not to be displayed;
and
preventing the display of said last mentioned simu-
lated radar sources when said last mentioned input
is present.
5. The method in accordance with claim 1 further
comprising the steps of:
determining when certain ones of said simulated
radar sources aboard aircraft flying a course to
intercept the military aircraft undergoing training
with the inflight training scenario have already
intercepted and passed said last mentioned military
aircraft; and
preventing the display of ones of said intercept air-

craft that have passed said military aircraft.
* % * * %
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