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Abstract

The Mobile Autonomous Robot Research System (MARRS-1)
was created as the first of a series of autonomous vehicle
prototypes for the Air Force Institute of Technology. The
major accomplishment in developing MAKRS-1 is the
integration of Optical Shaft Encoder (OSE) data with
Ultrasonic Sonar range and direction information to produce
accurate environmental maps that are relative to the robot.
The OSE and Sonar subsystems make up the most important part
of MARRS-1's Navigation Computer. With these two subsystems

and rinimal additional software, mapping and obstacle

avoidance become a reality. The thesis includes schematics,
parts list, and software listings for the MARRS-1 Navigation
Computer. Additionally, ¢the mapping and navigation
algorithmsare shown implemented in the BASIC language Qith
numerous example graphics maps created by the integrated

MARRS-1 robot. Issues involved in solving mobile robotics

problems are discussed. 9/:; tne 4'1 -W@ a/-u-wé_ M&/,://
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CREATING A MOBILE AUTONOMOUS ROBOT RESEARCH SYSTEM (MARRS)

I. Introduction

. Background
- A Nuclear, Biological, Chemical (NBC) contaminated

environment presents a severe hazard for airvcraft ground
maintenance crews. A mobile autonomous robot capable of
performing simple aircraft mainterance tasks could protect
many lives from NBC exposure while allowing the Air Force to
maintain its combat readiness.

In order for a mobile autonomous rnbot to function
properly on a flight: line, the robot must perform -the
following %asks: |

1) Avoid obstacles (both static and dynamic);

2) Locate the appropriate airc:aft[

3) Perform fueling and/or maintenance,

4) Return to previous work ctation.

Early AFIT efforts in mobile robotics were hampered by

a lack of suitable hardware and software support (1:59-66).
The acquisition of a Heathkit Hero-1 robot, laser barcode
reader, and additional sonar sensors by 1Lt Randall J. Owen
Ii for his thesis (2:1-3) was a great move forward for AFIT

in mobile rokbotics. Before any autonomous vehicle can fuel

i.s first aircraft there are however, several problems which

I-1
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must be overcome. These problems may seem crivial but in
fact are the limiting factors in mobile robotics today.
Many of these problems are found in the Hero-1l as well as
other robot systems:
1) Lack of robot software,

Y 2) Combined error effects in the robot,
- 3) Reduced robot efficiency due to the dedication

of resources for error compensation,
4) Understanding and reducing the amount of

performance data.

Objective

This thesis is a follow-on effort to Lt Owen's ‘cheslis:

é: "Environmen:i.al Mapping by a Hexo-1 Robot Using Sonar and a
Laser Barcode Scanner". The main objective of this thesis

is to continue the development towards an autonomous fobot
capable'of moving from one location to ‘another while

avoiding obstacles. However, the thesis effort is divided

into the following sub-objectives: I

1) Identify and eliminate design deficiencies in

the AFIT HERO robot.

l) Establish a software development capability
for the AFIT HERO robot.

2) Establish a 1library of robot programming

software and algorithms.

I-2
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3} Create and conduct tests that will identify
system errors and provide figures of merit on
robot performance.

4) Establish an AFIT mobile robotics laboratory.

Wwhy MARRS-1

The HERO-1 robot has many design deficiencies (chapter

IIT) that make it difficult to cqntinue its use as a

research robot beyond what has been done by Lt. Owen. The

two greatest deficiencies of the HERO-1 are the front wheel

design and the lack of online and offline software
development qapabilities. The ability ¢to rapidly develop

and debug software was seen as one of the most important

Gz‘ improvements needed in the AFIT mobile robotics research

eavironment. HERO-1 robot programmers are required %o write

% programs in machine language, assemble the code by ﬁand,
ﬁ{ ther. enter the c~hde as hexadecimal numbers from a keypad on
Qz the robrt, Programs once loaded on the robot may then be
. saved, for iater use, on audio cassette at 360 bkaud. A
better approach to mobile robot programming is necessary.

] Although the HERO-1 is well endowed with sensors (a
ij , single three deyree beamwidth ultrasonic sonar range
finder, a 256 level light intensity sensor, a 256 level
sound volume sensor, an ultrasonic motion detector, and

wheel odometer) ,its abundant selection of sensors is

thwarted by its lack of useful and user friendly software.

I-3
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To make things worse, the HERO-1 robot operates in an open
loop (no active feedback) mode. A quality mobile research
robot was needed but could not be found commercially. Two
options were available:

1) Build a mobile robot from scratch.

2) Improve the existing HZRO-1 design.

The second option was taken resulting in a robot named
Mobile Autonomous Kobot Research System (MARRS)-1l, This
also resulted in the creation of the AFIT Mobile Robotics
laboratory which initially came more as a necessity rather
than as a conscious effort.

AFIT's mobile robotics research was being conducted in

the Electrical Engineering Department's Signal Processing
laboratory. Work space there was at a premium. A search
for lab space and a mobile robotics test range resulted in
moving the research effort to a building ne;ding
rehabilitation. Over a period of months of scrounging for
equipment, furniture, and supplies, the new mobile robotics
work area was in fact a laboratory. AFIT building
renovation plans have identified 800 square feet for

mobile robotics research,

I-4
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II. Background Issues of Mobile Robotics

Basic Requirements for a Mobile Robot

If a robot is going to move about from one location
(present position) to another (the goal), then several
important criteria must be met. The robot must know its
initial location and heading with respect to some reference
point. The location of the goal must also be specified with
respect to the reference point or to the robot's own
position. Knowledge of the location of all objects around
the robot and what the objects are may not be important.
However, the locations of obstacles are significant for path
planning. An object becomes an obstacle when it becomes
apparent that the object lies or will lie along the robot's
path towards the goal. This situation is analogous to a
human that suffers from agnosia. The person is unable to
identify what some objects are but is aware of the object's
presence and can maneuver around them. Navigation can be
accomplished in a timely manner only if ©position
information can be gathered, coupled together, interpreted,
and acted upon.

Four basic elements are. required to ctéate a robot that
can maneuver its way around objects.
1) A computer (hazdwazg) is required to process sensor

data and to provide control logic to the robot subsystems.

2) A drive system is needed for mobility. The most

common mobile robot drive systems are composed of digital

II-1
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controlled DC motors turning wheels since articulate legs
are very rare because of their complexity and expense (3:2).
Feedback must be provided from the drive system to the
computer to give vital information such.as acceleration,
velocity, distance traveled, and heading.

3) A variety of types of sensors are needed to provide
the robot with far and near range obstacle detection, object
identification, and sensory system cross-checks. These
sensors, coupled with the drive system feedback give the
computer the information necessary %to maintain an accurate
estimation of its current position and heading.

4) Computer programs (software) are needed to interpret
sensory information, plan/execute required operations, and

control robot subsystems.

Computer Hardware

Untilla few years ago autonomous vehicles were unheard
of in real life. The advent of the microcomputer has made
fact possible out of fiction. |

The two most important uses of a microcomputer in
robotics are device control and data processing. In a
dynamic environment, multipie computers may be employed to
process data and control devices.

Several prototype robots with multiple computers

operate under a master-slave principle. Generally the

motion controllers act as slaves to the sensory

I1-2
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processors/interpreters. Communication between mésters and

slaves is handled by an interrupt scheme (4:212).

Computational Element Selection

Computational elements in a robot can be anything from
a hydraulic valve to a multiuser/multiprocessor mainframe
computer. Fornow, the discussion centers on digital
microprocessors since most present day robotics projects are
so based. It should be be remembered, however, that there
are many alternatives available for fulfilling a robot's

computational needs.

Microprocessor Features of Interest
Although the folléwing list of microprocessor features
is not complete nor exhaustive in identifying a robot
designer's needs, it does point to those features needing
greatest consideration when choosing a microprocessor for an
imbedded robotics computer application. The features are:
1 Existing software support;
2 Interrupt structure:
a. Nonmaskable interrupt;
b. Maskable intefrupt;
c. Software or System interrupt;

d. Priority interrupt;

e. Buffered interrupts when masked;

3 Input/Output facilities;

I1-3
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4 Instruction set and addressing modes;
A Test and Set instruction for resource control;

Addressable memory space;

~N o wv

Hardware support chips:

a. DMA controller;

b. Memory management;

c. Numeric coprocessor for floating point
operations;

d. 1/0;

Special supervisor modes for system failsafe
monitoring;

9 Processor compatibility with supportchips/devices;

10 Minimum system and support cost; and
11 Development team familiarity with the chosen

microprocessor.

Existing software to support the chosen microprocessor
has to be the single most important factor used in the
selection process since 90% of project costs.historically
have been for software development. By procuring commercial
support software, in-house software development overhead is
decreased and more resourcés can be directed toward robot
specific software. Development team familiarity with a

given microprocessor has been an overriding choice factor in

a number of projects such as in the development of the

Motorola 6808 based HERO-~1 rcbot.
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In reviewing the presently available microprocessors

against the above criteria, the 280 microprocessor is the

best choice  (here at AFIT) maiily because of available

L
b
b

hardware/software support. However, when not considering

available support, the MC68000 family of microprocessors has

2! the best feature set for robotics applications because

(5,6,7):

1 Its memery oriented architecture (as opposed
to register oriented) facilitates memory to memory transfers
of data which is very useful for sensory data processing.

2 Sixteen Megabytes of memory may be directly
addressed allowing for a mobile robot to carry with it a

tremendous amount of instructions and data without the need

for an external mass storage device.

3 A test and set instruction is provided for
controlling access to shared resources in a multiprocess,
multiprocessor, and/o:r interrupt driven environment typical
of robot designs and applications.

4 Synchronous or asynchronous iﬁterfacing to
external devices allows great flexibility to the hardware
designer.

5 Any combination of processor registers may be
saved or restored with a single instruction.

6 all program'code is directly relocatable
since all address references are added to a base register

that is set to effect the relocation.
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7 The UNIX operating system is widely used for
MC68000 systems and has with it some very powerful features.
However, the overhead in terms of memory usage and speed of
execution may make this a negative feature for mobile
robotics. Also, although UNIX is multiuser/multitasking, it
is not optimized for the realtime computational environment
required by robotics. It is, however, a very powerful
operating system for software development.
T-.day's choice in the use of a particular microprocessor
for a robotics application may not be tomorrow's choice.
Designers must plan for an upward migration of requirements

and capabilities and yet accomplish tomorrow's job today.

‘tf Mechanical Drive

A typical drive system of a robot utilizes a computé:
controlled DC motor capable of variable speeds in both
forward and reverse directions. Motors are mounted on one

or more wheels to provide steering and motion control.

Mechanical Device Performance (8:12-24)

Software routines that control mechapical devices must
be designed with the following items in mind:
1 Servo systems must be stable over wide
dynamic ranges.
2 Spatial resolution has finite errors

(mechanical accuracy) and errors due to quantization.
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3 Repeatability is more difficult when the
mechanical accuracy of the robot is less

than the accuracy of +»¢ sensory data

used to mnAicy the robot's action.

q Repeatability will suffer from component
wear and aging.

5 Errors will accumulate. Sensory data
must be used to update mechanical device
commands.

6 Compliance to a command may be dependent
upon the mechanical loading of system
components.

7 Compliance to a command may exhibit a
hysteresis effect depending on the
direction of arrival (such as an
accumulated 360 degree turn from fhe
right is really 365 degrees but coming
from the left it is only 355 degrees).

8 Oscillations may occur if command

compliance is too slow.

Sensors

Without sensors, a robot is nothing more than a
Numerically Controlled (NC) machine (8:57). Sensors allow a
robot's actions to be determined based upon the robot's

sensory interpretation o: the world.

I1-7

Ve e
Eadary -




B
——

M Banae
- b

ot

......

Before a robot can move about and perform any function,
it has to sense its surroundings., This information will
allow it to compute a clear path of travel and prevent it
from bumping into obstacles.

There are numerous types of sensors commercially
available today for object detection and identification.
These sensors range from the simplest contact switch to the
most complex vision systems. Yet each sensor has its own
limitations.

For example, a microswitch can be used to detect
whether or not an object has made contact with the robot.
However, it can not tell how much pressure is on the object
nor the maximum amoiunt of pressure that can be tolerated. A
fragile item such as a flower might be crushed by a robot
hand that lacks very low pressure touch sensors.

The sensing of position can be simulated through
optical devices (9:71). The use of photo emitters and
receptors can measure intensity of light as well as touch.
Another msthod of simulating touch is through membrane
contact surfaces. Many of these membrane sheets form an
array of switches. The greater the number of switches used,
the better the resolution will be. Howevéf, increasing the
number of sensors means an increased amount of data which
reguires much more computing time (16:73). This holds true

for sensors in any domain and not just touch seusors.
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The sensors discussed thus far will only give.the robot
information about its immediate surroundings. If the robot
is to maneuQer around in some unknown environment then it
must also have access to sensory informaéion about objects
at much greater distances. What is required is some form of

vision.

Robotic vVision

Moravec sized up the state of the art in robotic vision
by saying, "“There's a handful of techniques for robot vision
that sort of work, but none that works spectacularly well.
We're .11 still groping in the dark (11:73)." As robotic
vision goes, 80 goes mobile robotics.

Jarvis (12) points out that the human visual system
uses many techniques to extract range information about
the objects in the field of view and which may be used by
robots. These include; changes in brightness level,
binocular convergence (the inward pointing of the eyeballs
which 1is inversely proportional to the rénge of the
object), stereo disparity (the closer the object the
greater the disparity), vertical position in the visual
field (closer objects are qually lower in the field of
view), diminution of size with distance, occlusion clues and
outline continuity (complete objects 1look closer than

partially obscured ones).
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Range and Direction Techniques

The principal range with direction vision techniques
used by robots are triangulation, surface orientation from
image brightness, stereo disparity and binocular
convergence, ultrasonic sonar, radar, and laser time-of-

flight (12).

Triangulation

Triangulation techaniques use a narrow beam of light and

a camera that is physically displaced from the light beam

source. The camera tracks the light beam as it is swept

across the fleld of view. The azimuth and elevation
(pointing direction) of the camera and light beam are

recorded during the scan. Using Euclidean geometry, a three

c: dimensional picture (3-D) is generated from the camera's 2-D
picture and the direction information. Since the camera is
physically displaced from the light beam, it can see points

in the scene that the light beam can not and vice versa.

This lack of common origin causes problems for scene

interpretation and is only used in controlled situations.

Controlled Lighting

Surface orientation from scene brightness gives range
information indirectly. Using high contrast controlled

lighting, edges of objects are defined by looking for a

change in brightness between adjacent pixels (picture

elements). Keller (13:123) indicates that the generally
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accepted minimum pixel count for robotic vision purposes is
256 horizontal by 256 vertiéal with 256 levels of brightness
(grey scale). This pixel brightness comparison creates a
tremendous computational burden on a robot and is normally
performed remotely by special computers. Once the edges of
an object are defined, the relative range of the object is
estimated using occlusion clues and outline continuity

rules.,

Stereo Vision

The stereo disparity and binocular convergence combine
the techniques of triangulation and edge detaction in that
the pixels of two physically separated cameras are matched.
The angular position in the field of view of each camera for
a specific common point will be different from one camera to
the other because of the physical separation of the cameras.
The difference between the angular position of the two views
is equivalent to the amount of inward turning of the eyes in
the human Qisual system which is inversely proportional to
the range of the common point. The greatest problem with
this technique is being able to distinguish which pixel of
one camera is the same point in the other camera (13:123).
This problem can be compéunded when the picture being
processed has a periodic pattern such as a brick wall or a

fence with a vertical or horizontal pattern. In such

situations, the computer that is correlating points between

pictures gets confused and usually can't solve the problem.

I1I-11
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Stereo Convergence in an IC

Iverson (l14) describes an integrated circuit (IC) that
has 23 paics of light detectors lined up in two rows with
each having its own microlens bonded directly to the chip
caxrier. The IC is placed behind the lens of a single
camera and is capable of doing edge detection and range
calculations using stereo disparity and binocular
convergence techniques passively without using special
lighting. %uch an equipped camr.ra system does not suffer
from most of the problems of the previous paragraphs and
holds great promise for freeing mobile robots from the 1lab.
The accuracy of the system depends on the distance to the
object being sensed and the focal lergth of the imaging lens

used on the camera.

Range from Time-of-Flight

Ultrasonic sonar, radar, and laser time-of-flight
technigues rely on the propagation of energy (sound,
electromagnétic, and light) through air to an object that
reflects the energy back. The time to make the trip is
proportional to the range of the reflecting object. The
1'coblem with these techniques is that the power of the
return erergy received by the sensor decreases at a rate
proportional to the range to the fourth power. Hence, an
increase in range coverage requires a tremendéus increase in

transmitted powér which may be beyond safe levels.
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Ultrasonic Sonar

Laser light and televiéion systems can provide distance
information and much more. However, these systems tend to
be very complex and expensive (106:186). A low cost
alternative approach is tc use an ultrasonic device (like
the ones found on the Polaroid Land cameras.)

A high frequency "chirp" is transmitted from the sonar
device. A counter keeps track of the time between the
instant the signal is transmitted and the time the signal
returns. The Polaroid sensor for example has a range of 4.9
feet to 35.0 feet (15:15). Although this sensor can provide
the robot with limited information about its surroundings,

the object's inclination and geometry could affect the

Gh quality of the returned signal. Better results can be

obtained with multiple ultrasonic sensors mounted on the

robot in different directions (1€:183).
Ei Owen (2) showed that mobile robot obstacle avoidance

was possible by reducing the amount of information *o be

processed by the use of multiple wultrasonic sonar
sensors giving the range to the clos2st obstacle at known
directions. He also showed that a crude map of the robot's
environment could be made. from robot prition and sonar
information. |

Jarvis (12:135) indicates that obstacle detection and

robot navigation are good applications for ultrasonic sonar

because of their low cost and ease of use.

I11-13
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Radar range finders have given way to laser time-cf-
flight range finders since the beam of the laser is very
narrow and can be precisely controlled. Since the path
traveled to the object is done at the spced of light, the
supporting instrumentation must be capable of 30 nanosecond
resolution for range accuracy of 1 centimeter. This
requirement pushes the present limits of economical
electronics. Jarvis (l16) feels that such laser range
finders used with standard single camera 2-D vision systems

could yield sufficient quality for robotic scene analysis.

Robot Software

Robotics research, development, and applications

require advanced engineering and technical skills (8:55).

The key element here is computer controi via software.” The
sophistication of the robot's software will vary directly
with the complexity of the task to be performed. What
distinguishés robot software from other software is the
robot's interaction with the real world. The software must
account for numerous possibilities and outcomes of

situations.

Flexibility thru Resources

Computer software enables a robot to perform a myriad
of tasks. However, there is no standard or universal robot

programming language. For every unique robot, there is a

C
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unique set of instructions to control that robot.

Flexibility in robot piogramming is found in the basic
operations the robot can perfcrm as determined by its
resources. A robot's resources are: |

algorithms;

data;

1

2

3 computational power;
4 storage capacity;

5

commandable devices (motors, relays, servos,

wheels, arms, end effectors, and other special purpose

devices);
6 sensors (gathers or verifies data on system

operation or the environment);

ET 7 and master/slave connections with other

robots, machines, systems, computers, and/or humans.

L -
hﬂ Levels ot Robot Programming

There are three distinct levels of robot programming:

T

system, task, and operator (8:55). System programming

provides the lowest level of routines to control robot

D SRR

resources and interfaces between resources. Task level

v ey
238 ¢

RN

programming is done as high level calls of the lower system

level routines. Operat. r programming may consist of loading

»® .
v e e

j' programs into the robot, adding required or optional data,

e S0 e
P

turning the robot on or off, teaching the robot a sequence

of operations to be remembered for later use by means of a
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o 3} "teach box" or "pendant", or physically leading the robot by
the hand thru the required operation while having the robot
memorize the sequence for later use. Each level of robot
programming requires a different leQel of skill and

understanding.

Basic Functions Required

The set of required basic functions for a robot are
(8:57):
1 Computation:
a. analytic geometry is most useful;
b. coordinate representation and
transformation;
c.vector operations (dot product, cross
product,scaling, normalization, and
linear operations);
2 Decision (conditional branch based on
processed sensor data):
a. sign test (+, -, 0);
b. relation (£, >, =);
c. Boolean (on, off, true, false, 1, 0);
‘d. Dbit péttern given a reference pattern;
e. set operations (member, nonmember,
subset, empty set);
3 Communication (internal and external);

4 Movement;
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5 Sensor data gathering; and

6 Sensor data processing.

Quality Software

Quality software development comes from discipline
in following an established methodology. Top down
structured programming can produce software that is
(8:62) ¢

1l correct (hard to determine);

2 reliable (no detected errors);

3valid (meets specifications and is
suitable for the jow);

4 resilient (degrades gracefully when things
go wrong, checks for errors, and provides
recovery routines);

5 usable (shows consideretion for human
factors consistent conventions, few if any
arbitrary codes/names, through diagnostics
and error messages);

6 clear (design structure apparent from
program listing, meaningful names, use of
well known algorithms, frequent and

effective comments, modular structure);

7 maintainable/modifiable (a by-product of
;1 clarity, changes due to detected errors
.- or system changes are weasily

incorporated);
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8 generalized (performs over a wide range
of input values, modes, and use);

9 portable (hardware specific and software
dependent features are isolated for easy
change to another computer system);

10 and is testable (step by step testing is
possible due to simple structured

algorithms).

Programming Guidelines

The following guidelines for structured programming
provide a methodology tor program development (8:69):

1 Program in small modules.

2 Comment progrzms telling what and why
things are done and what assumptions
exist {f any.

3 Don’'t misuse the instruction set or
software language.

4 Don't write self modifying programs.

5 Avoid complex statements -‘break them up
into smaller parts.

6 Use indentation and a format that makes
listingé more readable.

7 Avoid negative Boolean logic. Reversing
an if - then clause allows dropping a

NOT in front of an expression.

I(-18
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8 Use meaningful names for vériables,
constants, and procedures,

9 Make modules that do not interfere with
the code or data of other modules.

10 Uncommented code that works is better
than commented code that doesn't work,
until it comes time to modify the code.
Comments should clarify. Clarity is its

own reward.

Decision Making

A major part of a robot control system is decision
making. The more decisions that can be deferred until run
time, the better the robot program can be adapted to
changing task requirements. There are four kinds of
decisions that may be deferred until run time (8:74):

1 What initial data items are required.
2 How to allocate resources.
3 How to coordinateconcurrentproceéses.

4 Howtohandle exceptions,

Deferred Data Items

Determining deferred data items may require
communication with an external computer system, locating an
index mark or calibration jig for sensor alignment, or even

human interaction with the robot computer and/or sensors.
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Resource Allocation |

Resource allocation becomes a problem when two or more

processes require the same resource. This still may be

FTEEESY VT Y OV Y T YT

deferred past the start of run time to the concurrent
proéess coordinator to resolve once the resources are
requested during program execution.

The concurrent process coordinator switches the
attention of the central processor and possibly other system
resources between processes by use of a semaphore or
Dijkstra flag. In multiple processor, multiple process,
and/or interrupt driven robots, the use of special hardware

(or a software instruction like the afore mentioned MC680080

test and set instruction) may be required to insure

G: resolution of resource allocation conflicts. The
coordinator must never allow a situation to exist where two
processes or processors have been allo?ated resource; and
will not release them to another and yet can not proceed
until a resource controlled by another is obtained. This is

the classic deadlock or deadly embrace.

Exception Handling

X : Exceptions are either predictable or unpredictable
i; (8:77). Predictable exceptions occur when a verification
step returns false such as a mobile robot not finding a

i position update marker as planned. Unpredictable exceptions

occur during well defined procedures. These are hardware
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failures or the selection of a software path that was not

i tested and has an error. Software failures are best treated
with preventive measures earlier discussed. Hardware
redundancy, parity bits, checksums, cyclic redundancy check
characters (CRC), message sequence numbers, send and receive
addresses, and error detection/correction codes are possible
ways to decrease or handle unpredictable exceptions.

It may be advisable to disable the robot on certain
exceptions. Time-outs may be implemented in hardware or
software to disable a robot if a "keep alive" signal is not
updated every so often. If disabled by a time-out, the

robot should only be restarted by a special manual or

automatic procedure. Robots should have deadman and panic

ef switches to protect both humans and equipment.

High Level Language Programmidg

Programming should be done at the highest level of
language possible consistent with the needs of efficiency
and clarity.' It is imperative that task level programming
discussed earlier be done in an interpretive or
haltable/restartable language sSo as to be able to debug
programs while running on the robot. Software facilities
required for program debugging include utilities to: |

1 Up-load/down-1oad code from an off-line

(off-robot) software deveiopment system

to the robot;

I11-21
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2 Relocate code in memory;

3 Link modules;

4 Allow Symbolic debugging;

5 Set/reset breakpoints; and

6 Single step program execution.

Programming languages used should conform to the

structured programming guidelines. Possible languages
include:

1 Assembly languagé in the processor’'s

instruction set;
2 The C programming language;

3 Structured FORTRAN;

4 PASCAL;

5‘ ADA;

6 LISP;

7 PROLOG; and
8 FORTH.

Many other good languages exist, but the mentioned
languages have virtues which make them desirable for
program development and debugging. There are also many
robot specific languages but are usually processor and
hardware dependent. Thése can, rowever, be used as a basis
for developing new robot languages if concern for qualitf
software design is maintained.

A quality editor/word processor softwa-: package is a

must for software development, documentation, and reporting.
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Sensory Data Processing

The ohly arguments against the use of a particular
sensnr are its cost in terms of software overhead, required
computing power support, time to process the sensor's data,
fit on robot, weight, robot capability without the sensor
(which may be an argument for the sensor), external
equipment/personne)l support required to use this sensor, and
money (8:25).

The major robot sensor categories are:

1 Proprioceptors (sense position);

Touch;

Proximity;

Range;

2

3

4.

5 Force;
6 Movement;
7

and Vision (really only a subset of the

vision that humans experience).

Sensor Error

Sensor errors may be due to changes in sensor
characteristics over time, quantization error, or sensor
susceptibility to noise of some form. Filtering techniques
may therefor¢ have to be incorporated to compensate for or
minimize the . ‘fects of noise.

Crowley has proposed a computational paradigm or model

for three dimensional scene analysis (17). He explains that

171-23
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multiple sensor systems may be used to gather information :

about a robot's environment and a sensor model of the
environment developed. Models from many sensors are

! combined to create a combined or composite model that can
change with a dynamic environment. This composite model is

then used to solve a mobile robot's problem of global

\ navigation, local navigation, and position estimation (18).

What is a Robot

A robot is a device that performs functions

normally ascribed to human beings, operates with what

TN T Y
R A ————

appears to be almost human intelligence, or is a mechanism
q guided by automatic controls (19:744). Industrial robots
E generally consist of an arm .Lolted ¢to a platform with an
i end effector (gripper, spot welder, drill, or special
tool) affixed and which is controlled by a computer. A robot
} is distinguished from a Numerically Controlled (NC) machine

(such as an automatic 1lathe) in that a robot's actions are

o determined by sensor feedback and not just a sequence of
computer instructions. Most mobile robots still remain in
research 1labs because of the demanding requirement to
have some form of vision to allow obstacle avoidance
and object identification to allow a solution to the
mobile robot navigation problem. New forms of vision

based on range and direction information may soon allow

mobile robots to function in environments previously

requiring human workers.
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‘ III. MARRS-1 Design

Overview

One of the major efforts of this thesis has been to

develop hardware and software to cocntrol and communicate

with the AFIT MARRS-1 robot. Additionally, three important
steps were taken to improve the robot. First, the robot was
i taught and run thru a simple sequence of operations to
identify the errors involved with moving the robot in

various directions. Second, the robot was then modified to

make optimum use of its sensors and to eliminate where
possible the errors identified in the first step. And
thirdly, a software development system was established to
aid in the design, testing, and maintenance of the robo; and
its subsystems.

After a period of hardware evaluation, mechanical
redesign, fabrication, and electronics upgradeing was
completed, the remaining task involved many itexations of
program development, testing, data analysis, and program
modification based on test results, .

A series of Robot Integrated Operation Tests (RIOTs)
were then performed that have great value in many key areas.
The tests establish a benchmark that can be used as a point
of reference for further work. 1In addition, if the errors

in a particular device are consistently similar to previous

test cases, then error compensation is relatively simple.

III-1
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If on the other hand, the errors are random, then much more
emphasis must be placed on multiple sensor feedback. The
tests may he expanded as the mobile robot project continues
and should be updated as automated tools are made available
(or developed). The objectivs »f the tests should not only
be to demonstrate a capability but to also identify
deficiencies that may exist in the robot and to what extent.

Familiarization with the AriT HERO-1 Robot

Before a prospectus for *this tiiesis could be submitted,
some familiarity with the AFIT HERO-1 robot built by Lt.
Owen was necessary (see figure 3.,1). What could the robot
do? What would be the next step in developing a truly
autonomous mobile robot? Could the robot be made
autonomous? The answers to these gquestions would be the

driving force in determining the direction of this thesis.

Figure 3.1 AFIT HERO-1 Robot Built by Lt. Owen
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ko What Could the AFIT HERO-1 Robot Do?
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The AFIT HERO-1 robot had an arm with 145 angular ;
degrees of movement, a wrist with two axis of motion, and a !
two claw gripper. Locomotion was developed from a tricycle

gear wheel configuration with the front wheel the only wheel

)
)
’
»
.
g

actively propelled and steered plus or minus 90 degrees from
center. The drive of the front wheel had three speeds in
both the forward and reverse directions. There were two
le:els to the body with the top level being able to turn
plus or minus 178 degrees. Additionally, the robot had a
Votrax SC@#1 speech synthesizer, a single three degree
beamwidth ultrasonic sonar range finder in its head with
separate transmit and recefve transducers, a calendar with
clock, a 256 level light intensity sensor, a 256 level sound
(; volume sensor, and an ultrasonic motion detector. Lt Owen
had added a laser bércode reader and 15 Polaroid type
ultrasonic sonar range finder transducers. The robot had an
impressive list of resources for mobile robotics research,
could make crude maps of its environment, and move about
randomly without hitting obstacles under self control. Yet,

the AFIT HERO-1 robot had some major deficiencies.

Deficiency Identification

Initial investigation into the opportunities for
improving AFIT's mobile robotics research revealed the

following:
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The ability to rapidly develop and debug software was
seen as one of the most important improvements necessary for
the AFIT mobile robotics résearch environment.

The front wheel design of the HERO-1 robot needed to be
improved since the steering gearbéx bearings wore
excessively over a short period of robot use. The bearing
wear and the additional weight from the laser barcode reader

distributed high in the robot's body caused the robot to be

mechanically noncompliant, nonrepeatable, and top heavy
- (unstable). Motion of the robot now became random since
commands to the stepper motor controlling the steering of
N | the front wheel, were sent from the robot's computer and

assumed to have been obeyed, when in fact, it was very easy

v,

® . .
3 torque of the steering stepper motcr. Thus, robot steering

L for small impeding forces to withstand and overcome the
i
and position estimation algorithms were defeated. = This
@ condition could have been avoided in part by determining the
! position of the steering shaft explicitly with a sensor and
implementing a closed loop feedback system.

The AFIT HERD?-1 robot Polaroid ranging system was not
E. as fast in gathering data as it could have been since only
3 one transducers could be used at a time.
The création of a sonar range map from data gatherad by

the AFIT HERO-1 robot required undesirable human

intervention to:

1. Determine the robot's heading for each
sonar sample period.
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2, Provide a robot position correction
factor for each sonar reading. The barcode that was read by
the robot was taped to the fioor and was from one and a half
to two feet away from the center ovf .the robot. Thus,
position of the robot was loosely based on the number
appearing on the barcode. The position of objects in the
test environment was based on data from the sonar system
which was not firmly referenced to the barcode taped to the
floor.

3. Draw the two dimensional (birds eye
view) map post mission in a form useful to humans from sonar
data, barcode position information, and notes taken by human
observers during the mission (or test run).

The AFIT HERO-1 robot was then redesigned, rebuilt! and
renamed the AFIT Mobile Autonomous Robot Research System

(MARRS-1) and is shown in figure 3.2.

System Level Description

The overall system structure for control of MARRS-1 is
shown in figure 3.3. Note that the vertically integrated
control structure from the external computer to the Nav
Computer to the Drive computer is only one of many
configurations possible. The RIOTs of chapter 5 used this
structure minus the control shown from the Nav Computer to

the Drive Computer.
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Figure 3.2 AFIT Mobile Autonomous Robot Research System (MARRS-1)
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Figure 3.3 MARRS-1 Control Structure

Design Philosophy

‘CT Several key factors have molded the design of MARRS-1
%?; into its firal form. The first and foremost important
. design crite:ia was: Never discard a cépability, onlj add to
or enhénce the original design. The seéona design criteria

was to treat all system components and sub-elements as

“a
PRI I LI
A I M .
o cn = ot ——

black boxeé with standard interfaces (in this case

serial RS$-232). Modularity and expansion was always kept
in mind as systems were designed and developed. Hardware
implementation of a given task was always chosen over

software (if a trade-off existed) to alleviate unnecessary

2 .
. V. ) .
E e ot e 05+ st R it 10 P00

burdens from the CPU,
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Mechanical Design

The MARRS-1 robot is 29 and a nalf inches high, 21 and
a half inches in diameter ét: its widest point, has two decks
with 12 sides each, an improved tricycle configuration with
a front wheel only drive system, separafe shafts for each
rear wheel, and a low slung 8 gel cell battery compartment.
It has retained all the features of the HERO-1 robot except
those modified to improve performance and the arm. The arm
was intentionally left off MARRS~-1 since the intent is to
work toward solving mobile autonomous robot problems and not
fixed arm problems. Once a good autonomous mobile platform
has been developed, it will become desirable to add a
quality robot arm with special end effectors. The twelve
side design grew out of an attempt to have symmetrical sonar
coverage at two levels erroneously thinking that the
beamwidth of the Po.iaroid sonar transducers was 30 degrees
when they are more like 10 to 15 degrees. ?h: twelve side

design impact on the sonar system will be discussed later.

Drive Computer

The original HERO-1 contained a MC6808 computer system
with no RS-232 serial capabilities. The Virtual
Devices Inc. MENOS-1 MC6801 upgrade CPU board enhanced the
HERO-1 and gave it RS-232 capability (at 390 baud hOnger)
and tremendous new programming possibilities. The MENOS-1

ROM was modified to support 9600 baud rate communications

I1I-8
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(see Appendix E). It is now possible to program the Drive
Computer in the C language, in Virtual Devices tokenized
Vamp language, in HERO-1 learn mode (teach pendant), in
HERO-1 Robot language, and in 6861 Assembly language (a
superset of the 680¢ family with internal 16 bit
operations). The Drive Computer (Menos I upgraded HERO-1
computer) is described in Virtual Device's Menos I user's
manual, Virtual Devices Robo C user's manual, Heathkit's

HERO-1 documentation, and in Appendix E.

Navigation Computer

The Navigation Computer is the keystone of MARRS-1l, It
controls both the Optical Shaft Encoder Subsystem and the
Sonar Subsystem.

Serial RS 232 communication links are provided from the
Nav Computer to both the Drive Computer and an external
computer. 'Programs can now be cross assembled and ddwn-
loaded from an external computer via serial ports to either

the Nav or Drive computers on the MARRS-1 robot. In

addition a third serial interface connects the Nav Computer
to a laser 3 of 9 barcode reader enab;ing MARRS-1 to run
software developed by Lt Owen. However, the laser barcode
reader was not used for the Robot Integrated Operation Tests

(RIOTs) (chapters IV and V).
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Nav Computer Hardware

The digital portion of the Nav Computer is centered
around Motorola 6800 family devices (see Appendices F and i
G). The operating system fits entirely on an 8K ROM with
room to spare. An additional 8K ROM is iocated in parallel
with the base page 8K RAM. System initialization software |
and page select circuitry load into the base page 8K RAM the
contents of the base page 8K ROM after any hardware reset or
call of the subroutine labeled ROMLAYRAM. A full contiguous
48K of static RAM exists on board. Input and output

devices are memory mapped as is the case with all Motorola

68XX, 68XXX devices.

Nav Computer Software

MARRSBUG (see Appendix A and D) 1is an interrupt
driven, heavily modified serial version of Motorola's
MIKBUG and American Microsystem's PROTO operating systems.
Data from the Nav Computer's Sonar and Optical Shaft Encoder
subsystems is constantly being wupdated by a maskable
hardware interrupt handler and made available to any user
programs that run on the Navigation Computer. Hence, the
net effect of the MARRSBUG interrupt driven data
acquisition system is transparent to the user. The
operating system 1is flexible enough to allow changes to
vectors and constants which are loaded into system RAM on
power up. An important feature of MARRSBUG is that on

power up, the system performs a RAM check to verify where

I11-10
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the largest contiguous block of good RAM is located and
updates the system RAM vectors appropriately. Additionally,
numerous callable subroutines, software interrupts, and
system utilities exist within the ROMs to aid the
deyelopment of application programs fof the Nav Computer

(see Appendices A,B,D, and N).

Optical Shaft Encoder (OSE) Subsystem

The OSE Subsystem is perhaps the most important of the
two Nav Computer subsystems (although one subsystem cannot
perform to its utmost without the other). A 1206 count per
revolution OSE is placed on the shaft of each rear wheel
(two independent shafts) and on the front wheel steering
shaft. By maintaining the distance traveled by each
rear wheel, both heading and position information
(relative to initial heading and position) are readily
obtainable by calculating simple trigonometric equations
(see Chapter V). The instantaneous steering position of the
front wheel is maintained by subtracting the clockwise and
counterclockwise counts of the front wheel steering OSE.,

Cumulative counts are required to integrate this sensor
data into the Navigation Computer. Thus, an
incremental encoder was chosen. The Datametrics K3
encoder (see Appendix K) provides both incremental
pulses and two channels which are 990 degrees out of phase

with each other. With the proper interface circuitry,

II1-11
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this phase relationship enables the robot to distinguish
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between forward and reverse motion of each rear wheel.

A Motorola 6840 Programable Timer/Counter chip, in
conjunction with a DM96062 dual precision one shot
multivibrator, provides an optimum circuit to interface each
OSE with the CPU (see Appendix G, Figure G.1l5). By wusing
a 6840 as a counter (of which there are three 16 bit down
counters on each chip) the burden of keeping track of
continuously rotating wheels is removed from the CPU.

The DM9602's determine wheel direction (forwards or
backwards). This is accomplished by testing for a 1low

signal on one OSE channel and a negative transition

on the other OSE channel. The 6843's act as divide by
(;. 64 counters which equates to one inch of wheel travel. When

this distance has been reached, an interrupt |is

generated and a variable counter in system RAM |is
incremented (cumulative counts). Since the 6840 |is
programable, this divide by XX value may be modified to suit

the user's scale facter and precision needs (see chapters V

and VI).

Ultrasonic Sonar Subsystem

The AFIT MARRS-1 robot utilizes a simple vision

system to aid in the solution of the mobile xobot
point to point navigation problem. The syctem acquires
range and direction information from 32 polaroid sonar

transducers attached to the robot's exterior.
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Figure 3.4 illustrates the placement of 24 of these

transducers on the robot as seen from an ovethcad view.

o

Figure 3.4 Sonar Transducer Locations

The robot's sonar sensors are divided into two
different groupings by physical location on the robot or
into four different groupings according to their attachment
to one of four sonar range boards (Gioup A, B, C, or D).
The lower body deck héuses sonar transducers labeled Ag, Al,

A2, B@, Bl, B2, C@, C1, C2, D@, D1, and D2. The upper body

‘deck 1is comprised of sonar transducers labeled A4, A5, A6,

B4, BS, B6, C4, C5, Cé6, D4, DS, and D6. There are an

additional eight transducers in the head of the robot but
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are not wused in the RIOTs (Chapter V, Chapter VI).
The selection of these eight transducers is however
supported in the MARRS-1 operating system. The lower
and upper body decks have 12 equal sides. Each side points
30 degrees away from its two neighbors on the same deck.
The drive computer can rotate the upper deck plus or minus
178 degrees by controlling a stepper motor. Each sonar
transducer 1is electrically connected to one of four sonar
range boards (Sonar Board A, Sonar Board B, Sonar Board C,
and Sonar Board D) by means of coaxial cable to one of 32
dual inline package (DIP) relays. Transducer selection is
accomplished by energizing a DIP relay.

Only a maximum of four sonar readings are valid
during a sonar ' sample period (one from each sonar range
board). If multiple paths exist between a range
board and its associated transducers then direction
information is forfeited and maximum detection range is
attenuated. It may be useful however to energize more than
one transducer at a time and establish a minimum distance
for obstacle avoidance. 1In tbis mode of operation, a full
360 degree coverage can be obtained each sample period if
the user is willing to disregard the direction
information. Distance information can be obtained from
four mutually exclusive quadrants with one quadrant
covered by ez2ch range board by turning MARRS-1's upper deck

15 degrees clockwise.

IT1-14
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Scan patterns may be established to give discrete 3640
degree coverage (with individual readings corresponding
to each 15 degree segment) by selecting only one transducer
of six attached to a range board. Range‘readings are taken
from one, two, three, or four range boards during a sample
period and then a different combination of transducers are
selected during subsequent sample periods until receiving
range readings from all 24 transducers.

By <carefully choosing the transducers selected,
separations of 9@, 120, or 180 degrees between selected
transducers may be achieved during each sample period when
four, three, or two range boards are used during the
sample period respectively so as to minimize the

possibility of intersonar interference.

Software Development Support

An H89 running CP/M was chosen to do the cross assembly
and program development due to the large amount of software
supported by it and the abundance of H89 and CP/M systems at
AFIT. A nuﬁber of cross asseimblers (running under CP/M)
were found for the 6800 family of processors. Two of the
cross assemblers were even in the Public Domain. 1In
contrast, it was difficult to even find a 6800 based system
to do software development work on for the existing HERO-1

computer let alone the software tools such as assemblers,

compilers, and editors to do the job.
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Most software development efforts for MARRS-1 took
advantage of Virtual Devices Robo C compiler and Robo
Assembler.

The next best alternative to the nonexistent universal
robot programming language was to develop a library of robot
software routines. These are generic in nature so that they
may be combined to form larger modules of software. A
MARRS-1 Nav Computer user manual is provided in Appendix N.
Software provided by Virtual Devices for Menos I, Robo C,
and Robo Assembler contain many excellent routines for
controlling the original HERO-1 resources and the 5801
upgraded Drive Compiter. However, autonomous operation of
MARRS-1 will require integrated control of the Nav Computer,
Drive Computer, subsystems, resources, and possibly sensors

and computers yet to be developed.
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IV. MARRS-1 System Integration

Once the MARRS-1 design was completed, a number of
projects were tackled in order to bring the robot to a point
whére it could be tested as a system. Specifically:

1. The new two deck, twelve sided body, battery
compartment, reinforced front wheel, and rear wheel
assemblies were fabricated by the AFIT Shop Personnel.

2, The robot was painted red white and blue so as to
create interest in the goals of the thesis and for
patriotic impact.

3. All electrical wiring for the original HERO-1 was
replaced with longer cables since the electronics were ncw
mounted on swing out doors to allow ease of access for
modification or maintenance. .

4. Operation of the robot with the original HERO-1
electronics and new wiring was verified before installing
the MENOS-1 6801 upgrade computer. It became evident that
the modification to the froat wheel (see figure 4.1) had
made the robot's movements ruepeatable and compliant to
program command. On six different test runs the robot was
able to return to the same spot (within th.ee inches) after
going over a 50 foot figure eight ce''rse in the HERO-1 learn

mode.
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! 5. The MENOS-1 upgrade was then installed and tested.
t Proper operation of the original HERO-1 electronics and the
P new serial communication porf was verified by connecting the
: robot to the lab H89 computer. The resulting combination of
robot electronics was named the Drive Computer so as to
distinguish it from the electronics yet to be added. The
Input/Output (I/0) decoding scheme for the Drive Computer
was extended (as shown in Appendix H) to allow further 1/0
:1 expansion.
[ 6. The Optical Shaft Encoder (OSE) Subsystem was
ii ‘ built, installed and initially connected to the Driye
. Computer thru a 46 pin connector. In spite of extreme

{
it efforts to be careful, four glass encoder disks were cracked

_(f or btroken while trying to install the OSEs (Appendix?ﬂ on
the front wheel steering shaft (see figure 4.1) and the rear
wheel shafts. The alignment of the OSEs took on the order
of four hours for each encoder. What is needed is an
ercoder that that is sealed, prealigned, small, inexpensive,
and connects to the shaft with a flexible linkage.

7. The Név Computer was wirewrapped onan Augat
prototyping board and hardware/software debugged using a
Hewlett Packard 1616A logic analyzer. The OSE Subsystem was
disconnected from the Drive Computer and connected instead
to the Nav Computer with the Sonar Subsystem. The two

subsystems conceptually can be used as a crosscheck against

each other if a priori knowledge about an environment is

IvV=-3
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given and function optimally if the subsystems are connected
to the same virtual computer.

8. The Sonar Subsystem was connected and debugged on
the Nav Computer only after proper operation of the computer
(CPU, ROM, RAM, and interrupt driben I1/0 devices) was

verified.

Sideline Activities

Many side issues, projects, and activities consumed
time during the thesis and in their own way contributed to
the success of the effort. These included:

l. Participation in the 19th Annual Dayton
International Air Show representing AFIT with the newly

painted and rewired MARRS-1 robot.

!
—_— C: 2. Taking MARRS-1 to the National Explorer Scout
L Fly-In at Columbus, Ohio (once again to represent AFIT).
3. Television, radio, and newspaper interviews,

along wigh presentations to public school groups, kept
i MARRS-1 (and its creators) busy informing the public about
AFIT research. .

= 4. The AFIT Mobile Robotics Laboratory was
created during the thesis by scrounging for resources
necessary to do this type.of hardware/software development
Tf. rroject. The physical space of the lab was absolutely

essential for the success of the thesis. The floor of the

test area had to be leveled by using wall plaster to fill

_ i . in holes and depressions.




.....

5. Two other computer systems were built during
the thesis effort to support software and hardware
development. A Motorola Exorciser and a 6882 based printer
coptrolle: card (previously developed f&r an AFIT project)
were the only 6800 family computers in the school. Both
needed extensive modification and rehabilitation to meet the
development needs of the thesis.

With the robot hardware and software developiment
complete, a series of Robot Integrated Operation Tests
(RIOT3) were conducted.

Robot Integrated Operation Test (RIOT) Plan

The RIOTs demonstrate the ability of MARRS-1 to keep
track of its own location and map out the environment. The
RIOTs also identify anomalies (if any) in robot and
algorithm operation while they (the tests) manipulate data
collected from both the OSE and Sonar subsystems into a form
useful for robot obstacle avoidance, path planning, and
robot periformance benchmarking.

Test Range Environment

The test range used for the RIOTs is part ot the AFIT
Mobile Robotics Laboratory with dimensions of 13 feet by 25
feet. All doors to the test range r2main closed during each
test run., Test conditions are broken into two categories;

tests without objects in the test range and tests with

two objects in the test range (see figures 5.1 and 5.2).
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Object number cne is composed of a large 3' diameter 2!
7" high cylinder. Object number two is a box with the
following dimensions: 1' 6.5" wide, 2' 9.5" long, 2' 3"
high. Both objects have cardboard material surfaces. The
test range floor is a reasonably flat tile surface. The
walls of the test range are painted hardboard. Some minor
protrusions such as door knobs, conduit, and molding jut out
from the surface of the walls., All walls are assumed to be
flat surfaces since the 9.1 foot soﬁar range resolution of
cannot accurately distinguish these protrusions.

MARRS-1 Operating Modes

In order to collect enough data to form a map of the
test range fhe robot is operated in an open loop mode and
moved throughou£ the test range. Two patterns of movement
will be tested; a straight line path and a zig-zag pattern.
The initial test run location and heading of the robot
should be kept the same (in this case X = 2 feet, Y = 7
feet) for ease of setup. Sight tubes, mounted on the robot,
aide in the initial positioning of the robot., The upper
level head of the robot is rotated 15 degrees clockwise to
provide a 360 degree coverage from the 24 ultrasonics
transducers with 15 degrees of separation between each
transducer. Additionally, the number of sonar transducefs
selectedd'iring each cycle of the interrupt handler varied

from test to test. Table 4.1 lists sixteen different test

configurations ‘that were used.

P T L L L e Y |

-----




L. L

-

........

.....

TEST # OBJECTS PATH §# SONARS SELECTED PER PERIOD

4 TWO STRAIGHT 2 PER .l sec
) T™WO STRAIGHT l PER .1 sec
7 TWO STRAIGHT 3 PER .1l sec
9 TWO STRAIGHT 4 PER .l sec
19 TWO ZI1G ZAG 1 PER .1 sec
11 TWO 2IG ZAG 2 PER .l sec
12 TWO 21IG ZAG 3 PER .l sec
13 TWO Z21G 2ZAG 4 PER .l sec
14 NONE 2I1G ZAG 1l PER .1 sec
15 NONE 2IG ZAG 2 PER .l sec
16 NONE 2IG ZAG 3 PER .1 sec
17 NONE ZI1G ZAG 4 PER .1 sec
18 NONE STRAIGHT 1 PER .1 sec
19 NONE STRAIGHT 2 PER .l sec
20 NONE STRAIGHT 3 PER .1l sec
21 NONE STRAIGHT 4 PER .l sec

Table 4.1 RIOT Configurations

Support EJuipment

The following equipment provides the necessary support
toc conduct this test; the AFIT MARRS-1 robot, Heath H-89
computer with H-27 8 inch disk drive system, Modem 720
communication program, and an RS§-232 cablé. Post mission
processing of the collected data is performed on a TRS-80
(6809 based) Color Computer.

Drive Computer Learn Mode Programs

The learn mode programs shown in tables 4.2 and 4.3 run
in the Drive Computer and cause the MARRS-1 robot to perform
either straight line motion or a zig-zag pattern within the
confines of the test range. (For a more detailed discussion
ofrobot interpreter commands the reader is referred to the

Heathkit Educational Systems ET-18 ROBOT Technical Manual.)
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ADDRESS DATA HERO-1 ROBOT LANGUAGE AND MEANING

g400 C3 19 6F MOTOR MOVE, WAIT ;ABSCLUTE (IMMEDIATE)
DRIVE MOTOR SELECTED
FORWARD §16F
FAST GEAR

@403 8F @0 29 PAUSE (IMMEDIATE)

g406 3A RETURN TO EXECUTIVE ("“READY")

Table 4.2 MARRS-1 Straight Line Drive Computer Program

ADDRESS DATA HERC~1 ROBOT [ANGUAGE AND MEANING

@400 C3 18 96 MOVE DRIVE MOTOR (HIGH SPEED) FORWARD $@6
@403 CC 18 15 MOVE DRIVE MOTOR (HIGH SPEED) FORWARD §15
@406 C3 E8 33 TURN LEFT TO POSTION $33
9409 CC 18 4E MOVE DRIVE MOTOR (HIGH SPEED) FORWARD $4E
@40C C3 E8 49 TURN STRAIGHT AHEAD
@40F CC 18 1C MOVE DRIVE MOTOR (HIGH SPEED) FORWARD §1C
@422 C3 E8 64 TURN RIGHT TO POSITION $64
- @425 CC 18 22 MOVE DRIVE MOTOR (HIGH SPEED) FORWARD $22
(’ @428 C3 E8 49 TURN STRAIGHT AHEAD
@42B CC 18 12 MOVE DRIVE MOTOR (HIGH SPEED) FORWARD §$12
@42E C3 E8 57 TURN RIGHT TO POSITION $57
@431 CC 18 @¢C MOVE DRIVE MOTOR (HIGH SPEED) FORWARD $0C
@434 C3 E8 49 TURN STRAIGHT AHEAD
@437 CC 18 gD MOVE DRIVE MOTOR (HIGH SPEED) FORWARD $@D
@43A C3 E8 58 TURN RIGHT TO POSITION §58
@43D CC 18 39 MOVE DRIVE MOTOR (HIGH SPEED) FORWARD §39
@440 C3 E8 49 TURN STRAIGHT AHEAD
@443 CC 18 17 MOVE DRIVE MOTOR (HIGH SPEED) FORWARD $17
@449 C3 E8 31 TURN LEFT TO POSTION §31
@44C CC 18 18 MOVE DRIVE MOTOR (HIGH SPEED) FORWARD $18
@44F C3 E8 46 TURN RIGHT TO POSITION $46
@452 CC 18 ¢g@ MOVE DRIVE MOTOR (HIGH SPEED) FORWARD $0¢
@455 C3 E8 42 TURN LEFT TO POSTION §$42
@458 CC 18 25 MOVE DRIVE MOTOR (HIGH SvEED) FORWARD §$25
@45B C3 E8 49 TURN STRAIGHT AHEAD
@45E 8F 00 FF PAUSE
@461 3A RETURN TO EXECUTIVE ("READY")

Table 4.3 MARRS-1 Zig-Zag Drive Computer Program
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Robot Test Procedures

l. Objects (if any) are placed in the test range with
their location and orientation documented.

2. Document and mark on the floor the initial heading
and position of the robot. Heading is normalized for the

program MAPPER (Appendix C) as a value between 4 and 1 as

—

shown in figure 4.2. The (X,Y) location of the robot is

- -

represented in terms of tenth's of feet (resolution of

1.2"). The initial location and all subsequent locations

of the robot are relative to the mid point between the two
rear wheels, Both heading and location are crucial in

conducting this test with any accuracy/repeatability and are

required for post mission processing of the Sonar and 0SB
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Figure 4.2 MAPPER Heading Convention
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3. Straighten out the front wheel and insure that the

. ——— st

count at memory location $0026 of the Drive Computer
contains th- value $49. ($49 is the value for straight
@ forward steering.)
i 4. Insure that the top deck is rotated clockwise
i (looking down on robot) by 15 degrees and secured in place.
S. Put MARRS-1 in the learn mode and maneuver it
' throughout the test range. NOTE: The Drive Computer will
| operate the robot in an open loop mode for the entire test,
i.e. there will be no feedback from the Nav Computer to the

Drive Computer as a result of MARRS-1'r movements or the

environment.
6. After completion of the learn mode, reset the
Ca Drive Computer and bring MARRS-1 back to the marked starting

position. Insure that the front wheel is straight and
location $0626 contains $49. With all of this completed,
1 execute the learned program to confirm that the robot
{ performs adequately. If so, continue. If the robot fails
to repeat the learned cperation, then go back to step 2 and
begin over again.

7. As in step 6, position the robot at the starting
point. Now, upload the learned Drive Combﬁter program to an
external computer via the serial RS-232 port and save.

8. Before executing ;he test program, open a file
j buffer on an external computer connected to the Nav combuter.

9. Reset the timer on Navigation Computer to zero.

Iv-10
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10. Initialize the Extended Interrupt Handler to select

the number of sonars activated per sample period (i.e. one,

-
|
|

two, three, or four sonars selected during 7 tenth of a
second interval) and execute the Drive Compt.ter's learned
test program (Table 4.2 or 4.3).

11. After each test run, insure that the captured test
data is saved on magnetic media in AfCII1 format before

continuing on with the next test run.

1 Data Collection

Data from each of the subsysters will be gathered every

o~ -y

@.1second via the Extended Interrvpt Handler (see Appendix i
B) and :=tored into a temporary line buffer in the Navigation
1 Computer's memory as follows:

/time/fw/lwl/1lw2/xwl/xw2/A% /B# /C# /D# /<CR><LF>

T ;
E Where time = tenth's of seconds count - 2 bytes ;
fw = front wheel direction - 1 byte
lwl = left wheel reverse counts - 2 bytes i
lw2 = left wheel forward counts - 2 bytes .
rwl = right wheel reverse counts - 2 bytes 3
rw2 = right wheel forward counts - 2 bytes [

Table 4.4 RIOT Raw Data Format

The buffer is then transmitted to an external computer at j
9600 baud (in this case an H-89 running M720 communication
software). Buffer contents are then stored onto magnetic

media for post mission processing. . |
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After completion of the entire test all data is then
transferred fromthe H-89 to the Color Computer. Using
MAPPER, a mapping algorithm, ( see Appendix C) the test data
will be transformed into a bit plane graphics representation
of the test range. Optical shaft encoder readings determine
position and heading of the robot relative to the starting
position (calculated with respect to the centar between the
rear wheels). Sonar transducer readingQ provide range and
direction information about the robots environment from the
current robot position (with respect to the center of the
robot). This graphics display provides a good first order

‘ approximation of the robots environment.

b i
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V. MARRS-lIntegrated Operation Test Results

Minor Test Problems

Threeminor problems occurred during the MARRS-1 Robot

) Integrated Operation Tests (RIOTs). However, these three
1 anomalies did not remove the essence of the tests. They
are minor and can be overcome. First, the front wheel

optical shaft encoder resolution was much greater than was

required. The slightest hint of mechanical vibration caused

excessive jitter in the signal detected by the photo head

assembly. This resulted in erroneous accumulation of

counts for front wheel direction. Fortunately MARRS-1

was operated in an open loop mnde. The mapping

(; algorithm, MAPPER did not require the data from the

front wheel shaft encoder. An example of these erroneous

readings can be seen in Appendix O.
1 The second problem was with the right wheel optical
shaft encoder. 1In spite of efforts to align the glass
4 encoder disk, some reverse direction counts were detected

while going forward. This error was of no consequence since

IRy

all test runs were designed for forward mqtion of the robot
and the MAPPER program disregarded the reverse counts from
¥ the left and right wheels. However, Navigation algorithms
in general should take into account any reverse counts of

; either the left or right wheels. For instance, a very tight

turn may cause the wheel on the inside of the turn to move
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in the reverse direction. The slightly eccentriq alignment
of the right wheel opticél shaf{t encoder causes erroneous
reverse dirgction counts which may require the construction
and installation of a new shaft.

The third minor setback to the completion and final
testing of MARRS-1 was the inadequate current capabilities
of the sonar power supply. The curren’: surge
requirxements of more than one sonaz transducer activated
at once increased the effective internal impedance of
the batteries. This reduced the output voltage applied to
the sonar range boards (as well as all other subsystems)
and hence maximum sonar detection range was reduced to 3.5
feet. An AC to DC power supply was employed to provide
additicnal current drive for the sonar subsystem thus
extending the maximum reliable sonar detection range to 7.5
feet.

Mapping Algorithm

The program MAPPER (see Appendix C) takes large amounts
of test data and compacts it into an array of 256 by 192
picture elements (pixels) that can be displayed as a map for
humans and/or used by a computer for robot control. If the
heading of the robot 1is known at some initial starting
point, then ‘all other robot headings can be
determined from the counts of the left and right optical

shaft encoders. Instantaneous heading calculations may be

performed if the 1initiai heading and distances traveled by

V-2
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each rear wheel are known. The following. equation

describes this principle (20:163):
HB = HA + (L - R)/D rad (5.1)

Where HB is the currxent heading of tﬁe robot in radians, HA
is some initial heading 1in radians, L and R are absolute
distances traversed by each wheel starting from the initial
heading position, and D 1is the distance between the left
wheel and the right wheel. It {s interesting to point out
however, that the initial heading is not absolutely
requiredsince all successive heading computations are
relative to the first and so on. Naturally with a
digital device, a continuous sampling is impossible.
Thus the traversed distance of each wheel 1is broken
up into incremental segments. The K-3 shc®t encoder has a
resolution of 1200 counts per revolution. MARRS-1's rear
wheel circumference 1is equal to 18.75". The units used
in the test were inches, thus it turned out that 64 counts
on the shaft encoder equalled one inch of. travel by the
wheel exactly. The effective resolution of the wheels now
becomes 18.75 counts per revolution. Just how much
resolution do the robot's wheels need for navigation
and environmental mapping? These test results show that
fine detailed resolution may not be required. However,
optimum wheel count resolution has not been considered here

and is left as an area for further investigation.

.
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Graphics Plots

The plots shown oﬁ the next several pages are the
final output from MAPPER. There are perhaps several ways
of displaying the data collected from each test run.
Figure 5.1 shows a layout of the size of the test range in
units of feet. It was in this benign environment that
half of the test runs were conducted. Figure 5.2
identifies the location of the two objects used during
the other half. As a compurison, figures 5.3 and 5.4
are taken from Lt Owen's thesis and show how  he
accomplished mapping from a HERO-1(2:VII-6,VII-7). A key
point about Owen's work 1is that precise heading and
position information was not available for displaying the
relative position of sonar readings. The remaining graphic
plots (figures 5.5 thru 5.28) are of the Robot Integrated
Operation Tests (RIOTs) and uemonstrate that a robot can
create a low resolution map of its environment (relative to
itself) using ultfasonic sonar as a "vision" device while
keeping track of 1its orientation and location from
wheel counts. Each sonar reading is displayed as an arc of
20 degrees at the distance measured from the center of the
robot and plotted based on position and ﬁéading information
determined from rear whe2l optical shaft encéder data. The
tests are termed integrated since robot performance is

evaluated based on all systems working in concert.
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Figure 5.1 Robot Integrated Operation Test (RIOT) Range Layout
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. Figure 5.4 Owen Thesis Sonar Map Showing Sonar Coincidence.
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Figure 5.7 RIOT #19: Straight Two Sonars at a Iime

. ;
o
D
8>
XY |
;?&\ 441_____aaa;auiéﬂfffgﬁx'
~ess
2 SONARS? 0.1 SEC TEST u 15
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Figure 5.9 RIOT #20: Straight Three Sonars at a Time
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Figure 5.10 RIOT #16: 1Zig Zag Three Sonars at a Time
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Figure 5.12 RIOT #17: Zig Zag Four Sonars at a Time X
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Figure 5.13 RIOT #5: Straight One Sonar at a Time
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Figure 5.14 RIOT #10: 2Zig Zag One Sonar at a Time
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Figure 5.15  RIOT #4: Straight Two Sonars at a Time
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Figure 5.16 RIOT #11: Zig Zag Two Sonars at a Time
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Figure 5.18 RIOT #12: 1Zig Zag Three Sonars at a Time
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Figure 5.19 _ RIOT #9: Straight Four Sonars at a Time
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Figure 5.20 RIOT #13: 1Zig Zag Four Sonars at a Time
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Discussion of RIOT Resultks

Each plot from figures 5.5 thru 5.20 represents 14 to
21 thousand eight bit words (bytes) of data like that shown
in Appendix 0. The data could have been encoded by the
4 Extended Interrupt Ha'.uler (Appendix B) and reduced by a
; factor of four te one, however, the data reduction would
have cost increased processing time by the MAPPER program of
Appendix C,

Figures 5.5 thru 5.2¢ are accurate sonar environmental

maps as compared to those of figures 5.3 and 5.4 because of
the accurate heading and position information coming from
the shaft ancoders.

The neﬁ sonar maps show that robhot navigation and

obstacle avoidance in simple environments are possible from

]

low resolution sonar vision with accurate position

information.

Particular attention should be given to figure 5.9.
This map identifies a skew of the sonar map with respect te¢
the test raﬁge outline. The skew was a result of having an
initial one and a half inches of right wheel trav2l recorded
in the data (see start of Appendix 0O) when in fact the right
wheel travel distance should have tracked the values
recorded for the left wheel for straight motion (which was
the case for all other straight line motion RIOTs). The
difference between the righkt and left wheel counts was a

result of having not reset the Naviga*tion Computexr after
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preparing the robot for R;OT $268. The skew of figure 5.9 is
theréfore the result of robot operator error. It does,
however, show the effect of initial heading error or
isolated wheel slippage with respect to an external
benchmark reference system. Note thaf the sonar map can be
) accurately created without an external reference since the
map is always relative to the robot's own internal heading
and position. Therefore, the map created by the robot may
require a coordinate transformation to a global or external
reference.

Sonar ranges greater than 7.5 feet were disreguarded

for all RIOT plots since the power supply problem attenuated

the maximum reliable detection for the Sonar Suksystem,

L) L
[

GE' Additionally, stray sonar readings are seen in a few plots.

Sonar transducer C2 (figure 3.4) appears to have a maxihum

[

]

L
& i

reliable detection range of about 7 feet and hencé, the
stray readings from C2 were not deleted with the 7.5 foot

filter algorithm in the MAPPER program.
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Vi. Recommendations for Future Work on MARRS-1

Unlike some products on the market today, MARRS-1
was designed and built with modularity and expansion in
mind. In addition, there are a few minor flaws in the
original design that can be improved. The following are
just some of the recommendations and suggestions for
additional work and enhancements that will some day
make MARRS-1 a truly autonomous vehicle.

1. Exercise the existing MARRS-1 robot to
identify the limit of its usefulness and capabilities,

2. Transport the mapping algorithm MAPPER from
an external computer to an onboard computer (either as part
ofthe Navigation Computer interrupt handler or on another
computer which communicates to the Navigation Computer via
RS-232) ., |

3. Design, develop, and interface an on board
compass (perhaps using an A to D converter or absolute
encoder) to provide MARRS-1 with instantaneons ueading
information. This sensor data could be used as an
additional check to veriiy data coming fiom other subsystems
and provide initial heading data on power-up.

4, Develop filtering algorithms that provide
MARRS-1 with more accurate maps of its environment. Perhaps
further characterizatiop of the sensor subsystems is

required before this can be accomplished.

Vi-1
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5. The entire front wheel assembly requires a
re-design effort. The combined mass of the yoke and the

drive motor puts too much of a strain on the small gear box

and shaft encoder disk mounted above. A larger frame gear
box with a similar gear reduction ratio is required to
eliminate false readings from the shaft encoder.

6. The MARRS-1 steering shaft feedback uses a
high resolution incremental encoder to do a low resolution
absolute encoder's job. A low resolution absolute encoder
connected to the steering shaft by a flexible link will
provide accurate information about the direction of the
front wheel without excessive software/hardware overhead.

7. A better power supply for the sonar suksystem
is required.

8. Integrate the electronics developed for the
MARRS~1 robot structure on a larger heavier frame: a fork
lift, a golf cart, or perhaps a rugged all:-terrain vehicle
used by the U.S. ARMY or coal mine companies.

9. Integrate Captain Glenn Monaghan's robot
task planning thesis (AFIT/ENG/84D-47) with theMARRS-1.

1. Investigate the advantages/disadvantages of
three wheel, four wheel, and tracked mobility configurations
along with different drive and steering control systems as

fhey apply to the mobile autonomous robot problem.
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Yet Another Computer for MARRS-1

The next logical progression of MARRS-1 is to provide
another computer which will control the functions of all
subordinate computer systems. Its function would be much
-' like that of a computer operating system only it would
Ei: perform path planning based on sensory information fed to it

from its subordinate systems and from requirements passed to

it by an external computer data link. An onboard MC6889
based Radio Shack Color Computer would be the perfect
addition to the droid ensemble. By adding a disk controller

and disk drives, the robot becomes a stand alone

hardware/software development device (minus a keyboard and

RS SELEA G

~ P

monitor which may be connected remotely, or as needed).
‘T There are several reasons for choosing the MC68¢9 or

MC6809E over other microprocessors. .- First, all

hardware and software developed thus far for MARRS-1 is

oL LY
AR
L o

upward compatible with the 6849, Second, with the
use of 0S-9 (a UNIX derivative) as the operating system, the
computer can perform multi-tasking and supervise a multi-
user environment. These characteristics are ideal for
control of a mobile autonomous robot.. Third, hardware/
software availability is . perhaps the most important
issue as discussed in chapter II. The AFIT Mobile

Robotics Lab has in its inventory (see Appendix J) a Color

Computer with 0S-9 and BASIC@9. The Motorola Exorciser can

also accommodate a 6809 card to enhance lab capabilities.
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High level languages such as C open the door to

increased routines and utilities that can be used to control

MARRS-1. "Fortunately, the 68069 microprocessor, the 0S-9

operating system, and the C language form an outstanding
combination. The 6869 was specifically designed to ;

‘ efficiently run high level 1languages, and its stack-
oriented instruction set and versatile repertoire of
addressing modes handle the C language very well. As
i mentioned previously, UNIX and C are closely related, and |
because 05-9 is derived from UNIX, it also supports C to E

the degree that almost any application written in C can be

transported from a UNIX system to an 0S-9 systenm,

recompiled, and correctly executed"(21:1-1). Migration
’ (? toward the 6806066 family is also possible by fixst going to
the 6869 and 05-9. There is even a version of 05S-9 for the
6806006 family of processors making a simplified software

transition qguaranteed.

Cooperation Needed in Mobile Robotics

Mobile Robotiecs has the responsibility of bringing many
technologies and disciplines together as a unified whole and
has two closely related areas of research: 1) Artificial
Intelligence (AI), and 2) Pattern Recognition (PR). In their
l report to the U.S. Army Engineer Topographic Laboratory,

researchers from Stanford Research Institute (SRI) made no

1 distinction between AI and Robotics giving instead a unified

model of the two as shown in figure 6.1 (22:1).

)
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reasoning

INTERPRETING | GEMERATING

SENSING EFFECTING

- Figure 6.1 Unified AI/Robotics Model

* The part of Pattern Recognition (PR) that deals with

ol (? the gathering and interpreting of sensory information'fa}ls
.%ﬁg in the area of figure 6.1 labeled SENSING<--~>INTERPRETING.
The AFIT MARRS-1 robot in conjunction with the stereo ;1sion
system.being developed by Captain James Holten of the AFIT
Signal Processing lab could form the hardware of the
SENSING<~~~>INTERPRETING and GENERATING<-~->EFFECTING blocks
of figure 1. Pattern Recognition would provide software
for these same blocks while software for the REASONING and
WORLD MODEL blocks would be provided by Artificial

Intelligence. Additional sensor systems, communications,

computers, software, and hardware are required to make

MARRS-1 a truely autonomous robot. However, the required

. e mre - o

resources do exist within the AFIT Electrical Engineering
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Department. It may be argued that it is.impossible to build
a truly autonomous robot since all machines created by
mankind have limitations. VYet, if allowed only to use
Ei existing technology, a mobile robot with tremendous
! capabilities could still be realized. What is nemsded is a
Lt commitment from the highest level possible to solve the
autonomous robot problem. The MARRS-1 robot is only a start
towards that solution.

Intradepartment and interdepartment cooperation to
solve problems would benefit all involved. Dr. Hans
Moravec, creator of the Stanford Cart and the Carnegie~
Mellon University (CMU) Rover, argues that advances in

mobile robotics would bring more robust and ganeral Al tools

GF (23:1), (24:882). Would that not be true for all
) disciplines that cooperated? |
5 Conclusion
’h Robots need sensors along with their mechanical
E devices and computational elements to be effective. This
- places a new perspective on the responsibili£ies of mobile

robot designers and programmers in the way that they attack
and solve their problems. These are system integration
problems with demanding réquirements. Overlooking an item
that seems trivial may have long range negative

consequences. To be sure, all that is important in mobile

robotics has not been identified in this thesis.
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¢ APENDIX A :
” ]
’.i’il*”f.ii’l’!!i!{lllllilliiiiillililiffiiffiiii
: FILE:  NAVROM.A NINUS NAVDEF.A

WHICH IS LISTED IN APPENDIX D

NOTE: PORTIONS OF THIS LISTING DO NOT HAVE COMMENTS.
MOTOROLA ENGINEERING NOTE 100 IS A COMPLETE LISTING FOR MIKBUG.
AERICAN MICROSYSTEMS ANMI 6800 PROTOTYPING BOARD MANUAL CONTAINS
A COMPLETE SOURCE CONE LISTING FOR THE PROTO PORTION OF THE CODE.

NAV COMPUTER ROM AS OF MONDAY 15 OCTOBER 1984 2:30 PN

. WO WO WO We SO we PO we GO we

’ B0 R B R I D OO D 000
. ) get mavhead.a

VERSION 1.4 OF MARRSBUO

LT TOM CLIFFORD, CAPT BERT SCHNEIDER
MARRSBUG IS A ROM BASED OPERATING SYSTEM FOR THE AFIT
MOBILE AUTONOMOUS ROBOT RESEARCH SYSTEN ! (MARRS-1).
THE ROM CONTAINS A SERIAL VERSION OF THE MOTOROLA MIKBUG
OPERATING SYSTEN AND A HIGHLY MODIFIED VERSION OF AMERICAN
MICROSYSTENS PROTO OPERATING SYSTEM. SYSTEM INITIALIZATION
ON POWER UP RESET OR EXTERNAL RESET CONFIGURES ALL INPUT/QUTPUT
DEVICES, PERFORMS A RONM TO RAM OVERLAY AS APPLICABLE, SIZES AND
TESTS RAM NEMORY, AND JUMPS TO THE PROTO PORTION OF THE OPERATING
e .

-_::; (HEH HHHHHH HH HHH R Y
-y 00 get navdef.a {NAV COMPUTER EQUATES AND SYS RAM USAGE

NAVDEF.A DEFINES THE INPUT/QUTPUT AND SYSTEM RAM USAGE FOR
THE MARRS-1 NAVIGATION COMPUTER

SEE APPENDIX D FOR A COMPLETE LISTING OF NAVDEF.A
HHHHHHHH I HH I R




....................

------------------

get msdug.a $SERIAL VERSION OF NIKBUG

! :

H HSBUG VERSION 1.0 22 SEPTEMBER 1984 — LT TOM CLIFFORD
3 SERIAL VERSION OF MIKEUG (SEE MOTOROLA ENGINEERING NOTE 109)
!
!
}

ORG 0EOMH 1FOR MIKBUG COMPATABILITY
FEM O NIO LD MIOV
€ " 2P 0,1
FEA 65 IPONDWN LOX MNIO
€ 0 2P 0,X
" MOAD NP
o NOP
o NOP
o NOP
o NOP
o NOP
ol NOP
o NOP
" NOP
80 63 MLOAD3 BSR MINCH
8 53 A 15
2 FA BNE MLOAD
80D BSR NINCH
81 39 oA 3N
7% BEQ MC
81 31 OPA 1314
2 F BIE MLOADS
M0 CLR MCKSH
80 20 BSR MBYTE
8”2 SUBA #02
57 A 0B STAA MBYTECT
80 18 ESR NBADOR
80 24 MLOADI1 BSR MBYTE
7A A0 OB DEC MBYTECT
276 BEQ MLOADIS
A7 0 STAA 00,1
o INX
1 ERA MLOADI ]
AR MLOADIS INC MOKSN
27 18 BEQ MLOAD3
8% ¥ MLOADI9 LDAA #3FH
80 31 BSR MOUTCH
EENES I JP MONTRL
80 ¢C MBADDR BSR MBYTE
B7 A C STAA NIHI
80 o7 BSR MBYTE
57 M 0 STAA MILO
FE M O LDX MXHI
3 RTS
A2
O G R PO IO TR o AN SN A N TN, SOl PO NN

----------
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g
3
a3
A
Z
5

EoS7 48 ASLA
Ee58 48 RSLA
E0SY 48 ASLA
E0SA 48 ASLA
EeS8 16 TAB
EeSC 80 AC BSR MINHEX

' tex 18 ABA
EOSF 16 TAB

. Ea0 FR A 0O ADDB MCKSH
EX3 F7T A0 STAB MCKSH
Eess 39 RTS
Ees7 M MOUTHL LSRA

‘ 68 M LSRA

F EG6? M LSRA
A M LSRA
EecB 84 OF MOUTHR ANDA #OFH
E0sD 68 34 ADDA 30
EesF 81 39 CHPA 3
te7t 2382 BLS MOUTCH
€073 68 07 ADDA 97
Ee7s TEEI DI WOUTCH P MOUTEEE
€078 TEEl AC NINGH P NINEEE
E78 8D F3 MPDATA2 BSR MOUTCH
Eo’D 8 - INX
s EO7TE AW PDATAL LDAA 00,X
(Q. teco 81 W4 CPA 34

Ees2 26 F7 BNE MPDATA2
Eesd 39 RTS
£ 8D Ce MCHANGE BSR MBADIR
Ees7 CEEL 9D NCHAST  LDX ®eCL
E06A 8D F2 BSR MPDATAL
EesC CEAOC LDX SMXHI

BSR MOUTAHS
LDX NXHI
BSR MOUT.
STX MXHI
BSR MINCA
CMPA $20H
BNE MCHAS1

ELE MINIKC
CPA $11H

A-3
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0B 28 6C BNl MCY
E0B8 81 13 A $10
EWBA 288 BGT MCY
EORC 99 07 SUBA 47
EOBE 39 NINIHC RTS
EOF AW MOUTH LOAA 08,X
EOC1 80 F. BSR HOUTI
B3 AW LDA 09,
oS 8 INX
ECh 20M3 BRA MOUTIR
EC3 80 FS MOUTAHS RSR MOUT2H
E6CA 8D F3 MOUT2HS BSR MOUT2H
EOC 85 20 MOUTS  LDAA #20H
EKE 2045 MOUTS2 BRA MOUTCH
E0D) CE BF FS LDY #%CIAL
EOD3 GE 00 09 LDS #¥CIA
EoDo AF O §TS 00,
EOD8  9E E0 00 LDS #I0
ENB W 03 STS 03,X
€00 6E E 13 LDS ISFE
EOE0 AF 06 STS 0,1
EE2 0l NOP
EOE3 GEENOS  NCONTRL LDS MYPONDN
EOEL OF 09 STS 99,1
EOES  9E MO 42 LDS WHSTACK
EOEB DF AD 08 STS MSP
EOEE CE E1 9C LDX MOCLOFF
EOFI 80 6B BSR MPOATAL
EOF3 8063 BSR MINCH
EFS 1 THB
EOFL 8D D4 BSR MOUTS
EW8 Cl4C PR MCH
EOFA 25 03 BNE MOONTL2
EOFC 7E E0 04 JP HLOAD
EOFF  C1 4D MCONTL2 CHPB #4DH
Bt 2782 BEQ MCHANGE
E163 C1 %2 CHPB 4524
E105 2718 BEQ MPRINT
SUAE) OB 504
80w 2732 BEQ MPUNCH
E10B C1 &7 OB UTH
E10D 26 D4 BNE WOONTRL
EIF BEM 0 LDS MoP
Eli2 38 R
113 BFAM® MFE  STS MSP
116 M 5]
EN7 4D 0 15T 06,1
E119 25 02 BNE MSFEI
EIB  6A 03 DEC €5,
EMD A 8 MSFE!  DEC 06,X
EIIF  FE A0 00 MPRINT LDX MSP
B2 8 N

A-4
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eI
El181
€183
E146
E169
E16C

. . i
B3 00 BSR MOUT2HS
125 80 A BSR MOUT2HS
€127 80l BSR MOUT2HS
E129 €09 BSR MOUT4HS
B2 6% BSR MOUTHHS
E120 CEAN 08 LDX 4P
EIM 809 BSR MOUTHHS
BR N6 ¥C2 BRA MOONTRL :
| EL34 MITAPEL FCB OOH '
E135 FCB o ,.
E13% FCB ™ :
E137 FCB 00 |
E1% FCB # -
E139 FCB 0
E1% FCB S
E13%8 FCB 31K’
E1X FCB M
E1D 8 12 IPUCH LD HIH
EIF BOENTS JSR NOUTCH
EM2 FE M 02 LDX MBEGA
EMS FF M OF STX NTW
EI48 BoANOS  MPUNIL LD #ENDAL
EI4B BOA 10 SUBA MTW1
EME F6 M O LDAB MENDA
, EISL F2M O SBCB NTW
o EISH 26 M4 BNE NPUNZ2
. EIS 8110 CPA pLe
B8 20 BS FU .5
EISh 86 OF W2 LD MFH
EIC 8B M4 P23 ADCA 904
M
(]
)
3
)

ALN

BSSYTARSSNSSRASANBSRESSITRRRNINSIAABSR222LTTTISLSIZIABESSS

€140 M 11

E170 3

E172 A oF

e17 Yy

€177 (3

&1 M oOF

E17c 19 MPUN32

EITE Ad O DEC NTEMP
E181 Fe BNE MPIN32
€183 M STX NTW
E18% (01,1

£187 PSHB
188 T8X

E189 o BSR PUNT2
188 PULB

EISC FE MO OF LDX NTW

&3
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EL6F
E190
EIN3
€193
E1y7
E199
E19%C
€190
E1%E
EI9
ElM
ElA
E1A2
E1A3
E1M
E1AS
E1M8
E1AB
E1AC
EIAD
EINF
E1B1
E1B3
E1B4
E1B6
E1B8
E1B4
E1B8
E180
E1BF
EICL
E1C2
E1C4
EI1CH
E1C7
E1C8
€1ce
EICA
EICB
E1cC
E1CD
EICE
EICF
EiDe
EID1
(31173
E104
3}
E108
E1D9
Elod
EID8

S8BT
R b 4

as

RRLREULZABYIATAIEESTISI-BISAHIIRES
RE

Ss =3 s

5]
3

ge=

o 0
el

BRA MC2

25g

£33338338333%8§
a:gs::;gg

3
.

NINOEXI PSHA

MINOEK2 LDAR 09, X
BITA #42
BEQ MINGEX2

£

STAA 01,1
BRA NI0S

STTIIIITIRR

:
2

BSR MSAV
LDX 00, X
BRA NINOEX1

SIRT

IR N
s M, J"L, e

o e e M Tl it n ] ot m o B A o
Ce thd.t, e e w0 o & = e " e iy g

$INPUT WITH ECHO THRU ACIA WITH NO PARITY

ﬁ-- PR

AT NN
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(31
EIDD O
EIE O
EIOF O
EIE6 oI
EIEl O
EIE2 O
EIE3 ol
EIE4 01
EIES O]
EIES O
EIE7 0!
(312
EIEY O
EIEA FEM 12 M08
EIED X
CIEE 39

3E§§§§§§§§§§§§§§§

END OF MSBUG (SERIAL VERSION OF NIKBUG (SEE MOTOROLA
ENGINEERING NOTE 100) )

HEHHHHHHRH B HHHHH A I H
EIEF get nbugd.a {HIGHLY MODIFIED VERSION OF PROTO

- W SO BO SO BE B

NBUG3. A (NEW BUG)

i
{
H
H PROTO OPERATING SYSTEM VERSION 3.0

H (HIGHLY MODIFIED FOR HGS/TEC BUILT 4802/6808 COMPUTERS)
!

i

i

i

2b SEPTEMBER 1984 — LT TOM CLIFFORD, CAPT BERT SCHNEIDER
SEE AMI 4800 PROTOTYPING BOARD MANUAL FOR COMPLETE
SOURCE CODE LISTING
EIEF GEBEW START  LDS SUSRSTAK

EIF2 BF BF FY $TS SREG

EIFS 7EEIFD JP STARTI

EIF8  7E E2 91 BREAK  JP BREAKI

EIFB 00 04 ACIAA  FDB I0+ACIAT

EIFD % STARTI  PSHA

EIFE 07 A

EIFF  B7 BF EA STAA CRES

7.7 PULA

E203 B7 BF EC STAA AREG

E206 F7 BF EB STAB BREG

E209 FF BF ED STX XREG

E20C BF BF F1 . STS SRED

E20F GEBETF LDS #B0S

E212 CEE1FS LDX $EREAK

E25 FF BF FE STX NMIVECH!
- 218 0 NOP sTHESE THREE LINES MAY BE REPLACED WITH:
E219 o NP i STX IRQVECH

A7




4
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2388 8 AIII3B3=I

I8 883

CSODSRR RNRNAKSRASGSTRIORLARKRAN

SLBRABISARSRRRASIRIRARIARIARIIIE

P
$=22IR OWS
88 B

nsg2a®
3

NARRISSBTTILAARZAAS
i3

O RO

MONITR

RT10

DLooP

e

NOP {THE THREE NOPS ARE USED TO KEEP A STANDARD
$CONFIGURATICN OF THE ROM SUBROUTINE ADDRESSES
{FROM ONE COMPUTER TO ANOTHER RUNNING NEW BUG,

LDAY §TEH
STAA IROVEC
STAA SWIVEC
STAA NMIVEC
LDX NI
STX USRI
LDX SSWIHAN
STX SWIVECH
LDX ¢ACIAA
STX ACIAl
LDAA 843
STAA 10+ACTAT
LDAA $1H
STAR I0HCIAT
JSR PCRLF
LDS 4805
LDAA I0+ACIAT+ALRX




E2E4

E2%B
E2F0
E2F1
EZF4

E2F9

3=
=

—
>

SHIHAN

3L

NI
SNI%

EA SNI4e
SISO

-
—

PRI

SORSNSE2EIR 8 HES2 TRI=2LT3

BR&

KA
SR

PR10

a
£

B E

nm

<@ -

PR RS ER S S ER NS RMAMNSSHRSHASS8R2RRRZUBMAEGREEAAFARSIBEAZISIERS
ERK JJ G883

1PRINT CRLF
sPOINT TO PROWPT STRING

{AND PRINT IT

$PRINT CRLF

+POINT TO TEMPORARY REGISTERS
{PRINT 3 SINGLE BYTE REGISTERS

+NITH A SPACE BETWEEN EACH PAIR
10F HEX CHARACTERS

{NOW PRINT 3 TWO BYTE REGISTERS
{WITH A SPACE BETWEEN FOLR
{HEX CHARACTERS

. ‘-"-"t’;“’_" A ,". [ r : B '.' . .»".‘
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i
t
4

LA

A - LSRRG 1240

EFn @ DEX
€8 6C BF EY CPX STCOUNT
et 2 F7 BNE RUS1O
B 38 RT1
EN1 BSEF DA CHEXSM LDAA CXSUM
x B % PSHA
i EXNS BOE4CC JSR NEX2D
g3 I3 PRB
B s
5 g3 1 )
o EMB 2601 B Ol
4 N 3 RTS
- EMNE N cs1 SX
y ENF ® DEX
€310 ¥ )|
g3l FCB OFY
B E312 BOES AT JSR PSPACE
b €313 CEES BE LDX $QCKSMER
Ew, €3N8 3 RTS
a3 €3N » READACI PSHA {LILBUG READ PORT MITHOUT WAIT
E3A BSCOM LDAA IO+ACIAT+A.RX
i €310 GATF ANDA §TFH {CLEAR PARITY BIT
i E3IF 8117 oFA §LH 31 IT CONTROL W ?
o 32} %% BNE ISCTRLX +IF S0 WAIT FOR FURTHER INPUT
B33 ¥ SHI $BEFORE CONTINUING
. E324 14 FCB 1
G €323 8118 ISCTRLX CYPA 016H 318 IT CONTROL X ?
- B3] 2 PULA {IF YES THEN CC IS SET
328 3 RET? RTS
E329 64O CONVA  ANDA MFH sLILBUG CONVERT RIGHT 4 BITS AMD
E38 B8 M ADDA #4904 $PRINT ROUTINE
B 19 DA
B3 894 ADCA 3404
B3N 19 paA
4 Bl ¥ sl
i 332 11 FCB 11H
Ex3 39 RTS
E34 ROZR2P2 INX sAdvance compare TO pointer
EXS FF BF DY STX TENP2 1Save conpare TO pointer
E38 FEBF D7 CPRMEM LDX TBNPL tFetch compare pointer
E3B AW LDAA ¢, X tFetch compare data
E33D @8 INX {Advance compare pointer
EXE FFBFD? STX TEP! sStore compare pointer
E34l FEBF D9 LDX TEMP2 sFetch compare TO pointer
B3 Al O OFA 0,X sCompare A to indexed data
] E3% 2693 BNE CPRET $1f not equal, return
EM8 A DECB sDecrennt dyte counter
« E34? 26 EY BNE ROZR2P2  ;Counter €39, continue comparing
> EMB 39 CPRET  RTS sReturn vith flags conditioned
14 E34C BDE3IFO DISMEM JSR GETRNG sDISPLAY MEMORY ROUTINE STARTS HERE
) EW 806 BSR DISHEN!




E354 CEBFCC DISMEM! LDX SADOL sPOINT TO THE “FRON’ ADURESS .:
E3ST Ab 01 LDA 91, X sGET LOW (RDER PART OF ADDRESS ;
£359 4 Fo ANDA SFOH sWASK LOM ORDER 4 BITS :
£38 A7 0l STAA 01,X {RETURN NEW LOW ORDER PART OF ADDRESS '
E3S0 FE BF CE LDX ADDH sGET THE *T0’ ADDRESS ;
£ 0 DX {WAE IT WHAT THE USER SAID IT ¥AS T0 BE
E3%1 ¥ Sul :
£%2 W FC8 OM :
£33 CAWF ORAB #OFH +SET LOM ORDER 4 BITS
ENS ¥ > H
E% © FCB OH :
E3%7 FF BF CE STI ADOH sRESTORE 1EW *T0° ADDRESS
E36A BOES 20 BYTENN JSR PCRLF sPRINT BYE NMBER GUITE LINE BY FIRST PRINTING CRLF
E3%0 BOES M JSR PCRLF s THICE
€370 CE E8 €4 LDX $08SPACE sPRINT & LEADING SPACES
, B3 ¥ Sul
8% 12 FCB 1M
B35 & CLRA
; 376 3% BYTENY1 PSHA {CONVERT RIGHT 4 BITS AND PRINT AS ASCII
i 8377 HEN JSR CONVA sUFPER CASE CHARACTER
EI7A D ES A7 JSR PSPACE sPRINT THO
: E3 BDES A JSR PSPICE :
; B30 52 PULA sGET COUNTER
! 381 4 INCA sHAVE WE PRINTED
332 68110 oA MM sHEX NUMBERS @ THRU F?
\i £34 2 F¢ BNE BYTENMI sKEEP PRINTING THEM IF NOT FINISHED
€38 8091 OUTLOOP BSR READACI sCHECK FOR PRINT END OR WAIT FROM USER
£3%8 27%7 BEQ ENDIN :END PRINT IF CONTROL X KEY WS HIT
E3% BOES 2A J5R PCRLF sELSE CONTINUE PRINT WITH CRF
£330 CE B CC LDX $ADOL +GET ADDRESS OF DATA TO BE PRINTED
E399  BD ES AS JSR PAHEXS sPRINT ADDRESS AS 4 HEX WITH A SPACE
€393 FE BF (¢ LDX ADOL sPOINT T0 THE DATA
E39% Cb 10 LDAB #16H sSET UP A COUNTER FOR 16 BYTES
B39% ¥ INLOOPY SWI sPRINT BYTE AS TWO HEX AND POINT TO NEXT BYTE
B9 * FCB OFH
E9A BOES A7 JSR PSPICE 1PRINT A SPACE
390 A DECS sONE LESS BYTE TO PRINT
ENE 26 F8 BNE INLOOPL sPRINT NEXT BYTE IF NOT DONE
E39 B0 ES A JSR PSPACE sPRINT ANOTHER SPACE
33 Cb 10 LDAB $10H sNOW PRINT THE 16 BYTES AS ASCII IF POSSIBLE
E3S FE BF CC LDX ADDL :POINT 0 THE FIRST BYTE
33 Ab W INLOGP2 LA 99, X +GET THE BYTE
£ 84 7F ANDA §7FH sSTRIP OFF EIGHTH BIT
B3 8129 CIPA 420H +IF BYTE IS LESS THAN ASCII SPACE
EXE 20 R PERIOD sPRINT A PERIOD ‘
E3B9 81 41 CPA #51H sELSE CHECK TO SEE IF IT IS A PRINTABLE CHARACTER
B2 20 BLT PRNTASC .
£38¢ 8 % PERIOD LDAA #2EH sNOT PRINTABLE SO PRINT A PERIOD
E3BS F PRNTASC SWI sPRINT THE CHARACTER OR A PERIOD
E3B7 11 " FCB UM
€35 03 Nt sPOINT T0 NEXT BYTE
E3B9 54 DECS sONE LESS TO PRINT
A1
e T T e T N I I S e L e e e e et e ]




E3BA 2B EC BE INLOOP2 160 PRINT THE REST OF THE 14 BYTES
EBC 6 DEX {POINT TO THE LAST BYTE PRINTED
E38D FF BF OC STX ADOL $SAVE THE ADDRESS
EX CEBFCC LDX #AD0L {GET A FUINTER TO THE LAST BYTE PRINTED
B33 FFF D7 ST TBPL {SAVE THE POINTER FOR COMPARISON
EXs CEBFCE LDX SADDH {CET A POINTER TO THE LAST BYTE TO BE PRINTED
EX? FFEBFD? STX TewP2 +SAVE THE POINTER FOR COMPARISON
EXC Cb 02 LDAB M2 ; THE POINTERS ARE 2 BYTES EACH
EXE BDE33B JSR CPRMEN 1COMPARE ADORESSES
B 2« BH1 ENDOM +BRANCH IF FINISHED WITH MEMORY PRINT
E3D3 FE BF CC LDX ADOL {ELSE GET THE ADDRESS OF LAST BYTE PRINTED
B 8 INX tAND POINT TO NEXT BYTE YO BE PRINTED
€307 FF BF CC STX ADOL {SAVE THE ADORESS
E3R 7D EBF CD TST ADOL+1  31F WE HAVE PRINTED A BLOCK OF DATA
B30 26 A7 BE OUTLOOP THEN GO PRINT THE BYTE NUMBER GUIDE LINE AND 14 BYTES
E0F 26 89 BRA BYTENM {ELSE GO PRINT NEXT 16 BYTES
Xl ENDOM  RTS {RETURN TO CALLER
EX2 3D EOF  BSR EOF1
EXs TEE242 JP MONENT
EX? C(EESDO EOF1  LDX MQTPEQF
EXA ¥ Sul
EXB 12 FCB 1M
EXC BIES2A JSR PCRLF
EXF 39 RTS
E3F9 BDE4EL GETRNG JSR NXTAIR
— EX3 FEBF CA LDX AR

(Q. E¥6 FF BF CC STX ADOL
EFY FFEF(E STX ADOH
E3FC BD E4 E JSR NXTAIR
EXF 274 B£Q GETRG3
E40l FE bF CA GETRG1 LDX ADR
B4 FF BF CE STX ADOH
€407 CE BF 86 GETRG3 LDX SBUF
EdOA  AS 4E LDAR 4EH,X
EMNC Eb & LDAB 4FH,X
EHE E0AD SUBB ADH,X
Eie A& SBCA ACH,X
EHN2 2™ B(C GETRG4
E4l4 C(EESAB RNGERR LDX SQGRNGERR
E47 39 RTS
E418 FE BF CE GETRGA  LDX ADOH
EMB @ INX
EMC FFEFCE STX AODH
EHMF 39 RTS
E420 BD E4 Eb G0 JSR NXTADR
E423 276 BEQ GO10
E425 FEBF CA LDX ADR
€428 FFEF EF STX PREG
BB TEE2FI G010 P RESTA(
E4f 8D O3 LOAD  BSR LOAD2
B4y TEE28A JP HSGHON
B33 (EN N LOAD2  LDX ¥XZERO
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" <36 FFEF (B STX OFFSEY

EA39  FF BF CC STX ADOL
X ® LOOFST DEX
EA3 FF BF CE STX ADDH
EAM0 BDEA ES JSR NXTAIR
EM3 27 (€ BED LOADY
EMS FE BF CA LDX ADR
EMS FF BF (8 STX OFFSET
EMB BOE4 B JSR NITADR
EME 2713 BEQ LOKDY
EASe FE BF (8 LDX OFFSET
EAS3 FF oF CC STX ADOL
EASS CE 00 &5 LDX $XZERO
E45% FFOF (8 STX OFFSET
EASC 8D A3 BSR GETRG!
EAE  FE BF CF LDX ADOH
Bl 2009 BRA LOOFST
B3 0 LOAD!  NOP
E44 80D ROPRE  BSR FINDS
E454 BDES 11 JSR HAITTY
EA49 81 N CPA 130
EASB 27 F7 BEQ ROPRE
EAD BT BF D2 STAA RECTYP
EATO W BF 0 CLR CKXSUM
€473 BOEA CC JSR NEX2D
EAT A DECA

o EAT7 M DELA
EA78 M DECA
B9 BT I3 STAA COUNT
EA7C BDE4 CC JR NEXD
EATF  B7 IF (A STAA AR
EAS2 BD E4 CC JSR NEX2D
EASS B BF (9 ADDA OFFSET+
EAG8 BT EF (B STP., ADRH
FASB B BF CA LDAA ADR
EASE B9 BF (8 ADCA OFFSET
EA91 B7 BF (A STAA ADR
EA9% B BF D2 LDAA RECTYP
EA97 8131 CHPA 1314
B 21 BE LFA
EA9B  BD E4 CC LRI  JSR NEX2D
EAE  FE BF CA LDX ADR
EAl  BD ES C2 JSR SETOFF
EsMd 8 INX
EAS FF BF CA STX ADR
EA8 TABF D3 DEC COUNT
BB X EE BGT LDR1O
EAD 20 04 BRA LHF9
EWF 81 39 LIFA  COFPA 03
EABI 26 OF BNE BADTAP
EAR3 BDE3 O LF9  JSR CHEXSM 5
EABS B BF D2 LDAA RECTYP

ol A-13
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EABY 81 39 OPA 13H
E4BB 26 Ab BNE LOAD!
EABD CEESBS LDX §QEOF
EAOd 39 RTS
ECI 20 AL BADTAP BRA ROPRE
B3 o FINDS  NOP
EACY BOES 1N FS10  JSR MAITTY
B 8153 OPA 15H
EAC? 26 F9 BE FS10
EACB 39 RTS
EACC BDES 11 NEX2D SR WAITTY
EACF 18 TAB
EADd BOEL I JSR WAITTY
EAD3 3% PSHA
B4 ¥ PS8
EADS W ™K
E4DS C5 N2 LDAB M2
EA8 ¥ NI
EA9 1S FCB 1
EADA 24 65 BCC BADTAP
EADC 17 THA
EADD FB BF DA ADDB CKSUM
50 EAEQ FIBF DA STAB CKSUM
o B3 3l INS
; EAEA 31 NS
i EAES 30 RTS
i G: EAES 7F BF CA NXTADR CLR ADR
EAE9 7F BF (B CLR ADR+!
‘ EAEC BD ES AC JSR PEXISTS
& EAEF 2601 BNE NAL
EAF1 39 NXTRTS RTS
EAF2 Cb 47 Ni.  LDAB MM
EAFi F T
E4F5 1S FCB 1M
EAFe FFEF DO STX BUFPTR
EF9 BT BFCA STAA ADR
EAFC F7BF (B STAB ADR+!
EFF MW LDA3 09,X
B ¥ NI
52 13 FCB 1M
503 20 BCS M3
£5¢5 29 RTS
E506 TES287 N3 U ABORT
ES509 A6 00 QUTCH  LDAA 09, X
ES6B 37 WIth PSHB
ES56C FbCO 00 LDAB I0+ACIAT
E5F %7 ASRB :
ES10 24 0A BCC 0C19
E512 FoCO O LDAB 10+ACIAT+A.RX
ES515 C1 1B OPB 4134
517 2603 BNE OC10
i ES519 TEE287 ¥ ABORT
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ESIE 81 0 CPA S0DH
E520 26 06 BNE 0C29
E522 85 OA LDAA BOAH
BU ¥ )|
55 11 FCB 11N
E526 85 0D LDAA #0DH
B B 02 PWB
529 39 RTS
ES20 84 oD PCRLF  LDAD BODH
ESX 29 0D BRA OUTCH
ESXE 6D ¢3 PUNCH  BSR PUNCHI
5% 7EE2M2 JP MONENT
E533 BDE3FY PUNCHL  JSR GETRNG
£53 CE 00 0 LDX #XZERO
E539 FF BF C8 STX OFFSET
ES3C 6D A3 BSR NXTADR
S 276 BEQ PHF29
540 FE BF CA LDX ADR
E543 FF BF (8 STX OFFSET
E54 Fb BF CF PHF20  LDAB ADDH+
ES49  FO BF CD SUBB ADDL+1
E54C R6 BF CE LDAA ADDH
ES#F B2 BF CC SBCA ADDL

G E552 26 M4 BNE PUNDLO

@ ESS4 C1 160 OFB H10H
55 228 BLS PUND2Y
£5S8  Cb 10 PUNDIO LDAB $10H
B 5 PUND20 INCB
ESSB SC INB
B 5 - INCB
ESSD F7 BF D3 STAB COUNT
€560 CEEG DB LDX #QS1
E543 ¥ SNl
BS54 12 FCB 1M
E6S CLRB
£566 CE BF D3 LDX SCOUNT
E569 6D 2 BSR PUNBYTE
£S48 37 PS8
ES6C  FE BF CC LDX ADOL
ESF  BS BF (8 LDAA OFFSET
ES72 Fb BF €9 LDAB OFFSET#]
ES75 oF SHl
£57 08 FCB 08
E577 FF BF CA STX ADR
ESTA  CE BF CA LDX SADR
B0 B PULB
ESTE 8D 1D BSR PUNBYTE
£500 8D 1B BSR PUNBYTE
€582 FEBF CC LDX ADDL

- 585 8D 16 PREC1O BSR PUNBYTE
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ESS7 2 FC BGT PRECIS
£S89 FF BF CC STX ADOL
ESOC CE BF DA LDX BCKSUN
B 59 )
5N E7 W STAB 09, X
592 806 BSR PUNBYTE
ES94  FE BF OC LDX ADDL
ES97 BC BF CE CPX ADOH
ES9A 2 M BNE PHF20
59 39 RTS

ES EB M PUNBYTE ADDB ®9,X
5% oF SHI

£S5 OF FCB OFH
E5A1 7A BF D3 DEC COUNT
ESM 39 RTS
EAS  OF PREXS SHI

ESA6 10 FCB 1M
ESA7 86 20 PSPACE LDAA #20H
B9 ¥ SHI

M 11 FCB 11H
ESB 39 RTS
ESAC FE BF D PEXISTS LDX BUFPTR
ESHF A6 0 PRISTX LDAA ®9,X
£B1 ¥ SHI

%82 13 FCB 1M
€583 2507 BCS PX2
ESBS 61 0 OPA $0DH
87 278 BEQ PX2
€589 8 INX

ESBA 20 F3 BRA PXISTX
ESBC FF OF DO PI2  STK BUFPTR
ESBF 61 @0 OPA 004
ECl 39 RTS
B2 3 SETOFF  PSHA
ESC3  Bb BF CC LDA ADOL
ESC6  Fb BF CD LDAB ADDL+1
59 ¥ SNl

ESCA 0B FCB oM
EXB 2% BHI SETOUT
ESCD  Bb BF CE LDAA ADDH
ESO0  Fb BF CF LIAB ADDH+
508 ¥ o

ESDA 4B FCB o8
ESDS 24 97 BOC SETPUL
07 R SETOUT PULA
ESDS 85 FF LDAA #0FFH
E50A ¥ SNl

ESD8 11 FCB 11
ESIC 20 1S ERA SETMI
ESIE 32 SETPL PULA
ESIF A7 8 SETHEN STAA 09,X
ESE1 Al 00 oA 0, X
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EE3 2766 BEQ SETH
' ESES FF BF CA STX AIR
ESES CE BF €A LDX SAIR
EEB 6088 BSR PHEXS
ESED CEEBA3  PBAR LDX KBAIR
ESF0 7€ E2 88 JP HSGHON
£F3 SEMI  RTS
EF4 BOEVES SN JSR NXTADR
ES7 FE B CA LDX ADR
ESFA FF BF CC STX ADOL
E¥D BOEIES SO  JSR NXTADR
B 270 BER 5100
ES2 FE BF C LDX ADDL
ES 17 ™
€SS 80 07 BSR SETEN
X8 8 NS
ES9 FF BF CC STX ADOL
B NFF BRA SHI
EME TEE245  SKN  JP NNITR
Bl ¥ WITTY Sl
E812 14 FCB 144
ESI3 8118 OPA HBY
ESIS 268 BE W20
ES17 TEE2E JP ABORT
ESA 81 F W9 CPR P
G ESIC 27F3 BER WALTTY
. ESIE 7D BF €8 TST ECH)
B2 270 BEQ W
ES2 BOES 8 JSR OUTCH
E526 39 W9 RS
ES27 FEBFCC I LDX ADOL
S 8 NS
ES28 FF BF OC ST ADIL
ES2€  BC BF CE CPX ADOH
€831 26 @2 BNE ADORS
ES33 31 s
ES3 31 INS
B3 3 ADORS TS
8% TEESED D  J PBAIR
ES39 €D 03 MVE  BSR MOVE2
ES3B TE E2 45 JP MNITR
;. ESE BDE3F)  MVE2 JSR GETRNG
< ESH  BD E4 Eb JSR NATAIR
o EsM 27 FO BEQ JBAD
F ESS FEBFCC  MOVEL LDX ADIL
- ESA9  Ab 00 LDAA 00,
iy ES4B  FE BF (A LDX ADR
ESME D ES IF JSR SETHEN
Es51 8 INK
ES52 FF BF CA STX ADR
ELSS BDE6 27 SR IN
€858 20 EC BRA MOVEL
17
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ES5A RSRSR TS

ESS8 EE 03 LDX 03,X
ES0 & CLRA
B8 Eb LDAB 09, X
Es0 50 ASLB
Ess1 49 ROLA
E862 €D W BSR LOCW
B4 2 LW TSI
ELSS EB 0t ADOSB 01, X
ESS7 A9 W ADCA 89,
ESS9 (B 24 ADDB 028H
ESSB 69 01 ADCA W1
ES0 A7 STAR 89,1
ESF  ET 0L STAB 01,
71 E® LDX 00,X
€873 EB Ol ADOB 01, X
ESTS M9 M ADCA 09, X
7 ¥ S
878 AT STAR 09, X
ESTA E7 0 STAB o1,
ESTC A6 W2 LDW 02, X
ESTE # w
ESF EEM LOX 04,
Ess1 31 NS
B8R 3 INS

: 58 AD W &R 00,

) E4S M TS

ES36 4C 06 INC 06,X
B8 2 02 BE RSRKIT
ES84  IC 05 1 03,1
E48C RSRXIT RTI

25 3
3 .
g
i
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ELMA  Ch 05 LDAB 903
EAC A5 09 TRC LD 69,X L
EME AT 02 §TAA 02,1 "
7~ ESB0 W8 INX
ESBl %A DECB :
E4B2 26 FS BNE TRC g
EGB4  Cb O LDAB 849 g
| EBS A6 03 RS LDA 03X
ELBS AT 08 STAR 48,1
. ECBA O DX
ECBB  SA DECB
EABC 26 FB BNE RS
ELEE 31 NS
ESOF 31 N
EL0 31 N
EC1 31 N
E6C2 3 NS
E4C3 RTS
E6CH TSX
ELCS A6 05 LDAA 05,X
EAC? Eb® LDAB 66, X
ECY AT M STAB  STAA O4,X
ECB €703 STAB 93, X
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EFA 2 TSX
EFB AW LDAA 09, X

E6D A7 65 STAR 05, X
EFF MO LA 0%, X
E701 A7 % STAA 06, X
03 89 LD 499
E105 Eb 08 PULXA  LDAB 08,
B0 B # $TAB O, X
B9 0 DEX
W M DECA
E708 26 FB BNE PLLIA
B0 31 IS
ETE 3 NS
O® 3 RTS
) 5K
f 71 80 b BSR YABI
13 &0 BSR ADDABI1
15 2Q BRA XABKI
. R TS
, 18 A 8 ADDABK LDAA €3, X
E1A B LDAB ™, X
, ENG 4B ADDAB  ADDA 06, X
ETE A7 0 STAR 06, X
| B8 E9 6 ADCE 05, X
g2 o STAUIH TP
| e 02 696 STAB 5,X
- (e £ 8% TST 8,1
: g2 710 TESTZ  BEQ TA
€729 84 FB ANDA HOFEH
B8 W0 ™o STM X
70 W RTS
BE ™
EF Mo LA O, X
E731 C6 0 ADDZ  LDAB 06
7R NE BRA ADDAB
s ¥ TSt
B3% M0 LDAA 03, X
B8 AF BRA ADCZ
73R » T84
138 8 9 BSR XABX!
B3 86 BSR SUBABXI
: ¥ 2% BRA YABI
4 ¥ 5
Fi42 Eb 05 3UBABXL LDAB 05, X
M 0 % LDAR 86, X
B4 M0 SUBA 03, X
8 A7 6 STAA 86, X
R B2 SBCB 04, X
B 2D BRA STAUH
EME TS
EWF Eb 04 LDAB #4, X
4 E ETS1 b % TSHB LD 6o,
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- E7S3 16 SBA
750 AT % STA 06,
7% ES 05 LDAB 95, X
758 20 SECB 0
7 200 BRA STAUI
g% W X
E70 Eb 03 LDRB &3,
OF 2F BRA TSUB
%61 8011 BSR P8
763 37 PS8
E74 16 THB
7 R PILA
B W TSt
€657 28 BRA ADDAB
€769 20 BSR P8
068 N TS
€ B0 STAB 3, X
EE AT M4 STAA 04,
gn o ™
gn o 1518
R 2B BRA TESTZ
74 8% Y8 LDAY M8
775 % PHA
Em W CLRA
8 » X
6 g9 E5 % LB 6,1
8 5 RORS
g 2402 WNP BC MPYSHT
EE AW ADDA 97,
790 4 WPYSHFT RORA
781 S RORS
02 AW DEC 00,1
£784 25 Fb BE VP
78 3l Ins
787 RS
€98 FF FCB OFFH
£7%9 08 FCB 05
£79A FF FCB ¢FH
E788 IF FCB 1FH
£78C FF FCB OFFN
70 B FCB 38
E6E FF FCB OFFH
E6F 4 FCB 40H
9 FF FCB OFFH
: 79 48 FCB ASH
X g fF FCB OFFH
;i 793 St FCB SIH
: £9% FF FCB OFFH
A 95 & FCB 66H
; 9% FF FCB OFFH
g 7 T FCB 7M
S RS E19%8 FF FCB OFFH
- w21
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" ¥ FCB 7PH
EMA FF FCB OFFH
e W FCB 94H
E79C FF FCB OFFM
9 % FCB 99M
ENE FF FCB OFFH
EF « FCB 9CH
ETA  FF FCB OFFH
E7At A FCB ¢AIN
E7TR2 FF FCB OFFH
EA3 W FCB ®ACH
EM  FF FCB OFFH
EAS B8 FCB BSH
EA FCB 04
e 17 FCB 1M
e o FCB 0
E7AY 10 FCB 1M
ERA ® FCB 00
e ¥ FCB 2FH
3/ ) FCB 00
ETRD & FCB 4FH
ETRE o FCB 00
EIF N FCB SDH
EB0 ® FCB ™
E7B1 8 FCB 84H

e e o FCB 0

g EB3 % FCB 944

ETBA FF FCB OFFH
EBS A FCB OADH
E7BS FF FCB OFFH
T B FCB 0BH
E’BB N TSX
ETB? EE® LDX o5,X
E7’BB 6D 0 BSR PHEX
ETBD ¢ TSX
E7BE EE LDX o3,X
E7Ce 6D o1 BSR PHEX
E7C2 RTS
E7C3 MO PHEX  LDAA 00,
E7CS 8029 BSR ASCIIR
E7C7 3% PSHA -
EC8 AW LDAA 09, X
E7CA 8024 BSR ASCITL
E7CC 8D 6 BSR PUTAX
E7CE 2 PLA
E7CF 8D 10 BSR PUTA
EDt X PINCX 5K
ED2 & 08 INC 08,X
ETd 2% BNE PINXRTS
ETD6  4C 07 : INC 07,X

- Ems XN PINXRTS RTS

B N ™1
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l
b ETDA AW LDAA 04, X
| ENC FEBF FS PUTAX  LDX ACIAI S
] EF EE® LOX ®,X ®
| €l % PUTA  PSWA
82 AW PUTRDY LDAA O, 1
4 SN BITA M2 »
Es 27FA BEQ PUTROY "
‘ EE8 N PULA [P
E7E9 AT 01 SThA 01,1 "
8 N RTS
B ASCIIL LSRA %
E7EE LSRA
OF W LSRA o
EF0 B4 OF ASCIIR  ANDA 90FH R
. B2 @8N ADDA 13
\ EF4 81 Y CPA M -
! B 23W LS ASCRTS .
l EIF8 68 07 ADDA §47
; A N ASCRTS RTS £
EFE PHESS  TSX
EIFC EE 05 LDX 05,
E EFE AW LDAY 90, X
GO0 81 M OPA M4
802 27 % BEQ PMSRTS
\7 E904 80 DS BSR PUTAX -
06 80 (9 BSR PINCY D
08 20 Fl BRA PHESS -
£ 3 PMCRTS  RTS
62 X
EQIC EE 05 LDX ¢5,X
EOOE 6D ¢S BSR ALPMN 5
810 7 SCARRY  TPA
Bl M SETUS  TSX
812 A7 &2 STAA 02,1
84 RTS
ESIS Ab 0 ALPNUN  LDAY 60, X
E817 81 41 PR 1N
E319 20 € BLT AN e
E81B 81 S CHPA 4501
E8ID %€ 12 BGT ANNOTOK
E8IF 81 C7 CHPA HCTH
B8 20 BVS AWRTS
ES23 89 07 SUBA #07 :
625 84 F AK  ANDA BOFH £
E827 0D SEC 4
€828 RTS
8 81 % AN CHPA $30H S
S8 2D M BLT ANNOTOK
820 81 % CWPA 13 b
E8F FFA BLE ANK
£831 ¢C ANNOTOK CLC
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8z SEV
B ARTS  RTS

B84 209 JPINCE BRA PINCE
€83 FE IF FS LDX ACIAL
£ EW LDX ,X
B3 AL ® INAIT LDAA 04, X
B0 &7 ASRA
EBX 24P BCC INAAIT
ESH  Ab 0 LD o1, X
B42 G DA $7TFH
TR TS

B4S A7 M STAA 04, X
B4 RTS
848 TSt

349 Eb O LDAB 63, X
B34 & M LR 84X
4D &F @3 CLR 63,1
EBF cN8 TSI

ES50 EE 05 LDX #5,%
60 1 BSR ALPMN
B 250 BCS CONND
8% % DeCB
%57 F W BLE CONENDC
£S5y €0 09 BSR JPINCK
B8 2 F2 BRA CONSB
£ 20 Bl CONENDC BRA SCARRY
BF 2 CONND  TSK

ESL0 EE 05 LDX #5,X
E8t2 80 B BSR ALY
4 2918 BVS CONNOGD
EBts 37 POB
E8S7 Cb M LDAB 904
89 2 TSK

E3A 68 M4 CONSLP  ASL 4, X
ESLC 69 05 ROL 65,
B W DECS
ESF EFY BOT CONSLP
871 MM ORM 4, X
€873 A7 M STAA 84, X
s 3 PULB
ES76 80 BC BSR JPINCK
878 PeCB
89 £ Ed BGT CONPID
ES7T8 0 SEC

B 209 BRA SCARRY
EBTE &7 CONNOGD TPA

EBF 4 INCA
ES0 20 OF BRA SETUS

a0
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82 &
€883 E4 X
€685 47
EB36 E4 0

m
&
BESZRRRNRTRZESTBESEIA=ZILIIL= L

CTARE FCC ‘L’

FOB LOAD
FeC ¢’
FD8 G0
FCC 'P’
FDB PUNCH
FeC 'N’
FOB MOVE
FCC 'S’
FOB M
FeC 'V
OB DISMEN
FCC 'R’

=2
—
=

gddddd

8
4
=

gdogdes
SERESGTRNGRGIEERTHE

sagdgdddgdddds
33 2

5
]
5
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ESCl 4D FCB 4H
£C2 22 FCB 2M
€93 49 FCB 4SH
EoC4 52 FCB SM
ERCS 82 FCB S
EBCA O FCB 04
€507 4 QTAPER FCB SMH
€8 41 FCB AtH
XS 50 FCB SH
EICA 43 FCB 4
BB 20 FCB 20
ESC 49 FCB 4%
EBCD 52 FCB S
EOCE 52 FCB SA
EIF ® FC3 &4
£ 53 QTPECF FCB SH
£801 39 FCB 3M
3 I FCB 3
€83 B FCB 3H
B4 FCB 3
EQDS 30 FCB M
€806 FCB 3
E8D7 FCB M
808 & FCB AtH
£809 43 FCB 4M
e ® FCB 4
308 0SI  FCB O0H
- . ®A FCB O
i ESDD FCB 00
- ESDE ™ FCB &
5 EGOF %% FCB
A EEV 0 FCB 0
ﬁ ESEl 99 FCB SH
p: E6E2 31 FCB 3MH
[ ECE3 M FCB ™
- EBEA 20202020 (QUSPACEFCC®
EGEB 2029
b EEEA O FCB O4H .
» EGEB 20432020 CREGWIFC’CBA X P &
EGEF 4220 29 M
EF3 202020%
EFT 2020202
3 ESFB 2050 20 20
ESFF 2020202
E93 o4 FCB 04
i
;mn&mmuiummnmnumimui
3] get navinit.a JINITIALIZATION OF 1/0 DEVICES
;-
]
i

A=26

...............
.........................

L s e o e



------

Ev4 6D
E%: 38

3]
ENC
£9eD
33
910

-

BRNLLRG

e

T
: £913 60
/ 915 A7
. B

0919 0
Y 912 %

4 E9I8 2%
B 39

vt ..' -.' e -" D.'.\' LR R RN
Lf'.:v. e e ek,

H INTERRUPT HANDELER FOR TIME CLOCK AND SONAR AT 16 1Z
H THIS SUBROUTINE IS CALLED BY HARLWARE INTERRUPT (IRQ) AND AS
H SUCH, ALL REGISTERS AND SYSTEM STATUS ARE PRESERVED ON THE STACK.
H ON ENTRY, THE PROCESSOR WILL SET THE INTERRUPT MASK. IT WILL
1 CLEAR THE MASK ON EXIT AND RESTORE THE PROCESSOR REGISTERS/STATUS
1 ON EXIT.
]
£9 1€ TICHN JR  FEE 160 CHECK OPTICAL SHAFT ENCODERS FIRST
RT1
}
i
]
) INGRSM INC X sIncrement memory contents
“ BNE INRET 11 result not 9, return
%X sAdvance neory pointer
DECB {Decrement rcecision counter
F8 BNE  INCMEM t1f countse <, continue incrementing
INRET RTS sReturn
}
]
] DCRMEN DM X sFetch byte from wemory
)} SUBA #0IH sDecrenent the byte
" STAA X 1Save byte in mencry
“ BCC DCRET 11f no borrow required, return
. DEX tAdvance memory printer
DECB sDecrement precision counter
F4 BNE LCRMEN 11t counter (X9, continue decrenenting
DCRET  RTS {Return
}
gmmmmmmmmm
‘! *
‘i . ]
¥ DATE: 8 OCT 84 *
1 VERSION: 1.9 ]
L NAME: FEE (AS IN THE NURSERY RHYME) *

i FUNCTION: THIS INTERRUPT HANDLER UPDATES THE COUNTS  #

i IN PREDEFINED INCREMENTS (DEFAULY I* (3FH) #
1 WHEN THE PTM REACHES ITS TIME-OUT (I.E. :
i# INCREMENT DISTANCE HAS BEEN MEASURED, THEN ¢
i - THE PTM AUTOMATICALLY RESETS THE COUNTER L
1 AT THIS ROUTINE INCREMENTS THE COUNT IN 4
¥ MEMORY :
1 THE FRONT WHEEL OSE MEASURES THE ANGULAR 2
134 POSITION OF THE FRONT WHEEL AND NOT DISTANCE #
¥ TRAVELED BY THE FRONT WHEEL. ]
it 3
i OUTPUTS: INCREMENTS THE FOLLOWING REGISTERS IN MEMORY: #
i* FWCOUNT ]
i RWCOUNT1, RWCOUNT2, RWMODI, RWMOD2, *

: LVCOUNTI, LNCOUNT2, LWMODI, LWWOD2 3
; HEEHHHH P H A HHH S R HH R HE
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EJIE
€921

(378

E928
E92A

£930

E934
EY3S
€937
E93A

€940
E943
E946

£948
E949
E94A
E94C
E94E
E951

ET54

€938
E754
EYSC
E95F
£962
€965

967

..............................

h F
S &
= «

ARERRSR
S8 L=
8 2

FECO 42

24 08
Co 02
CE BE FC
BD E9 8
FECO M

&

133 LDAA  TO+PTMF+PTMSTAT
ASLA
BCS FRONTWHEEL
FIE LDAA  IO+PTMR+PTMSTAT
ASLA
BCS RIGHTWHEEL
FCE LDAA  I0+PTMLAPTNSTAT
ASLA
BCS LEFTWHEEL
W JP TICHANL
!
{ HEAR
H THE
H CHIRP
H oF
1 SONR
H ONE!
H (S0 GO CHECK THE SONAR INTERRUPTS)
}
}
FRONTWHEEL ASRA
ASRA
BCC CHCGFNC2
CHCFUCL DEC FHOOUNT+1
LDX T0+PTHF+T.CNTY
CHKFNC2 ASRA
BCC FWDONE
INC FHCOUNT+1
LDX 10+PTMF+T,ONT2
FWDONE BRA FIE
}
RIGHTWHEEL ASRA
ASRA
Bce CHKRWC2
CHCRWCL LDAB  #02
LDX §RWCOUNT 1 +1
JSR INOEN
LDX 10+PTMR+T. CNT1
CHKRWC2 ASRA
BCC RWDONE
LDAB 492
LDX #RWCOUNT2+1
JSR INCMEN
LDX 10+PTMR+T, CNT2
RWDONE BRA FOE
}
LEFTWHEEL ASRA

A-28

1GET FRONT WHEEL STATUS
sCHECK FRONT WHEEL IR FLAG
sCONTINVE IF TRUE INTERRUPT
sELSE GET RIGHT WHEEL STATUS
sCHECK RIGHT WHEEL IRQ FLAG
sCONTINUE IF TRUE INTERRUPT
+ELSE GET LEFT WHEEL STATUS
sCHECK LEFT WHEEL IRQ FLAG
sCONTINUE IF TRUE INTERRUPT
s00NE WITH OSE INTERRUPTS

{SEE IF COUNTER 2 GENERATED IRQ
{IF NOT CHECK OTHER WHEELS
WHEEL HAS TURNED CLOCKWISE
{CLEAR INTERRUPT

;00 CHECK OTHER WHEELS

)

1}

+IF NOT THEN SERVICE COUNTER 2
+4BYTES IN RMCOUNT! (SIZE)

+SET POINTER TO RHCOUNTI LSBYTE
sWHEEL HAS MOVED FORMARD 1°
+THAT’S ONE SMALL STEP FOR MARRS-1
:0NE GIANT LEAP FOR ROBOT KIND!!
+CLEAR INTERRUPT .
+SEE IF COUNTER 2 GENERATED IRQ
+IF NOT CHECK OTHER WHEELS
+4BYTES IN RMCOUNT2 (SIZE)

]
;
:
i

o ™M
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£9%8 &7 ASRA +SEE IF COUNTER 1 GENERATED IRQ
E959 24 0B BC  CHKLNC2 +1F NOT THEN SERVICE COUNTER 2
E98 Cb 02 CHKLICT LDAB 802 +4BYTES IN LMCOUNT! (SIZE) 2
95D CE BE FE LDX  SLWCOUNTI+t sSET POINTER TO LWCOUNT] LSBYTE -
£970 BD €9 63 BR INCEN tNHEEL WAS MOVED FORWARD 1°
E973 FE OO 3A LDX  I0+PTHL+T.CNTI $LLEPT INTERRUPT -
976 47 CHLWC2 ASRA 1SEE IF COUNTER 2 GENERATED IRQ Ny
B77 468 BOC  LWDONE +1F NOT CHECX OTHER WHEELS -
E979 €4 #2 LDAB ™2 +4BYTES IN LNCOUNT2 (SIZE) °
€978 CEBF 00 LDX  #LNCOUNT2¢+] " +SET POINTER TO LNCOUNT2 LSBYTE o
E97€  BD €9 63 SR INOEM sWHEEL HAS MOVED BACKWARDS "
E981 FECN X LDX  IOWPTIL¢T.CNT2 sCLEAR INTERRUPT 50
E98F 20 M LNOONE BRA PN sRETURN TO MAIN INTERRUPT HANDLER
;tmmmmmmuumm .
3  § ol
1 *
i DATE: 8 Oct 84 ¢ o
H VERSION: 1.0 :
* NAE: GSEPRELOAD 3 -
i MODULE NUMBER: 3 »
it FUNCTION: LOADS VALUES YOU SPECIFY INTO PTM LATGHES ¢
i OF MARRS-1 OPTICAL SHAFT ENCODER PTN’S ]
it INPUTS: PRELOAD VALUES (16 BIT) MUST BE IN X REGISTER ¢
- USE THE FOLLOWING FORMULA TO CONVERT FROM *
Y 18 INCHES TO COUNTS: * =
i N Lo
1 COUNTS = (440 & DISTANCE (INCH) ) -] # o
18 THIS 1S FOR THE LEFT AND RIGHT WHEELS & o]
i NOTE: EACH WHEEL COUNT PRELOAD RIUTINE IS A &
18 SEPERATE CALLABLE ROUTINE ]
i* *
1# OUTPUTS: THE FOLLOWING MEMORY REGISTERS ARE AFFECTED: #
18 PCPTNF1, BCPTNF2, BCPTIRI, BCPIIRZ, BCPTML2, ¢
1 AD BCPTML2 *
thd 3
;l [ )
1* HISTORY? ’
;0 [ )
A S H R HHHHHHEH HHHHH HHEH R HHHHH H L
: .
i
i
105E PRELOAD ROUTINES
985 FF BE AB PRELPTIF STX  BCPTFI 1CLOCKWISE ROTATION
€989 FFEEAD STX  BCPTHR2 sCOUNTERCLOCKWISE ROTATION
E95C BD EC 27 SR INPTIF sRE-INITIALIZE FRONT WHEEL
sWITH NEW VALUES
E98F 39 ' RTS sRETURN TO CALLER
€99 FF BE B7 PRELPTMR STX  BCPTIRI sFORMARD MOTION
€993 FFEE B STX  KCPIR2 sREVERSE MOTION
A-29
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E99% BDECF JR INTPTR {RE-INITIALIZE RIGHT WHEEL

999 X R1S {RETURN TO CALLER

E99A FF BE B} PRELPTM. L1H BCPTILL sFORWARD MOTION

E9D FFBERS STX BCPTML2 {REVERSE MOTION

E9% BDECS3 JR INTPTM. t{RE-INITIALIZE LEFT WHEEL

B3 39 RTS {RETURN TO CALLER
{HEHHHHH
1} )
;| 2
L DATE: 8 OCT 84 §
d VERSION: 1.0 §
4 NAME: FWRESET, RWRESET, AND LWRESET t
H 3
H FUNCTION: ALLOWS USER TO RESET WHEEL COUNT VALUES $
it TO ANY VALUE HE DESIRES WITHIN THE §
it FOLLOWING LINITS: *
it FUCOUNT  MAX 599 DECIMAL *
it RWCOUNT1, RWCOUNT2, LWCOUNT], AND LWCOUNT2 ¢®
] ALL CAN HAVE MAX COUNTS OF OFFFFH §
¥ THIS ROUTINE ALSO CLEARS THE MODULO COUNT &
] FOR THE LEFT AND RIGHT WHEELS $
i* '
] INPUTS: X REG - NEW VALUE AND CALL THE &
it APPROPRIATE ROUTINE t
it *
e 3
{HHHHHHH U HHHHH HHHH
$
i

E9A% FF BE F7 FWRESET STX FWOOUNT

947 39 RTS

E9A8 FF BE F9 RWRESET STX RWCOUNT

ESAB FF BE FB T RWCOUNT2

ESAE TFBF Ot R RWMODA

ESBI TFBF N2 CLR RWMOD2

EB4 9 RTS

E9BS FFBEFD LWRESET sTX LWOOUNT1

E9B8 FF BE FF STX LWCOUNT2

E9BB 7F BF 03 R LWMODL

ESBE TF BF M4 R LWM0D2

01 3 RTS
§
}
}
 COMMENTS CONCERNING THE PTN’S FOR THE WHEEL OPTICAL SHAFT ENCODERS
]
:  CIRCIMFERENCE OF LEFT AND RIGHT WHEELS IS 18,75"
+  THERE ARE 1200 COUNTS PER REVOLUTION AVAILABLE WITH THE
1~ DATAMETRICS K-3 OPTICAL SHAFT ENCODER., THUS THERE ARE
{ &4 CONTS (3FH) PER 1" DISTANCE TRAVELED
§

A
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i i
{  RIGHT WHEEL: 3
{  FORNARD MOTION !
{1 A CHANNEL (COUNTER 2) GATES B CHANNEL (COUNTER 1) §
} .
{  REVERSE MOTION , >
{ B CHANNEL (COUNTER 1) GATES A CHWNEL (COUNTER 2) ¢
H .
1 LEFT WERL: k
{  FORMARD MOTION -
{ B CHANMEL (COUNTER 2) GATES A CHANNEL (COUNTER 1)
i
{  REVERSE MOTION .
{ A CHWNEL (COUNTER 1) GATES B CHANNEL (COUNTER 2) ;
; !
i FRONT WHEEL PTN KEEPS TRACK OF ABSOLUTE HEADING :
{  OF FRONT DRIVE WHEEL. WITH THE DRIVE WHEEL CENTERED, ' 3
{  THE COUNT AT FWCOUNT#] SHOULD BE $49. :
{  WITH THE FRONT DRIVE WHEEL MAX LEFT FWCOUNT+! SHOULD BE #FF. :
{  WITH THE FRONT DRIVE WHEEL 99 DEGREES RIGHT OF CENTER, THE FWCOUNT+ : .
{  SHOWD BE 494, \
{  THIS IS ASSUNING THAT A DEFAULT VALUE OF $03 IS USED
1 AS AN INCREMENTAL VALUE ON THE FRONT WHEEL PTN ALSO *
i KNOWN AS BCPTUF1 OR BCPTWF2 -
P .
e {  FRONT WHEEL: j
@ ; |
{  CLOCKWISE MOTION :
{ B CHANNEL (COUNTER 2) GATES A CHANNEL (COUNTER 1)
i
{  COUNTER-CLOCKWISE MOTION
{ A CHANNEL (COUNTER 1) GATES B CHANNEL (COUNTER 2)
}
;
: |
EX2 CECV OO TICHNI LDX 4§10 sPOINT T0 1/0 AREA
T OEXS A 49 LDA  PIAABP.SRA,X  {GET PIA A STATUS
EC7 48 ASLA {CHECK INTERRUPT FLAG OF PIA A
X8 2503 BS  TICHAN? ;CONTINUE IF TRUE INTERRUPT
EXA TEBECT JP - WRETIC {ELSE RETURN TO CALLER
}
E9CD EE 1A TICHW2 LDX  PTMAB+T.CNT1,X GET SONAR READING FRON CHANNEL A
EXF FF BEES sTX  TICTEPY {SAVE IT
ESD2 B BE E7 LDAA  TICTENPO4 {GET LOW 8 BITS
E0S 43 com sDATA IS IN NEGATIVE 1S COMPLEMENT
1S WE MUST CONVERT 1T T0 BE POSITIVE
1 THE DISTANCE MEASURED
115 FROM THE CENTER OF THE ROBOT
E906 B7 BE CI : STAA  SONARA
i
- E9DY CECO M LOx 410 {POINT T0 1/0 AREA
A3t
R L0k T GO R R B i A i A A A T L s
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EYOC EE 1€ LDX  PTIVB+T.CNT2,X ;OET SONAR READING FROM CHANEL B 7
EYE FF BE Eb STX  TICTENY 1SAVE 1T gt
E9E1  BS BE E7 DAY TICTEWP#®! ;GET LOW 8 BITS o
E9E4 43 ) 1DATA 1S IN ORE’S COMPLEMENT e
150 WE MUST CONVERT 1T T0 BE POSITIVE i
s THE DISTANCE MEASURED
+15 FRON THE CENTER OF THE ROBOT =
E9ES  B7 BE 2 STAA  SONWRD 2
i ;
E9E8 CECO M X 910 sPOINT TO 1/0 AREA
E%B EE 2 LDX  PTMCOST.ONT,X ;GET SONAR READING FROM CHANNEL C i’
E9ED FF BE Eb ST TICTEP 1SAVE 1T
ESF0 B BE E7 DM  TICTOPO+1  ;GET LOW 8 BITS -]
BF3 0 oo 1DATA 1S IN ONE'S COMPLEYENT -
150 WE MUST CONVERT IT T0 BE POSITIVE "
| +THE DISTANCE MEASURED s
115 FRON THE CENTER OF THE ROBOT
i ESF4  B7 BE (3 STAA  SONARC
. i
] E9F7 CECOM X 810 sPOINT 70 1/0 AREA
ESFA EE 24 LDX  PTCD+T.ONT2,X ;GET SONAR READING FROM CHANNEL D | »
E9FC  FF BE Eb STX  TICTENS 1SAVE 1T -
; E9F B BE E7 LW TICTEP®H  jOET LOW 8 BfS
! 2 8 ) 1DATA 1S IN ONE’S COMPLEMENT :
. 150 ¥E MUST CORNERT 1T TO BE POSITIVE -;
Y {THE DISTANCE MEASURED 2
{15 FROM THE CENTER (F THE WOBOT ’
% EM3 B7 BE CA ST SONWD :
o - :
EMS FECO X LOX  I0+#TMWT.CNT3 ;UPDATE TIME SINCE TINE ZERO -
‘ 9 4 INK g
i ENA  FF BE D9 STX  TICTINE {TINE FROM COUNTER 1S IN ONE’S COMPLENENT
* EMD 73 BE DY M TICTIE b
; EAIO 73 RE DA M TICTINEH 2)
EA13 FE BE I LOX  TICTIE Y
; EA1S FF BE S STX  SONTINE sUPDATE TIPE OF LAST SONAR READING :
' EA19 CECO @ X 810 sPOINT TO 10 AREA d
EAIC  Ab 48 LD PIAABPIAPA,X  ;OET SONAR SELECTED FOR A CHANNEL :
; EAIE  B7 BE BO STAY  SONWRSLA sTELL USER WHICH SOMAR WAS SELECTED s
! EA21 A6 4 LDAY  PIAABWPIAPB,X  ;GET SONAR SELECTED FOR B CHANNEL >
EA23 B7 BE BE STAY  SONARSLB sTELL USER WHICH SOMR WAS SELECTED
i EA26 A6 S0 LD PIACOHPIAPC,X  ;0ET SONR SELECTED FOR C CHANNEL :
' EA2 BT BE BF STAA  SONARSLC sTELL USER WHICH SONAR WAS SELECTED J
EA2B A6 52 LDAY  PIACDWPIAPD,X  ;GET SONAR SELECTED FOR D CHANNEL 1
EA2D B7 BE OO STAA  SONARSLD +TELL USER WHICH SONAR WAS SELECTED fl
) EAM 7D BE EI ST SONCHWG  {SEE IF NEW SONARS ARE TO BE SELECTED i
r BB 2703 BEQ  TICHA y
} EASS 7E BE 07 P NRETIC N
: EA BSBEE2  TICHWD LDAA  SONNEXA +GET NEXT SONAR SELECT BYTE FOR SONR A
EAB A7 48 STAA  PIMBIPIAPA,X  sWRITE IT OUT TO THE PIA
EA3D Bb BE E3 LDM  SONNEXB GET NEXT SONAR SELECT BYTE FOR SONAR B ﬂ
o= EMO A7 M STAA  PIMBHIAPR,X  ;WRITE IT OUT T0 THE PIA ;
22 ;
e N s N N N T e A 2
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EA2  BS BE E4 LDAR  SONNEXC {GET NEXT SONAR SELECT BYTE FOR SONAR C

EMS A7 90 STAA  PIACDHPIAPC,X  WRITE IT OUT 70 THE PIA

EM7  BS BE €3 LDAA  SONNEXD $GET NEXT SONAR SELECT BYTE FOR SONAR D

EARA A7 32 STAA  PIACDPIAPD,X ;WRITE IT OUT TO THE PIA

ML 86 LDAR 805

EME B7 BEEI STAA  SONCHANGE {TELL USER SONAR SELECTS HAVE BEEN CHANGED
TE BE C7 JP  NORETIC

EASE

SUBROUTINE: READSONR
BUFFERS USER PROGRAM FROM INTERRUPT PROCESSING
OF SONAR DATA. SONAR SELECT-READING PAIRS IN
LOCATIONS SONDATSA THRU SONDATRD ARE PLACED THERE
BY THIS SUBROUTINE AND AS SUCH ARE GUARENTEED TO
REPRESENT VALID/CURRENT SONAR READINGS.
HEHHHH R N
®PLEASE TAKE NOTE !t

HHBHHHHH SR H R H N

SONAR DATA READINGS SHOULD BE OBTAINED BY USER PROGRAMS

BY CALLING THIS SUEXOUTINE AND THEN CHECKING THE VALUES

STORED IN LOCATIONS SONDATSA THRU SONDATRD 1.E.t
SONDATSA THISISDESELECTBYTEF(RWR
SONDATRA  THIS IS THE READING FRON SONAR A
SONDATSB  THIS IS THE SELECT BYTE FOR SONAR B
SONDATRB  THIS IS THE READING FROM SONAR B
SONDATSC  THIS IS THE SELECT BYTE FOR SONAR C
SONDATRC ~ THIS IS THE READING FROM SONAR C
SOMDATSD  THIS IS THE SELECT BYTE FOR SONAR D

SONDATRD  THIS IS THE READING FROM SONAR D

HHHHHHHHHHH HH S HHHHH T HI R HH

R4 READSONAR SEI $MASK THE INTERRUPT SYSTEM
EASS 3% PStA {SAVE THE N REGISTER

EASS BOLEEED L0A  SSLA $GET SONAR SELECT BYTE A
EASY BT BETT STRR  ™1ATSA {STORE SONAR SELECT BYTE A
EASC Bb BE BE LDAA  SSLB +0ET SONAR SELECT BYTE B

A3

R Ry SR DO LS S I R R AR IR N 520 O a“l-' AP R
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EAT2
EAS

EA
EA
EATB

SRRARRRAAARRRAARM
RERLIBILBS2A8I R

SR/YARSTI/RIIIRITIEY

R R
SR

PELE RLERET SAAM LIASNK
R W 3 g2 R=S
2 B S3

T . CRRA R T R I AR S R i T

STAA  SONDATSS 1STORE SONAR SELECT BYTE B
LDAA SSLC 1GET SONAR SELECT BYTE C
STAA  SONDATSC $STORE SONAR SELECT BYTE C
LDAA SSLD 10ET SONAR SELECT BYTE D
STAA  SONDATSD {STORE SONAR SELECT BYTE D
LDAA  SONARA $GET SONAR READING FOR SONAR A
STAA SONDATRA 1STORE SONAR READING FOR SONAR A
LDAA SONARB $GET SONAR READING FOR SONAR B
STAA SONDATRB t1STORE SONAR READING FOR SONAR B
LDAA  SONARC $GET SONAR READING FOR SONAR C
STAA SONDATRC +STORE SONAR READING FOR SONAR C
LDAA SONARD $GET SONAR READING FOR SONAR D
STAA  SONDATRD 1STORE SONAR READING FOR SONAR D
TST  INTMASK sCHECK TO SEE IF OTHERS WANT INTERRUPTS MASKED
BNE  RDSONDONE {DONE IF YES
ol 1ELSE CLEAR INTERRUPT MASK
ROSONDONE PULA {RESTORE A REGISTER
RTS tRETURN TO CALLER
H
H
L
3 SUBROUTINE POS (PUSH ON STACK) IS REENTRANT BUT MAY NOT
H BE USED BY AN INTERRUPT ROUTINE SINCE THE SYSTEN TEMPORARY
H REGISTERS ARE USED.,
3 POS PUSHES N BYTES ONTO THE STACK, ON ENTRY, THE A REGISTER
3 CONTAINS THE BYTE COUNT (N) AND THE X REGISTER POINTS 70 THE
3 FIRST BYTE YO BE PUSHED ON TO THE STACK, THE B AND C REGISTERS
H ARE CLOBBERED, ONRETURN, X=X + N+ 1, A=N, SP=SP - (N+])
3 BECAUSE THE STACK GROWS DOMNMARD' THE STACK POINTER MUST EVENTUALLY
3 RETURN TO IT’S PREVIOUS VALUE OR OTHER SYSTEM PROGRAMS OR DATA WILL
3 BE CLOBBERED BY THE DOWNWARD GROWING STACK!
}
POS SEl sMASK HARDWARE INTERRUPTS
STAA  TEMNPO {SAVE THE A REGISTER
STX  TEMPL $AND THE X REGISYER
T8¢ +GET THE RETURN ADDRESS OF THE SUBROUTINE
$CALLER
L  0x
SIX  TENP2 'SAVE THE RETURN ADDRESS
DX TEMP1 tPOINT TO THE BYTES TO BE PUSHED ON THE STACK
TAB ${BYTE COUNT IS NOW IN B REGISTER
H
LOOPPOST LDAA  0,X sLOOP HERE N TIMES
PSHA sPUSHING VALUES ONTO THE STACK
N sPOINT TO NEXT BYTE
DECB $ONE LESS BYTE T0 PUSH
BNE  LOOPPOSL +IF B IS NOT ZERO, LOOP UNTIL DONE
‘ .
LDAA  TEMP2+1 1ELSE PUSH RETURN ADDRESS
PSHA sONTO THE STACK
LA TENP2 :
PSHA
A-34
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EAB]

EAB?

EEEEESECEEE8EEER & &8

EAES
EAE4

EAES
EAE?
EAEA

EAFL
EAF4

EAFS

---------
.......
et «~ .

IRR2T
2R=R
AR

3

&8 A4 A
K ® R
8 &

REKRETESTEHESS

-
<N

ZTBNBENIJIR2YRR—R20T
L]

TESR
f B

ELIASNISSA
R RBKASH =

KR 88

LA B9
LDAB  INTMASK
BNE  POSDONE
al

POSDONE  RTS

!

i

i

i

H SUBROUTINE: SIZEYENM

!

!

}

i

i

!

}

SIZEMEN SEl
R TENPO
LDX  RAMSIZEL

i

SIZAP1 LDAA  0,X
LDAB  ®%H
STAB  0,X
LOAB  0,X
ar SN
BNE  BADSOEM
LDAB  S0AAH
STAB  O,X
LB 0,X
OFB AN
BNE  BADSDEM
STAA  0,X
ST B8
BEQ  FSTSZOD
INX
CPX  RAMSIZEM
BEQ  DNESTMEM
BRA  SIZELP!

BADSZMEM STAA  0,X
R TEMPO
INX
CPX  RAMSIZEM
BEQ  DNESZMEM
BRA  SIZELP]

FSTSZGD STX  RAMSIZEL
coN  TEMPO
INX
CPX  RAMSIZER
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sRESTORE THE BYTE COUNT TO THE A REGISTER
sCHECK THE INTERRUPT MASK BYTE

+IF NOT 2ERO WE ARE DONE

{ELSE CLEAR THE INTERRUPT FLAG AND
sRETURN TO CALLER

SIZES MEMORY. IF PIAAB BIT CA-2 IS HIGH,
THEN DATA IN ROMS SHAREING ADDRESS SPACE
WITH RAMS WILL BE LOADED INTO THE RAMS AS
A SIDE EFFECT. RAMS WILL APPEAR AS ROMS
UNTIL CA-2 IS SET LOM. USE SUBROUTINE
ROMLAYRAN FOR AUTOMATIC ROM TC RAM OVERLAY
AND CA-2 SET TO LOW.

+SET INTERRUPT MASK

{CLEAR GOOD MEMORY FLAG ($00=NOT GOOD,
{ $FF=G000)

{POINT TO LOH RAM ADORESS

{SAVE VALUE OF MEMORY ADDRESS IN A REGISTER
{START MEMORY TEST TO SEE IF LOCATION IS GOOD

$RESTORE RAM BYTE 4S IT WAS BEFORE

115 THIS THE FIRST G0OD BYTE?

+BRANCH IF YES

sELSE POINT TO NEXT MEMORY LOCATION

{ARE WE AT THE END OF THE RAM SIZE TEST?
$IF YES THEN DONE

$ELSE CONTINUE MEMORY SIZE LOOP

+RESTORE RAM BYTE AS IT WAS

+ (RON OVERLAY TO RAM OCCURS HERE IF
1P1AA CA-2 IS HIGH!)

;CLEAR GUOD MENORY FLAG

sPOINT TO NEXT MEMORY LOCATION

{ARE WE AT THE END OF THE RAM SIZE TEST?
$IF YES THEN DONE

;CONTINUE MEMORY SIZE LOOP

{SAVE ADDRESS OF FIRST GOOD RAM

+SET GOOD MEMORY FLAG

+POINT TO NEXT MEMORY LOCATION

{ARE WE AT THE END OF THE RAM SIZE TEST?
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EFB 2702 BEQ  DNESDMEN {IF YES THEN DONE v
ENFD 20 CO BRA  SIZELPI 1CONTINUE MEMORY SIZE LOCP =
ENFF 0 DNES2MEN DEX )
EBOd FF BE IF STX  RAMSIZEM 1STORE ADDRESS OF LAST MEMORY LOCATION TESTED
EN3 B BEEE LA INTMASK {CHECK TO SEE IF MASK IS TO BE LEFT SET i
EBOS 2,01 BE  DSDEM2 {RETURN TO CALLER IF MASK IS TO BE LEFT SET -
EN8 ¢ al {ELSE CLEAR MASK AND 7
EB49 39 0SDEN2 RTS sRETURN TO CALLER X

] t

i

i

i

i SUBROUTINE:  ROMLAYRAM OVERLAYS ROM TO RAN AND RETURNS

i RAM TO TRUE RAM STATE OVER ENTIRE

: PROCESSOR ADORESS SPACE .

i g
EBOA CEW O ROMLAYRAM LX  $XZERO {POINT TO LOW MEMORY )
EBOD FF BE DO STt RASIZAL .
EBI0 CEMO M LDX  #0A0OMH {LAST USER RAM + 1 -
EBI3 FF BE IF STt RAMSIZEN '.
EBI6 BLEE S ROMOVERRAM  LDAA  CRPIMA {ENABLE ROM TO RAM OVERLAY L
EB19 ©A 38 ORAA  #033H
EBIB B7 09 49 STRA  10+PIAABIPIACRA N
EBIE BD EA BS JSR SIZDEM’ 1SIZE MEMORY AND OVERLAY ROM TO RAM )
EB21 Bb BE 95 LA CRPIM {RESTORE PIA A TO PREVIOUS MOCE
EB24 BT 0O 49 STAR  10+PIAAB+PIACRA ;THIS DISABLES THE ROM TO RAM OVERLAY -

1PROCESS AND NAKES RAM LOCK LIKE RAM d

EB27 CEW W LDX  #XZERO {POINT TO LOW MEMORY .
EB2A  FF BE DO STt RAMSIZEL .
EB2D CE CO 00 (1) S ) (i 1POINT T0 LAST RAM + 1 (1/0 AREA) .
EB3® FF BE OF STt RAMNSIZEM :
EB33 BO EA B3 JSR SIZEMEN {SIZE MEMORY AGAIN TO SHOW TRUE RAM P
EB3S 39 RTS sRETURN T0 CALLER u

' o

t

i .

: SUBROUTINE: INTPIAAB INITIALIZE PIA AB ACCORDING TO VALUES

i STORED IN SYSTEM RAM {(COPIES OF THE

i CONTROL REGISTERS) -

i .
EBI7 CECO 43 INTPIARB LDX  #10+PIARB {POINT T0 PIA. .
EB3A B BEYS LA CRPIAA 1GET CONTROL WORD
EB3D 64 FB MDA $OFEH {ACCESS DATA DIRECTION REGISTER
EBF A7 0 STAA  P.CRA,X
EBA1  Bb BE 96 LA CRPIAB 1
EBM 64 FB ANDA  BOFBH !
EBAS A7 63 STAA  P.CRB,X
EBAS CEFF FF LDX  #OFFFFH {MAKE ALL PIA LINES QUTPUTS
EBAB FF CO 43 STX  IO+PIAAB+P.DDA
EBAE  FF CO MA STX  10+PIAAB+P.DDB ;
EBS1 CE Co 48 LDX  #10+PIAB ;POINT 70 PIA -
EBS4  Bb BE 95 LDAA  CRPIAA 1GET CONTROL WORD -

A-36

........................
............

------------------------------------




~,"".‘ o e e R B L T AT T T e T e T L R W T T A R N L T N L L S TS T AW T T TR T TS TG TR :
1 !
EBST GA M ORAA B0 1ACCESS PREIPHERAL REGISTER
EBSY A7 0L STAA  P.CRA,X
EBSB B BE 9% (DAY CRPIAB
EBSE AN ORAA  #O4H
EB%0 A7 03 STAA  P.CRB,X
EBS2 BS BE BD LDAA  SONARSLA 1SELECT A SONAR
EBSS A7 04 STAA  P.PRA,X
EBS7 Bb BE BE LDAA  SONARSLD 1SELECT A SONAR
EBSA AT 02 STA  P.PRB,X
BB 39 RTS sRETURN T0 CALLER
i
$
$
i SUBROUTINE:  INTPIACD INITIALIZE PIA CD ACCORDING TO VALUES -
: STORED IN SYSTEM RAY (COPIES OF THE 1
; " CONTROL REGISTERS) :
i
‘ EBSD CE CO S0 INTPIACD LDX  #10+PIACD sPOINT 10 PIA ,
L EB BLEEYT LA CRPIAC sGET CONTROL WORD ]
. EB73 G4 FB MDA MFBH {ACCESS DATA DIRECTION REGISTER .
EBTS A7 01 STAA  P.CRC,X 1
| EB77 BAIE 98 LDA  CRPIAD
; EBTA 64 FB MDA SOFEH
! EB7C A7 3 STAA  P.CRD, X
EBTE CE FF FF LOX  SOFFFFH sMAKE ALL PIA LINES OUTPUTS g
\ . EBS1 FF OO S0 STX  I0+PIACDHP.DOC '
EBSA FF 00 2 STX  I0+PIACOH.DOD .
EBS7 CECH S LDX  S10+PIACD sPOINT TO PIA X
EBSA B BE 97 LDA  CRPIAC 1GET CONTROL WORD , ;
EBS0 OA M ORAA  OOAH +ACCESS PREIPHERAL REGISTER :
: EBSF A7 01 STAA  P.CRC,X ' i
| EB91 BSEE 9B LA CRPIAD o i
B394 0A M ORAA  #OAH
EB%6 A7 63 STAA  P.CRD,X
! 9% Bb BE BF LDV SONWRSLC 1SELECT A SONR
g EB9B A7 O STAA  P.PRC,X
z EBYD BS BECH LDAA  SONARSLD 1SELECT A SONWR .
/ BXY A7 R STAA  P.PRD,X . ;
EBA2 39 RTS sRETURN 10 CALLER !
$
) '.
$ :
i SUBROUTINE:  INTPTMB INITIALIZE PTM AB FROM VALUES STORED J
i IN SYSTEM RAM i
i .
EBA3 CE C9 18 INTPTMAB LDX  #10+PTMAB sPOINT TO PTM AB
EBAb B4 BE 84 LDAA  CRPTMAB2 +GET CONTROL WORD FOR TIMER 2
EBA A7 01 STAA  PTHCR2,X
EBAB  Bb DE 65 LDAA  CRPTMAB3 1GET CONTROL WORD FOR TIMER 3 ;
EBAE A7 08 STAA  PTICR3,X ;
EBB9 B4 BE 84 LDA  CRPTMAR? : '
EEB3 A 01 ORMA  BOIH sPOINT TO CONTROL REGISTER 1 ‘
A-37
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EBBS A7 01 STAA  PTMCR2,X i
EBE7 Bb BE &3 LDAA  CRPTMABI {GET CONTROL WORD FOR TIMER | -
EBBA A7 W STAA  PTHCR1 X ‘
EBEC FEBEN DX  BCPTMABI {GET BINARY PRELOAD VALUE FOR TIMER/COUNTER i
EB5F  FF 0 1A STX  I0+PTMAB+T.LATCMI N
EBC2 FEBE S Lbx  BCPTMAB2 3GET BINARY PRELOAD VALUE FOR TIMER/COUNTER N
XS (P OIC STX  I0H#PTMBLLATGR .
EBC8 FEEEM WX BOPTHAES {0ET BINARY PRELOAD VALUE FOR TINER/COUNTER .
EBCB FF Co 1E STX  IOHPTMABHTLLATCH3 ;
EBCE 39 KIS {RETURN TO CALLER ;
i
; .
! .
! SUBROUTINE: INTPTNCD INITIALIZE PTH CD FROM VALUES STORED C
} IN SYSTEM RN r
' 4
EBCF CECOD INTPTHCD LDX  BIO+PTNCD +POINT TO PTH CD :
EBU2 Bb BE &7 DA CRPTICD2 jGET CONTROL WORD FOR TIMER 2 .
EBDS A7 01 STRA  PTMCR2,X y
EBO7 BS BE 88 LDAA  CRPTMCD3 $GET CONTROL WORD FOR TIMER 3 P
EBA A7 M STRA  PTMCR3 X
EBOC BS BE &7 DA CRPTICD2 ;
EBOF 8A 01 R I +POINT TO CONTROL REGISTER 1 d
Bl A7 01 STAA  PTNCR2,X :
EBE3 Bb BE 8 LDAA  CRPTHCDL {GET CONTROL WORD FOR TIMER 1 ;.
EBEG AT STAA  PTHCRI,X : -
€EBE8 FE BE % DX  BCPTMCOL jGET BINARY PRELOAD VALUE FOR TIMER/COUNTER -
EBEB FF (0 22 STX  IO+PTMCO+T.LATCHI §
EBEE FE EE Al Wx  BCPTICD2 $GET BINARY PRELOAD VALUE. FOR TIMER/COUNTER g
EBF1 FF CO 24 STX  IOHTHCOHT.LATCH 5
EBFé FEBEA3 Wx  BCPTNCDY jGET BINARY PRELOAD VALUE FOR TIMER/COUNTER R
EBF7 FFON 2 STX  IOHPTMCO+T.LATCH3 "
EBFA 39 RTS {RETURN TO CALLER .
i ' |
!
!
! SUBROUTINE: INTPTWV INITIALIZE PTM V FROM VALUES STORED - :
H IN SYSTEN RAN C
} -
EBFE CEC0 28 INTPTMV LDX  $10+PTOV ;POINT T0 PTH V )
EBFE B BE 84 LDAA - CRPTIV2 jGET CONTROL WORD FOR TIMER 2
ECo1 A7 01 STAA  PTNCR2,X
ECe3 BS BE 88 LDAA  CRPTIV3 {GET CONTROL WORD FOR TIMER 3 : >
ECO A7 0 STAR  PTMCR3,X p
ECoS BS BE 8 LDAA  CRPTIMV2 1
ECB 8A 0l ORAA  BOIH +POINT TO CONTROL REGISTER 1 :
ECeD 47 01 STAA  PTMCR2,X .
ECoF  Bb BE 89 LDAA  CRPTIVI jOET CONTROL WORD FOR TIMER 1
EC12 A7 0 STRA  PTHCRI, X :
ECI§ FEBEAS LDX  BCPTMVI 1GET BINARY PRELOAD VALUE FOR TIMER/COUNTER Y
EC17 FFCO 24 STX  ICHPTMV+T.LATCHL 1
ECIA FE BE A7 WX  BOPTMV2 1GET BINARY FRELOAD VALUE FOR T1MER/COUNTER :
A-38
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o
ECID FFO0 X T0+PTMVHT. LATOH2 .
EC20 FEBEA? LDX  BCPTMV3 1GET BINARY PRELOAD VALUE FOR TIMER/COUNTER e
B2 FFO0E STX 10+ TMVST.LATOD )
EC2% 3 RTS sRETURN TO CALLER :
H
! .
} o
i SUBROUTINE:  INTPTIF INITIALIZE PTM F FRON VALUES STORED o
{ IN SYSTEW RAN °
P L
BC27 CECO N INTPIF LDX  BIOWPTIF sPOINT TO PTH F o <
EC2A BS BE 80 LD CRPTIF2 16ET CONTROL WORD FOR TIMER 2 o
EC20 A7 ot STR  PTICR2,X oo
EC2F B4 BE 8 LDA  CRPTIFI {GET CONTROL HORD FOR TIMER 3 i
(R A7TH STAA  PTICR3,X
EC34 54 BE 80 LA CRPTIF2
EC37 A0 ORMA MM {POINT TO CONTROL REGISTER !
EC39 A7 0 STR  PTMCR2,X
EC38 BS BE OC LDAA  CRPTIFI {GET CONTROL WORD FOR TIMER 1 ,
BE A7 STAA  PTMCRI,X L
ECA0 FE BE AB X  BCPTIFL {GET BINARY PRELOAD VALUE FOR TIMER/COUNTER »
ECA3 FF OO 22 STX  10+PTMF+T, LATOH! o
EC4 FE BE AD LDX  BOPTW2 {GET BINARY PRELOAD VALUE FOR TIMER/COUNTER o
ECY FFOO A STX  I0+PTIF+T,LATOR2 y
ECAC FEBE W LDX  BCPTIF3 -GET BINARY PRELOAD VALUE FOR TIMER/COUNTER .
o ECHF FF OO STX  I0+PTMF+T.LATOH3 -
LY » RTS {RETURN T0 CALLER 5
! 5
{ ‘ N
{
i SUBROUTINE:  INTPTIL INITIALIZE PTN L FROM VALUES STORED . o
i IN SYSTEM RAN E
}
ECS3 CECe 38 INTPRL LDX  SI0+TML sPOINT TO PTH L 2
ECS6 BABEY LDAA  CRPTML2 {GET CONTROL MORD FOR TIMER 2 o
ECS? A7 ot ' STAA  PTCR2,X
ECSB B4 BE 91 LD  CRPTILI 16ET CONTROL WORD FOR TIMER 3 e
B A7 00 STAA  PTICR3,X
EC40 BSBE LD CRPTML2 °
ECA3 8A 01 ORAA M sPOINT TO CONTROL REGISTER 1 o
ECsS A7 ot STAA . PTMOR2,X
EC67 Bb BE OF LDA  CRPTMLL 1GET CONTROL WORD FOR TIMER 1
ECLA A7 0 STAA  PTICRL,X :
ECSC FE BE B1 LDX  BCPTMLY 1GET BINARY PRELOAD VALUE FOR TIMER/COUNTER
EC4F  FF CO 3A STX  10+PTMLT,LATCHI 3
EC72 FE BE B3 DX RPM2 1GET BINARY PRELOAD VALUE FOR TIMER/COUNTER g
EC7S FF (9 3C STX  I0+PTMLAT.LATCH2 o
EC78 FE BE BS LDX  BCPTML3 1GET BINARY PRELOAD VALUE FOR TIMER/COUNTER o
EC7TB FF OO % STX  10+PTML4T.LATOH3 o
EE 3 RTS sRETURN TO CALLER .
! 2
- 1 &
' ]
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1 SUBROUTINE: INTPTIR INITIALIZE PTM R FROM VALUES STORED

$ IN SYSTEM RAM

i
E0O0N INTPTRR LDX  SIO+PTIR sPOINT T0 PTH R
BS BE 93 LA CRPTIR2 $GET CONTROL WORD FOR TIMER 2
A7 o1 STAA  PTCR2,X 3
BS BE 9 LA  CRPTIR3 $GET CONTRZL WORD FOR TIMER 3 _,
A7 STAd  PTMCR3, X .
BSBE 93 L0AA  CRPTIR2
84 ot RAA MM +POINT TO CONTROL REGISTER 1 :
A7 01 STAA  PTNCR2,X |
BS BE 72 LDAA  CRPTIRL ${GET CONTROL. WORD FOR TIMER 1| .
687 N STRA  PTMCRI,X i
FC BE B7 DX  BCPTIRI $GET BINARY PRELOAD VALUE FOR TIMER/COUNTER
FF O 82 STX  I0+PTMR+T.LATCHL
FE BE BY DX BCPTIR2 $GET BINARY PRELOAD WALUE FOR TIMER/COUNTER g
FFOO M STX  I0+PTMR+T,LATCH2 .
FE BE BS LX  BCPTMR3 $GET BINARY PRELCAD VALUE FOR TIMER/COUNTER .
FFCo & STk 10+PTIR+T,LATCHI N
¥ RS {RETURN TO CALLER ,

H 0

i

$

HE SUBROUTINE INTACIAT INITIALIZE ACIAT FRON VALUES STORED i

3 IN SYSTEN RAM b

] i
CECO N INTACIAT LDX  SI0+ACIAT tPOINT TO ACIA T i
8 3 LDAA  #ACH
A7 STAA  ACIACR,X $RESET THE ACIA
Bb BE N L0AA  CRACIAT $GET CONTROL. WORD FOR ACIA T .
A7 STRA  ACIACR,X i
Ab 0t LDAA  ACIARY, X s THROW AWAY ANY THASH ON RECEIVE LINE |
¥ RTS $RETURN TO CALLER

. }

$

!

1 SUBROUT INE: INTACIAX INITIALIZE ACIAX FROM VALUES STORED

! IN SYSTEM RAM

3
CECO 8 INTACIAX LDX . SI0+ACIAX sPOINT T0 ACIA X g
8 93 LDAR  $003H :
A7 STAMA  ACIACR,X $RESET THE ACIA !
Bb BE 81 LOAA  CRACIAX sGET CONTROL WORD FOR ACIA X
A7 STAA  AC(ACR,X
Ab 1 LDAA  ACIARX,X $THROM AUAY ANY TRASH ON RECEIVE LINE
¥ RTS SRETURN TO CALLER

$

$

' .

8 SUBROUTINE: INTACIAL INITIALIZE ACIAL FRON VALUES STORED

$ IN SYSTEM RAM

A-40
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)
ECCY CECo 10 INTACIAL LDX  RIOHACIAL {POINT T0 ACIA L

ECCC 8503 DA #OH
ECCE AT O STAA  ACIACR,X tRESET THE ACIA
ECDO  BS BE 82 LD (RACIAL +GET CONTROL WORD FOR ACIA L
ECD3 A7 STAA  ACIACR,X
ECDS AS 0 LDAA  ACIARY,X *THROW AWAY ANY TRASH ON RECEIVE LINE
ECD? 39 RTS {*ETURN T0 CALLER
§
}
§
}
ECD8 BD EB 37 INITPIA JSR  INTPIARB
ECDB  BD EB 4D JR  INTPIACY
ECE 39 RTS
§
§
ECOF BD EB A3 INITPTH JSR  INTPTMAB
ECE2 BDEBCF JSR  INTPTMCD
ECES BOEBFB JR INPTV
ECE8 BDEC 27 JSR  INTPTIF
ECEB EDEC 53 JR INTPML
i ECEE BDECTF JSR  INTPIR
ECF1 39 RTS
. P
%l Gx !
; .- ECF2 BDEC INITACIA JSR  INTACIAT
- ECFS BDEC BA JSR  INTACIAX
ECF8 EC C9 JR  INTACIAL
ECFB 39 RTS
§
}
. §
[ i MAIN INITIALIZATION ROUTINE ON POMER UP
- §
i }
: ECFC  oF INIT el $MASK INTERRUPTS
: ECFD SEBETF LS  #B0S s INITIALIZE STACK POINTER FOR SYSTEM
g EDO0 #F CLRA
EDe1 43 coMA
EDé2 B7 BEEE STAA - INTMASK + INTERRUPTS NOT ALLOWED UNTIL INITIALIZATION
EDSS 7F BE DC (LR POWERWP $AND POWER UP COMPLETE
EDG8 CE BF CA DX  #ADR $SET UP BLOCK MOVE ~
EDGB 6E BF EF L33  #PREG ; (DESTINATION) TO INITIALIZE USER REGISTERS
EDE AF 00 STS o $AND SYSTEM VECTORS
ED1® SE F1 AB LDS  #BLOCKI +POINT TO START OF BLOCK DATA
EDI3 AF 92 ST 2, '
EDIS EEF1EC LBS  #BLOCK2 {END OF BLOCK
EDI8 A o4 STS A
EDIA SEBETF LDS  #BO0S {RESET STACK POINTER TO SYSTEM STACK
ECID BD Eb 46 JSR MOVEL +D0 BLOCK MOVE
i - ED20 CE BF CA LDX  #ADR $SET UP BLOCK MOVE
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LDS  WCRACIAT + (DESTINATION) 10 INITIALIZATION PARANETERS
TS 0K
DS $BLOCK2 sPOINT TO START OF BLOCX DATA
1S 2,X
DS  #BLOCK3 1END OF BLOCK
TS 4X
DS 4505 sRESET STACK POINTER TO SYSTEN STACK
SR MOVEL 100 BLOCK MOVE
s 450 sRESET STACK POINTER TO SYSTEM STACX
INIT2  JR  INITPIA s INITIALIZE PIA’S
DS 4805 sRESET STACK POINTER TO SYSTEN STACK
JR  INITPTH + INITIALIZE PTN'S
LDS  #B0S sRESET STACK POINTER TO SYSTEM STACK
JR INITACIA s INITIALIZE ACIA’S
LDS  #B0S sRESET STACK POINTER TO SYSTEM STACK
JSR  ROMLAYRAM sSIZE MENORY AND OVERLAY ROM TO RAM
TS #B0S sRESET STACK POINTER TO SYSTEM STACK
LDAB  MSSH sPONER UP 1S COMPLETE
STAB  POWERUP
DONEPOWLP CLR  INTMASK sNO INTERRUPT MASK REQUIRED NOM SO
cLI sCLEAR TNTERRUPT MASK
M START 160 70 PROTO PORTION OF OPERATING SYSTEM
3
{
' .
{
{
i SUBROUTINE:  SONPRINT
t _
' ON ENTRY THE A REGISTER HAS THE VALUE TO PRINT AS A
: NUMBER FRON @ T0 25.5
: THE X REGISTER POINTS TO THE ADDRESS WHERE 4 ASCIT BYTES
: WILL BE PLACED AS A DECIMAL REPRESENTATION OF THE VALUE
i IN THE A REGISTER.  ACTUAL PRINTING IS PERFORMED BY
' SONE OTHER ROUTINE.
t
{
SONPRINT STX  LSXTEMP 1SAVE POINTER TO PRINT BUFFER .
DX HLOKSW +GET STARTING ADDRESS OF LOOKUP TABLE
STX  LKSONTIP 4SAVE IT IN A WORKING TEM- SEGISTER
ASLA +1F VALUE OF A REGISTER 1S ABOVE 127
BS  SPAIZS +ADD 512 TO LOOKUP POINTER ELSE
$1 AL +1F VALUE OF A REGISTER WAS ABOVE 44
BS  SPAG +80D 256 TO LOOKUP POINTER ELSE
$2 (LB +ADD REMAINING VALUE OF A REGISTER T0
ADDA LKSONTP#1  :LOOKUP POINTER
STAA  LKSONTHP+1 ,
ADCB  LKSONTMP sLOOKUP POINTER NOW POINTS 4% BYTES
STAB  LKSONTMP +INTO THE LOOKUP TABLE
: LDAB  #04H sSET UP TO TRANSFER TO PRINT BUFFER
%3  LDX  LKSONTP sFOUR ASCIT BYTES
LM 0,X 1GET A BYTE
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062 8 INX . sPOINT T0 NEXT BYTE IN TABLE r
033 FFOFTC STX  LKSONTIP sSAVE TABLE POINTER ‘.-
€% FEBFTE X LSKTENP +GET PRINT BUFFER POINTER ’
€39 AT M STAA  0,X {PUT ASCII CHARACTER INTO PRINT BUFFER -
EDSB 8 INX sPOINT TO NEXT POSITION OF PRINT BUFFER |
8 FFEETE STX  LSKTEW sSAVE PRINT BUFFER POINTER :
EDOF S DECB sONE LESS BYTE T0 60 i
EDW 26 EB BE P2 :LOOP BACK IF NOT THRU WITH FOUR BYTES 3
92 39 RTS sELSE RETURN TO CALLER "
€093 3 SPAI28  PSHA *SAVE VALUE TO BE FRINTED '
D94 85 62 DM N sADD 512 TO INDEX POINTING INTO THE PRINT TABLE
ED% BB BF 7C ADDA  LKSONTIP
E99 67 BF 7C STRA  LKSONTMP 1SAVE THE POINTER
e R PULA sRESTORE VALUE TO BE PRINTED
E90 20 CC BRA  SPI 1CONTINUE FINDING INDEX INTO PRINT TABLE
EF 3 PAM P 1SAVE VALUE TO BE PRINTED
EDA0 85 O LA MIH sADD 256 TO INDEX POINTING INTO THE PRINT TABLE
EA2 BB BF 7C ADDA  LKSONTIP
EMAS 87 BF 7C STARA  LKSONTYP
oA R PULA sRESTORE VALUE TO BE PRINTED
A9 20 €3 T ) sCONTINJE FINDING INDEX INTO PRINT TABLE
]
EAB 20302020 LOKSON FCC  * 0 ° sSONAR HEX TO ASCIT DECIMAL LOOKUP TABLE
EDF 20 30 2 3l FC ' 6
B3 20 30 X 32 e 0.2
EB7 20WED FC * 0.9
€DB8 20 30 € 34 FOC ' 0
EDBF 20 30 £ 35 e’ 0.8
M3 2039 % 3% FC * 0.8
EX7T 2 %X e 0.7
EDCB 20 30 £ 38 FC 0.8
ECF 203X .’ 09
EDD3 20 31 %€ M FC * 1.0
EDD7 20 31 % 31 FC 1
EDDB 20 31 ZE 32 FC  * 1.2
EDDF 20 31 X 33 FC ' 1.3
EE3 20 31 £ 34 FIC  * 1.4
EDE7 20 31 € 39 FC 1%
EDEB 20 31 £ 3% FIC 1.8
EDEF 2031 £ 37 e’ 1.7
EDF3 20 31 %€ 38 FC ’ L8
EF7 2031 X 39 e’ 1.9
EFE 20R%MN FC ! 2.0
EDFF 20 32 2 31 FC * 2.1
03 WRNER FC ¢ 2.2
EEO7T NRNXED FC 2.3
EEOB 20 32 2 34 FIC ' 2.4
EEOF 2032235 FC 2.5
EE13 20 2 € 3% FC ' 2.4
E17 2RXJ FC * 2.7
EE1B 20 2 %X 3B FC  * 2.8
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S EIF 2RZEN FC ‘2.9

S €28 NVZEN FIC ' 3.0

€27 2BXEA FC * 31

BB 20X e * 3.2

BF NBXER e ' 3.3

EN 203 %E U FC * 34

By NRXED FC 3.5

BB 20V X% FiC * 3.8

BEF NBEY C * 37

A NBEBD FIC * 3.8

BN 2BEN X

EEAB 2034 £ 29 FIC * 4¢

EEF 2034 %31 e ' &1

B33 NUZER FIC * 42

BEY NUZED FC * 43

EESB 20 34 2 FIC * 44

EF WUZXEDS FIC ' 4%

EES3 20 34 2 3 FIC * 44

B8 NNXE e’ 47

EEGB 2034 £ 38 FIC * 4.8

EF NUXEY e’ 49

B NBEN FC ' 5.0

77 2B X3l FC S

7B 2035 %R e ' 8.2

BF NBED e’ 5%

- B8 N8 XN FC * 54

ES7 203 % FC * 5.9

EESB 20 35 Z 3% FC  * 5.8

EOF 2035 % 3 FC ' 57

BN 0BXEB FIC  * 5.8

B9 NBEN FiC * 5.9

EE9B 203 % N L

EEF 203 %31 FIC ! bt

EEA 203% X FC * 62

EEA? 203% %3 FIC ¢ 6.3

EEAB 20 36 2 34 FIC * 6.4

ENF 2%XED FC * 6.5

EER3 20 3 2% 3% L * 84

EEB? 20 3 2 %7 FC * 67

EEBB 20 3% % 38 FIC  * 6.8

EEBF 20 3 % 39 FC * 6.9

EEC3 237X FIC ' 7.0

EEC?7 2037 %31 FC ' .1

EECB 20 37 £ e 02

EECF 203 X3 FC 7.3

EED3 20 37 2£ 3 FC ' 7.4

EED) W7 XS FC * 0.8

EEDB 26 37 £ 3 FC ' 7.8

BEF 27X FC ' 7.7

EEE3 2037 %38 FC * 7.8

EE] I EN FIC ' 7.9

: EEEB 20 38 2 FC * 8¢
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a2 ?‘.
A EEEF 20 38 2€ 31 FC  * 8.1 :
. EBF3 NBEN FC  * 8.2 :
: EF7 NBVED it 8.3 :
2 EEFB 2038 ZE N FC ' 6.8 4
- EEFF NBZES it ’8.% y
F:- B3 N0BXEB FC 8.4 ,
- EFO7T 20BXEY e’ 8.7 :
B EFeB 20 38 £ 38 FC  * 8.8’ )
. EFOF NBVEN FC 8.9 ’

| 13 09EN FiC ' 9

g EF17 0NZ3 9.1

EFIB WNER it * 92
EFIF XNZED FC 9.3 L
FB NNZEN FIC ' 9 -
B2l 2NXES It ' 9.9 '
o BB NNZEB FC  * 9.4 :
o FF 2N%EY e ‘9.7 :
s BN NNZEB FC 9.8 g
| ! NNEN T’ 99 -_
FB ANEN FC 10,0 ;
: FF 31 NZEI FC ‘10,1 .-
b EFA3 31 N2ER FC  '10.2° :

s BV ANED FIC 10,3

Ep BB 3ANEN FIC ‘10,4
EFF ANES FC ‘10,5 -
et B3 3ANZEB FiC 10,4 :
EFS? ANZEY FC  ‘10.7 . _-
B 31 NEB FIC ‘10,8’ ;
- F¥ ANZEN FC ‘109 ) )
EF63 3NZEN e ‘1.0 -

EFe7 3131 % 31 FC ‘1.1

EF6B 3131 E N Foc ‘11,2

EFF ANZED FC ‘11,3

EF73 3NAZEN FiC 1.4

E77 ANZES Fie ‘1.9

27 T ) o B W

EFF NAANZEN e 1LY

FB ANEB FC ‘11,8

EFS7 313 ZE N e 1.9

EFSB 31 NZEN Fic 12.¢

& 3 R 2E3 Fic 12,1

FN ANERN e '12.2"

EF97 ANZED FC ‘12,3

EF9B ANZEW i ‘12,4

FF ANZESD it ‘12,9

EFA3 31 226 3% FiC ‘12,4

AT ANEY o 12,7

EFAB A NZEB i 12,8

EFAF 31 2 39 FC ‘129

EFB3 31 BZEN oL ‘13,0

EFB7 31 B ZE 3 FiC ‘13.1°

& I EFEB 31 B X R FC 13,2




Fod7
FoéB
FOoF
Fe13
Fe17
Fo1B
FOIF
Foz3
Fo27
Fo2B
7.3
Fo33
Fe37
Fo3B
FOF
Fo43
Fo47
Fe4s
FO4F
Fe33
Fo57
FoSB
FOSF
Fo43
Fes?
FeoB
FOLF
Fo73
Fom?
FO78
FO7F
Fes3
Fes?
Fess
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31

W W W W WWWWWW
P~ =~ =y =

W W W
=

B IR R Y R A N A S

[l AT .v':.v" S L

wr e M e

FC  '13.%
Fc 13
1o kR
FI£ '
F£ ‘137
F&&  '13.8
e ‘139
FIC ‘4.0
> RS LW o
e 142
£ 1Y
FIC ‘¥
£ 'Y
FIC  '1.¢
FiC 1.7
FIC ‘148
FiC ‘149
e '15.¢
e ‘150
e 152
FC 15
FiC  ’15.4
FiC 15,9
e '15.¥
e 157
FiC  '15.8
e 1.9
FCC ’16.¢0
FC ‘16,0
FiC 16,2
FC 16,3
FCC 16,4
FCC '18,Y
FCC 1.
FCC ‘18,7
FIC '18.8
FIC 16,9
Fc '17.¢
oS VA &
Fi¢ 17,2
e '17.¥
Fic ‘17,4
Fe'17.¥
FiC  '17.¢
(1o RS V Y ¢
Fc ‘178
Fi¢ 17,9
FiC  ’18.¢’
e ‘18,1
FiC  '18,2
FC  '18,%
Fc  ’18.4
A-4%
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FOF 31 3BXD FiC 18,9 N
FO93 31 B/E R FiC ’18.8° ;]
FO97 31 BE I FiC '18.7 e
FeYB 3138 2£ 38 FIC  ’18.8° 4
FOF 31BN FC ‘18,9 ‘
F3 A NEN FIC *19.¢° , ;
FOA7 31 39 2 3t FC 191 N
FOAB 31 39 £ 32 Fie ’19.2 N
FOF 31 NEDB FIC ’19.3 1
FOE3 31392 W FiC '19.4 :
FOB7 31 39 2E3S FIC ’19.9 R
FOBB 31 39 £ % FCC '19.8° N
FIF 31 HNXEY Fie 19,7 R
FOC3 ANZED FIC 19,8 4
FIC7 31392 3 FiC 'iv.9 8
_ FICB RNEN FC 0.0 ,
i FICF 2023 o N U
FOO3 3220 X R FC '20.2
; F7 RANED FC 2.3 ;
; FIB RNEN FiC ‘0.4 4
' FOF RNESD It 2.8 i
, FOE3 3230 % % FC '8 "
: FIET NANEY e .7
; FIEB NNXEB e ‘.8
FOEF 3230 € 39 oS X
W § FOF3 23 %N FoC ‘21 .
N FOF7 3231 2 3 ¢ 2Ly i
K FOFB 3231 X 32 Fe o r21,2 -:
i FOF 223X it ‘21,3 3
- FIe3 3231 X 3 FC ‘214 ‘ - :
‘ FIOT RNAEDS FC ‘21,9 :
FIB 3231 % 3% FIC 21,8 .
FIF 2231 %37 FC ‘217 f
FI13 NI %P FC '21.8 .
FIIT 23U EN FC 21,9
FIIBE RRNEN e 2.
FIlF R RN XE3 Fc ‘2.
FIZ? R2RNER FeC ‘2.2 A
FIZl RNEB e 2.3 (
FIZ RNENR FC ‘2.4 ]
I 2NED FC 2.8
AN RNRNEB FiC 2.8 ;
FI? R2NXEY oG R : !
FI3 RRNZEBD Fc ‘2.8 |
FIF 2RNZEN Fe ‘2.9 [
FIl3 RBEN FC 2.0 - !
FIT 2B EN e '
FIB NBVBERN FC ‘2.2
FIF 2BEB > Y <R 4
FIS3 3233 26 3 e 3.4 :
FIS?T RNBVEBD Fic 'R.% t
3 FISB RNBEW FC '23.8 :

A-87
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A RNBEN FC '3
FIed NBXES FIC '23.8
FIS? RNV EN FC  '23.9
FIB RNUENR FOC 4.0
FISF 3234 £ 31 FOC ‘241
FIT? NUER FC ‘202
FIT RAED FC  '24.3
FIB RNNEN FC 244
FIFT RNUESS FIC  '24.%
FI3 RUED FoC  '24.4'
FIS? RUXEN FIC ‘207
FIE RNUXESB FOC  '24.8
FIF RNHUEDRN FOC ‘0.9
FI? NBER Fee ' 25,0
F197 RN B X3 FIC ‘2.0
FIBR RNBERN Fc ‘8.2
FIF RBEB Fi¢  '25.%
FIS RNBXEN FOC  '25.4
FIN RBES F¢ '25.%
i
i
!
i
i BLOCKS FOR INCLUSTON WITH MARRS-1 OPERATING SYSTEM ROM
P
[]
FIRB EI EF BLOCKI  FDB START
FIAD BE 00 FDB USRSTAK
FIN E2 A8 FDB SWIM
FIBl E1FB FOB ACIAA
FIB T FCB O7EH
FIBA E9 04 FOB TICHAN
FIBb 7E FCB O7EM
FIB? E295 FOB SWIHAN
FIBY TE FCB O7SH
FIBA E1F8 FDB BREAK
i
}
FIEC 15 BLOCK2  FCB 1M sCOPY OF CONTROL KEGISTER BYTE FOR ACIAT
FIBD 15 FCB 1M sCOPY OF CONTROL REGISTER BYTE FOR ACIAX
FIEE 19 FCB 14 sCOPY OF CONTROL REGISTER BYTE FOR ACIAL
!
:
FIF o FCB oH sCOPY OF CONTROL REGISTER BYTE FOR PTMABI
FICO © FCB OH 1COPY OF CONTROL REGISTER BYTE FOR PTMAB2
FICI 60 FCB 680H sCOPY OF CONTROL REGISTER BYTE FOR PTMABS
FIC2 o FCB OH sCOPY OF CONTROL REGISTER BYTE FOR PTMCDI
FIC3 o FCB OH sCOPY OF CONTROL REGISTER BYTE FOR PTMCD2
FICA & FCB o4 sCOPY OF CONTROL REGISTER BYTE FOR PTMCD3
FICS 60 FCB 080H sCOPY OF CONTROL REGISTER BYTE FOR PTMVI
FIC6 &9 FCB 080H 1COPY OF CONTROL REGISTER BYTE FOR PTIV2
FIC?T o FCB o4 sCOPY OF CONTROL REGISTER BYTE FOR PTIV3
A-48
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CONTROL REGISTER BYTE FOR PIF1

FICS 4 FCB M4 jCOPY OF
FIO 4 FCB M4 1C0PY OF CONTROL REGISTER BYTE FOR PTIF2
FICA FCB ™ 1COPY OF CONTROL REGISTER BYTE “0R PTIF3
FICB 40 FCB OMH  {COPY OF CONTROL REGISTER BYTE FOR PTALI
FICC 40 FCB MM j00PY OF CONTROL REGISTER BYTE FOR PTM.2
FICD ® FCB ™ 100PY OF CONTROL REGISTER BYTE FOR PTIL3
FICE 4 FCB 64 ;COPY OF CONTROL REGISTER BYTE FOR PTHRI
FICF 4 FCB 040 100PY OF CONTROL REGISTER BYTE FOR PTIRZ
FIN FCB j00PY OF CONTROL REGISTER BYTE FOR PTHR3
!
!
FIDL FS FCB OFSM  ;COPY OF CONTROL REGISTER BYTE FOR PIM
- FIR2 ™ FCB 4 100PY OF CONTROL REGISTER BYTE FOR P1AB
4 FIB o4 FCB o4 1COPY OF CONTROL REGISTER BYTE FOR PIAC
FIA ™4 FCB 04 {COPY OF CONTROL REGISTER BYTE FOR PIAD
| i
' !
FIDS FFFb FUB OFFFSH  ;BINARY COUNT PRELOAD FOR PTMABI
: FID? FFFS FDB OFFFSH  ;3INARY COUNT PRELOAD FOR PTMAB2
: FIDY 0028 FOB 00624 ;BINARY COUNT PRELOAD FOR PTMHABS
_E FIDB FF Fb FIB OFFF&H  {BINARY COUNT PRELOAD FOR PTICDY
- FIDD FF Fb FDB OFFFSH  {BINARY COUNT PRELOAD FOR PTHCD2
FIOF FFFF FIB OFFFFH  ;BINARY COUNT PRELOAD FOR PTICDS
FIEL 52O FUB #5207  {BINARY COUNT PRELOAD FOR PTIVI
FIES 520 FOB 05207 {BINARY COUNT PRELOAD FOR PTHV2
e FIES FF FF FUB OFFFFH  ;BINARY COUNT PRELOAD FOR PTIV3
FIE W0 FIB 6003  {BINARY COUNT PRELORD FOR PTIF1
FID W08 FIB 80003  ;BINARY COWNT PRELOAD FOR PTIF2
FIEB FF FF FOB OFFFFH  ;BINARY COLNT PRELOAD FR PTIF3
FID 0¥ FDB 643FH  ;BINARY COUNT PRELOAD FOR PTILL
FIF & ¥ FDB G003FH  ;BINARY COUNT PRELOAD FOR PTML2
FIFL FF FF FOB OFFFFH  ;BINARY COUNT PRELOAD FOR PTML3
FIF3 00 ¥ FOB 0693FH  ;BINARY COUNT PRELOAD FOR PTIRI
FIFS W FIB 0003FH  ;BINARY COUNT PRELOAD FOR PTIR2
Fifl FF FF FUS OFFFFH  {BINARY COUNT PRELOAD FOR PTIR3
!
;
FIFY ol FCB O1H 1SONAR SELECT BYTE WRITTEN T0 PIA A
FIFA 0l FCB OIH +SONAR SELECT BYTE WRITTEN T0 PIA B
FIFE ol FCB OIH +SONAR SELECT BYTE WRITTEN T0 PIA C
FIC of FCB OIH ySONAR SELECT BYTE WRITTEN T0 PIA D
!
!
FIFD 12 FCB 0124 ;LAST SONR A READING
FIFE 12 FCB O12H 1LAST SONAR B READING
FIFF 12 FCB @12  jLAST SONAR C READING
F20 12 FCB O1H 1LAST SONAR D READING
!
!
F201 00 00 FOB 000H 1TIC TIE OF LAST SONAR READING
; 0
203 39 FCB O3 P VECTOR FOR EXTENDED TIC INTERRUPT

A-49
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{ROUTINE (PRESENTLY SET TO RTS)

-
'F, e e e e
RIS L S

F24 0101 FOB MM10IH
F206 FCB 00K {TIME ZERO FRON DRIVE COPPUTER (15 BCD LS NIBRLES) .
7 FCB O00H 0
F8 ® FCB oM
F9 ™ FCB 000H A
A 0 FCB M0H -
FNB oA FCB o0 ’
FNC FCB 005
FOD ® FCB 0044 ;
FNE o1 FCB WIH
F2F 02 FCB 0O2M
F210 01 FCB ®IH
Fa1 ® FCB M4H
F12 8 FCB MGH ;
F13 @ FCB WM .
F214 o1 FCB 001K :
' o0
F5 W0 FIB 0000H {ONE TENTH SECOND TIC TINE COUNT SINCE TIME ZERO i.
i
F17 48 FCB MK 1OFFSET INTO 1/0 AREA FOR PORT INITIALIZATION
i
FA8 ™ FCB 000 {PONERUP NOT COMPLETE
i
e F19. W& FIB 00MH 1START OF RAM -
L F2AB CO 00 FO8 10 {END OF RAN + 1 (1/0 AREA) ~ L
F210 5 FCB 05 sCHANGE SELECTED SONARS IF 80 ELSE INTERRUPT 1
sHADLER SETS THIS BYTE TO 65 b
FAE o FCB MOIN sNEXT SONAR SELECT BYTE WRITTEN T0 PIA A p
F2F o FCB MIH sNEXT SONAR SELECT BYTE WRITTEN T0 PIA B “
F20 ol FCB MIH {NEXT SCHAR SELECT BYTE WRITTEN TO PIA C !
F21 o FCB MIH sNEXT SONAR SELECT BYTE WRITTEN T0 PIA D i
F22 0 e 8 ¢ sTICTENPO TENPORARY REGISTER FOR TIC INTERRUPT -
F20 0 W 1B ¢ s TICTENP! TENPORARY REGISTER FOR TIC INTERRUPT
F26 90 B o s TICTENP2 TENPORARY REGISTER FOR TIC INTERRUPT >
F28 9 W FORE ¢ s TICTENP3 TENPORARY REGISTER FOR TIC INTERRUPT »
F2A FF FCB  OFFH  INTMASK INTERRUPTS MASKED IF $FF ELSE NOT MASKED IF 400 ;
F28 ™ FGB o sSONDATSA SONAR SELECT BYTE FROM READSONAR ROUTINE d
] F2C 0 FB o +SONDATRA SONAR READING FROM READSONAR ROUTINE N
i F20 o B o +SONDATSB SONAR SELECT BYTE FROM READSONAR ROUTINE :
j F2E o i8¢ 1SONDATRB SONAR READING FROM READSONAR ROUTINE
F2F ® Fi8 ¢ sSONDATSC SONAR SELECT BYTE FROM READSONAR ROUTINE
29 ® Fi8 o s SONDATRC SONAR READING FROM READSONAR ROUTINE )
F31 ™ FiB ¢ +SONDATSD SONAR SELECT BYTE FROM READSONAR ROUTINE l
: 22 o Fc8 0 sSONDATRD SONAR READING FROM READSONAR ROUTINE i
; FZ3 0 &9 FDB  OQASH  jFWCOUNT FRONT WHEEL ABSOLUTE COUNT FOR STRAIGHT AHEAD
F25 0000 FOB ¢ sRWCOUNT! RIGHT WHEEL PTN COUNTER 1 COUNTS
g F237 o0 ™ FIB o sRWCOUNT2 RIGHT WHEEL PTN COUNTER 2 COUNTS
F239 00 00 18 ¢ sLWCOUNT1 LEFT WHEEL PTN COUNTER | COUNTS ,
7< Y ) FIB 0 sLWCOUNT2 LEFT WHEEL PTN COUNTER 2 COUNTS b
; F230 ™ F8 o sRWOD1  RIGHT WHEEL PTN { MODULO COUNT :
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‘ $RWM002 RIGHT WHEEL PTH 2 MODWLO COUNT

" FCB
F2F 8 0 sLRODI LEFT WHEEL PTN 1 MODULO COUNT
F240 0 B o {LHI0D2 LEFT WHEEL PTM 2 MODARLO COUNT
FM TE 8 oM
F202 01 0 FIB 001604 ;JUMP VECTOR FOR C (COLD START) COMMAND
24 FCB  OTEM
F45 01 03 FIB MM JJMP VECTOR FOR W (MARN START) COMYVAD
F41 X% FB  OTRM
F48 2001 FIB  92+3H JJUP VECTOR FOR O (ODESSEY) COMWAND
T RO NP {WRK END OF BLOCK 2
{
i
)
i
FFO ORG OFFOM sWRRG-1 SYSTEN CREDIT AREA
FFO0 D4 252 FOC *MARRS-1 CREATORS’
FFl 32031 20
FFO8 4352 45 41
FFOC 54 4F 5253
FFI0 31 4C 54 20 FOC *ILT RANDALL OMEN'
FFIA S2A14E M4
FF18 41 4C 4C 20
FFIC 4F 57 45 &€
i FFN A3 4150 %% FCC *CAPT ’
FF 2020202
& FFB 020209
3 FFX 20202020
5 FF 2020 4243 FOC * BERT ’
= FF3h 925020 20
- FF8 220202
= FFX 2020202
! FFIO 20202029 FIC '  SCHEIDERR *
FFMA 5343 48 4E
i FFAS 4549 4 45
3 FFIC 52202029
; FFS0 31 4C 54 20 FCC *ILT TOM CLIFFORD’
FF54  S4 4F 4D 20
FFS8 43 4C 49 4
FFSC 48 4F 52 M4
FFFS 0RO OFFFSH SRESET VECTIR AREA
FFFS  TE EC FC LASTCH &P INIT sLAST CHANCE FOR RECOVERY
FFF8  BF F7 SYSIRQ FUB IRGVEC { * FOR MASKABLE INTERRUPT REQUEST
FFFA  BF FA SYSSHI FDB SWIVEC + * FOR SOFTWARE INTERRUPT REQUEST
FFFC  BF FD SYSNMI  FUB NMIVEC 1 * FOR NONWASKABLE IRQ
FFFE  ECFC RESETV FDB INIT : * FOR MASTER AND POWER ON RESET
i
o ‘mﬂmﬂmlmlm’mm
' 3

Lo end $TRAT’S ALL FOLKS
o o No error(s),

2 A-51
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SYMBOL TABLE FOR FILE NAVROM.A

AC 0 Al ®e AR Wl AS ¢

AT 0 ATX 01 AX 0 M L
Al 02 A2 W4 A 0 M "1
AS 0N A Wi A7 0053  ABORT €287

ACIAMA  EIFB  ACIACR  00i#  ACIAL BFFS  ACIAL 10
ACIARK 9001  ACIASTAT 0000  ACIAT 0000  ACIATY 0001

A BCPTMAB2 BEYB  BCPTMAB3 BEYD  BCPTMCD1 BESF  BCPTICDR
e BCPTNCD3 BEA3  ECPTFI BEAB  BOPTIF2 BEAD  BCPTIF3
: BCPTML! BEB!  BCPTM.2 BEB3  BCPTML3 BEBS  BCPTWRI
BCPMR2 BEBY BCPTR3 DEBE  BCPTVI  BEAS  BCPTIVZ  BEA7
BCPTMV3 BEA?  BLOCKI  FIAB  BLOCK2 FIBC  BLOCK3  F24A

ACIAX 68 ADDAB  E7IC  ADDABX1 E718  ADDH BFCE

ADDL. BFCC  ADDRS B  ADDZ E731 AR BFCA

ALPNUA  ESIT  ANNOTOK ES31  ANNUM  ES29 ANK €823

ARTS B33 AREG BFEC  ASCIIL  ETRC  ASCIIR  E7F0

RSCRTS  E7FA DO Nl Bl W2 n 0

: B 0 B4 ®e B Ny B "
B 0030 BADSDEM EAE4  BADTAP  EAC1  BCPTMABE BEW

BEAl

BEAF

3

BOS BETF BREAK  EIF8  BREAKI  E291  BREG BFEB
B BFS9 BUFEND BFC7 BUFPTR  BFD®  BYTENML E37%
BYTENM E3 O e C w2

Q s C4 e o " G

) 00 CEXSH EN1  CKAC! B9 OHKFUC2

CHLWCT  E9B  OKUK2 E976  CKRUWCI  EPC CHKRWC2
XSt BFD4  OOLD BFES  CONENDC Fi50  CONFPND
CONB  EGAF CONNOGD ES7E  CONSLP  EBLA  CONVA
CONT  BFD3 CPRET  E34B CPRMEM E38 (RXIA
CRACIAT BES9  CRACIAX €81  CREG BFER  CRPIAMA  BES
CRPIAB  BES CRPIAC  BEY? CRPIAD  BEY8  (RPTMABI BES3
CRPTMAB2 BES4  CRPTMAB3 BESS  CRPTMCD1 BESS  CRPTICD2 BEB?
CRPTMCD3 BEGE CRPTMFI BESC  CRPTMF2 BESD  CRPTIF3  BESE
CRPTM.! BESF CRPTM.2 BET® CRPTM3 BE9l  CRPTRI BEV2
CRPTMR2 PES3 CRPTMR3  BE94  CRPTMVI  BESY  (RPTMV2  BEBA

§5933%¢

CRPTMVS  BESB  (CS1 ENE CTABLE E882 D0 09!
n W2 ws I8 e M »ie
i) 0 Db e 0000 DCRET  E9ID

DCREM  E911  DISMEM E3AC  DISMEMI E3S4 DLI¢ €270
DLOOP  E275  DNESZMEM EAFF DONEPOWU EDSS  DSOMEM2  EBOY
ECH0 BFES  ENDDM  E3El  EOF EX2  EOF1 % 7
FEE E9IE  FIE E924 FINDS  E4C3  FCE t927
FRONTWHE E933  FS10 E4C4  FSTSIGD EAF1I FM E7¢
FWCOUNT EEF7  FWDONE  E946  FWRESET E9M  GETRGI  E401
GETRG3  E407 GETRGA  EAIB  GETRNG E3F0 OO 420
6010 E42B  INCMEM  E968  INIT ECFC  INIT2  EDSB
INITACIA ECF2  INITPIA ECD8  INITPTM ECOF  INK €627
INOOP1 E398  INLOOP2 E3A8  INRET  E910  INTACIAL ECCY
INTACIAT ECAB  INTACIAX ECBA  INTMASK BEEE  INTPIMB EB37
INTPIACD EBSD  INTPTMAB EBA3  INTPTMCD EBCF  INTPTWF  EC27
INTPT.  ECS3 INTPTMR EC7F  INTPTMV EBFB  INWAIT  EGGB
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e r Sadrad

KX ) AR

10 Co09  I0OFFSET BEDS  IRQVEC BFF7  ISCTRLX E325
JBAD ES3 JPINCK  EB34  LASTCH  FFFS  LDRIO  E49B
LEFTMEE E9%7  U¥F4 EW  UFY EAB)  LKSONTIP BFIC

LOAD  EAX  LOADI  EAS3  LOAD2 E433  LOCW  EsMM

LOOFST  E43C  LOOKSON EDAB  LOOPPOSI EA%F  LSITE® BFTE

LWOOUNT! BEFD  LWOOUNT2 BEFF  LWDONE  E984  LMWDI  BFO3

L0002  BFA  LWRESET €985 MA B8 MWCIA &0

WCIAL  BFFS  MBADOR EM7  MBEGA  AM2 MBYTE  EeSS

MBYTECT A0 X1 M4 M2 E132  MOHANGE  EeSS

NOHAST  E6S7 MOKSM  AORA  MOONTL2 EOFF  MOONTRL  EOE3

MENDA  AMA  MENDAL A5  NMININC  EOBE  NMINCH  Ee78

MINEEE  EIAC  MINHEX  EOAA  MINOEXI EIBA  MINOEX2 EIBB

MINOEXO E1B1  MIO E000  MIOS EIEA NIV 0000 _—

MOAD  E®A  MLOADI1 E6F  MLOADIS EQ3B  MOADI9 EMe -

MOA3 ENI3 ML EISD  WCLOFF  EISC  MCONT  AdII .

] WTAPEL  EI34  MNIO A,  MONENT E242 MONITR  EX43 :
| MORETIC BEC7 MOUTZH  EGBF  MUUTZHS EOCA  MOUTAHS  EOCS
. WUTEEE EIDI  MOUTHL  E047 NOUTIR  E0SB
! WUTS  ENCC  MOUTS2 ENCE  MOVE  E39  MOVEL  Eob
MVE2 CA% MPDATAl EOTE  MPDATA2 EO7B  IMPONDIN E0OS

WRINT  EIIF  MPWINIL  ENS  WPUIN2 EISA N3 EISC

WPINI2  EI7ZC WPUNH  E1D WPYS M WP B

PYSFT ETO0  MSAV EIAS  WSFE EII3 MSFEl  ELID

:

MSGHON E20A  MSP MRS MSTAX M42 NTEP  AME o
nm ANF  MTVI AMIO  NYHI ANC MO  AMD o

i \ NXTENP  AO12 MYFLAGD BFES MYRLAG! BFES WAL 7] A
NA3 ES66 NEXD  E4OC  MMIVEC BFFD  NSSLA  BER2 q

H NSSLB  BEE3 NSSLC  BEE4  NSSLD  BEES  NXTADR  Ed€Es
NXTRTS E4F1  OC10  ESIC OC2  ES28  ODESSEY BFeB
OFFSET BFC8  OSEMOD BFOl  OSEREG BEF7  OSRAM  BEWM ]
OUTCH  ES0B  OUTCHX €509 OUTLOOP E33 P.AB 0048 |
P.CD  #59 PJORA 6Ol  P.CRE  ®03 P.CRC 0001 o
PCRD  OM3 P.DDA 600 P.00B 62 P.DOC 600 .
P.ODD M2 P.PRA 009 P.PRE 0002 P.PRC M9 )
PPRD 0002 P.SRA  OMI P.SRB 6003 P.SRC 08I b

: P.SRD O3 PAKEXS ESAS PBADR ESED PC  E4M :
PCRLF ES2A  PERIOD  E3B4  PEXISTS ESAC PHEX  EIC3 S
PHF20 ES8 PIAB o843 PIACD ™59  PIACRA 0091 d
PIACRE 0003 PIACRC €91 PIACRD 0003  PIADDA 6000 e

% PIADCB 0902 PIADDC @000 PIADDD @002 PIAPA 0009
PIAPS 602 PIAPC 6000 PIPD 0002  PIASTATA 0001 '

! PIASTATB #03  PIASTATC @021  PIASTATD €003 PINX  E7DI
PINIRTS E768 PMESS  ETFB PMSRTS  EBOA  POS EASE 3
POSDONE EAB7  POMERUP BEDC PRI EXA PRIO  E2DA :
PR  EX4 PRECIO ESSS PREG  BFEF  PREGS  EXS
PRELPTF E986 PRELPTML E99A  PRELPTIR E999  PRNTASC E3BS
PS E&YS PSPACE ESA7 PTMB @018 PTIXD M09

w PTCRI  v000 PTMCRZ 0001 PTCR3 0000 PTF 0030

* P 638 PR 0040 PINSTAT 001 PTWV . 0028

PULYA E705 PWNBYTE ES9 PUINH  ESE  PINCHI  E533 i
PUNDIO ESS8 PUND29 ESSA  PUNT2  EI97  PUTA  ETEI
PUTAX  ETDC  PUTRDY E7E2 PR E56C  PXISTX  ESAF
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QSSPACE EBE¥  (QBADR  EGA3  OQOKRER EBSE  OEOF 12:5]
QOUES  EBBY OREGNAM ESEB  ORNGERR EBAB  OSI €608 -
QTAPER  EBC7  QTPEOF  ESDO  RAMSIZEM BEDF  RAMSIZEL BEDD
ROPRE  E464  RDSONDON EASC  READACI E319  READSONA EASA
RECTYP  BF02  RESETV  FFFE  RESTAK  E2Fl  RET39  E328
RIGHTWE €948 RNGERR  EA14  ROMLAYRA EBOA  ROMOVERR €B16 iy
ROZR2P2 EXA RS €486  RSRSR  E&SA  RSRXIT  E6SC ~
RT10 E25A RT2 E261 R0 €267 Rusle  E2F7 -
RWOOUNT! BEF?  RWCOUNT2 DEFB  RWDONE  E965  RWODI  BFOL
RRM002 BFO2  RWRESET EM8  SCARRY €8I0  SETMI  EWF3
SETHEM  ESDF  SETOFF  ESC2  SETOUT  ESD7  SEWPML  ESDE
SETUS €8Il  SIZAPl EABF  SIZEMEN EABS N ESF4
1o EFD M0 ECOE  SONARA  BECI  SONARB  BEC2

SOMRC BEC3 SONARD BECH  SINARSLA BEED  SONARSLB BEBE
SONRSLC BEBF  SONARSLD BECO  SONCHANG BEE!  SONDATRA BEFY k
SONATRB BEF2  SONDATRC BEF4  SONDATRD BEFS  SONDATSA BEEF .
SONDATSB BEF]  SONDATSC BEF3  SONDATSD BEFS  SUNEXA  BEE2 ¢
SONEXE BEE3 SONEXC BEE4 SONEXD BEES  SONPRINT EDSF i
SONTIE BECS  SPL ) EME  SP3 &7 -
SPAI28 EDY3 SPAGA EDSF SREG  BFF1  SSLA  BEED “
SSB  BEBE SSLC  BEBF  SHD  BECY STAB  EACY L
STRT  EIEF  STARTI EIFD STAUNH E722  SUBABXI  E742 >

SHI20 E2A3 SMI  E208  SNIMO  E2F WIS EXR2

SHIWE €295 SNIVEC BFFA  SYSFLAG BFE7  SYSIRQ  FFFB

SYSNII . FFFC  SYSSMI FFFA T.AB 6018 T.C1 600
T2 M0 T3 o0 T.CD 20 T.ONTL o2 A
TNT2Z 684 T.ONTZ o086 T.F wN T 3B 1]
T.LATCHL 0002 T.LATCHZ 8904  T.LATCHS ®6  T.R 0040 .
1.8 W TV w8 TA 728  TABXl  EMF .

TCONT BFES TEO BFDS TEWPI  BFD7  TEP2  BFD9

TEF3 DB TEP4 D TEPS BFDF  TENPS  BFEL
TEP7 BFE3 TESTZ  E727  TICHWN  E904  TICHWNI E9C2 K

TICWN2 ESCD  TICHWNS EA38  TICTEPO BEEG  TICTEMP! BEES

TICTE®2 BEEA  TICTEWP3 BEEC  TICTIME BED9  TIMEZERO BECA

TRC ESC TSUB  E751  TUSRAM  BOMO  USRSTAK  BEMD
Sl BFF3 W2 ES1A W39 €526 WALTTY  EblL :
WRN  BFOS  XABXI  ESDY XREG  EFED  XZERO %004 |
K
=54 0

/
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------------- l. “1 ".I - '{'i - } .- I.“ " ‘. -I x- --l- )’;;.:. . g \\. * - A ~




o e
- e o

3 P
Lt e Ty
PO,

..
P TR
- .~

AEEEEEZEST

;Illlii!’!llliillIllllillIllillll!lll!{lllllilillil

;0 4

' APPENDIX B ¢

;0 ]

;llill{!ll!{lllilliiillll!llllliil!{lllilllllll!l..

H FILE: XTEND.A

H EXTENDED INTERRUPT HANDLER AS OF 20 OCT 1984

i

i

}

TUSRAN EW 0BLooH 1TOP OF USER RAM

INIT t QECFCH $SYSTEM INITIALIZATION ENTRY POINT

XIERO e CY)oH +LOAD ZERO INTO INDEX REGISTER

10 e 0CO00H ;10 AREA

ACIAT EQ L) s TERMINAL ACIA OFFSET INTO 10 AREA

AS EU L) $ACIA STATUS OFFSET

AC EQ ¢ $ACIA CONTROL OFFSET

A.TX EQ 1 {ACIA TRANSMIT REGISTER OFFSET

A.RX EQU 1 1ACIA RECEIVE REGISTER OFFGET

INTMASK EQU OBEEEH + INTERRUPT MASK @=NO $FF=YES

READSONAR EQ OEASAH $READ SONAR SUBROUTINE

SONCHANGE EW OBEE1H $CHANGE SONARS IF=@ ELSE NO=$3%

INTPTMV EQ OEPFEH

XON 1° o11H

XorF EQ Lk

MORETIC EQ @BEC7H 1 JAMP VECTOR FOR EXTENDED INTERRUPTS

TICTIE EW OBEDSH {TIME SINCE TIME ZERG OR LAST RESET
+IN TENTHS OF SECONDS OR REPETITIONS
s0F THE SONAR INTERRUPT CLOCK

ASCIIL £ OETECH $CONVERT LEFT NIBBLE OF A BYTE TO ASCII

ASCIIR EQ CETFEH $CONVERT RIGHT NIBBLE OF BYTE TO ASCII

FWCOUNT EW #BEF7H  FRONT WHEEL COUNT

RMCOUNTI EU OBEFM {RIGHT WHEEL COUNT BACKWARD

RWCOUNT2 EQU OBEFEH $RIGHT WHEEL COUNT FORWARD

LWCOUNT EQU €BEFDH LEFTWHEEL COUNT BACKWARD

LHCOUNT2 EQU OBEFFH sLEFTWHEEL COUNT FORWARD

SOND TSA E OBEEFH (RS IN  'WHERE’S THE ___°

SONDATRA EU OBZFOH 1SONAR RANCE FOR A

SONDATSB EU OBEFLH 1SONAR SELECT BYTE FOR B

SONDATRB E @BEr H $SONAR RANGE FOR B

SONDATSC -EQU OBEF3H 1SONAR SELECT BYTE FOR C

SUNDATRC EQ OBEFMH $SONAR RANGE FOR C

SONDATSD EU OBEFSH {SONAR SELECT BYET FR D

SONDATRD EQ OBEF6H 1SONAR RANGE FOR D

SONPRINT EU OEDSFH $SUBROUTINE THAT CONVERTS THE SONAR RANGE
+IN BINARY TO DECIMAL TENTHS OF FEET

AR EQU OBFCAH $DESTINATION ADDRESS FOR MOVE COMMAND

ADDL EQU 0BFCLA {START OF MOVE ADDRESS FOR MOVE COMMAND

ADIY EQ OBFCEH {END OF MOVE ADDRESS FOR MOVE COMNAND

MOVEL EQ OEGAGH $SUEROUTINE ADDRESS OF MOVE COMMAND

SONNEXA EU OBEEZH sNEXT SONAR TO BE SELECTED FOR A

SONNEXB EU OBEE3H $NEXT SONAR TO BE SELECTED FOR B
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PG
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BEE4

e
e

0101
N4
0106

9109
1o
016F
o1l
0114
"y
011A
o1

(1113
1IF

"2
Vi)

0126
0129

K

70 BE E1
2713

70 05 b4
ae

SONNEXC
SONNEXD

MAININIT

CANDATA

0BEEM
OBEE

M100H

$TUSRAN
$0BSH
IDHCIATHALC

$XTEND
MORETIC+!
$OTEH
MORETIC
$XZERO
TICTINE
INTPTHV

TRIDOLE

O L Y N N S T R a P Sl S e e o e

{NEXT SONAR TO BE SELECTED FOR C
{NEXT SONAR TO EE SELECTED FOR D

sALLOW NO INTERRUPTS UNTIL
INITIALIZATION IS COMPLETE
$INITIALIZE STACK POINTER

$SET UP CONTROL WORD FOR TERMINAL
1ACIA TO ALLOW INTERRUPT GENERATION
1ON BOTH TRANSMIT AND RECEIVE

$SET UP MORETIC EXTENDED INTERRUPT
$HANDLER

SREINITIALIZE THE TICTINE COUNTER
s6LLOW INTERRUPTS

100 NOTHING. WAIT FOR INTERRUPTS

HHHHHHHHHH HH D HHHHHHHH HHHHHHHH H H H HHHHHH N

NOTE THAT THE MAIN PROGRAM IS DOING NOTHING AND ¢
AS SUCH CAN BE MODIF'ED TO TAKE ADVANTAGE OF PROCESSOR ¢
CYCLES NOT USED BY THE INTERRUPT HANDLER $

SUBROUTINE:

ST
BEQ

ST
)

TN

XTEND2

HHHHHHHHHHH B N

AN EXTENTION OF THE EXISTING

NAV COMPUTER I.{TERRUPT HANDLER.

ITS PURPOSE IS TO GATHER TIME

TAGED SONAR AND CPTICAL SHAFT

ENCODER DATA AND SEND IT QUT

THE TERMINAL PORT TO AN EXTERNAL
COMPUTER FOR POST MISSION

PROCESSING OR REAL TIME ANALYSIS

FOR DRIVE COMPUTER COMMAND GENERATION.

{HAVE SONARS BEEN CHANGED SINCE
sLAST REQUEST?

s1F NOT THEN CONTINUE INTERRUPT
sPROCESSING

1ELSE SEE IF MORE THAN 25 BYTES IN
+IN BUFFFER. IF YES CALL READSONAR

ces vy L

RT3 O

s yeuBe T _w & A& a_ W & =
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M2B  TE 01 61 2P XTER {ELSE CONTINJE INTERRUPT PROCESSING
NE W CALLRISON CLRA
nF a3 oM 1CREATE A LINE OF SONAR AND OSE TIE
0¥ BIEEEE STAA  INTMASK +TAGED DATA
M3 BOEASH SR READSONAR 1GET THE SR DATA AND TIME
n% ¥ CLRA
037 BT EEEE ST INTMASK
M3 BD 04 2D SR SONSWITCH sSET UP NEXT SONWRS TO BE USED
o130 BD 02 43 SR PUTTIEE +PUT TIME IN BUFFER
0140  BD 02 42 SR PUTF +PUT FRONT KKEEL COLNT IN BUFFER
0143 BD 02 &€ SR PUTLH sPUT LEFT WHEEL COUNTS IN BUFFER
o14 BD 02 8B SR PUTRM sPUT RIGHT WHEEL COUNTS IN BUFFER
049 BD 62 M SR PUTA sPUT SONAR READINGS IN BUFFER
o14C  BD 92 FA SR PUTB
o1  BD 03 4A SR PUTC
0152 BD 03 A SR PUD
1S5  BD 03 EA SR PULLINE sPUT THE LINE BUFFER INTO THE SPOOLER
0153 BD 04 JR  DECBLEFT s DECREMENT THE SPOOLER BUFFER BY 64
0158 BD 04 B SR ADDLEFTPR +ADD 64 TO MJMEER LEFT TO PRINT
OIS BD 4 16 SR ADDBUFNK sPOINT TO NEYT AVAILABLE SPOOLER ADIRESS .
061 CEN N XTEND2 LDX  #XZERO
Mot BC 45 66 (Pt LEFTPR sARE CHARACTERS AVATLABLE TO TRANSNIT?
0e7 260 BE TN +YES G0 TRANSNIT
0169 TE 01 9A M TSTRX sNO. CONTINUE INTERRUPT PROCESSING
014C 7D 05 45 XTEND3 T MEXOFF +15 XOFF IN EFFECT?
NF 262 BE  TSTRX sYES. GO CHECX RECEIVE BUFFER.
@ 071 BbCO 00 LDW  I0WCIATHA.S  {ELSE CHECK FOR TRANSMIT BUFFER BMPTY,
oM 47 ASRA
urs 47 ASRA
o #2 BC  TSTRX sNOT EYPTY S0 CHECK RECEIVE BUFFER.
0178 FE 05 48 LDX  NKCHPR 1YES EPTY SO POINT TO NEXT CHARACTER
M7B AW TN 10T IT AND TRANSHIT 1T QUT,
o170 B7 00 01 STAA  I0+ACTATHA. TX
)ME0 08 INX sPOINT T0 NEXT CHARACTER
0181 8C A 04 P\ SSPBUFENDHL IS IT THE EXD OF THE BUFFER?
o184 26 03 B UPNKCHPR sN0. RESTORE THE POINTER
018 FE 05 &€ LDX  SPRUFST 1YES. POINT TO THE START OF THE BUFFER
0189 FF o5 48 UPNXCHPR STt NICHR *RESTORE THE POINTER
018 FE 05 &b DX LEFTPR sONE LESS TO PRINT
ol6F 09 DEX
0190 FF 05 & ST LEFTRR
2 0193 FE 65 6A DX BUFLEFT 10N MORE FOR THE AVAILABLE BUFFER
2 ‘ 019 8 N .
E 0197 FF 05 84 STt BUFLEFT
J 09 BACOOd  TSTR LDM  I0#CIATHALS  jCHECK TO SEE IF CHARACTER RECEIVED
- o 47 ASRA
& M 24723 BC  TSTRX2 sNOTHING RECEIVED
: o100 Bo 00 01 LDW  IOHCIATH.RY  (YES. GET RECEIVED CHARACTER.
0nA3 8111 CPA LN 415 1T XON?
O1AS 26 05 BE  TSTRI3 tND, CHECK FOR OTHER COMMANDS
017 TF 05 &5 (R MEXOFF 1YES S0 CLEAR THE XOFF FLAG
MM 20 B BRA  XTEND2 sAND GO TRY TO TRANSMIT A CHARACTER
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M 81 13 TSTRI3 OPA  MIM 118 1T XOFF?

ME 2607 BE  TSTRX4 sNO. CHECK FOR OTHER COMMANDS

9IDd 86 FF LDAA  #OFFH 1YES. GO SET THE XOFF FLAG

062 B7 0383 STAA  MEXOFF

0IES 29 O BRA  TSTRI2 +END RECEIVE FUNCTION

ME7 81 W TSTRIA OPA 4007 +15 1T CONTROL 6?

0B9 2 %0 RE  TSTRXS tN0.  CHECK FOR OTHER COMMANDS

0188 BO EB FB KR INTPTW sRESET 10 HZ COUNTER

VEE DEW DX XZERO :YES, RESET TICTIME TO ZERO

0100 FF BE DY STX TICTIE

0Nes 208 BRA  TSTRX2

nes TSTRI2 RTS *END OF INTERRUPT PROCESSING

0nes o NP

nere o NP

0c8 81 31 TSTRIS OPA 3 SIS IT

MCA 26 19 BE  TSTRKS tNO, CHECK FOR OTHER COMMANDS
1YES, DO SONARS 1 AT A TINE

M0C O M B9 LDX  4PTABIEND *POINT T0 END OF TABLE

MNCF FF 04 48 STX  SONENDH

0D CEM4 S DX #PTABY *POINT TO START OF TABLE

0105 FF o4 4D STX  SONEND2#H1

018 FF M4 B STX  PTABNEXT

#108  BD EB FB SR INTPTW 1RESET 10 HZ COUNTER

ME DEM X XZERO 1YES. RESET TICTIME TO ZERO

ME0 FFBEDY STX TICTIE

ME3 20E BRA  TSTRR2

MES 81 %2 TSTRYS OPA M3 AS 1T 2

ME? 219 BE TSR 1NO. CHECK FOR OTHER COMMANDS
1YES. DO SONARS 2 AT A TIME

OIE9 CE 4 E9 DX  4PTABZEND :POINT T0 END OF TARLE

OMEC FF 04 48 STX  SONENDH

MIEF CE o4 BD DX 4PTAB2 sPOINT TO START OF TABLE

0IF2 FF 04 4D STX  SONEND2H1

OIFS FF o4 5B STK  PTABNEXT

91F8 BD EB FB SR INTPTW *RESET 10 HZ COWNTER

0IFB IE 80 X  XZERO :YES. RESET TICTIME TO ZERO

MFD FF BE DY STX  TICTIE

00 N BRA  TSTRR

e 81 B TSTRX7 OPA  #O3M 18 1T 3

0204 2619 BE TSRS sNO. CHECK FOR OTHER COMMANDS

. 1YES. DO SONARS 3 AT A TIME

0206 CE 05 09 DX PTABOEND 1POINT T0 END OF TABLE

0209 FF 04 49 STE  SONENDH1

020C CE 04 ED DX #PTABD :POINT TO START OF TABLE

020F  FF 04 4D STK  SONEND2+]

0212 FF 04 5B STX  PTABNEXT

0215 D EB FB SR INTPTW {RESET 10 HZ COUNTER

0218 DE 0 WX XZERO :YES, RESET TICTIME 10 ZERD

021 FF BE DY §TX  TICTINE

oD 20 &6 . BRA  TSTRR2

0uF 81 % TSTRIS OPA  #O3MH 118 1T 42

02 2619 BE  TSTRI9 sNO. CHECK FOR OTHER COMMANDS

B-4




i st e

b
e e et

~i

e g

e ™ L%

23
0225

020
0¥
0232

0237
0238

02X
2n

243
0245
0249
v24C
024
252

0254
025
0239
0254
0258
025
0260
0281

0262
0265
0268
0248

e T e W W W " Y N S Y A T " (Y Y " "L AW Sy Y R Y e Y e T Y I .
LS AIL L Ryl AN A ST A St il Wl L LS Wl S N e

CEe 2
FF o4 48
CEo5 O
FF 04 4D
FF4 3B
B0 EB FB
E®
FF BE D9
28
81 &
2% 8
TE EC FC
EB 2
B6 BE D9
BD 02 33
Bb BE DA
B0X
3

3b

BD E7 EC
A7 0
“

K?J

BD E7 FO
A7 &0
L)

3
(ES 2
Bb BE F8
BD 02 33
3

TR

(1)) $PTABAEND
STX SONEND+1
LDX 4PTABA
STX SONEND2+1
ST PTABNEXT
JR INTPTMV
LDx XZER)
STX TICTINE
BRA TSTRX2

TSTRXS P 0N
BNE TSTRX2
JP INIT

3

3

3

H SUBROUTINE:  PUTTIME

PUTTINE LDx MNTINE
LDAA  TICTIME
JSR PUTZHEX
LDAA  TICTIME+}
JSR PUTZHEX
RTS

3

} .

3

}

3

1 SUBROUTINE:  PUTZHEX

H

3

}

PUT2EX PSHA
JSR ASCIIL
STAR X
INX
PULA
JSR ASCIIR
STAA X
INX

-RTS

3

3

3

3

$

H SUBROUTINE:  PUTFM

PUTFW LDX LN
LDAA  FWCOUNT#
JR PUTZHEX
RTS

Y e el Y TN di-al sk LA A I A i bl Tl Yol
- s A R ihli=ll MO R Nt e g e A & PN R

{YES. DO SONARS 4 AT A TINE
{POINT TO END OF TABLE

+POINT TO START OF TRBLE

sRESET 10 HZ COUNTER
sYES, RESET TICTIME TO ZERO

+1S 1T CONTROL €?
:N0. END RECEIVE FUNCTION
s P T0 RESET SYSTEM

PUTS TIME INTO THE LINE BUFFER

CONVERTS A BYTE INTO TWO ASCII
CHARACTERS. ON ENTRY, THE INDEX
REGISTER POINTS TO MHERE THE TWO
ASCII CHARACTERS ARE TO BE PLACED,

sCONVERT THE LEFT NIBBLE

sCONVERT THE RIGHT NIBBLE

PUT FRONT WHEEL COUNT IN LINE BUFFER

T e W T T T

::::::
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H SUBROUTINE:  PUTLM PUT LEFT WHEEL COUNTS IN LINE BUFFER
2 CENF PUTLN LDX #LNBLNI
026F BSBEFD LDAA  LWCOWNT! $GET THE REVERSE COUNTS
0272 B2 33 JSR PUTZHEX
0275 BL BE FE LDAA  LWCOUNTI+]
0278 B0 233 JSR PUT2HEX
92 CEB N LDX S$LNFLN2 $CET THE FORWARD COLNTS
027  Bb BE FF LDAA  LNCOUNT2
: i €81 BIM2N3 JR PUT2EX
! 0284 BLEF M LDAA  LHCOUNT2+1
i 287 BOM2 N3 JSR PUTZHEX
B 2680 39 RTS
2 | ] '
- i
T }
i8] i
< ;
K '
" i
i
i
i
i
H SUBROUTINE:  PUTRM PUT RIGHT WHEEL COUNTS IN LINE BUFFER
0268 CE ®5 39 PUTRY LDX SLNBRUL :
026€ BLBEFY LDAA  RWCOUNTL $GET REVERSE COUNTS
0291 BD2%3 JR PUTZEX
0294 BLBEFA LDAA  RWCOUNTI+1
0297 B2 %3 JR PUT2HEX
2% CERXE LDX SLNFRW2 $GET FORWARD COUNTS
029D BSOS BEFB LDAA  RWCOUNT2
9270 BD 02 53 JSR PUTZHEX
02A3 Bb BE FC LDAA  RWCOUNT2+1
02 BD 02 53 JR PUTZHEX
/Y 3 RTS
!
i
i
i
i
i
i
g SUBROUTINE:  PUTA PUT SONAR A SELECTED IN LINE BUFFER
02 CEQT M PUTA LDX SLNATRANS - sPOINT TO LINE POSITION
02AD BA BE EF LDAA  SONDATSA $GET THE SELECTED TRANSDUCER 4

e e B LIt et Sl Tl B S St Tt T
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B9 8 oI Y TWAS IT 0
B2 2 8% B PUTR2 :NO CONTINUE SEARCH
o84 85N W e
0B AT W STAA 0
08 0% BRA  PUTAS 100 PUT DISTANCE READING
0284 81 2 PUTA2 oeA 82 WS IT 1
08¢ 25 0% B FUTAS sNO CONTINUE SEARCH
02E 85 31 TV OL
N AT ST 0X
2 N2 BRA  PUTAS :60 PUT DISTANCE READING
0200 81 o4 PUTA3 oPA M SWAS IT 2
0h 26 0 BE  PUTM sNO CONTINUE SEARCH
0208 8 R L #2
A AT SR X
e W2 BRA  PUTAS 160 PUT DISTANCE READING
0XE 8110 PUTA OPA 8010 WS IT 4
0 26 0 BNE  PUTAS 1NG CONTINUE SEARCH
0202 85 A e 8
o A7 e SR 0,X
020 218 BRA  PUTAS 160 PUT DISTANCE READING
28 8l N PUTAS CPA 1020 WS IT 8
00 26 % _ B PUTAS 1NG CONTINUE SEARCH
o 8 S L S
0NE AT W ST 0X
0E0 2% BA  PUTAS 160 PUT DISTANCE READING
- 0£2 81 4 PUTAS CPA 84 WS IT &
< 0EL 260 BE  PUTA7 :NO CONTINUE SEARCH
i 0L 86 % LA 08
‘ 0E8 AT OO ST 0,X
0XA 2004 BRA  PUTAB 160 PUT DISTANCE READING
0EC 8 2 PUTAT TR g Y
‘ VEE AT 00 ST 0,X
0F0 BSEEFY PUTAS LDA  SONDATRA 1GET THE DISTANCE READING
y 0F3 CES 45 LDX  GLNAREADING  ;POINT TO THE LINE POSITION
VFs BDEDS JR  SONPRINT sCONVERT THE READING TO DECIMNAL
R +AND PUT IT IN THE LINE BUFFER
FY RTS 1RETURN TO CALLER
:
) :
3
.'_:1 }
= i
g ;
;
: SUBROUTINE:  PUTB PUT SONAR B SELECTED IN LINE BUFFER
L OFA CE 05 4B PUTR DX  $LMNBTRANS sPOINT TO LINE POSITION
o 0D Bb EE FI LDAA  SONDATSB +GET THE SELECTED TRANSOUCER
o 0300 81 01 oPA 8 SWAS 1T 0
o 0302 2606 M PUTR2 sNO CONTINUE SEARCH
2 0 85 2% LA 0e
030 A7 0 ST 0,X

:::{ 2 8 203 BRA  PUTE3 {00 PUT DISTANCE READING




Lx ]

[ 3
3ie
312
Qi
0316
0318
31A
3ic
L X}

G2
0324

328
L X7: 3

0334
0336
0338

033

0343

Q49

0344
034D
0359
0352
0354
935
0338
e3¢
03
035
0350
0362
0354

-------------------
.................

v, .

BERERETLEIRTUZITRESRETIER

SHEIIJIJRR2IIRPRIJIRI2IIEER2
a53

L

g~

PUTC3

RTS

-

R LA A SR R P T U T T AT T e |

2
PR
'lll
X

v
0

L

¥
R

#0204

'Ds'
0!

PUTB?
7Y
0

'D.l
"

#LNBREADING
SONPRINT

SONDATSC
il

vo’

©
¥y

0,X
PUTCS

o D
{WAS IT 2

-
.............

WS IT 1
NG CONTINUE SEARCH

{60 PUT DISTANCE READING
{WAS IT 2
{NO CONTINUE SEARCH

100 PUT DISTANCE READINO
$HAS IT 4
{NO CONTINUE SEARCH

{60 PUT DISTANCE READING
1WAS IT S
+NO CONTINUE SEARCH

160 PUT DISTANCE READING
1WAS 1T &
sNO CONTINUE SEARCH

100 PUT DISTANCE READING

{OET THE DISTANCE READING
{POINT TO THE LINE POSITION
1CONVERT THE READING TO DECIMAL
{AND PUT IT IN THE LINE BUFFER
{RETURN TO CALLER

PUT SONAR C SELECTED IN LINE BUFFER
+POINT TO LINE POSITION

$GET THE SELECTED TRANSDUCER 4

IWAS IT 0

tNO CONTINUE SEARCH

260 PUT DISTANCE READING
WS IT 1
1NO CONTINUE SEARCH

GO PUT DISTANCE READING




kit g eSS

038
9364

035E
Qe
0372
L7
0376
0378
7R
0:37¢
037e

0386
0338

636C
036
0399
0393
439

$39

0394
0390
034
03A2
03n4
03/
03A8
03/
03AC
03AE
0360
0382
03B4
0386
0388
03BA
0360
03BE
0304

26

SERTBEEL

SEREIJIRB™ &
KA

3

PUTCH

PUTCS

s

3 BERZEBFEA3BEERIBZRRIBEER

SUBROUTINE:
Lx

ER3E

STAA

ggR32

EER3S

BRA
oA

-

PUTC4
oX
#0104

X

#0204

¥y
L 3

L
L}

.l"
0x

#LNCREADING
SONPRINT

#LNDTRANS
SONDATSD
#

.l.i
0

L 74

¥y
X

y2
0,

$010H

B9

T IT N ET T dT
N A

Y LY G T YT W v, T B i - i i S
AN A A AR LU RN A A s /i

...........

N0 CONTINUE SEARCH

160 PUT DISTANCE READING
THAS 1T 4
sNO CONTINE SEARCH

16U PUT DISTANCE READING
tWRS 1T §
1NO CONTINUE SEARCH

160 PUT DISTANCE READING
(WS IT &
+NO CONTINUE SEARCH

160 PUT DISTANCE READING

$6Ei THE DISTANCE READING
;POINT T0 THE LINE POSITION
;CONVERT THE READING TO DELIMAL
$AND PUT IT IN THE LINE BUFFER
{RETURN TO CALLER

PUT SONR D SELECTED IN LINE BUFFER
tPOINT TO LINE POSITION

{GET THE SELECTED TRANSDUCER &

WS IT 0

+NO CONTINUE SEARCH

160 PUT DISTANCE READING
1NAS 1T 4
1NO CONTINUE SEARCH

160 PUT DISTANCE READING
SWAS IT 2
sNG CONTINUE SEARCH

160 PUT DISTANCE READING

. (RS IT 4

NG CONTINUE SEARCH




N e T S LA A A A
02 85634 L Ve
IR ST 8,1
0BCs 2018 BRA PITD8 160 PUT DISTANCE READING
X3 8120 PUTDS oPA WAS IT S
0XA 26 % B PUTDS {NO CONTINUE SEARCH
©GC &3 L ¥y .
0XE AT ™ STRA  0,X
€GN 2&€ BRA PUTD8 360 PUT DISTANCE READING
03 81 M PUTDS OPA  M4eH tWAS IT &
0304 26 BNE PUTD? {NO CONTINUE SEARCH
0306 85 3B LA ¥y
0308 A7 W STAA 0
0BiIA 204 BRA PUTDB {60 PUT DISTANCE READING
GIC 8 2A PUTD? (NI
WDE AT W STAA 60X
00 BLBEFS PUTD8 LDAA  SONDATRD $GET THE DISTANCE READING
033 CEO MW LDX SLNDREADING {POINT TO THE LINS POSITION
¢Xs BOED ¥ JSR SONPRINT ${CONVERT THE READING TO DECIMAL
sAND PUT IT IN THE LINE BUFFER
kY I RTS +RETURN TO CALLER
}
}
H SUBROUTINE:  PUTLINE PUT LINE BUFFER IN SPOOLER BUFFER
XA CEN D FLINE LDX SLNSTART {POINT TO START OF LIKE BUFFER
" 03D FFBFCC ST ADOL
0F0 CEO S LDX #LNEND+6 {POINT TO END OF LINE BUFFER
03F3 FF BF CE STX  ADH '
0Fs FEOS LDX SPBUFNX {POINT TO POSITION OF SPOOLER BUFFER
§F9 FFBFCA STX ADR .
O3FC BDES 46 JSR O MOVER {NOVE THE LINE
©F 39 RTS
3
!
3
}
} SUBROUTINE:  DECRLEFT DECREMENT BY A THE AMOUNT LEFT IN
H THE SPCOLER BUFFER
}
0400 FE 05 A DECBLEFT LDX BUFLEFT
o3 CL M LDAB 84
e4e5 3F SuI
#os  oE FCB  ®¢H
0407 FF 03 4A STX BUFLEFT
M 39 RTS
}
}
R
}
}
}
H SUBROUTINE:  ADDLEFTPR - ADD 4 TO THE NUMBER LEFT TO PRINT
}
B-10
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td e ——

0408  FE 05 66 ADOLEFTPR X  LEFTRR
MOoE Cs 4 LB W4
Mo ¥ CY)|
Ml W FiB o
W12 FF 65 6% STt LEFTAR
M N RTS
}
}
}
;
}
i SUBROUTINE:  ADDBUFNY ADD 64 TO THE NEXT BUFFER POINTER
t
i
M6 FESS & ADDBUFNX LDr  SPBUPNX {GET THE PRESENT *NEXT LINE’
: sPOINTER
MY M LDAB 4N {ELSE ADD 64 TO THE POINTER
M ¥ SHI
MiC Fi8 o »
410 9C A0 00 (Pt ESPBUFENDHL IS IT THE END OF THE BUFFER?
“N 276 DEQ  ADDBUF2 {IF YZS RESET TO START OF BUFFER
M2 FFES & STt SPBUFNX :STORE THE NEW POINTER
M5 RTS sRETURN 70 CALLER ‘
_ M2 CE20 0 ADDBUF2 DX KSPEUFSTAR  ;POINT TO THE START OF THZ BUFFER i
I M3 FFSL STX  SPBUFNX 1STORE THE NEW POINTER ?
“ux RTS {RETURN TO CALLER 5
} Y,
} o
! 3
; g
i
; SUBROUTINE:  SONSKITCH SWITCHES THE SELECTED SONAR -
i TRANSDUCERS IN A PATTERN CONTAINED IN A g
; USER DEFINED TABLE. BEFORE ENTRY, SONCHANGE N
t MIST BE 455 : g
}
MO FEMSB SONSHITCH LDX  PTABMEXT {GET POINTER TO NEXT TABLE ENTRY A
0430 AL M LA 0X {GET TABLE ENTRY FOR A SONAR S
MR BIEEE STAA  SONEXA 1STORE THE TRANSDUCER SELECT BYTE ;)
M35 A0 L 1,X {GET TARLE ENTRY FOR B SONAR ]
0437 B7BEE3 STAA - SONNEXB iSTORE THE TRANSDUCER SELECT BYTE
o430 Ab 02 A 2,X 16ET TASLE ENTRY FOR C SONAR -
- 4 B7 BE ES STAA  SONNEXC {STORE THE TRAWDUCER SELECT BYTS i
MF A ®B LbAd  3,X {GET TABLE ENTRY FOR D SONAR .
M4  B7 EEES STAR . SONVEXD 1STORE THE TRANSDUCER SELECT BYTE
0484 TF BEEL (LR SONCHANGE {TELL TICHAN2 TO CHANGE THE SONARS
0447  6C 04 E9 SONEND CPr  PTABXEND 115 THIS THE LAST OF THE TABLE?
o4n 26 07 BNE  SONSW2 $IF NO THEN BRANCH ' 2
044C  CE 04 BD SONEND?2 DX #PTAB2 {ELSE RESET TO START OF TABLE |
OMF FF O3 5B STX  PTABNEXT 1STORE THE POINTER -
B-11 .
|




"2 N
M3 8 SONSM2
" 8
“uss »
iy “ss 68
- M) FFMS
i M N
e M8 B0 PTABNEXT
MDD 0NN PTAB
- Ml NN NN
) MS NN
MY MMl
MDD 0NN
M1l 002NN
US NN2A
o “Y NN
N UD NN
Y G481 W UMMM
! M5 WU
i M489 00 00 00
M8 1N
| M NN
: M5 NN
; MY 0N
MDD 2000
i : AL NNNK
C' WS NMN2NN
MY NN
el MDD WHNK
2l MBI NHNN
" MES WM
B 00 00 00 40 PTABIEND
MED 01 0001 08  PTAR2
MCl 001000
M5 2W0nen
MY W26
040 MNMN
: DL 09 04 00 04
. M5 10001000
. M NN
M0 N0W02HM
MEL 00200020
O1ES 40 00 40 00
O4E9 00 40 00 40  PTABZEND
L GAED 01020400 PTARS
O4F1 02 ¢4 02 01
O4F5 04 00 01 02
04F9 00 01 02 04
D 10200
0501 20 49 00 19
. 0505 4000 10 9
0509 00 10 20 40 PTAREND

.......................................
.....................

......................

3

FCB

g83833333833aa33d333dadaddd3d4d

23383

FCB
FCB
FCB
FCB
FCB

PTABNEXT

PTAR
1,0,0,0
0,6,1,0
0,0,0,1
2,0,9,0
0,2,0,0
0,9,2,0
0,0,9,2
4,0,0,0
0,4,0,0
0,0,4,0
0,6,9,4
16,0,9,9
0,16,0,0
0,9,16,0
9,0,0,15
2,0,0,0
0,32,0,0
00,32,
0,00,
£4,9,0,0
0,54,0,0
0,0,44,0
0,0,0,84
01,01
2,0,2,0
0,2,9,2
4,0,4,0
0,4,0,4
116,0,16,9
0,16,9,16
32,9,32,9
0,32,0.2
64,9, 64,0
0,64,0,64
1,2,4,9
2,4,9,1
4,0,1,2
16,32, 54,9
32,64,9, 16
84,0,16,32
9,16,32,04

B-12

..................

{AND RETURN TO CALLER
sPOINT T0 NEXT TABLE ENTRY

{STORE THE POINTER
{RETURN 10 CALLER

CYRNC IR Y
......



050D 01 010101 PTABA F8 1,1,1,1
Gi1L 12 B 2,2,2,2 o
BIS HHEN FCB 4,444 ]
519 1010 10 10 KB 18,18,18,16 5
SID 20202020 B 2,32,32,% "
0521 NN PTARDD FIB  64,84,64,84 ;
; THE FOLLOWING FORMAT 1S USED FOR THE DATA FILE: =
; Itine/fu/Vol/\a2/rul/ru2/A8___/BY___/CY___/DA____{ <CR) <LF) S
; tise = TENTW'S (F SECONDS COUNT - 2 BYTES ’
; fv = FRONT WEEL POSITION - 1 BYTE g
: Ivd,rvi = REAR WHERL COUNTS - 2 BYTES EA. :
i AD____ = SONAR NU'ER AND READING - 4 BYTES EA, .
i -
; -
"5 » LNSTART 2o T '
"% ¥ LNBLF (1o SR -
' 0527 T4 498D ES  LNTIE FIC ‘tim/’
"B ¥ i
X HNF LY FiC ‘fu/’ -
O5F 6240 7731 LNBLML FIC ‘bl >
6N ¥ "
. G BETTR AW Fi& ‘i -
0B F i %
539 82727731 LNERNL FCC  ‘drel/’ i
6N ¥ ]
s GE ST LR FIC  ‘fre/n’ -
, 62 F A L
o ©ou 3 LNATRANS v S 1 .
| 54 FFEFSF LWREAING  FC /¥
B9 F 42
; o8 2 LNBTRANS (> Y L
; 05 SFFFSF UBREANIN FC /¢
o F
' e 2 LNCTRANS 2> Y L
' 0553 SFSFSFSF  LNFZADING PO /0
551 F M
659 23 LACTRANS ¢ ¥
: 0554 SF 5F F F  LNDREADING  FCC '/
X F
4 GF DMNMWN LD FCB  0DH,7H,0,0,0,0
055 00
055 00 MEXOFF &8 ¢
0556 00 00 LEFTPR 8 ¢
568 200 NXCHPR FOB  SPBUFSTAR
: 050 29 00 BUFLEFT F0B  63000H
! 056 20 @ SPBUFNX FIB  SPBUFSTAR
0S6E 20 0 SPBUFST FOB  SPRUFSTAR
; 2000 ORG  02000H
‘ 2000 SPBUFSTAR RB  OTFFFH
FF SPBUFEND END

o No erroris),
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SYMBOL TAELE FOR FILE XTEND.A

AC 0N ARE e AS 00 ATL el
ACIAT @000  ADDRUF2 @425  ADDEUFNX 0416 ADIH  BFCE
ADDL  BFCC  ADDLEFTP 6408 AR BFCA  ASCIIL  EVEC
ASCIIR  E7FO  BUFLEFT 0564  CALLRDSO OI2F  CANATA 012t
DECBLEFT 0400 FWCOINT [EF7  INIT  ECFC  INTMASK  BEEE
INPTW EBFB 10 CO00  LEFTPR 0546  LNAREADD 0545
LNATRANS €544  LNBLMI @5  LNBREAD] OSAC  LNBRWI 0539
& LNBTRANS @548 LNBUF 0526  LNCREADI 0553  LNCTRANS 552
: LNDREAD] @557  LNDTRANS 0559 LNEND  OSSF  LNFLWM2 0534

- LNFM2 05 LNV 0520 OUNSTART 0525 LNTIIE  #577
b LNCOUNTI BEFD  LWCONT2 BEFF  MAININIT 0100  MWXOFF €545
MORETIC BEC?7 MOVEL  E6A6  NXCHPR @568  PTABL 4D

. PTABIEND @459 PTAB2  O4BD  PTABZEND OAE9 PTAB3 4D
- PTADEND 0569 PTAB4 056D  PTABAEND 0521  PTARNENT 4%
PUTHEX 0253 PUTA o2 PUTA2  O02RA  PUTA3  O2CA

PUTAE  OXE PUTAS 0208 PUTAb 022 PUTA7  O2EC

PUTAS 00 PUTB @A PUTB2 €304 PUTB3 0314

PUTBA  G31E PUTBS 0328 PUTBL @32 PUTB?T 3%

PUTBS 634 FPUTC @344 FPUTCZ @354  PUTC3 344

PUTCA  O3E PUTCS 9378  PUTCH €332 PUTC? &3

PUTCS  €3% PUTD  O3% PUT2  €3M PUTDS o384

PUTDA @3B PUTDS X8 PUTDL 0302 PUTD7  03IC

. PUTDS 030 PUTFW 6262 PUTLINE OXA PUTLE 024
. PUTRW 0208  PUTTIPT 0243  READSONA EASA  RWCOUNTI BEFY
BEF2

BEF1

MiC

BEES

SFFF

BED9

RWCOUNT2 BEFB  SONCHANG BEEI  SONDATRA BEFO  SONDATRB
SONDATRC BEFA  SONDATRD BEFS  SONDATSA BEEF  SONDATSB
SONDATSC BEF3  SOWDATSD BEFS  SONEND 6447  SONEND2
SONNEXA BEE2  SONNEXB BEE3  SONNEXC T SONNEXD
SONPRINT EDSF  SONSW2 €453  SONSWITC 6420  SPBUFEND
SPBUFNX  OO4C  SPBUFST  OS4E  SPBUFSTA 2000  TICTIME
TSTRX @198  TSTRX2 OICS  TSTRX3  OIAC  TSTRX4 0187
TSTRXS 018  TSTRXé  OIES  TSTRX7 @202  TSTRX8  @21F
TSTRE 02X  TUSRAN  BCOO  TWIDDLE OIIE  UPNKCHPR 0189
XOFF 13  XON 1l XTEND o121 XTEND2 016l
KTEND3 016 XZERO 000

B-14
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APPENDIX C

10’

20 ’DATE: 25 OCT 64

N ?

40 'HHEHIHE N A P P E R HIHEHA

w ?

40 THIS PROGRAM 1S DESIGNED TO RUN ON A TRS-88 COLOR COMPUTER
70 1T IS WRITTEN IN MICROSOFT DISK EXTENDED COLOR BASIC

89 ' THE PURPOSE OF THIS PROGRAM IS TO TRANSFNRNM SONAR READINCS
85 'FROM THE AFIT ROBOT MARRS-1 INTO GRAPHICS FORMAT

99 'THE TEST ROOM IS 13’ X 22’ AND EACH PIXEL REPRESENTS 0.1 FT
100 *PROGRAM CONCEIVED AND WRITTEN BY CAPT HUBERT G, SCHNEIDER 111
110’

12

139

144’

159 'MEMORY INITIALIZATION

160 CLEAR1€00, YHOFFF s PCLEARS: PMODES, 1: DEFUSRY = 7000

17@ LOADN"ANDPAGE®

180 PMODEA, 5:PCLS1:PMODE4, 13PCLS]

199’

m ?

240 GLOBAL DECLARATIONS

250 L1=0:L2=0:13=0:L4=0:L5=9:R1=0:R2=0; R3=0: R4=0:R5=9: Ll=0: Ri=4

260 D=17.75:*DISTANCE BETWEEN REAR WHEELS IN INCHES

270 SN$="AGAMALASA2ALBOBAB1BSB2BACOCACICSC2UALADADIDSD206":* SONAR LOOKUP TABLE

280 € = 0¢’COLOR
29 PI = 3,141%
m ?

310 *THE FOLLONING FORMAT IS USED FOR THE DATA FILE:
320 */tine/ful VoLl \2/rel /rw2/6h___IBY__ICK__ /DR <CR) {LF)

330 'WHERE tine = TENTH'S OF CSCONDS COUNT - 2 BYTES
W’ fu = FRONT WHEEL DIRECTION - 1 BYTE

K~ e lvl,rvl = REAR WHEEL COUNTS - 2 BYTES EA,
349 ° A%___ = SONAR NUMBER AND READING - 4 BYTES EA,
37 ’

350 *MAIN PROGRAN

390 ’

430 *  GET INITIAL INFORMATION

410 GOSUB 1910

42 °

4% '  GET DRIVE NUMBERS

He GOSUBL 999

45 '

460 ' OPEN DATA FILE

470 GOSUB 2080

m L

430 *  READ IN DATA

...........................




---------- Pt e

R T R N IR DA A A AR R L

.- s s

S °  PQLSH

10 SOREENI,|

520 FOR 1=1706

s“ so’:..

40 LINEINPUT #1,50%

550 IF EOF(1)==1 THEN 728 1’CHECK FOR . D OF FILE
0 FOR J=17T011

76 P1=INSTR(1,SD$,*/*)

5% A$=LEFT$(SD$, P1-1)

b)) ON J GOSUB 840,870,930, 960, 1000, 1049, 1060, 1509, 1500,1509, 15
0 SO$=RIGHT#(SD$,LEN(SD$)-P1)

610 NEXT J

20 NEXT 1

639 G=USRO(0) :’CALL M. ROUTINE “ANDPAGE®

m ?

650 °  T4=INKEV$:IFZ$=""THEN3Z2  :’ THESE LINES ARE FOR
680 *  IF 7$="5" THEN 330 ELSE 340 :’ THE OPTION OF SAVING
670 *°  SAVE PICTURE t* EACH INCREMENTAL
65¢ ' F4=TINES+".BIN: "+DN$ ¢’ PICTURE OF WHAT THE
6% ' GOSUBIS t’ SONARS “SEE®

7% GOTO 499 &’ CONTINUE

ne’

720 *  CLOSE DATA FILE

739 GOSUB 212¢

T4

750 °  SAVE COMPOSITE PICTURE
8 FOR X= 5 TO 8:PCOPY X TO X-4:NEXT X:F$=T1$+*SCOMP/BIN: "+DN$
7 GOSUB18 N

£20 / HHHHHHSUBROUTINESHH S

f39 *

840 ‘FIND FIRST DELIMITER IN DATA STRING (*/*)

850 RETURN

840 *

870 'GET TINE

630 TIC - COUNT FROM ROBOT

830 ‘TIMES - DECIMAL COUNT

960 IF I=1 THEN TIMES=Ti$+"3$"+A$ ELSE RETURN

910 RETURN

9 '

930 *CONVERT FWCOUNT TO A VALUE

940 FW = VAL{®3H"+A%) :RETURN

95?0 ’

960 *CONVERT LWCOUNT! TO A VALUE (LEFT WHEEL BACKWARDS)
970 LW=VAL("WH"+AS)

980 L1 = LW-L4:sL4=LW:RETURN

99 *

1000 ‘CONVERT LHCOUNT2 TO A VALUE (LEFT WHEEL FORWARDS)
1010 LU=VAL("W{"+A$)

c-2
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1020 L2 = LW-L3:L5=LW: RETURN

1030/

1049 *CONVERT RWCOUNT! TO A VALUE (RIGHT WHEEL BACKMARD})
1050 RM=VAL({"¥{"+At)

1060 Ri= Ri-RAsRA=RW:RETURN

1670 ’

1039 ’CONVERT RWCOUNT2 TO A VALUE (RIGHT WHEEL FORWARDS)
1698 Ru=VAL{"WH"+AS)

1100 R2 = RM-R5:R3=RW:GOSUB1119:PSET(X,Y,0) sRETURN

1116’

1120 CALCULATE POISITION AND HEADING

1130 GOSUB1189 :’FIRST CALORATE IN INOES

1149 GOSUBIA3Q :’THEN CONERT TO GRAPHICS FORMAT

1150 XA=)B:YA=YB

1140 RETURN

1170 °

1189 ° DETERMINE HEADING & POSITION

1190/ HERDING & POSITION ARE RELATIVE TO THE CENTER POINT BETWEEN THE WHEELS
1200 ° WHILE THE SONAR READINGS ARE RELATIVE TO THE CENTER OF THE ROBOT
1219 ° {XA,YA) ~ PREVIOUS POSITION

120’ (XB,YB) ~ CURRENT POSITION

1239/ HA & HB ARE IN RADIANS

1249 * HA - INITIAL HEADING

1256 ° W8 ~ CURRENT HEADING

1260 * H = GRAPHICS HEADING (#~1)

1276 ° D - DISTANC: BETWEEN ‘" {EELS ( 17.75" )
1260 ’ HE NOTE +H

129¢ ° FOR PURPOSES OF THIS TEST AND THESIS,

1380 THE UPPER LEVEL SONARS WILL REMAIN IN A FIXED POSITION
1310 ° DURING THE TEST (1.E. NO HEAD MOVEMENTS,

132 °

1330 L3 = L22R3 = R2

1349 DLR =L5-RS

1350 HB ={DLR/D) + HA

1340 HC=COS(HB):HS=SIN(HB)

1370 XB = XA +{{{R3#.3)/2) # H()

1380 YB = YA +{({R3+#L.3)/2) # HS)

1399 *NORMALIZE HEADING

1400 H = HB/{2ZPPI)sIFHC @ THENH = 1 + R ELSE IF H=0 THEN Hsl
1410 IF H)1 THEN H=H-1:GOTO 1419

1420 RETURN

1430 ° GET (X,V)

1449 * THIS ROUTINE CONVERTS THE (XB,YB) LOCATIONS INTO INTEGER NUMBERS
1445 S0 THAT EACH PIXEL REPRESENTS @.1 FT

1450 * X OFFSET -> 17, Y OFFSET =) N

1460 X=INTC((XB+{L#HC) )#10)/12)417

1470 Y=INT{({YB+{42HS))E10)/12)439

1489 RETURN

1499

1509 ° DISPLAY SONAR DATA

1510 Al$=LEFT#(At,2) sAZ$=RIGHTS(AS,LEN(A$)-2)

1520 GOSUB1S30:GOSUB1480: GOSUB1740

-3
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...........

. 1539 RETURN
1549 * .
1550 °  CALCULATE DIRECTION OF SONAR BEAM
1560 *AlS - SONAR NUBER
1570 *H - HEADING (0 - 1)
1580 'St - START ARC POSITION
1509 ’S2 - STOP ARC POSITION
1600 IF Hel THEN H=d
1610 SN=INT( (INSTR(1,SN$, A1$)/2))
1630 S1= -,025¢(SN/24) +H
1649 52:51+ .05
1650 IF H=9 THEN Hat
1660 RETURN
1670 *
1690 ©  CALCWLATE RADIUS (RANGE OF TARGET)
: 1699 Re VAL(AZ$)910
f 1760 IF (R)75 OR R(18 OR R=255) THEN R = ¢
. 1710 TF RIGHT$(A1$, 1)2"4* THEN R=d
) 1720 RETURN
- 179 * :
1740 ° DR SOMR ARC
1750 © X - X DIRECTION - GRAPHICS LOCATION
1760 ° Y - Y DIRECTION - GRAPHICS LOCATION
170 ' R - RADIS
179 ° € - COLOR
1799 IF S1¢0 THEN CIRCLE(X,Y),R,C,1,51#1,0:CIRCLE(X,Y),R,C,1,0,52 ELSE CIRCLE(X,Y),R,C,1,51,52
1810 RETURN '
1829 *
1830 °  SAVE SONAR PICTIRE
1840 FR=FREE(DN): IF FRC 3 THEN 1650 ELSE 1870
1850 SOUNDI0O, 10:CLS:PRINT*  DISK FULL !t
1855 PRINT'PLEASE CHANGE DISK IN DRIVE  NUNBER *DN* AND PRESS ENTER TO CONTINUE®
1860 Z4=INKEY$: IF2$=""THEN1GLO ELSE 1840
1870 SAVEM F$, HHE00, H25FF, MH0000
1839 SCREENI, 1
"y 1890 RETURN
2 1909 *
1910 *  GET INITIAL HEADING AND POSITION
1920 CLS:PRINT*PLEASE INPUT INITIAL HEADING ANDPOSITION OF ROBOT FOR THIS TEST RUN.®
1925 PRINT*POSITION IN TERMS OF (X,Y)*
1927 PRINT*WHERE X AND Y ARE TENTHS OF FEETAND HEADING 1S BETWEEN @ AND 1.°
1930 INPUT*HEADING";H: HA=24PT#H: IF HA=0 THEN HA=24P1
1949 INPUT*POSITION X*;X: INPUT®POSITION Y*;Y:XA=1,2¥X:YA=1, 28Y
? 1950 Pf. T"INPUT DATA FILENAME®:PRINTSLINEINPUT T1$:T$=T14+°/DAT*

s ..
LIRLIREINL R S
-

("IA

1960 R$=NID$(T1$,3,1):* GET ROOM CONFIGURATION MUMBER

1970 RETURN

. 1999 *

& 1990 *  GET DRIVE MMBERS

2 2000 CLSIPRINT® WELCOME®:PRINT* O THE LAB OF MAKE BELIEVE!®
2018 PRINT:PRINT: PRINT

Fl s 2020 PRINT"WHICH DRIVE HAS THE SONAR/OSE  DATA IN IT?*

S 2030 AS=INKEY$: IF Ad=""THEN 2034

g ¢-4
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A
2040 A=VAL(A$): IF A= O THEN DN = 1:DRIVE(O):DN¢="1® ELSE IF A=1 THEN DN = O;DRIVE(1):DN¢="0" ELSE 203
2050 PRINT:PRINT® THAK YO)*
2060 RETURN
2070 °
, 900’ OPENFILE
I 2090 OPEN"1°,81,T¢
I 2109 RETURN
10!
A0’ CLOSE FILE
2130 CLOSE 41
' 2149 RETURN
AN’
2140 °
270
2108’
j riv, I
2200 ) HHHHAHEH HHHHHHHHHHHHH HH HHH
210 ' b
: 220 't NAE: ANDPAGE b
1 0 't WRITTEN IN 8889 MACKINE CODE '
24 't THIS ROUTINE MAKES A COMPOSITE OF M"9RS-] b
25 ' SONAR/OSE DATA BY ANDING ONE PAG .. _FHICS ¢
2260 '% WITH ANOTHER, THIS PROGRAM DEY RN ¢
270 % ON A TRS-56 COLOR COMPUTER b
2200 ' . L
2299 I HRAHHHHHHHHHHH R HH
< I ORC 47000
y<){ I PSHS Y ¥SAVE Y REGISTER
30’ LDX $1E0S ¥START OF PAGE 1
3N LDY #2000 ¥START OF PAGE 2
2340 ° LOOP DA WX¢ $GET BYTE FRON PAGE 1
30’ ADA Y #AND IT WITH BYTE FROM PAGE 2
2348 STA 8 £STORE BACK IN PAGE 2
2370 OPY #2600 $DONE YET?
2380’ BNE LOOP §1F NOT CONTINUE
3%’ PAS Y ¥GET BACK Y
ri RTS SRETURN |
O END
¢-3
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¢ APPENDIX D *
i* .
(HHHHH I HH Y
H FILE: NAVDEF.A
get navdef.a $NAV COMPUTER EQUATES AND SYS RAM USAGE

NAVDEF.A DEFINES THE INPUT/QUTPUY AND SYSTEM RAM USAGE FOR
THE MARRS-1 NAVIGATION COMUTER

TUSRAM  EQU OBCOMH {TOP OF USER STACK RAM (STACKS GROW DOWNWARD)

OSRAM  EQU TUSRAM+200H tBASE ADDRESS FOR OPERATING SYSTEM RAN

USRSTAK  EQU OSRAM JUSER STACK

BoS EQU QSRAMMTFH +BOTTON OF OPERATING SYSTEM STACK (BOS)

i

i

i

H INPUT/OUTPUT EQUATE AREA

L

3

10 EQU 0CooN ;BASE ADDRESS FOR ALL INPUT/QUTPUT

3

i

ACIAT  EW 0 s TERMINAL ACIA OFFSET FROM 1/0 BASE ADDRESS

AT EQU ACIAT

ACIAX  EW 8 tXTRA ACIA OFFSET FROM 1/0 BASE ADDRESS

AX EQU ACIAX

ACIAL  EQU 16 $LASER ACIA OFFSET FROM 1/0 BASE ADDRESS

Al EQU ACIAL '

i

‘ 5

PTWB  EQU 24 _ {SONAR AYB TIMER OFFSET FROM 1/0 BASE ADDRESS

T.AB EQU PTHAB

PTCD  EQW R {SONAR CAD TIMER OFFSET FROM 1/0 BASE ADDRESS
. T.C0  EQUPTXCD

PV EQU 40 sVSW DRIVE/TIC TIMER OFFSET FROM 1/0 BASE ADDRESS

TV EQU PTIV

P  EQ 48 $FRONT WHEEL TIMER OFFSET FROM 1/0 BASE ADDRESS

T.F EQ PTIF

PTL - EQU 3% ;LEFT WEEL TIMER OFFSET FROM I/0 BASE ADDRESS

T.L EQU PTL

PR  EU M4 {RIGHT WHEEL TIMER OFFSET FROM 1/0 BASE ADDRESS

T.R EQ PR

i

{

PIMB  EQU 72 $SONAR AYB TRANSDUCER SELECT PIA 1/0 OFFSET

P.AB  EQU PIAAB

PIACD  EQU 89 {SONAR CYD TRANSDUCER SELECT PIA 1/0 OFFSET

P.CD  EQU PIACD

i

i

-1
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0001
02

10

.....

...........

222282
S;O&Nh

SEZBEBEEE
ERE®=rP -5

SECPC2E2ER2E28E88

T SREEBRESURGARVII2II[PERILIIZIRTERENES

ACIASTAT EQU 0

A.S EQU ACIASTAT
ACIACR EU O

A.C EQU ACIACR
ACIATX EW !

ATX  EQU ACIATX
ACIARX EW L -

ARX  EQU ACIARX

$

$
PTMSTAT
T.s

i

}
PTCRL
1.0l
PTMCR2
T.C2

tw1
EQU PTMSTAT

£V 0
EQU PTMCRL
EQU 1
EQU PTMCR2

D-2

sMASK BIT TO SELECT SONAR TRANSDUCER A9
sMASK BIT TO SELECT SONAR TRANSOUCER Al
sMASK BIT TO SELECT SONAR TRANSDUCER A2
sHASK BIT TO SELECT SONAR TRANSDUCER A3
sMASK BIT TO SELECT SONR TRANSIUCER A4
sMASK BIT TO SELECT SONAR TRANSDUCER AS
sMASK BIT TO SELECT SONAR TRANGDUCER A
sMASK BIT TO SELECT SONAR TRANSDUCER A7
sMASK BIT TO SELECT SONAR TRANSDUCER B9
sMASK BIT TO SELECT SONAR TRANSDUCER BI
sMASK BIT TO SELECT SGNAR TRANSDUCER B2
sMASK BIT TO SELECT SONAR TRANSDUCER B3
sMASK BIT TO SELECT SONAR TRANSDUCER B4
sMASK BIT TO SELECT SONAR TRANSDUCER BS
sMASK BIT TO SELECT SONAR TRANSDUCER BS
sMASK BIT TO SELECT SONAR TRANSDUCER B7
sMASK BIT TO SELECT SONAR TRANSDUCER C9
sMASK BIT TO SELECT SONAR TRANSDUCER C1
sMASK BIT TO SELECT SONAR TRANSDUCER €2
*MASK BIT TO SELECT SONAR TRANSDUCER C3
sMASK BIT TO SELECT SONAR TRANSDUCER CA
sMASK BIT TO SELECT SONAR TRANSDUCER C3
sKASK BIT TO SELECT SONAR TRANSOUCER Cb
sMASK BIT TO SELECT SONAR TRANSDUCER C7
sMASK BIT TO SELECT SONAR TRANSDUCER DO
sMASK BIT TO SELECT SONAR TRANSDUCER D1
sMASK BIT TO SELECT SONAR TRANSDUCER D2
sNASK BIT TO SELECT SONAR TRANSDUCER 03
sMASK BIT TO SELECT SONAR TRANSDUCER D4
sMASK BIT TO SELECT SONAR TRANSDUCER IS
sMASK BIT TO SELECT SONAR TRANSDUCER Dé
sMASK BIT TO SELECT SONAR TRANSDUCER D7

;OFFSET FROM ACIA BASE FOR STATUS REGISTER

jOFFSET FROM ACIA BASE FOR CONTROL REGISTER
sOFFSET FROM AICA BASE FOR TRANSNIT REGISTER
; OFFSET FROM ACIA BASE FOR RECEIVE REGISTER

sOFFSET FROM PTM BASE FOR STATUS REGISTER

------

;OFFSET FROM PTM BASE FOR TIMER 1 CONTROL RECISTER

;OFFSET FROM PTM BASE FOR TIMER 2 CONTROL REGISTER

....................
...........




.....
...........................................................

\ 0000 PR3 EQU ¢ $OFFSET FROM PTH BASE FOR TIMER 3 CONTROL REGISTER

- #040 T3 EU PTNOR
i
i
0092 T.LATCHL EQU 2 1PTH COUNTER LATCH FOR TIMER 1
0004 T.LATCH? EQU 4 {PTM COUNTER LATCH FOR TIMER 2
0006 T.LATOHS EQU & +PTH COUNTER LATCH FOR TIMER 3
: i
]
0002 TONTE  EW 2 {PTH COUNTER COUNT FOR TIMER 1
0004 T.ONT2  EQU 4 sPTH COUNTER COWNT FOR TIPER 2
00 T.ONT3  EW 6 {PTH CONTER COUNT FOR TIMER 3
i
i
0001 PIARA  EQU 1 {PIA A CONTROL REGISTER OFFSET FROM PIA BASE
; 0001 P.CRA  EQU PIACRA
i 0003 PIACRB  EQU 3 1P1A B CONTROL REGISTER OFFSET FROM PIA BASE
, 0003 P.CRE  EQU PIACRE
; 0001 PINRC  EQU 1 1PIA C CONTROL REGISTER OFFSET FROM PIA BASE
§ ) P.CRC  EQU PIACRE
| 0003 PINCRD  EQU 3 +PIA D CONTROL REGISTER OFFSET FROM DIA BASE
o3 P.CRD  EQU PIACRD
| !
: i
PIASTATA EQU 1 {PIA A STATUS RECISTER OFFSET FROK PIA BASE
P.SRA  EQU PIASTATA
PIASTATB EQU 3 . {PIA B STATUS REGISTER OFFSET FROM PIA BASE
P.SRE  EQU PIASTATB
PIASTATC EQU 1 {PIA C STATUS REGISTER OFFSET FROM PIA Bic.-
P.SRC  EQU PIASTATC
PIASTATD EQU 3 {PIA D STATUS REGISTER OFFSET FROM PIA BASE
P.SRD  EQU PIASTATD
i
1
PIADDA EQU 0 iPIA A DATA DIRECTION REGISTER OFFSET FROM PIA BASE
P.ODA  EQU PIADDA
PIADDB  EQU 2 {P1A B DATA DIRECTION REGISTER OFFSET FROM PIA BASE
P.D8  EQU PIADDB .
PIADIC  EQU 0 sPIA C DATA DIRECTION REGISTER OFFSET FROM PIA BASE
P.ODC  EQU PIAIC
PIADDD EQ 2 1PIA D DATA DIRECTION REGISTER OFFSET FROM PIA BASE
P.DOD  EQU PIADDD
i
i
PIAA  EQU {PIA A PERIPHERAL REGISTER OFFSET FROM PIA BASE
P.PRA  EQU PIAPA
PINFPB  EQU 2 1P1A B PERIPHERAL REGISTER OFFSET FRON PIA BASE
P.PRE  EQU PIAPB
PINC  EQU 1PIA C PERIPHERAL REGISTER OFFSET FROM PIA BASE
P.PRC  EQU PIAPC
PIFD  EQU2 1P1A D PERIPHERAL REGISTER OFFSET FROM PIA BASE
P.PRD  EQU PIAPD
D-3




BEYS
BE6
BE97
BET8

. " s
..........

CRACIAT EQU OSRAM+BOH
CRACIAX EQU OSRAM+OSIH
CRACIAL EQU OSRAMHOS2H

}

CRPTMABL EQU OSRAM+OSIH
CRPTMAB2 EQU CSRAN+08AH
CRPTMAB3 EQU OSRAMHOSSH
CRPTMCD1 EQU OSRAM+O86H
CRPTMCD2 EQU OSRAM+STH
CRPTICSS EQU OSRAM+OSEH
CRPTIVI  EQU OSRAM+O8H
CRPTMV2 EQU OSRAMHOSAH
CRPTIV3 EQU OSRAM+08BH
CRPTNF1  EQU OSRAM+AGCH
CRPTF2 EQU OSRAM+OSDH
CRPTMF3 EQU OSRAM#OBEH
CRPTMLI EQU OSRAM+O6FH
CRPTML2 EQU OSRAN+O0H
CRPTML3 EQU OSRAMHILH
CRPTMRI  EQU OSRAMHOTH
CRPTMRZ EQU OSRAMHOIN
CRPTMR3 EQU OSRAMOMH

}
CRPIAA

CRPIAB
CRP1AC
CRPIAD

}

BCPTHABI EQU OSRAM+OISH
BCPTMAB2 EQU OSRAM+O9BH
BCPTMAB3 EQU GSRAMHOFDH
BCPTMCDL EQU OSRAM+OIFH
BCPTHCD2 EQU OSRAM+0AIH
BCPTMCD3 EQ! OSRAM+QASH
BCPTMVE  EQU OSRAM#OASH
BCPTMVZ EGU OSRAMHOATH
BCPTMV3  EQU OSRAN+OATH
BCPTMF1 EQU OSRAM+OABH
BCPTHF2  EQU OSRAM+GADH
BCPTMF3  EQU OSRAMHOAFH
BCPTMLL EQU OSRAMHOBIH
ECPTMLZ EQU OSRAM+OB3H
BCPTML3 EQU OSRAMHOBSH

EQU OSRAM+OTSH
EQU QSRAN+OIGH
EQU OSRAMHOITH
EQU OSRAN+PEH

o . B
..........................................

SYSTEM RAM USAGE EQUATE AREA

1COPY OF CONTROL REGISTER BYTE FOR ACIAT
;COPY OF CONTROL REGISTER BYTE FOR ACIAX
+COPY OF CONTROL REGISTER BYTE FOR ACIAL

COPY OF CONTROL REGISTER BYTE FOR PTMAB
COPY OF CONTROL REGISTER BYTE FOR PTMAB2
COPY OF CONTROL REGISTER BYTE FOR PTMARS
:COPY OF CONTROL REGISTER BYTE FOR PTNCO!
+COPY OF CONTROL REGISTER BYTE FOR PTMCD2
1COPY OF CONTROL REGISTER BYTE FOR PTMCD3
1COPY OF CONTROL REGISTER BYTE FOR PTIVI
1COPY OF CONTROL REGISTER BYTE FOR PTMV2
+COPY OF CONTROL REGISTER BYTE FOR PTIN3
1COPY OF CONTROL REGISTER BYTE FOR PTF,
1C0PY OF CONTROL REGISTER BYTE FOR PTHF2
1COPY OF CONTROL REGISTER BYTE FOR PTWF3
:COPY OF CONTROL REGISTER BYTE FOR PTMLI
:COPY OF CONTROL REGISTER BYTE FOR PTM.2
1COPY OF CONTROL REGISTER BYTE FOR PTML3
1COPY OF CONTROL REGISTER BYTE FOR PTHRI
1COPY OF CONTROL REGISTER BYTE FOR PTMR2
+COPY OF CONTROL REGISTER BYTE FOR PTMR3

+COPY OF CONTROL REGISTER BYTE FOR PIAA
+COPY OF CONTROL REGISTER BYTE FOR PIAB
1COPY OF CONTROL REGISTER BYTE FOR PIAC
1COPY OF CONTROL REGISTER BYTE FOR P1AD

sBINARY COUNT PRELOAD FOR PTMABI
sBINARY COUNT PRELOWD FOR PTMAB2
sBINARY COUNT PRELOAD FOR PTMAB3
sBINRY COUNT PRELOAD FOR PTMCDL
sBINARY COUNT PRELOAD FOR PTNCD2
:BINF™  "UNT PRELOAD FOR PTNCDS
sBINGh.  NT PRELOAD FOR PTIL
sBINARY COUNT PRELOAD FOR PTHV2
sBINARY COUNT PRELOAD FOR PTNV3
sBINARY COUNT PRELOAD FOR PTMFY
{BINARY COUNT PRELOAD FOR PTIF2
sBINARY COWNT PRELOAD FOR PTMF3
sBINARY COUNT PRELOAD FOR PTMLL
sBINARY COUNT PRELOAD FOR PTML2
sBINARY COUNT PRELOAD FOR PTML3

I S
B




..................................................................

S BEw? BCPTMRL  EQU OSRAM+ORTH $1BINARY COUNT PRELOAD FUR PTMRI
- BEB? BIPTMR2  EQU OSRAMOBIH $BINARY COUNT PRELOAD FOR PTMR2

BEBS BCPTIR3  EQU OSRAMHOBBH $BINARY COUNT PRELOAD FOR PTMR3
}
BEBD ’QIW«’SLA EQU OSRAMOBDH $SONAR SELECT BYTE WRITTEN TO PIA A
BEBD SLA EQU SONARSLA
BEBE SONARSLB EQU OSRAMHIBEH $SONAR SELECT BYTE WRITTEN YO PIA B
BEBE SSLB EQU SONARSLB
BEBF SONARSLC EQU OSRAMHEEFH $SONAR SELECT BYTE WRITTEN TO PIA C
BEBF SsC EQU SONARSLC
BEC SONARSLD EQU CSRAMHOCH $SONAR SELECT BYTE WRITTEN TOPIA D
BECO SaLD EQU SONARSLD
!
}
BECH SONARA  EQU OSRAMHCIH 1LAST SONAR A READING
BEC2 SONARB  EQU OSRAMHOC2H $LAST SONAR B RERDING
BEC3 SONARC  EQU OSRAMHCH $LAST SONAR C READING
BEC4 SONARD  EQU OSRAMHICAH tLAST SONAR D READING
}
3 }
L BECS SONTIME EQU OSRAMHCSH {TIC TIME OF LAST SONAR READING
N BEC? fmsnc EQU OSRANHCTH { AP VECTOR FOR EXTENDED TIC INTERUPT ROUTINE
}
c.— BECA TIMEZERO EQU OSRAMHICAH TIME ZERO FROM DRIVE COMPUTER (15 BCD LS NIBBLES)
= H ’
3 BED? TICTIME EQU OSRAMHODM {ONE TENTH SECOND TIC TIME COUNT SINCE TIME ZERO
i
BEDB 100FFSET EQU OSRAMHODEH $OFFSET INTO 1/0 AREA FOR PORT INITIALIZATION
: }
3 BEDC PONERUP  EQU OSRAMHODCH $1SET TO 40 IF POMER UP NOT COMPLETE ELSE 459
: }
Sy BEDD RAMSIZEL EQU OSRAM+ODDH $LOWER LIMIT OF RAM IN SYSTEN
i:§ BEDF RAMSIZEH EQU CSRANIDFH sHIGH LIMIT OF RAM IN SYSTEN
0 }
% BEE] SONCHANGE EQU OSRAMHEIH sCHANGE SELECTED SONARS IF @0 ELSE INTERRUPT
fHANDLER SETS THIS BYTE TO @55H
BEE2 SONNEXA EQU OSRAMHOEZH {NEXT SONAR SELECT BYTE WRITTEN TO PIA A
BEE2 NSSLA  EQU SONNEXA
BEE3 SONNEXB EQU OSRAMHOESH {NEXT SONAR SELECT BYTE WRITTEN TO PIA B
BEE3 NSSLB  EGU SONNEXB
BEE4 SONNEXC EQU GSRAMHOEAH $NEXT SONAR SELECT BYTE WRITTEN TO PIA C
: BEEA NSSLC  EGU SONEXC
:'_;g BEES SONNEXD EGU OSRAMHESH $NEXT SONAR SELECT BYTE WRITTEN TO PIA D
BFEY NSSLD  EQU SONNEXD
N BEES TICTEMP® EQU GSRAMHOESH s TENPORARY REGISTER FOR TIC INTERRUPT
T BEES TICTEMP! EQU OSRAM+OESH s TEMPORARY REGISTER FOR TIC INTERRUPY
§ BEEA TICTEMP2 EQU OSRAMHOEAH s TENPORARY REGISTER FUR TIC INTERRUPT
; . BEEC TICTEMP3 EQU OSRAM+OECH s TEMPORARY REGISTER FOR TIC INTERRUPT
ot I |
s ' -5
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BEE INTASK  EQU OSRAMOEEM s INTERRUPTS MASKED IF 4°F ELSE NOT MASKED

{1F 400

}
BEEF SONDATSA EQU OSRAMHOEFH 1SONAR SELECT BYTE FROM READSONAR ROUYINE
BEFO SONDATRA EQU OSRANOFOH $SONAR READING FROM READSONAR ROUTINE
BEF1 SONDATSB EQU OSRAMHOFIH $SONAR SELECT BYTE FROM READSONAR ROUTINE
BEF2 SONDATRB EQU OSRAMHOFH $SONAR READING FROM READSONAR ROUTINE
BEF3 SONDATSC EQU OSRANM+FH $SONAR SELECT BYTE FROM READSONAR ROUTINE
BEFA SONDATRC EQU QSRAMHFAH 1SONAR READING FROM READSONAR ROUTINE
BEFS SONDATSD EQU OSRANMOFSH 1SONAR SELECT BYTE FRON READSONAR ROUTINE
BEFS SONDATRD EQU OSRAMOFSH 1SONAR READING FROM READSONAR ROUTINE

}
BEF7 OSERED EQU  OSRAMHFTH +BEGIN ADDRESS OF WHEEL COUNTS
BEF7 FRCOUNT EQU  OSEREG +FRONT WMEEL ABSOLUTE COUNT
BEFY RWOOUNT! EQU  OSEREG#2 $RIGHT WHEEL PTM COUNTER | COUNTS
BEFD RWOOUNT2 EQU  OSEREG# {RIGHT WHEEL PTM COUNTER 2 COLNTS
BEFD LWCOUNT1 €U  OSEREG# sLEFT WHEEL PTX COUNTER 1 COUNTS
BEFF LWCOUNT2 EQU  OSEREG {LEFT WHEEL PTM COUNTER 2 COUNTS

H

3

3
BFo1 0SEM00 EQU  OSEREG+0 $MODULO OF WHEEL COUNTS ¢ 1°

3

3

}
oFot RWMOD1 EQU  OSEMOD {RIGHT WHEEL PTH | MODWLO COUNT
BFe2 RWNOD2 EQU  OSEMODH! sRIGHT WHEEL PTN 2 MODULO COUNT
BFe3 LiM001 EQU  0SEMOD+Z {LEFT WHEEL PTM | MODULO COUNT
Bro4 LM002 €U OSEMOD+3 $LEFT WHEEL PTM 2 MODIL.O COUNT

3

3
Bres ' COLD EQU  OSRAAHO1OH {JUP VECTOR FCR C (COLD START) COMMAND
BFo8 WARM  EQU  OSRAMMOIOSH  ;JUMP VECTOR FOR W (WARN START) COMMAND
BFeB ODESSEY EQU  OSRAM+O10BH {JUP VECTOR FOR O (QDESSEY) COMMAND

3

}

3

3

} EXPANSION AREA FOR EQUATES

3

3

}
BF7C LXSONTMP EQU OSRAM#O17CH s TEMPORARY REGISTER FOR SONAR PRINT ROUTINE
BF7E LSXTEMP EQU OSRAM+Q17EH { TEMPORARY REGISTER FOR SONAR PRINT ROUTINE
BFee BUF EQU OSRAM+O180H {LINE BUFFER START
BFC7 BUFEND EQU OSRAMHRICTH ;END LINE BUFFER
BFC8 OFFSET  EQU OSRAX 1CEH
BFCA ADR EQU OSRAM: 91CAH
BFCC ADDL  EQU OSRAMHOICCH
BFCE ADDH EQU OSRAM+1CEH
BFD BUFPTR  EQU OSRAM+O1DGH
BFD2 RECTYP  EQU OSRAMOIDH

06




---------------

. §1 0 COUNT  EQU OSRANHIIDH

BFDA CXSM EQU OSRAM+O1DAN

BFDS TEPd  EQU OSRAMHOLDSH { TEPORARY REGISTERS MAYNOT BE USED
b7 TEPL  EQU OSRANOIDM +BY ROUTINES THAT ARE ASSOCIATED WITH
B9 TeP2  EQU OSRAM+@1DM + INTERRUPTS
BFO® TENP3  EQU OSRAM+OIDBH
BFDD TEPA  EQU OSRAM+OLDIH
BFDF TEPS  EQU OSRAMHIDFH

BFEL TS  EQU OSRANHOLELN
BFE3 TEP?  EQU OSRAMHIIEM
N MYFLAGY EQU OSRAMHOLESH +TBD
BFES NYFLAGL ECU OSRAMMOLESH }TBD
BFE7 SYSFLAG EQU OSRAMMMETH {TBD
BFES ECH0 EQU OSRAMHOLESH
BFEY TCOUNT  EQU OSRAMHOIESH
BFEA CREG EQU OSRAMIEM
BFEB BREG  EQU OSRAM-OIEDK
BFEC AREGC EQU OSRANHOIECH
BFED XREG EOU QSRAMHLEIH
BFEF PREG  EQU OSRAMHOLIER
BFF1 SREG  EQU OSRANHIIFIN
BFF3 uswl EQU OSRAMOLIFH
BFFS ACIAL  EQU OSRAIOIFH
FF7 IPOVEC  EQU OSRAMHIF7H
BFFA SHIVEC  EQU OSRAN+OIFAH
BFFD N{IVEC QU OSRAMHLIFDH
(] 1 (1] EQU 0A00H
A2 MBEGA  EQU 0AMH
#0948 MENDA  EQU 0A0O4H
A0S MENDAL  EQU OROOSH
A% MNIO  EQU QR%NH
(] usp CU ehoeeH
8094 MOKSH  EQU SA0OAH
AMB MBYTECT EQU 0AMBH
AC MIK1 EQU 0AGOCH
)] MXLOW  EQU oA0ODM
AOE NTEMP  EQU SAOEH
AORF N EQU 0AGOFH
M1 MT¥1 EQU OALOH
MLl MSCUNT  EQU @AOLLH
Ao12 MXTEMP EQU OMIH
Ad42 MSTACK  EQU OYO42H
] MCIA  EQU ACIAT
BFFS MACIAT  EQU ACIAL
}
} THIS AREA FOR SPECIAL SYMBOLIC EQUATES
)
000 XZER0  EQU 06dM sLOADS ZERO INTO INDEX REGISTER
}
(] END
No error(s).
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SMEOL TABLE FOR FILE NAVDEF.A

AC 000 AL W0 ARX 6 AS 0o
AT ®O0 AT 601 AX 08 M 6001
Al w2 R wi A 08 A4 o1
’S 0N M o0 A7 W50 ACIACR 004
ACIAL  BFFS  ACIAL @10 ACIARX 001  ACIASTAT @00
ACIAT 0000  ACIATX 0001  ACIAX 048  ADOH  BFCE
AL  BFCC AR BFCA AREG  BFEC B9 0621
B! 02 B2 e B %08 B4 "
5 0020 B we w ™60  BCPTMB! BES9
BCPTMAB2 BE9B  BCPTWE3 BESD  BCPTNCDI BESF  BCPTICD2 BEAL
BPTND3 BEA3 BOPTFI BEAB  BCPTIF2 BEAD  BOPTFS  BEWF
BCPLI BBl  BCPTM2 BEB3  BCPTM3 BEDS  BCPIRI  BEWY
BPIR2 BEBY BCPIR3 BEBS  BCPIWI  BEAS  BOPIMV2  BEA
BPMV3 BEAY B0S  BEFF  BREC  DFED  BUF L)
WFEO BFC7 BUFPR B0 OO TR "2
" o 0e o0 S "
c YT 000 XKW B4 LD BFeS
CONT  BFD3  CRACIKL BES2  CRACIAT BESO  CRACIAX  BEBI
CREG  BFEA CRPIAA  BEYS CRPIAB  BESL  CRPIAC  BEW?
CRPIAD  BEYS CRPTMWABI BES3  CRPTMAB? BESA  CRPTMAB3 BEGS
CRPTMCD! BESS CRPTMCD2 BES?  CRPTMCDS BESS  CRPTFI  BESC
CRPTIF2 BED CRPTF3  BEGE  CRETMLI BEGF  CRPTM2  BESS
CRRTML3 BES! CRPMRI BES2 CRPTMRZ BEYS  CRPTIRG  BESM ._
CRPTWI 3639 CRPTN2 BESA CRPV3 BESB DO 0o ,
Bt w2 R w B " M 0 |
0 w0 o 7 %00 ECH0  BFES .
FWOONT BEF7  INTWSK BEEE 10 00 100FFSET BEDB *
IRVEC BFF7 LKSONM® EF7C  LSXTEP BFTE  LWCOUNTI BEFD *
LWCOUNT2 BEFF  LWWODI  BFO3  LWWOD2  BFOA  MACIA 0000
WCIAl  BFFS  MBEGA A2  MBYTECT AOGOB  MCKSM  A00A
MENDA  A04  MENDAL A5 MIOV AN MWONT A1
WNIO A0S MRETIC BEC7 MNP AN MSTAK  AM2
NTEP  AGOE  NTW  AMF  NTWL A0 MXHI . ANC
NILOW  A%OD MWXTEP A2 MYFLAGD BFES  MYFLAGI  BFES
MVEC BFFD  NSSLA  BEE2  NSSLB BEE3  NSSLC  BEEW
NSSLD  BEES  ODESSEY BFOB  OFFSET  BFCS  OSEMOD  BFOI
OSEREG BEF7 OSRAM  BEM P.AB  0M8 P.CD  O95
P.CRA 0001 P.CRB 0003 P.CKC 0001 - P.CRD 0003
P.ODA 6000 P.O0E 02 P.OIC %00 P.ODD 0092
PPRA 0000 P.PRE 0002 P.PRC 0000 P.PRD 0092
P.SRA 6001 P.SRB 03 P.SRC 0001 P.SRD 0043
PIMB €048 PIAD 0050 PIACRA @001  PIACRB 0003
PIARC 0001 PIARD OM3 PIADDA 0000  PIADDB  ®022
PIADIC 0000 PIADID 0002 PIAPA 0000 PIFB %922
PIAC 0000 PIPD @002 PIASTATA 6001  PIASTATB 6043
PIASTATC 0001  PIASTATD 0003 POWERWP BEDC PREG BFEF

PIMAB 6218 PTMCD 0020 PRI 0000 PTCR2 0091
PTHCR3  000¢ PIIF %030 PM. 6938 PTR 40
PTHSTAT @001  PTMV %28  RAMSIZEW BEDF  RAMSIZEL BEDD
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RECTYP  BFD2  RWCOUNTI
nM002  BFO2  SONARA

BEF?  RNCOUNT2 BEFB  RW0DI BRI

BECI  SONARB  BEC2  SONRC  BEQD
SCAARD  BECA  SONARSLA BEBD  SONARSLB BEBE  SINARSLC BEDF
SONRSLD BECO  SONCHANG BEE!  SONTWTRA BEF®  SOWDWTRB BEF2
SONDATRC BEF4  SONDATRD BEF6  SONDATSA BEEF  SONCATSB BEFI
SOMDATSC BEF3  SONDATSD BEFS  SONEXA BEE2  SREXB  BEE3
SONNEXC BEE4  SOMNEXD BEES SONTIME BECS  SREG BFF1
SSLA BEBD  SGB BEBE  SC BEBF S BECO
SWIVEC  BFFA  SYSFLAG BFE7  T.AB 18 T.Cl Loy
T.C2 L, J I < 00 T.CD 0020 T.ONT1 082
TONT2 4 T.ONT3 &6 T.F @ T N30
T.LATCHI 0092  T.LATCH2 0004  T.LATCHS 06 T.R L o))
1.8 o TV 228 TCONT ©BFE? TEPO  BFDS
TPl BFD7 TENP2 B0 TEP3 BFDB  TBMPA BFDD
TEPS  BFOF  TEMPS  BFEl TEMP7T  BFE3  TICTENPO BEES
TICTD®! BEF8  TICTEMP2 BEEA  TICTEMP3 BEEC  TICTIE  BED?
TIMEZERO BECA  TUSRAN  BOM  USRSTAK BEGM  USKI BFF3
CARN BFO8  XREG BFED

------------------
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FILE: DRIVEDEF.A

HRAAANTRENENS o PRAEUSYSSRMRS! 3 Lot el Mg
R & b

YertRS-1 ORIVE COMPUTER DEFINITIONS
THE DRIVE COMPUTER USES THE VIRTUAL DEVICES
MENCS UPGRADE FOR THE HEATH HERO COMPUTER. AS SUCH,

THE CPU IS A MOTOROLA 4801 AND S\YSTEM RAM USAGE IS

SLIGHTLY DIFFERENT FRON THE STANDARD HERO COMPUTER,

THE BAUD RATE FOR THE 6801 SERIAL COMMINICATION INTERFACE
IS 300 BAUD WHEN POWERING UP IN LILBUG MODE AND 9404
BAUD WHEN IN MENOS MODE. THE ORIGINAL BAUD RATE

FOR MENCS WAS 200, THE 9500 RAUD RATE WAS OBTAINEL BY

BURNING A NEW ROM (U3¢1) FOR THE MENOS UPGRADE BOARD
AND CHANGING THE FOLLOWING ROM LOCATIONS

OFEESH  OFFeH  OFFSIH
WITH A NEW BAUD RATE DIVISOR BYTE:

05 FOR 9500 BaUD

% FOR 1200 BAND

7 FOR 300 BAD

WP B B8 PO B8 PE 58 T B PO WA PE SO B0 il PO D PE SO PE PO BE SO SO BE WO BE WA WS OO B WO WE PE B o

0000 ORG  O00H
;RAM ALLOCATIONS FOR MODIFIED HERO (0090-03FF)

tVersion 1,1C,

iWritten by A, H. Ballard 10/22/73
tVersion 2,

iWritten by A, H. dallard 1/14/84
]
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1 The original HERO ROM monitor (version 1.0) made use
sof the first 63 bytes of the 4K RAM for status data and
sjump vectors, and the top 287 bytes of RAM for stacks i
sand scratchpad areas. Tha central 3745 bytes (003F to
$0EEQ) were left available for user programs. Version
1.1 of the HERO ROM used another 2 bytes in high RAN.
$The modified RON produced by Virtual Devices reserves
tthe first 32 bytes in ROM for use as control and status
tregisters for a new 4801 microprocessor, The original

. 163 bytes in RAN were moved up by 32 bytes (20 Hex added
;o all addresses). In addition, the Virtual Devices
snodification (Version 10) uses 2 bytes in high RAM as a
tbuffer for serial communications.

-y .-

!
1 Iemediately after a cold start or a warm restirt, |
4 jcertain of these RAM locations are initialized to ~
f jdefault values, See the file MHINILA for details

7 sof RAM initialization in the HERO robot, as modified by
.3 {Virtual Devices.
]

H
i

tCurrent overall allocation of RAN:

T
e o el
-—

Low RAM used by Mod HERO 75 bytes (0000-005E)
User memory available 3710 bytes (0OSF-OEDC)
High RAM used by Mod HERD 291 bytes (OEDD-03FF)

Reserved bytes in low RAM:

® e @O we WO we DO ws WS

16801 control and status registers:

' i
{ 0000 - DDRI  RMB 1 sPort 1 data direction register

Port 2 data direction register

g-.“
&

tPort 1 data register

Bits 7,6 = select nemory map

01 = SYSROM $6009, SYSFAM $E0M0
10 = SYSRAM $6000, HROM 4£009

'
'
{08 = (not used)
'
:
t 11 = SYSRAM 46000, SYSROM $E000

E-2
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’ ;
: N
{
} §
4 Bit 5 = green LED (/1 = OFF/ON) "
 Bit 4 = select nenory bank 9/1 L
§ Bit 3 = radio (O/1 = RCV/XNT) -
t Bit 2 = timer 3 output y
3 Bit 1 = timer 2 output
3 Bit 0 = timer 2 input By
} 5
03 DR2 RMB1 Port 2 data register ¢
i .
1 Bits 7,5,5 = 6801 mode {R/0)
1 Bit 4 = serial coma output
s Bit 3 = serial comn input :
t Bit 2 = clock for serial comm =
{ Bit | = timer 1 output b
{ Bit 0 = timer 1 input g
} .
} K
i )
H -
0004 ORG $0004 h
} .
6004 DDR3  RMB 1 ;Port 3 data direction register (not used) K
0004 DRZCPY EQU $04 4 COPY OF Port 2 data register )
} nans »
} 1till CRITICAL ADDRESS!!ttitttet b
}
i i
} .
0005 ORG 40005 N
! é
} )
0005 DDR4 RMB I  ;Port 4 data direction register 4
}
{ Set 1’s for address output
i
i
} .
0006 ORG 40005 J
) i
0006 DR3  RMB1 jPort 3 data register (not used) 3
; :
o006 DDRICPY EQU $86 i COPY OF Port I datu direction register .
H .
}
}
i
0007 ORG 40007
;
0007 DIR¢  RMB1 ;Port 4 data register. (not used) .
! ;
E-3
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ORG 46000

CSR  RMB 1 ;Timer ! control and status register

Bit 7 = ICF, input capture flag (R/0)

Bit & = OCF, output compare flag (R/0)

Bit 5 = TOF, tiner overflow flag (R/0)

Bit 4 = EICI, enable input capture interrupts
Bit 3 = EOCI, enable output compare interrupts
Bit 2 = ETOI, enable timer overflow interrupts
Bit 1 = IEDG, input edge polarity (e=H, 1=lH)
Bit 0 = OLVL, output level select (€<L, isH)

e @O e WE we wo we @S we WO —fuws

3

RMB 2 316-bit CPU counter register (R/0)

- we

g
b |

116-bit output compare register 1

- e

00D ICRI  RMBZ ;16-bit input capture register 1 (R/0)

0WF ORG $000F

0F CR3  RMB1 ;Port 3 control register (not used)
Q00F ORICPY EQU $OF { COPY OF Port 1 data register

o1 ORG 40010

Z.‘ - e

0019 RMB 1 ;SCI rate and mode conirol register

Bits 7-4 = (not used)

Bits 3,2 = format and clock control '
09 = Bi-phase, internal clock, P22 not used
01 = NRZ, internal clock, P22 not used
10 = NRZ, internal clock, P22 is clock output
11 = NRZ, external clock, P22 is clock input

Bit: 1,0 = baud rate select

e WE WS SO W WS GO WO We WE WO WE BT WO SE e S

00 = 76800 bps
01 = 9609 bps
10 = 1200 bps
{1 = 300 bps
E-4
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1) TRCS RMB 1 ;SCI transmit/receive control/status

Bit 7 = RDRF, receive data register full flag (R/0)
Bit & = ORFE, overrun/framing error flag (R/0)

Bit 5 = TDRE, transmit data register empty flag (R/0)
Bit 4 = RIE, receiver interrupt enalbe

Bit 3 = RE, receiver enadble

Bit 2 = TIE, transmitter interrupt enadle

Bit 1 = TE, transmitter enable

Bit 0 = W, enable wake-up on next message

e We we WO wE WO we WO we we

®12 RIR RMB 1 :SCI receive data register
H
}
013 TOR  RMB 1 ;SCI transmit data register
H
}
4 14 RAMC  RMB 1 ;RAN control register
| H
, i Bit 7 = STBY, set to monitor voltage (8/1=LO/HI)
: + Bit & = RAME, 0/1=enable/disable on-chip RAM ($50FF)
ji + Bits 30 = (not ysed)
. 1
¢ H
A !
. G 0013 ORG 40013
£ H
‘ tAdditional registers for 6801U4 versiont
i
; THE FOLLOWING ARE NOT IMPLEMENTED IN THE BASIC 6301 OR 6301
’ ; THESE ARE BEING RESERVED FCR THE POTENTIAL USE OF THE 6801U4
H
‘ 00135 ACNT iAlternate counter address
017 TCRL iTimer control register 1
0018 TCR2 iTimer control register 2

T3R {Timer status register
iOutput compare register 2
{Output compare register 3 .

tInput capture register 2

2333333

E-5
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{HER® status datas

H
71 ] apos  EQU
L 7] EXTPOS RMB 1  sCurrent position of arm extend motor
w021 SHFOS RMB L jCurrent position of shoulder motor
02 ROTPOS RMB L  ;Current pocition of wrist rotate motor
023 PVTPOS RMB I  sCurrent position of wrist pivot motor
024 ORPPOS RMB 1 ;Current position of gripper motor
L, Vo] HEDPOS RMB 1 ;Current position of head motor
0024 STRPOS RMB 1  ;Current position of steering motor
0027 DRVPOS RMB 2  3:Spoke count for base motor command
029 DRVODM RMB 2  ;O0dometer spoke count for base motor
H
]
/0] ACTSTAT RMB 1 jActivity status byte
$
$ Bits 7-5 = (not used)
$ Bit 4 = base speed ramping
3 Bit 3 = speech active
{ Bit 2 = arn/head motors active
§ Bit | = steering motor active
{ Bit @ = base motor active
}
e ABTSTAT RMB 1  ;Abort request status byte
i
3 Bits 7-4 = (not used)
¢ Bit 3 = abort speech
3 Bit 2 = abort armn/head motors
1 Bit 1 = abort steering motor
; Bit 0 = abort base motor
$
020 SLEEPER RMB 2  ;Sleep count, 10 sec steps
/i HINGRY RMB I jLow (logic) battery indicator bgte
N30 SNRHIT RMB 1  3Cum count for detected sonar echoes
0031 SNRRNG RMB 1  ;Most recently measured sonar range
H
H
H
$
0432 ORG 40032
sUser-supplied jump vectorss
i
s+ Default (R) = RTS; (SR) = SEC,RTS; (-) = none
i
0032 USRCYCLE RMB 3 ;Customize start of interp cycle (R)
06935 USRINTRP RMB 3 3Extend interp comsand list (SR)
0038 USRIR® RMB 3 ;Customize IRQ handler (R)
0438 USRCLOCK RMB 3 ;Customize clock IRQ routine (R)
X S°D  RMB 3 ;Customize drive speed routine {R)
41 USRLLB  RMB 3 ;New IRC, low logic dattery (R)
E-6
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)
i &
' 0 USRLDB RMB 3 ;New IRQ, low drive battery {SR) -
, - 07 USRMDT RMB 3 ;User program for motion detector (R) K
' {20 USRTRG RMB 3 User program for pendant trigger (R) ]
' 4D USREXP RMB 3 iUser IRQ program for exper board (R) &
b ) USERI  RMB 3 ;Jump vector for Key 9 in exec mode (=) %
' "s3 USER2 RMB 3 jJump vector for Key C in exec mode (-)
b 0056 USER3  RMB 3 ;Jump vector for Key F in exec mode (-) -
H o
i "
} "
. i B
E { ORG 40459
! H s
tScratch pad registers: <
! ]
] .
, "s9 Te RMB 2 ;Used in utility, manval, learn modes .
i 058 T RMB 2 ;Used in utility, manual, learn modes
, 50 T2 RMB 2 Used in utility, manual, learn nodes it
| ; g
? i A
H |
| : :
-4 WSF ORG $005F -
} .
@ ; 1
[ 1Ram area available for user programss L
. ‘ :‘
Ii o5F USRRAM RMB 3710
i '
' !
!
, H ~ [
4 0EDD ORG  $9EDD {HIGH HERO RAM i
g iReserved bytes in high RAM: -
tUsed only by Virtual Devices modifications: 7]
] : '
] -
{RXSTAT EQU $0EDD {FF = good byte, 00 = none/bad :
OEDD RXSTAT RMB 1 100=no/bad byte, FF=good byte %
{RXBUFF EQU $0EDE tHolds good byte received
OEDE RXBUFF RMB 1 t{Holds good byte received
1
_ tUsed only in HERO 1.1 and later versionss L
i i
GEDF PWRTEMP RMB 2 ;AAAA is put here when re-initializing <
s to home CPOS registers but not motors :
; )
! :
sUsed in executive/interpreter modes: . )
; .

.........
..........
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331

OEE4
$EFo

OEFC

.....................

o Te T N
....

RB 1 00=native node, FFzrobot mode

PCSAVE RMB 2 ;User program counter stored here

STRSTP  RMB 12 ;Buffer area for steer stepper motor

]
3

e WO W WO WwE B WO WU WO wd WO WE WO o WO W wn GBS WO WO WO VO ws WO whd Wi B WO WE W WO W6 we WO WO WO we wé we we

RMB 12 jBuffer area for arn/head steppers

Format for STRSTP and ARMSTP buffers:

Byte 0 = STPMASK, mask for output port

$9F = low nibdle
$F0 = high nibdle

Byte 1 = STPSCL, scale factor
$03 = 4 physical steps per logical step
$07 = 8 physical steps per logical step
$0F = 15 physical steps per logical step
$1F = 32 physical steps per logical step

Bytes 2,3 = STPPORT, stepper output port

_ Bytes 4,5 = STPPOS, address of current position

Byte & = STPLIN, limit switch mask for port $C200
$24 for shoulder motor
$12 for head motor
$48 for steering motor
400 for other motors
Byte 7 = STPTIME, speed divisor (decremented to @)
Byte 8 = STPTIME®, speed divisor (fixed)
Byte 9 = STPSEQ, step pattern sequence select

$00-03 for forward (start at 404)
$04-07 for reverse (start at $04)

Bytes 10,11 = STPNO, number of physical steps to go

CLCKTIME RMB 1 38-bit count for 1024 Hz clock

]
DRVNO  RMB 2 ;Steps to go (DPOS) for base motor

]
STRPCPY RMB I ;Last byte sent to STRPORT=C260

-8
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o DRVPCPY RMB 1 ;Last byte sent to DRVPORT=COM

oFo1 DRVPNEM RMB 1 ;New byte to go to DRVPORT=C2A9

0F92 ADRPCPY RMB 1 ;Last byte sent to ADRPORT=C2CO

L1 ] PWRPCPY RMB 1 ;Last byte sent to PWRPORT=C2E0

OF4 IRGPCPY RMB 1 ;Last byte sent to IRGPORT=C220 =
] L

oFeS SPSKAREA RMB 14 ;Speech stack, max of 8 addresses :-2:

OF135 SPSKFWA RMB 2 sLocation, 1st speech stack entry S

OF17 SPSKLWA RMB 2 ;Location, 8th speech stack entry ]

oF19 SPSKPTR RMB 2 ;Speech stack pointer saved here v
} e

1B MTRSPD RMB 1 ;Base motor speed byte stored here ¢ I

oF1C STRCTADR RMB 2 ;STRSTP/ARMSTP selection saved here A

OFIE NCB RMB 2 ;Buffer for motor control bytes “

oF20 ACTMASK RMB 1 ;Mask bits for ACTSTAT byte R

oF2| ACTIVATE RMB 1 ;Buffer for new ACTSTAT bits -

oF22 DEST  RMB 2 ;Destination address for block meve 02

24 SRC RMB 2 ;Source address for block move -

OF25 MVALLOP RMB 2 ;Buffer for address of 1st MVALL operand -
; o
| v
} ~
| Ot
tUsed in lecarn/manual mode onlys .
i :

28 REVOS RMB 2 3

27 REVADDR RMB 2 3

20 ADDRPTR RMB 2 3

L3 ADR RMB2 3

0F30 OLDADIR RMB 2 3

32 FRSTADDR RMB 2 3

OF34 LASTADDR RMB 2 3

oF3b LRNYODE RMB 1

oF37 OLDLCT RMB 1 3

oF33 OLDDIR RMB 1

oF39 - OLDPOS RMB 1

0F3A ISWD RB1 3

oF3B AT RBIL

OFX DIR RB1

OF3D ISR RB1 3

OF3E DRVON RMB 1

OF3F STRGON RMB 1

oF 4 ARMN  RYB1

oF41 ARMBACK RMB 1 3

oF42 ARMSTOP RMB 1

43 DELAYTM RMB 2 3

oFAS TRIGIN RB1 3

oFb BASEOP RMB 1

o4 OPCODE RMB 1 3

0F48 POS RB 2

OF4A NTR RMB1

OF4B S0 R®1

-9
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.......................

)
jUsed in executive and interpreter mode:

!

USRSTK RMB &4 ;User stack area

MONSTK  RMB O ;Monitor stack area

PWRSTK RMB 8 jPower-on stack ares

BKTBL  RMB 12 ;Table of & breakpoint vectors
BKPNTSTK RMB 2 ;Pointer for breakpoint stack

TEO RMB 2 ;Temporary register, exec mode

TEl RMB 2 ;Temporary register, exec mode

DIGADD RMB 2 ;Address of next LED display digit
USERS RMB 2 ;User’s stack pointer

SYSSHI RMB 3 ;Software interrupt vector

DSHPTR RMB 2 ;Digit address for meving dash display
DSHDIR RMB | ;Direction of moving dash display
TIEL RB 2 Displag time for "HERD 1.x"

TIME2 RMB 2 ;Display time fur moving dash

H

tUsed in executive and interpreter modes:

H

H

;End of 4K RAN

}

H

t CONTROL AND STATUS PORTS - - MEMORY MAPPED PHYSICAL ADDRESSES
!

SRTIMR  EQU $0220  ;SONAR TINRR

SENSE  EQU $C240  ;SENSE INPUT

LINIT  EQU $C260  ;LIMIT SWITCH INPUT BYTE

TEACHING  EQU $C280  ;TEACHING PNDT (REMOTE) INPUT BYTE

IRO.PORT EQU 4C260 IRQ INTERRUPT BYTE INPUT

EXPOUT_ EQU $C220 EXP_OUT ADDR EXPERIMENTAL BOARD OUTPUT BYTE
EXPINA EQU $C240 ;EXP_IN_ADDR EXPERIMENTAL BOARD INPUT BYTE

H
{PORT DEFINITIONS FOR HERO ROBOT (#C000-D008)

iVersion 1.0, 1/16/84, written by A. H. Ballard

(6801 ports are defined in HERODEF1.a)

E-10
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1 Input portsi

i

COLl  EQU #0003 sInput from keypad column |
M2 EQU #0005 1 Input from keypad column 2
COL3  EQU 40006 11nput from keypad coluan 3

1 .

SNRPORT EQU $C22¢ 1Sonar range data (8 bity)

i

SENSPORT EQU 4C24¢0 sLight/sound intensity (8 bits)

i
LINPORT EQU $C260 Limit switches ¢ miscellaneous

Bit 7 = Cassette tape input

Bit 6 = Steering motor full CCH

Bit S = Shoulder motor full DOWN

Bit 4 = Head motor full COM

Bit 3 = Steering motor full CH

Bit 2 = Shoulder motor full P

Rit 1 = Head motor full CW

Bit # = Speech board ready for next phonese

:
g

tRemote teach pendant, sleep sw.
Bit 7 = Select dase (9 or aram (1) moticn
bits 8,5,4 = rotary selector

If base selected: @30 = stop bdase drive

001 = drive forward, slow
010 = drive forward, medivm
o11 = drive forward, fast
199 = (not used)

101 = drive reverse, slow
110 = drive reverse, nedium
111 = drive reverse, fast

If arm selected: 800 = (not Used)
001 = select wrist pivot motor
010 = gelect wrist rotate motor
011 = select gripper motor
100 = (not used )
161 = select shoulder motor
110 = select arm extend motor
11t = select head motor

Bit 3 = @ for left/down/in/open direction, 1 for OFF

Bit 2 = @ for right/up/out/close direction, 1 for OFF

“Bit 1 = Sleep switch (9 = sleep, | = norml)

-0 WO WO WE W WE WO GO WO WS PO GO PO SO PO wd B0 WO GO WO SO GO GO WO SO PO We v wv B

Bit O = Pendant trigger (€ = released, 1 = active)
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}
c2M EXPIPORT EQU $C2M iExperinent board input port (8 bdits)

i
3 Input/output ports:

]
(w, ] IRGPORT EQU $C200 sInterrupt reouest port
}
t Input = read interrupt flags
3 Output = reset interrupt flags
}
t  Bit 7 = experinent board interrupt
t  Bit & = drive wheel spoke sensor
t Bit 5= trigger on teach pendant
s Bit 4 = 1024 Hz clock
t Bit 3 = low logic battery sensor .
t  Bit 2 = low drive battery sensor
t Bit 1 = sotion detector
t  Bit 0 = sonar echo detector
}
() CLCKPORT EQU 4C000 1Set or read time/date

Bits 7-4 = Mode select

0100 = Weite
.9101 = Hold

1010 = Read

(other codes not used)

Bits 3-8 = input/output data bus
Ringe = 0000-1001 (-9 except:
For tens of hours, bit 2 = 0/1 for AM/PN
bit 3 = 0/1 for 12/24 hour clock
For tens of days, bit 2 = 0/1 for normal/leap year

Clock digits are selected by bits 3-8 of ADRPORT

10utput portss

CL6F DG6ADD EQU $C16F iLeftaost display digit
CIF DGSADD EQU $CISF
Cl4F DC'ADD EQU $CI4F
CI5F DG3ADD EQU $CI3F
OF DG2ADD EQU $C1F
ClIF DGIADD EQU $CIIF jRightmost display digit

}
i See MHSYMOBL.A for definition of display syabols

}
c22¢ EXPGPORT EQU $C220 jExperiment board output port
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{
SPCHPORT EQU 40240 1Speech port

Bits 7-6 = pitch select {09-11 for levels 1-4)
Bits 3-0 = phoneme select (1 of 84)

See MHSYNEBL.A for definition of phoneme symbols

:

1Steer and wrist motor port
Bits 7-4 = qutput step pattern for steer moter
Bits 3-0 = output step pattern for:

Wrist pivot motor if ARMSEL = 01
Wrist rotate motor if ARMSEL = 10

- We we St we o »e @

ARMSEL = bits 7,6 of ADRPORT

EXTPORT EQU $C200 iExtend/head/gripper/shoulder port
Bits 7-4 = output step pattern fors

Arm extend motor if ARMSEL = 01
Head motor if ARMSEL = 10

Bits 3-0 = output step patiern fors

Gripper motor if ARMSEL = 01
Shoulder motor if ARMSEL = 10

e WO Be PO WO WO GO W6 PO e WO

ARMSEL = bits 7,6 of ADRPORT

’
DRVPORT EQU $C2A0 1Base drive port

Bit 7 = direction (0 = forward, 1 = reverse)
Bits &0 = magnitude of speed

$00-3F = zero speed (dead zone)
$40-FF = actual speed range

ADRPORT EQU $C2C0 sAddress port

Bits 7-6 = ARMSEL
81 = gelect wrist pivot, arm extend, gripper motors
10 = gelect wrist rotate, head, shoulder motors

{other codes not used)

Bit 5 = speech strobe (for phoneme ‘code)

- wo w8 w08 WO 9o we o we
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Bit 4 = (not used)
Bits 3-9 = select real-time clock digit

0000 = seconds (§-9)

0001 = tens of seconds (§-3)
%16 = minutes (0-9)

9011 = tens of minutes (9-3)
9100 = hours (¢-9)

0161 = tens of hours (0-2)
0110 = dag of week (9-6)
0111 = dags (-9)

1000 = tens of days (0-3)
1901 = months (#-9)

1010 = tens of months (0-1)
1011 = years (9-9)

1160 = tens of gears (¢-9)

GO WE WE a WE We T WO WE we PP WO BB WBE SE e BB B

Cx0 PWRPORT EQU $C2E0 {Power control + miscellaneous

{
{ Bit 7 = Salect light (1) or sound (8} sensor
s Bit & = Main power (0/1 = OFF/ON)
1 Bit 5 = Light/sound sense board power
3 Bit & = Display board power
+ Bit 3 = Speech board power

C- ; Bit 2 = Motion detector power
t Bit 1 = Somar power
1 Bit 0 = Cassette tape output
H .
'
H
H
{
i

DEFINITION OF DISPLAY, PHONEME, AND OTHER SYMBOLS
USED WITH HERO ROBOT

Version 1.0, 1/16/84, weitten by A, H. Ballard
i
DISPLAY ( €S

'
i
H The HERO display has & digits. Each digit is
san LED display assembly having 7 seoments and a dot
~jldecimal point) arranged in the foilewing pattern.

iThe segrents to be 1it are identified by individual
tdits in an 8-bit code character, as shown, Adding a
tdot after any character it achieved by adding 89 hex
sto the original display character code,

e '
QRS '

. : S

. H == , 6

3 : |1 SEGMENT 1 S  CODE BIT
3 : —  PATTERN ¢ ASSIGNMENT
! : I 2 4

g i

..)
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]

1¥CX NUMBERS
W7 . EU $7E
030 1 EQU %
WD 2 EQ #D
®rn ‘3 EQ 79
L X< ] EW $33
058 'S EQ $5B
O5F ) EQ 5
" 7 EQU 479
WT7F '8 EQ $7F
W78 9 EQ 478
w77 ‘A EQU 477
WIF ‘B EQU $1F
$4E ‘' EQU $4€
%30 ‘D EU 430
WiF 't EQ $4F
W47 ‘F EQU 447

i

{LETTERS

i
07 ‘A EU 77 1Same as hex A
L Y K EQU 47D
0O1F B ) EQU $1F {Same as hex B
e ' EQU $4€ {Same as hex C
600D ‘c EQU D
6430 ‘q EQU 43D 1Same as hex D
Wi ‘t EQU $4F 1Same as hex E
047 ‘F EQU $47 1Same as hex F
005E '3 EQU 435€
037 ' EN 437
o017 EQU 17
39 i EQU 430
X J EQ $X
"0 ‘L EQU $0E
015 ' EQUHS
WTE 0 EQ $7E iSame as hex ¢
001D ‘o EQU 1D
0057 p EQ 47
] ‘r EQU 405
0058 'S EQU 458
079 't EQ $70 {Sane as hex 7
[ X 3 W EQU $3€
01C X' EQU $1C
3B 'y EQ 438

i
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{ A display character will be designated by
spreceding it with the * syabol (accent gravel,
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}

091 , ‘hy  EQU 401 1Hyphen, dash or minus
608 ‘. EQU $08 tUnderscore
0080 ‘e . EQU #80 1Dot or period
L) ul EQU M ;Exclamation point
02 ‘¢t EQU 22 sDoudle quote
0043 ? EQU $53 1Guestion mrk
®0o ‘sp EQU $09 1Space or dlank

- H

fp: {PHONEME CODES

- i

¥ H The speech synthesizer in the HERO accepts 8-bit

tphonene codes. The lower & bits select 1 of &4 coded
iphonenes, while the upper two bits select 1 of 4 pitch
{levels, The basic phoneme codes range from $00 to $3F
sat pitch level 1, To vary the pitch (inflection) to
1get greater naturalness:

Add $40 to get pitch level 2
Add 430 to get pitch level 3
Add 400 to get pitch level 4

1The STOP phoneme ($3F) is the only code that should
inever be raised in pitch. Raising it to $BF or #FF
1vould change its meaning.

H

3 A phoneme code will be designated by preceding
7it with the ~ syabol (tilde). Phoneme durations in
tnilliseconds are shown in parentheses in the comnents,

L] EH3  EQU 490 10 59) as in jack e t
0091 2 EQU t01 20 71) as in e_nlist
002 ~EHl  EQU 492 $U121) as in h_ea_vy
0043 ~$p EQU 403 31( 47) short pause
L ST EQU ¢4 1O 47) as in bu_tt_er
005 ~2  EQU 405 10 71) as in n_a_de
) ~1 EQU 406 1(103) as in n_a_de
097 sH O EQU 407 10 99) as in a_z_ure
0008 ~ff2  EQU 408 $0 71) as in h_o_nest
089 ~I3  EQU 49 $( 55) as in dnhid_i_t .
L) ~12  EQ $04 10 89) as in i_nhibit
0008 ~I1 EGU 408 1(121) as in inh_i_bit
L N EQU teC 1(103) as in n_at
0090 A EQU $4D 10 80) as in sun
060 ~B EQU $0E s 71) as in b_ag
000F ~y EQU $oF 3071 as inv_an
W10 «H  EQ $10 30 71) as in ch_ip (»T first)
"1l ~SH EQU $11 $(121) 35 in sh_op
012 ~Z EQU $12 1O 71) as in 200
0013 ~Adl  EQU $13 1 (188) as in 1_aw_ful
w14 NG EQU 414 $(121) as in thi_ng
E-18
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L EQU $1S $(146) as in f_a_ther
~001 EQU $16 1(103) as in 1_oo_king
00 EW $17 1 (185) as in b_oo_k
< EQU 418 1(103) as in 1_and
« EoU $19 10 69) as in trick
~ EQU 41A 10 47) as in ju_dg_e (~D first)
H EQU 1B 10 71) as in h_ello
~0 EQU $1C 10 71) as in g_et
0 EQU 41D 1(103) as in f_ast
D EQU $IE 10 59) as in pai_d
5 EQ) $1F 10 99) as in pa_ss
A EQU $2¢ 1 (189) as in d_ay
Y B s21 10 65) as in d_ay
~Y1 EQU $22 10 80) as in y ard
~H3 B $3 10 47) as in miss_fo_n
~H EQU $24 1(250) as inm_op
L EQ) 428 1(103) as in p_ast
~0 EQU 426 1(189) as in c_o_1d
] EU 427 1(185) as fn p_in
<4 EQU 428 1(189) as in m_o_ve
oy B 429 1 (103) as in an_y
~7 EQU $2A 10 71) as in tap
R EQU 428 10 99) as in r_ed
£ EQU $2C 1(185) as in »_ee_t
A EQU $20 1( 80) as in v_in
~E B $% $(185) as in da d
~El  EQU $F 1(103) as in a_fter
2 EN 9 +( 90) as in s_a_lty
M2 EW $31 1071 as in a_bout
~Hl  EQU 32 $(103) as in v_ncle
~H EU ¢33 $(185) as in c_up
02 EU ¢ 10 80) as in f_or
~01 EQU 435 1(121) as in ab_oa_rd
I EQU $3% 10 59) as in y_ou
1 EQU 437 10 90) as in y_ov
*THV  EQU 438 $( 89) as in th_e
sTH  EQU $39 $C71) as in th_in
R  EQU $A (145, as in b_ir_d
~H  EQU 3B 1 (185) as in g_e_t
sEl EQU $3C 1(121) as in b_e
~ EQU 43D 31(258) as inca_ N -
~lp EQU $3E . 3(189) long pause
~stop EQU $3F 1 47) no sound
3

ORG  0214H
3
3

E-17
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$HERO COMMAND INTERFACE ROUTINES - C Language Interface

$

sVersion &

tWeitten by A, K. Ballard, 11/21/83
tUpdated 7-6-84

-—w‘ ...w.,.,.,, r_
]

L . x

H

v
- 1

3 These routines allow external programs to interface
swith the motors, sensors, speech, and other cubsystens
sin the Hero 1.x robot. The interface is implessnted
sas 2 series of subroutine calls. The parameters, or
soperands, for each subroutine are first pushed onto the
sstack. A1l operands have 16 bits, with right justifi-
jcation. The last operand is stacked first, and the
sfirst operand is stacked last. A subroutine call is
then made to one of the 85 jump vectors provided at the
1beginning of this program,

T
.

Y, i
P 0

H

+ In this version, 35 of the 38 interpreted 1HERO
scommands are included in the jump tadble, aithougth the
{SLEEP is not actually implemented in this version, The
{CRL (change to robot language) and CML (change to
imachine language) are not included because they are
inot appropiate for externil use, The JISP (juep if
$speaking) command is actually a subroutine call te a
tlower level in the phoneme tree, and is rot included
seither. Room for expansion to a total of 65 cemmands
1is provided in the jump table,

H

+ Maxisum use is made of subreutines which already
sexist in the Hero ROM. Where nu operands need to be
ipassed, it is usually possible to jump directly to an
sexisting ROM subroutine. Where one or more operands
thave to be passed, they are reformatted in this pro-
sgram to satisfy the entry conditions required by
sexisting ROM subroutines.

.
e e aar

ﬂ.

} . .
{Entry points in existing ROM:

L 2 s 4 s i adn o o v
e Be e w e jw oy e T, ", 5%0%0 PP

3

E3% ABM EQU $E39¢ iFirst of 16 direct entry points
b E3%9 ASH  EGN $E399 { (see jump tadle for comments)
E39D AN EQU $E39D

E3B2 RSP EQU $£3B2

EAL7 ZERO  EQU $EA17

FA23 RIE  EQU #FA23

E0A? ENEYE EQU $E0A?

E0AD ENEAR EQU $EOAD

E0BS ENSON  EQU $EOBS

EOBC ENDT  EQU $E0BC

E0Co ENDIS EQU $EOCO

EeCA DISEYE EQU $EOCA

E0DS DISEAR EQU $E0DS

EOEd DISSON EQU $EOE®

e-18
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1.2 DISMDT EQU $EGE4

E0E3 DISDIS EQU $E0EB jLast of 16 direct entrg points

]
E3SF SPKEXTRN EQU 3E3%F ;External entry for speaking
E4%9 PSE.EXT EQU $E4AN9 iExternal entry for PAUSE
E169 MVR.EXT EQU $E169 sExt. entry for move relative
Et14 MVILEXT EQU $E114 sExt. entry for move imnediate
E1St HVX.EXT EQU 4E15! ;Ext. entry for move indexed
E12A MVE.EXT EQU $E12A sExt. entry for move extended
EIFC MVALLX EQU $EIFC sExternal entry for move all
F&5B CLRDIS EQU #F4SB sClear HERD Display
F7ES WTSTR EQU $F7ES sOutput string to HCRO Display

L

i

L

i

L

$Exit points in existing ROM:

L

{These locations are jusps or jsr’s to USER routines located at the
1 addresses stated:

i
H NOD-HERO INTEPPRETER MODE
{THE FOLLOWING EXPECT A JUMP OR RTS INSTRUCTION AT THE TO ADDR

i
E00! UEXCYQLE EQU $E001  {JSR TO USRCYCLE-—~START OF INTERPRETER CYCLE
E624 UEXINTRP EQU $E024 ;JSR TO USRINTRP-——EXTENSION OF INTERPRETER CODES

L
H IRQ INTERRUPT . ANDLERS
; THE FOLLOWING EXPECT A JUMP OR RTS INSTRUCTION AT THE TO ADDR

1
EFOC UEXIRQ EQU $EFCC  jJSR TO USRIRQ-——CUSTOMIZED IRQ HANDLER
FOIE UEXCLOCK EQU  $FOIE  3JSR TO USRCLOCK---CUSTOMIZED CLOCK INT HANDLER
FOZE UEXSPD EQU  4FO2E  jJSR TO USRSPD-—CUSTOMIZED DRIVE SPEED HANDLER
F256 UEXLLB EQU  $F255 3SR TO USRLLB-—L.OW LOGIC BATTERY VOLTAGE
F9 UEXLDB EQU  $F209 ;JSR TO USRLDB—-LOW DRIVE BATTERY VOLTAGEE
FO+ UEXMDT EQU  $F0B4  ;JSR TO USRMDT~—MOTION DETECTOR HAMDLER
FooB UEXTRG EQU  $FO0B  ;JSR TO USRTRG-—TEACHING PENDENT TRIGGER
Fo12 UEXEXP EQU  #FO12  ;JSR TO USREXP-—EXPERIMENTAL PORT IRQ INT

i

: MOD-HERO EXECUTIVE MJDE

i
F538 UEXUSER! EQU 4FS3B  3JSR TO USERI——USER! KEY DEPRESSED

: + LOADS LOCATION USER2 INTO A,B REG ZEFORE JUMP
FS41 UEKUSER? EQU  $FS41  3JSR TO USER2-—USER2 KEY DEPRESSED
: ' s LOADS LOCATION USER2 INTO A,B REG BEFORE JUMP
FS47 UEXUSER3 EQU 4FS47  5JSR TO USER3—USER3 KEY DEPRESSED

' + LOADS LOCATION USER3 INTO A,B REG BEFORC JUiP

i

:

i

i

E-19
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A4

"2
L7

A8 X

2046
2148

At
h

140
il 3
AN
2152
AR

.......................

WO o - "
ot .\.h$ .-.“i.‘ ‘..i»..‘

'L‘:-"J* ,b\_l.'..h i)

+ USER DECLARED TABLES

WML U3 sCurrent nuader ef jump vectors
}

}

i

SPKTAB RMB | ;Table of phrase addresses

}
POSITAB RMB |  ;Table of motor positiens

H
{RAN locations for parameterss

}

CPOSTAB EQU 40020 $CURRENT MOTOR POSITION TABLE
ACTSTAT EQU 40028 sActivity status byte
ACTMASK EQU $0F20 sMask to select ACTSTAT bits
}

}
EXPOUT_ EQU 4C220 ;EXP_OUT_ADDR EXPERIMENTAL BOARD OUTPUT BYTE
EXP_INA EQU C20 EXP_IN_ADOR EXPERIMENTAL BOARD INPUT BYTE

'
MEC EWU 3D sCurrent numbar of jump vectors

sDefault for unisplemented
sroutines

SScos Feecc
3

tactivity()

activity

i

. char #staty

3 /% check if motors are currently running, return true if they are,

. false otherwise, %/

{

0 stat = ACTSTAT;

H return (¥stat & &x0F);
LDAB  #40F  ;LOAD MASK FOR ACTSTAT
BRA BUSY

$)

{

BBSY  LDAB %6l sActivity bit for dase
BRA BUSY

SBSY  LDAB #02 tActivity bit for steering

‘ BRA BUSY

ABSY  LDAB #04 tActivity bit for ara/head

BRA BUSY
E-20
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sActivity bit for voice (speech)
$Test busy status

{Return with D = @ if not busy

1Setup Wit for speech
1Setup to continue

3B = phrase number

3B = address offset
tPoint to phrase table
sPoint to phrase address
$BA = phrase address
sSetup Wit for speech

1Setup to continve
$BA = phrase address

11X = count (1716 sec steps)

sNot currently implemented

iSetup motor wait bits
sSetup to continue
11X = 2-byte operand

sUse existing ROM routine

1Setup motor wait bits

-2

..................................

215% VBSY  LDAB #¢8
}
218 DM 2B BUSY  ANDD ACTSTAT
2154 &F CLRA
28 39 RTS
}
{
}
}
AL 8 8 WX LDM #48
A% 2090 BRA SPCX.1
}
2160 & SPCXY  COLRA
2161 BT 2 SPCX.1 STAA ACTMASK
214 N TS
US B B LDAB 3,X
267 B ASLB
2188 FEA A3 LDX SPKTAB
218 A ABX
216 EA OO LDAB 9, X
216E A LD 1,X
2176 EBIW P SPXEXTRN
}
273 84 08 SPHE  LDAA #08
A7 200 BRA SPCE. 1
i
2477 & SPCE  CLRA
2178 B76F 28 SPCE.1 STAA ACTMASK
27 N TSX
27C B 02 LDAB 2,X
AT AT LDAA 3,X
2100 TEEIWF JP SPYEXTRN
}
2183 N PAUSE TS
2184 EE 02 DX 2,X
2186 TEEA 99 _ 2P PSE.EXT
}
289 TE2A NS SLEEP P RTRN
26C 8 07 MR LW W7
20 001 BRA MVCR.1
3
A9 W WR R
2199 BT OF 20 MVCR.1 STAA ACTMASK
AN N 5%
2195 EE @2 LDX 2,X
297 TEEL S P MR.EXT
}
2190 85 07 MWD LDAA 807
A% e BRA MVCI.1
H
BT S AP R NN

........................

........
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A% & el OLRA 1Setup to continve
AF BT 2 VC1.1 STAA ACTMASK
A2 N TSX
21A3 EE 02 LoX 2,X 11X = 2-byte operand
A5 TEE 14 JP WILEXT tUse existing RON routine
H .
21A8 8507 M LDAA 807 sSetup motor wait bits
20 2 01 BRA MVCX. 1
}
AN ¥ X (LRA 1Setup to continue
21A0 B7OF 20 MWVCX.1 STAA ACTMASK
210 3 1
21B1 E4 @3 LDAB 3,X {8 = position index
283 38 ASLB 1B = address offset
21B¢ FE21 M4 LDX POSITAB ;Point to table of positions
287 A ABX tPoint to selected position
2168 TEEL S JP MVLLEXT {Use existing ROM routine
a '
: 2168 86 07 ME DA W7 ;Setup motor wait bits
t ' 20 201 BRA MVCE. 1
: }
o 216F & IWNCE  CLRA 1Setup to continee
o 21C0 B7OF 2 MVCE.1 STAA ACTMASK
- 213 ) |
. 21C4 EE 02 LDX 2,X $1X = address of operand
C.-'s 21C6 TEEl A JP MVE.EXT tUse existing RON routine
= }
AC9 N MVALL  TSX
ACA 8 INX
21CB 8 INX $IX will point to Ist operand
21CC Ad 0L LDAA 1,X
ACE A7 0 STAA 0,X 1 1st operand = EXTPOS
20 AL O3 LDAA 3,X
A2 AT STAA 1,X $2nd operand = SHLPOS
214 AL 65 LDAA S, X
206 A7 02 STAA 2,X 13rd operand = ROTPOS
2108 AL 97 LDM 7,X
210A A7 83 STAA 3,X 148h operand = PVTPOS
21D AL 09 LDAA 9,X
2 AT W STAA 4,X 15th operand = GRPPOS
21E0 AL B LDAA 11,X ‘
A2 A7 6 STAA 5,X . 36th operand = HEDPOS
20E8 AL D LDAA 13,X '
21E6 A7 % STAA 6,X {7th operand = STRPP®
21E8 TE El FC JP MVALLX
}
A N v TSX
20EC G4 M LDAB  #01000000B $SET FOR SLOW SPEED
21EE AL 83 LW 3,X $A NOW 1S MOTOR INDEX
21F0 o4 LSRD +ALIGN BITS IN B REG
2F1 o LSRD
v AF2 W LSRD
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2AF3 A B LA S, A 1S POSITION
2AF3 B PSHA { NOTE FOLLOWING REVERSAL FROM STANDARD PUSH
2F6 N7 PSHB HE{S{{ ORDER
2AF7 B , PULX { IX = 2-BYTE OPERAND
21F8 TEEL 14 JP  WLEIT 3 GO TO HERG ROM AND RETURN
x 0
!
®24 SRC.H EU ¢4
22 . DEST.H EQU  $6F22
E291 MVE.H EQU €
}
2AFB CE22K MYPOS LDX HAXTRL {POINT TO TABLE OF MAX POSITIONS
21FE  FF OF 24 s SRC.H 18024 IN HERO RAN
20 CE 2N LDX §CPOSTAB 140020 IN HERO RAM
24 FFO® 22 STX DEST.H ¢ $0F22 IN HERO RAM
207 Cb 07 s ¥ 3 COUNT IS 7 BYTES
o9 ‘a9 JP  MOVENM $4E291 IN HERO RONM
20C 988593A5 MAXTEL FCB  $98,486,193,$A5,475,409,493
210 BN
H
: H
[ !
;-ﬁ; 1EXPOUT(c)
a ! char ¢
.:“ EXPOUT
- | G—- ¢ EXPOUTPUT = ¢3 /® output the data to the experimenter port &/
F. 213 N TSX
i 214 E4 83 dadb 3
l 216 F1C229 stad 4020
H)
219 X RT3
{EXPINP()
EXPING -
: H ¢ return EXPINPUT ; /% input the data from the experimenter port #/
21F ¥ clra
218 F6C2 M 1dd  $C2M0
21 X RTS
}
H
{ The following equates state how the functions in Menos utilize the
iroutines above, Please do not assume that Menos uses all of the
1above routines. Menos must never wait too long for 2 routine (such
135 zero) to execute, and thus has equivalent routines, with the names
tgiven as below, which perform the function of the above routines.
i
}
E3% abavec EQU ABM “1Abort base motor
E399 savec EQU  ASH tAbort s cering motor
€390 amvec EQU AN t{Abort arm/head motors
E3B2 aspvec EQU ASP {Abort speech
2140 bbsyvec EQU  BBSY tTest for base busy
24 sbsyvec EQU  SBSY tTest for steering busy
E-23
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2132
2%
EM?
F423

E6AD
(1,2

E6Co
E0CA
€605
(1,1
(1.2

21
2160
an
an
2183
2189
219
2%
2168C
2N
2108
21/C
2108
216F
2109
21FB
21EB
73l
213

F3TE
TEFD
Q1F

No vrror(s),

oo el e T e T aTe T aTeaNaTe e Wt

..........................

absyvec EQU  ABSY
vbsyvec EQU  VBSY
wrovec EQU  7ERO
rtevec EQ RIE
eldvec EU ENEYE
esdvec EQ)  ENEAR
eurvec EOU  ENSON
endvec EQU ENDT
edsvec EU  ENDIS
dldvec EQU DISEYE
dsdvec EQU DISEAR
durvec EQU  DISSON
dndvec EQU DISMDY
ddsvec EQU DISDIS
spuxvec EQU  SPUX
spcxvec EQU  SPCX
spwevec EU  SPYE
spcevec EQU  SPCE
psevec PAUSE
slpvec SLEEP
wivec EQU MW
acivec
wrvec
acrvec
mixvec
acxvec
avevec
acevec
avivec
satemax EQU
atravec EQU
expinpve EU  EXPINP
expoutve EQU EXPOUT
i

i

}
PRON EU  $F3TE

R EQW  $7EFD

28

SE2S2E2EE

IS R ORI

PRI S Y

o

sTest for ara/head busy

sTest for voice (speech) busy

tlnitialize a1l stepper motors

tReturn to executive mode

sEnable Tight detector (eye)

sEnadle sound detector (ear)

sEnable ultrasonic ranger

1Enable motion detector

sEnadle display

sDisable light detector (cye)

sDisable sound detector (ear)

tDisable ultrasonic ranger

iDisable motion detector

tDisable display

1Speak and wait (indexed)

sSpeak and continve (indexed)

1Speak and wait (extended)

1Speak and continue {extended)

1Pause for specified tine

1Sleep for specified tive

iMove and wait (immediate)

tMove and continue (immediate)

sMove relative, wait (immediate)

sMove relative, continue (immed)

sMove and wait (indexed)

tHove and continue (indexed)

{Move and wait (extended)

tMove and continue (extended)

tMove all 7 stepper motors

1Set all motor position registers to mx
sSpecial MVCI at medium speed

1Get experimental board input

1Output dyte to experimental port

WARM START ADDRESS—NRO RETURN EXPECTED

{RETURN TO MOD-HERO IN VERSION 1.1B OF VNP

E-24
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SVBOL TARLE FOR FILE: DRIVEDEF.A

A E30 AN E3%  ABSY 2152 ABTSTAT
RACNT 0I5  ACTIVATE OF21  ACTMASK  OF29  ACTSTAT
ADOR 2% ADDRPTR OFZ2C  ADRPCPY #F02  ADRPORT
ARIBACK  OFAl  ARMON  OFM  ARNMSTOP  €FA2  ARNSTP
A 3y B 4 €382  BASEOP  OF4b  BBSY

BKPNTSTK OFEC  BKTBL  OFE¢  BuSY 2158 CLOKPORT
CLKTIME &EFC  CLRDIS  F&3B  ONTR 09 (Ll

o2 5 COL3 Codb  CPOSTAB ®20 (R3

DOR1 008 DORICPY 0006  DOR2 W1 DRI
DOR4
DG1ADD
DGSADD
DISDIS
DISMOT
OR2
DRWNO
DRVPNEW

b
’-
"
:k.
| T
S
b
t
F

nEZ23:2888

0005  DELAYTM  OF43  [eST 22 DEST.H
CtiIF  DGADD CI1ZF  DG3ADD CI¥F  DGAADD  CI&F
CI¥ DGGADD CI&F  DIGADD  @FF2  DIR X
E6E8 DISEAR EODS  DISEYE EOCA DISUMDE OF4E
EeE4  DISSON Eec¢ IRl o062  [RICPY
3 DRAPY o4 [R3 8% R4 "’
GEFD DRVODN 0429 DRVON  OF3E  DRWCPY OFM

o1 DRVPORT C2M DRVPOS @027 DSHDIR  OFFB
DSHPTR OFF9 ENDIS  EOCO DNEAR EOAD ENEYE  EW9
ENOT  EOBC ENSON  EGB3 EXPIN 2214  EXPIPORT C2M
EXPOPGRT C226  EXPOUT 2213  EXP_INA C2M  EXP OUT_ C220
EXTPORT C280 EXTPOS 020  FRGTADDR OF32 GRPPOS 0424
HEDPOS W25 HANGRY ®zF  ICRI 0 ICR2 ®IE
IRGPCPY  OFO4  IROPORT C200  IRQ_PORT C200  ISARM  OFX0
ISOLD  OF3A  LASTADDR OF34  LINIT  C260  LINPORT C200
LRNWODE OF36 MUPOS  21FB  MAXTRL 220 NGB it
v 08B MOIE $EE1  MONSTK  OF98  NMOVELH  E29L

MVALLY  EIFC  MVCE 2BF  ME.1 2100 M A%
MCLL 219F MR 2099  WCR.L 2191 VX 21/C
MCX.l 21D MVELEXT  E12A  MVILEXT E1l4  MVR.EXT  E169
MWE 21BB MWl 2190  MAR 218C WX 2188
WEEXT EIS1  NVEC 23  OCRI 0608  OCR2 L 0]
0CR3 ®IC OLDADIR ©F3® OLDDIR  oF38  OLDDIS @&F4C
OLDLME OF4F OLDPOS  OF39  OLDS'.CT OF37  OPCODE  OF47
OUTSTR F7ES PAUSE 2183 PCSAVE @EE2  POS 48
POSITAB 2148  PSE.EXT EA99 PVIPOS 23 PWRON FIE
PWRPCPY OFO3  PWRPORT C260  PWRSTK  OFI8  PURTEMP  OEDF
RANC 0914 RIR 0012  REMPORT (289  REVADIR OF2A
REWOS OF28 RMR 010 ROTPOS @22 RIE FA23
RTH TEFD  RTRN 2145  RYBUFF  OEDE  RXSTAT  OEDD
SBSY 214 SENSE  C240  SENSPORT C240  SHLPOS 9021
KCT O3B SLEEP 2189  SLEEPER 002D SNRHIT WX
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APPENDIX F

Navigation Cosputer Parts List

VB LOC, TYPE SPINS PARTSUSED  +5VDC  CGROSD  #4VIC
1 DX 2 Al 1 10,12,13,13
QAITDC-IC 24 AL 1 11,12,13, 14
LAS 62 M AL 2,3,8,3% 1,21
2001 THLS24 2 AL 2 1
3010 THLS244 20 AL 2 1
AAD26 THSHS 2 AL 2 "

S ADG TALSNS 20 AL 2 1

6AFL THSM 14 1,234 1 7
THIOTASIE 1 1,2,3,4,11,15, 14 7

13,14

8 AF18 74LS138 16 AL 16 8

9B TMSIZ 6 AL 16 8

A3 TS0 14 1,2,3,456 I 7

1l ANl EDHGOOS 28 ALL 2 14

12 AHIS EDHBN8 28 AL % 14

13 AHJ4 EDHSO0S 28 ALL % 1

14 BBl EDHGSOS 28 AL 2 "

1S BBIG EDHGSHS 28  ALL % 1

16 BBOA EDHEOOS 28 ALL . "

17BE1 6850 24 AL 12 1
BEIBZN 2 AL 1,26,28 14

1906 1411 2 AL 2 12

WM 6% AN AL 12 1
2082006820 4 AL 2 1
NEA21488 14 7

e MBS 14 1,23,4,56 M 1,7
HCB08820 M Al 2 1

D02 1?14 " 7

% CEl 6000 28 TI,T2 " 1

27 CE1B 68 28 TILT2 14 1
BOENLGMH 28 T3 14 1

2CH 7548 16 AL 9 8
NCIHOTSHS 16 AL 9 8
ACINTHS 16 AL 9 8
RCIOTHS 16 AL 9 8

NCHe TSHS 16 AL 9 8

AN RELAY 16 M 2
3505 RELAY 14 B8 2
3 DCI7RELAY 14 C0 2
SR 1 M 2

F-1
e e e N N T T A e T T 3

HNC
11,14

14

=130
10,13




Vs LOC. TYPE OPINS PARTS USED ¢HVOC  GROUND #VIC  +120C  -12C
38 DCI3 S2 16 AL
39 0C42 S 16 AL

MIOEL RELAY 14 AL 2
ALDE? RELAY 14 B 2
QEITRAAY 14 2
A30EZS RELAY 14 DI 2
M 0ER THSTA 14 1" 7
A5 DEA2 TALSTA 14 1" 7
4001 RELAY 14 @2 2
A7069 RELAY 14 R 2
48 0617 RELAY 14 (2 2
A9 0625 RELAY 14 D2 2
5 0633 TSH8 16 SPARE 9 8
S1 0642 7404 14 1,2,3,4,5,6,8,9 14 7
201 RELAY 14 M 2
IO RELAY 14 B4 2
SEDVITREAY 14 CA 2
SSOSRELAY 14 DA 2
SHDS3TAM 14 1,2,3,4,5,6,8,9 14 7
7 EC1 RELAY 14 AS 2
WEY RALAY 14 S 2
S9ECI7 RELAY 14 (S 2
WECSRELAY 1 IS 2
S EEl RELAY 14 2
Q2EE9 RELAY 14 B 2
S3EE17 RELAY 14 Cb 2
WEESRLAY 14 Db 2
$SECI RELAY 14  SPARE 2
8 EGY RELAY 14 SPARE 2
57 EGI7 RELAY 14 SPARE 2
8 EGZS RELAY 14 SARE 2
S9EN ROAY 14 SPARE 2
WEN RELAY 14 SPARE 2
TNENT RELAY 14 SPARE 2
T2ERS RELAY 14 SPARE 2
BEAZN B AL 1,2, 14
74 CB10 TALS138 16 16 8
TSEE 4650 2 12 1
76 FBI3 THSI38 16 AL 16 8
TIFBA3 THSIB 16 AL 16 8
TBOE 6640 28 AL 19 2
90E 40 2B AL 19 )
0 0E 6840 28 AL 19 2
81 0S5 CONMECTOR
82 0SE CONMECTOR
63 EM3 THSIZ 16 1 8
84 0SE DMOse2 16 AL 16 8
85 0SE DMOSO2 15 AL 16 8
8 0SE DM9602 16 AL 16 8

F-2

AT AT TR e TN L WL Te e et e L .
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- . o SR | Ty .D‘h.:t" -“- ) "Al A n? o N
ORI AN P P A O U o O30 PO




UR LOC. TYPE OPINS PARTS USED ARVIC  GROUND #VIC  HIADC  -12vDC
CD1 420 KHz Clock Board
EB1 TIPIZS and D1-D9 (silicon signal diedes)
Sonar Boards (A,B,C,D)
S1 (Reset, momentary)
DJA1 RESISTOR PACK (3.1 K )
AA13 & MHz CRYSTAL
BFA7 1.8432 Mz CRYSTAL
RESISTOR PACK (3.1 K) (BUTTOM OF NAV CPU BOARD)
24 POLAROID SONAR TRANSDUCERS (ON ROBOT BODY PANNELS)




APPENDIX G

NAVIGATION COMPUTER SCHEMATICS

Appendix G contains the following schemstics:
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Page
CPU ControlBusSesccseccccssccsccsososcscscscoccscsssssssscseb=2
CPU Address BuB.cecoossssocccsscscsscsssssscccccssccel=3
CPU Data BUBccscesccttssccsscsscsssccssccssctsscssssccecl=d
RAH/RO“ Address and Data B“'cooooooooooooooooooooooc-b
1/0 Address and Data BuSeeececscoccscoccssccscsccceel=S
RAH/ROH Chip En‘ble'ooooo‘oocooooooooooooooouooooooc-6
I/O'Chip-Enablet...................................0‘7
I/O A“xili‘ry Signlll..............................0'8
ROM overlly RAM circuitl...........................0‘9
Serial 1/0 Port'cooou.oooooooooooooooooo6..........6-10
Buffered Sonar Signall..-..........................G'll
Sonar Timer/kange Board Intetfaceuooooooéooooooooooc-lz
Sonar Transducer Selection CircuitryeesiooossoceeassG-13
Sonar Transducer Relay Interface.ccesesccccssaccseesG-1léb
G.15 Optical Shaft Encoder Timer/Counter Circuit..ccesssG-15
G.16 24 Pin Sonar Transducer Be‘deroooooohooooooouooooo.c-16
G.17 Dual Sonar Range Board 20 Pin Header.ceesessoscsessG-16
G.18 Optical Shaft Encoder Board 40 Pin BeadercceeeeeeesG-17

Pt 4t WO OO0 N OV AL W N =
o

ADOOOOHOOHOOOOO

(1 X2 N7)
* e o
o Pt e
£ WO N e

Pl T

|
500
Salaly

e
e
D )
ot

..............................

. g e, w - LIPS RO UL SR R N L T e e L
e ‘. ".'..':PT‘:"?.‘:'-':' ;)}_‘}_'Mﬂ‘.a:' o~ -':\"..'}‘:' :'-*‘:'-‘:‘-’:\i'}\'}!':'f.\q’ :'-'. B e A S I D e A A




TR T N R W TW YW Y 0 o ¥ ¥ ~
. e e R AR, DR AU Agi s PTG S g Shd S D S el Jeut e A SEt A Fal s Sah Rad T S e T o A S 2

r ------- “\-.;:‘ .' - l. - - - ., & . .'l - - ., -
|
' 3. 'lﬂ
-] =
()
S 2 ul ul E
N )
» AN
v ol 13
. BA d
! x €
i X ® "
“ "
" ] ™
! o, » o], N -
° | * | e n
A -t
N O o
| o N o - Il? g ~ E g
Y ol ® 1 - A&
& -
m 3]
q q @& o |- I3 le 0
8 X | | ™ N ®m o |pw
u: "~ - . - e = L I
g._w. ;Q—-w—h o : 5 .
a m[ 5 © = bl
N ™ J’ « o B
E o > |~
¥ mme W z
¥} ; g
, ﬂ g L =
™
-‘Jﬂ’f 51{"9
o o 9 q |
"]
m
in _ -
009 /72009
G-2
.-‘-“‘w-'-..q"-.|l."{ .--' )-.u. .‘-_-.-.\'. ")\ ').-'*- .‘\.‘ ' .-.-!...\_,‘\.""..-.\-‘..,...-A, toe I ..'. ., ’._L‘ ot . -'!.:.;:'7,.\.._




P T e

- i-. ;-- -‘-- ‘-. "- ..n

»

Car v viv,

AT CT A T ¥ YT T 7l

"t

W o W

S I S L S TR N A Bl Nl AL N NS

i

| N

0y
.,l_
[ d - [~} ..“c
M, el .
UI ux .-q;._
T4 u_a__j.. 7
\
LF ®e a o
Y- va a Py - 7
N N 8N oaxoc » - o
= Lo L= Bhssss: : *
1 II -
Ur -4 < m (e ..“ A
“e4%%0 < o
w oooos. g

= W "< wN W .u.

u m_b = -y -7 .7 -2 1 © Qo
oy} - | "
. hat - = CCROOOO ~ i
e % mlo 9 Je oOw L ©
4 piq pt - o¢ =D N A e g
.- . - T 60 00 60 690 00 00 08 . .
- - Jeeavee : 3
opd “a
ol i o s JM& _? 0 0 0 00 0 P o
. P
SWOn o)
Sy Sccctoct I 3
© CwuMmeDd . “J
gz¥pase 2 ee3iEit -
e CCTTTETETE R
~ = 3
& D N
m -
0 .
N “,.
.....
o R &




.....

-

i =
|
H

b b b pub pub fub Pub e

| 4

OONNAUWUN»

[ ]

address

:
|

LIREE
[T

WONANDOO

M
3

M
35

| 6802/6308

Fig.

G.3

data

Ag
u2
fi2

[18__ 25
16 __ 24
1¢__ 21
"5

high

ad

ress

xto all RAM/RDM
PIN ®#’Ss

F4LS138

mmmpmp ko

RFEXEREE

1

m RAM / ROM

b

19

19 nq
047 U6

CPU Data Bus

¥4LS138
FOR I°0 m

mm-um:n-sm'ms

LERREREE

-
v, .

G-4

--------
------------

hi
address
decode
#4L8138

us

El
Ex
O

Ey
£,

/g
address
decode
415138

U6

-

Fig. G.4 RAM/ROM Address and Data Bus

- o

. o
----------




...............

FELESD4D
<
a

=)
-

Apl1 8!
74L L8244

Fig. G.5 1/0 Address and Data Bus

...........




U1t vi2 U133 use
RAM RAM RAM RAM
0 - 8- 16~ 24-
8K 16K 26K 32K
B
| cE CE CE CE
o s |20 20 20 20
0 Q
o (12
®
=-l -~
* 3
»
20| |22 |20 20
CE CE CE
uis U16 U1S
RDM RAM RAM
56 - €0 - 32-
6eK 8K e0K

Fig. G.6 RAM/ROM Chip Enables

G-6

N N T T
Ca ) e, ._.\_.\_.‘-"\} .t




\ *
1 YW
1 -
t
i . !
h -
vce
i PIML PIMF PTIMCD
6840 6840 L] "ess0
C038-CO3F c030-c03z| 16| co20-co2?
* 11 u?s vaz
. 2 _ 15 15
T 9  §-
1 11
12
2 19 18
vcc ' )
ACIAY TE A PIMAB
° 6650 8 6840 L
-4 C000-C00? 16| CO18-CO1F ;
: 54 UL? u26 4
*
J h
L Ucc Ucce 5
; » PIMY ta] nciaL t ACIAX ]
1 6840 16110] 6850 6850
C028-CO2F C010-CO17 C008-COOF
U228 uzs U20 :
vg P g
© vce i
= piacp 2122| p1anB PTMR
% 6820 6820 6840
. C050-C057? C048-COQF C060-C047
- u2e vait uso :
» Q3 123 23 15 -
u¥e [3s F|

Fig.G.7 1/0 Chip Enables

G-7

R R N A R A A R R TS R I P ) . .y -y AR LSRR ALY
“.h\_)\-l\-- g 5-"'_-\_1\3\_- O I ‘:h\ » “n.\.. g Te e e e _". \".'\..'! AT .“.\h:% ' . .h‘-\- LS Sl "l.:':g‘:..'-._\.._‘-'f,\' Uity \.'.1:. t'.l\i



S as e e B L e S s v T R e e

D R S SO R R .1"'_-.‘—.‘.—“ R ot A FAN ST, ot v.-_-. T N T T " a a A s YAl e a T Y T T ¥V s, TV

i
’ |
i L

4
1
¢ - |
v ‘.
i

el
] » |
30‘81’t s

6802
vl
iwa

10

j
:I

#

S
(131
BORRD
2

49

B—
——

31
13
u

68

j
25

6
21

v
6

9
__]
]
25
j

ULz
6850
2

2
v26
6840

0
0
34 |3¢%|38
0
Fig. ¢.8 1/0 Auxilisry Signals

R/U

“ ¢

; " "
A . eZise o o110 2

‘ -

1

.‘i

‘ G-8

-"‘

S Tl PO T B AT R R I ar S W D N T N T S e T TG I BT T I S - BT A A S A TR T
AR R R AR, A PR IO NI N O i i ST R T NP L e s AL . PO T I P e




LR A A A R R

- —— ——

0 B L e iy
SO A

- e i R R . e e N

S 7eLs130

19 [

addres

data

joxrOM
o-
1FFF

1%

Fig. G.9 ROM Overlay RAM Circuit

G-9

.......
................

--- " e &

et e



S g L S

2 0L NN T

-l

Al X g Ve F

B e L e Ny S
< a a

iV w_ S e T @ e o e S BTG

A L OO )

PR R

"% ' d &R FT 6

V.—‘ »" .l-'-l

, v

T . - BN o-e

#3104 0/1 1*133§ O01°9 °31a

bt
gasuyt W

(e ]-1-3]

“N.S

c 316

=) i

B3 2 A% -

ool JJ:

6In

NN— mu_lw

230

aUIl anvd O0uLE 013 Hm.

P33 VIDY Jasel -3JL0M

5vamJ~|n ~timoiniame

013
13- 4
00E
009
oocy
0o0odec
oogd
0096

G-10

- - v
PN

S
K YY)
.-, .

.‘..I ,‘)' I,Ji'iﬁ‘.w...

A S
..I

S m N
A



Bt T e e e e e e e T N N T T T T T R T T T T AT AT A T T T T UTTTRTIMTAT AR TR R NTR
Y . v

o
Q..'
K

B
¢ o

l .

-
-

S Y YT

[}
-
N
o
-

I |2——mrLDe A

76006 s MrLOc’d

3

Y]

7¢0¢ |+—— XxLOG*B

R s|lus1 |6 XLOG’C ﬁ

R s 8 XL06’D

Fig. G.11 Buffered Sonar Signals

G-11

-

AP I AT W L I RSN TS R Aoy Sy R AT SR MR AR AR I D I WO ST G a N S S S N S S Ve T R R o |




Ycc vce
! 1ggY¢c¢ mEns
..l' ———l-{ n’ J
3 10 %3 P1MA
w 'R 13| ¢ |e 2 (6840 (g
X MFLOG’ A —i¢ B 6
* SheaEY
- i vas |28
R=4.¥kn
XL0G’ B ———
%2,3,7,11,12 1‘-%5
IR
nﬂ.us'n-—u:
i v
cC
19tY¢¢ n}:ls
e ¢ ¢ 16___26 4
XLOG’C L— -1
1| »p 28
10| ** lp1men
——3 49
'R 13| * |8 o [6840
MFLOG * C—H - & ™
X LLi_LI
s R ua2#
*BY
: XLOG P =l | J -
~ ok
e * , 119125‘%5
[ usy
._“'.It U3l SR to all
MFLOG’D ~>o-] sonar :
+¥ 710 poardas
i 75468
from pin €0
*of U21 PIA
¢20KHZ 1|2¢

\ CLOCK

Fig. 5.12 Sonar Timer/Range Board Interface

G-12

T e N T A L L T T T T T T o T P N IR S AT e b o .
l..l. ‘\.l *k. L*l.. ..\-. ¥ .. ‘h\_“ : LYV W) '.‘ "o . - - - . t. - ' - . M >

[l Sall. RS0V, LR W




AN AR M XIS AN S T Sy S gy p i e/ g St eyl i s i DY

2 1 16
3 ) 15 | to
2 5|1 9968,13 SONAR
3 ] R F——la > BOARD
2 2 12 [ pelavs
[s 6] v29 {11
PIA T |
AB 83
u21
91060 -
10 % 16
11 2 15 to
12 5]¥99687% SONAR
16 ¢l B [13 BOARD
15 5 iz
1% 5% -
20 ucce 91060 -
2 1 16
3 ) 1s | to
% 3]? 5986813 SONAR
6 ¢] © [13—— ) BOARD
f 3 12 RELAYS
) 6] U3s (11
PIA T i
- €D 8=
u24e §ye 6 _
10 1 16
S ) is | to
L—
12 3]*°9685% SONAR
1e &l P 3> BOARD
15 5 12
1z 8T -

G-13 Sonar Transducer Selection Circuitry

G-13

BRI I T S R S s e e A e T e T e e e S DRI VLW
: ".. O AT :. ':'f.l .:-'J_';'.'.’_'-’?-1':'1‘:'-'.\’:'-':'1’.'-'. L2 (n_'.o_l..x‘,:".’L‘-_(

] a dg .
IR TR P RSP R R R




S i P abeah et smes madh Seem: Rbdnindet smad et miveh stk el sk Sul il e et RA adul i SR e "ol it adih ‘RS R SRR Ot TR R oL et el el B G Bt i
AN R S N I A TR T AR -'_...\...\\._._‘._\.7.'.....‘- e e et ettt VA LR al et aNd T AT g T s,

LRI i I VI

— e w s s - ¢ o mmee 2 2 £ ? ¥

from
75460 .
to rom
SONAR ¢— *§V —sONAR
TRANSDUCER |7 |6 gnans

172-DIP RELRY

The transmit line of each SONARR
BORRD is tied to eight relays.
Each relay is tied to one SONAR
transducer. R shielded coaxial
line is used between each relay

and each transducer.

Fig. G.14 Sonar Transducer Relay Interface

G-14

W T W T et N e T e T A A A T R A T AT AT A A AT AT T R



.........................

.....

vee vee
el ki ot c FRONT WHEEL
JL R J12lislsels ost
::% gl e ﬁ; Dr9602 '2 A CHANNEL
1" "—1—'1‘3 e oo B CHANNEL
2, R1 5
2§]% vee %
1 v?e | s mEEEY
’ —Iea
AR £
Aty M—am

3 c LEFY unEEL
1Y 2)16l1en ost
q - DMSG02 B A CHANNEL
82 ves R B CHANNEL
oﬂijfi

A4
see

Fig. 0.15

.....

170 address
and data bus sheet

(44
10
€] c RIGHT WHEEL
1t 2[16)10lt ost
%  poso2 = A CHANNEL
(1]
1 0 ) was B CHANNEL
2ln, ia: =
25/,
rﬂl vce
22
1| Y80 | s RFSEY
. (9 fwo
§ ¥ —-J
18ip, -
l I
R £130.0 Kn
Riz 4.7 KN
”I €C = 1000 pf
~Rg Ry Dy ?
L )

Optical Shaft Encoder Timer/Counter Circuit

]
LG IR NN TN e

...........

R = I

. gmeemg e - 8 @ e

a e e s 0o On Opq0en
.'.‘.'.“ \‘. ..A‘.
LIS IRV L AP SR )



A A A R N S S A e R N N S S N A S 2 S S S i R i N e A e

.....

RCTACI NP RN R O s

VSW
20

GND

D IR I . P o AT IR . » B I I I S OISR R UYL SIS At TR TN St SR S St T L R e T e L T )
D NI T o (PR R 2204 NG PO LR N I A o P A e R B A LTS 0 L YN P A R L S Y et *

CO Cl1 €2 C4 €5 ¢c6 DO DI D2 D4 D5 D6
13 14 15 16 17 18 19 20 21 22 23 24

12 11 10 9 8 7 6 5 4 3 2 1
B6 B5 B4 B2 Bl BO A6 A5 A4 A2 Al AO

Fig. G.16 24 Pin Sonar Transducer Header

6VDC XLOG GND IMIT MFLOG 6VDC
19 18 17 16 5 4 3 2

2 3 4 5 16 17 18 19

6YDC MFLOG XMIT GRD XLOG 6VDC

Fig. G.17 Dual Sonar Range Board 20 Pin Header

G-16

TS TS T T T

GND
.1.

20

vsw




D?
D5
D3

Dl

RESET*

IRQ#*

A0
A2

GND

5VYDC

SN v > W N

- -

10
11
12
13
14
15
16
17
18
19

40
39
s
37
36
3s
34
33
32
31
30
29
28
27
26
25
24
23
22
21

Fig. G.18 Optical Shaft Encoder

G-17

D6
D&
D2

Do

R/W

Al

Board 40 Pin Header

R 1 AR AR AL LR N B B

- vy ¢ ece o =
P : « "
"‘-‘-" L

TR




F\;“'-"-‘\'-‘.'.'..f".‘_‘*.-v‘._"'_.'\'i' Rl N R T R I e o  r PC R T A B T i S B A A ]

E ~ L N B e e I e N O e i e e e e L i T R
¥.

i,

] .

’f..

P‘ .

»

4
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HERO-I TO MARRS-1 CONVERSIOR

i; CONTEFNTS OF APPENDIX H
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APPENDIX J

AFIT MORILE ROBOTICS LABORATORY EQUIFMENT,
COMPUTER HARDWARE, AND SOFTWARE

EQUIPMENT
QUANITY DESCRIPTION
1 AFIT MARRS-1 ROBOT
2 WORK BENCH
1 SMALL TABLE
2 CHAIR WITH WHEELS
3 CHAIR
2 CHAIR, HIGH
e 1 TABLE, FOLDING
1 TABLE, EQUIPMENT
1 LAMP, DESK
2 LAMP, WORK BENCH
1 FAN
2 TRASH CAN
2 PAPER HOLDER, TYPIST
1 HP6236B POWER SUPPLY
1 BECKMAN 3010 UL DIGITAL VOM
1 BK 1570f OSCILLOSCOPE
1 ANDERSON-JACOBSON MODEM AD342
1 HP 15610A LOGIC STATE ANALYZER
1 RACAL-VALDIC VA3414 1200/200 EALD MODEM
2 STANDING BOOK CASE
J-1
G N O L I PN | SR AP N RN




R T e I R I I WA P i, Nl S Pa e Sl TR A RN & T S AR S 0 o AR gt

COMPUTER HARDWARE

MARRS-1 NAVIGATION COMPUTER
MARRS-1 DRIVE COMPUTER
(MENOS I UPGRADE TO HERO COMPUTER BY VIRTUAL DEVICES)

HEATH H-89 COMPUTER

H-27 8 INCH DISK DRIVE SYSTEM

TRS 80 COLOR COMPUTER (44K EXTENDED BASIC)

5.25 INCH DISK DRIVE
TRS 80 COLOR MCNITOR

TRS 80 CGP 115 COLOR GRAPHIC PRINTER
TRS 80 MULTIPACK INTERFACE

, TRS 80 X PAD MODEL GT11é

E; Gr MOTOROLA 4800 EXORCISER COMPUTER SYSTEM

Ei HEATH H125 DOT MATRIX PRINTER

ﬁ' COMPUTER SOFTWARE
WORDSTAR (EDITOR) BY MICROPRO INTERNATIONAL

-3

;ﬁ MENOS I VAMP (ROROT PROGRAMMING LANGUAGE BY VIRTUAL DEVICES)
ROBO C (C CROSS COMPILER FOR HERO ROBOT BY VIRTUAL DEVICES)
ROBO A (CROSS ASSEMBLER FOR HERO ROBOT BY VIRTUAL DEVICES)

MODEM 720 (PUBLIC DOMAIN COMMUNICATION PROGRAM)

TRS 80 EXTENDED COLOR DISK BASIC

0S-9 (OPERATING SYSTEM FOR TRS 80 COLOR COMPUTER)
BASICO09? (BASIC RUNNING UNDER 0S-9)
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APPENDIX X

@ @atametricsj

Datlametrics Inc., 340 Foranam Road. Wumington, Mass G1887 o Tel (817) 658-5410 TWX. 710-347-7672

X3 SERIES K17 ENCODER INSTALLATION INSTRUCTIONS
{SQUAREWAVE VERSION)

1. MOUNTING ARRANGEMENT

Refer to Dstametrics Dvg, B02537 for mounting surface
srrangement. Note that (2) #4-40 X .18 deep tapped holes =ra
called for. The two tapped holes are used to mount the kit
encoder to the motor surface with #4-40 X $/16 socket head
screws,

Two #2-56 X 3/4 pan head screws are used to hold down the
encoder cover. These screws thread into the encoder housing at -
the places indicated.: .

Note that an alternative mounting arrangement is possib.e.
The two #4-40 mounting screws may be replaced by three #2-56
X 5/16 socket head screws located at the positions indicated on
Dwg. BJ2537. In this case note that the two holes that are
diametrically opposite in the encoder housing will have oversize
clearance for.#2-56 hardware. This clearance is reduced to
Qj- appropriste size using the two fibre shoulder washers supplied
- with the uwizt. .

2. INSTALLATION PROCEDURE

Step 1- INSTALL ROTOR/HUB ASSEMBLY )
Slide rotor/hub assembly onto the shaft. A close
s1iding fit is desired. Excessive looseness can cause
high rotor wobble. Slide the assembly to a position
which will allow the rotor to enter the photohead gap
with safe clearance both above and below the rotor disc. -
The bottom of the disc surface will be approximately 1/4"
above the encoder mounting surface. Lightly tighten one

hud set screw,

Note that the #4-48 hub set screws are much easier
to handle if the hex wrench is held in a pin vise,

Step 2- INSTALL PHOTOHEAD ASSEMBLY i
Slide the photohead assembly along the motor mounting
surface so that the disc enters the photohead gap. Find
the mounting hole locations and drop .in the mounting
screws., Be sure there is safe clearance above and below
the disc. Tighten down the mounting screws. Note that
the mounting hardware is essier to handle if a ball-tip
Allen wrench is used. :

Loosen the hub set screw and set the working sir gap
using the blue plastic shim. 1lnsert the shim along the
right side of the horseshoe opening as the opening faces
you. Place the shim on top of the stator located on the
upper right side of the horseshoe opening.
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Step 3- ELECTRICAL CONNECTIONS g
See Table 1. <
' Step 4 TEST EXCODER .
un the shaft at the desired speed and functionally
. test the encoder. The output signals®' dc balance o
{symmetry) and quadrature phase relationship are =
factory set and should ordinarily not require adjust- ~
ment. However, should finer trim be desired continue A
as follows: Adjustment pots are accessible on the 3
photohead printed circuit board which allow 3 fine trim !‘
of the symmetry of the output signals. See Figure 2. te
The phase relationship of the output signals can be 0
i changed by movement of the photohead assembly on the S
mounting surface within the range of clearsance around v
the mounting hardware. Both symmetry and phase adjust-
i ments described above can only be achieved while observing , .
; the output waveforms with an oscilliscope. See Figure 1. ;
! CAUTION
: ALWAYS APPLY DOWNWARD PRESSURE ON THE PHOTOHEAD ASSEMBLY
! WHILE ATTEMPTING PHASE ADJUSTMENT IN ORDER TO AVOID
RUBBING THE DISC AGAINST THE STATOR.
it : Y
' ‘.. . i L € -.
H .o : ¥ . i A :‘.
‘ TRIMPOTS (A & B) CONTROL e
: SQUARENAVE DUTY CYCLE )
b CHANNEL -
|‘ e ]
g . < ,
§ CHANNEL TRIMPOT "M" CONTROLS
. v . PULSE ¥IDTH ..
»
CHANNEL A
l'"" D .
e . )
Figure 1 - Wavefora Characteristics i
(CCW rotation viewed from encoder end) ﬂ
' i
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CHANNEL ®A* TRIH POT

CHANNEL *»*
TRIMN POT

45°

—

HOTOHEAD MOVEMENT ; 5 C
ALONG TH1S DIRECTION : \ aye
SHIFTS PHASE OF -\~ CHANNEL *N® TRIN,POT
CHANKEL *A" TO . : 2,2 o°
CHANNEL *B°" )
-Figure 2 - Photohead Board °
Pot Layout -

NOTE: The trin pots are factory set and glyptollcd. n\e} ordin-
arily should not require re-adjustnent. : . g

btcp 5 - INSTALL COVER -

Instsl) cover over encéder using (2) #2-56 screws
provided .-Do not over txghten covVer screws.

Table 1 - Electrical Connections

" Wire o . - * Function -
Color . 5
* Yellow . . " Output A
Blue : ‘ : Output B
Urange Output M -
Red _ oV
Black C Ground
\
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APPENDIX L

PQLAROID ULTRASONIC RANGING SYSTEM

Unmodified Ranging Circuit Board #606191
Modified Ranging Circuit Board #606745

TECHNICAL DATA
Generel Description:

The ranging modules contains all necessary components to: generate the drive signal for the
transducer; control timing functions; receive, amplify and filter the returned echo; and process
this signal providing a step function output at the time of the received echo. The distance from
the transducer to the target can then be computed with additional circuitry, knowing the speed
of sound in air (or other gas), and the time interval between the transmitsignal and the received
echo as provided by the ranging module.

The #606745 board supplied with the designer's kit consists of a #606191 board which has hada
six-wire, ribbon cable attached as shown on Figure 2 and has been modiiied as shown on
Figures 4 and 5. The #606745 board does not have the transducer cable attached; however, this
cable can be purchased from Polaroid by requesting Cable Assembly #604789.

Features:
Measurement range of 0.9 feet to 35 feet

6- Nominal resolution ¢ 0.12 inches to 10 feet
¢ 1% over entire range

Multiple measurement capability

Drives Polaroid Eiectrostatic Transducer which requires 50kHz 300V signal with no additional
interface. '

Designed to operate with the Polaroid Instrument Grade Electrosiatic Transducer #Gua142.

Operation Conditions:

Supply Voltage 5.0 Vde
Continuous Operating Current 250 mAmp
Peak Current During Transmit 2.5 Amp
Temperature Range 0 to 40 Deg. C.
jf-:‘i
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Unmodified Ranging Circuit Board #606191
Modified Ranging Circuit Board #606745
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NOTES: 1. R1is selected to set gain 2. R6 & C10 are only added if necessary at factory
FIG. 1

interconnect Diagram:

Res e %
L ]
7K 2 “, 3 Green
1
‘- Red vee
NNTe e

RANGING
TRANSDUCER CIRCUIT BOARD
(MODIFI:0)

N

' NOTE: Color Codes are for the ribbon cable supplied with #606745 VCC (¢) 80 Voe
Modified Renging Circuit Board. 25 Amps
FIG. 2
i) L-2
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Unmodified Ranging Circuit Board #606191
Modified Ranging Circuit Board #606745

Signal Description:
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NAME DESCRIPTION ire Golor
vCC Positive, Power Supply Yellow & Orange
VSW Starts a transmit’receive cycle when taken high
Resets for next cycle when taken low Red
XLOG Transmit de'ect, use first falling edge after VSW high Blue
MFLOG Receiver detect, goes low when an echo is detected Green
GND Sround, power supply Brown
XDUCER " Transducer input -—
GND Transducer ground -
\} Electrical Characteristics:
PARAMETER MiN. TYP. MAX. UNITS
Supply Voltage 49 6.8 Vdc
Continuous Operating Current 250 mAmp
Peak Current (during transmit) 25 Amp
VSW
Vih 4.0 Vee Vdc
lih 100 mA
Vil 0.4 Vdc
XLOG
Voh 20 Vde
Vol 08 Vdc
Tol 0.5 mA
MFLOG
Voh , 20 Vde
Vol 08 Vde
lol 1.0 _mA
L-3
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Unmodified Ranging Circuit Board #606191
Modified Ranging Circuit Board #606745

Timing:

POWER ON on
NGT ACCURATELY REPEATABLE | |
) / —
AL I ‘ l FROM CYCLE TOCYCLE OFF
56 CYCLES
TRANSMISSION ——W"
-
{xL0G) \n-r Ull’
k— 1ms -D‘
DETECTED
ECHO (MFLOG) f—— mff':g:':éa o — )
B (DISTANCE INFORMATION)
: PINS
OFf ]
u “‘h —4 W a
AMPLIFIED ECHO N’
ISTECHO ¢\ pseuENT
ECHO'S
r_ X
b
PINS
% . n } \ ’\ ’\ ’\ ’\
1
h ‘ ‘ PROCESSED ECHO
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Unmoditied Ranging Circuit Board #606191
Moditied Ranging Circuit Board #606745

Typical Relative Gain Bandwidth:
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Unmodified Ranging Circuit Board #606191
Modified Ranging Circuit Board #606745

s Parts List:

L

PYRPRYPP R

A A D

e N,

G 21 20 4o 18

ITEM REF. DESCRIPTION

1 P.C. BOARD

2 C3  CAPACITOR 14/, 35V

3 Q2  TRANSISTOR

4 U3 - POWER IC

5 RS  RES.150 N

6 U2  DIGITAL IC

7 C4  CAPACITOR .0014f, 10V
8 Ul ANALOG IC

9 C1  CAPACITOR .01/, 10V

10 L1 TUNED CIRCUIT INDUCTOR
1 c2 CAPACITOR 014/, 10V
12 R4 RESISTOR (62K, 5%, “W)
13 R6 VARIABLE RESISTOR (25K, YiW)
' (See Note 2) :
P 14 C5 CAPACITOR .0022yf, 400V
- 15 T TRANSFORMER
- 16 R1 RESISTOR (1-10K. 5%, %W)

See Note (1)
17 CR1 DIODE ZENER (IN4005)
18 CR2 DIODE ZENER (IN4005)
19 R2 RESISTOR (130K, 5%, %W)
20 c10 CAPACITOR .01/, 10V
See Note (2)
21 XTAL CRYSTAL 420 kHz
22 81 SWITCH
23 a1 TRANSISTOR

NOTE: 1. Resistor Value Set at Factory

NOTE: 2. Only Added It Necessary at Factory
L-6
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Unmodified Ranging Circuit Board #606191
Modified Ranging Circuit Board #606745

Dimensions

SIZE MAX DIM.
3.025 IN. X 1.652 IN.
X 0.520 IN.

Application Notes:

The ranging modules #606191 and #606745 are designed to function with the Polaroid
Instrument Grade Transducer #604142.

Power the module through VCC. Next bring VSW high. The transmit burst of 56 pulses will
begin approximately 5 msec later. The 56 pulses consist of 8 cycles at 60 kHz, 8 cycles at 56 kHz,
16 cycles at 52.5 kHz and 24 cycles at 49.41 kHz and lasts for a period of about 1.0 msec.
Detected transmit canbe observed at U2-12. The receiver is blanked for 1.6 msec. if anecho is
not detected within 62.5 msec MFLOG will go high. Alsoif anechois detected before62.5 msec
and after 1.6 msec MFLOG will go hich.

Range information is determined by th : time interval between the first falling edge of XLOG and
the falling edge of MFLOG. The speed of sound in air is:

= T 3
=331.4 M/
C =33 573 Sec

C = Speed of sound in air

T = Temperature in degree Kelvin
(Kelvin = Celsius + 273)
M = Meters
Sec = Seconds
To initiate another range measurement bring VSW low then high again whiie leaving VCC on.

The system (transducer and ranging moduie) gainis settc detect a 1.34 inch diametersphere at
4 feet 3 inches on the acoustic axis.

If the ranging circuit board contains R6, adjustments are not recommended. R6 can change
system gain and will change these specifications. If R6 is needed, refer to the parts list for
installation location and specification. C2 will have to be relocated to the unused pad
connected to the R6 wiper.
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Unmodified Ranging Circuit Board #606191
Moditied Ranging Circuit Board #606745

Modifications:

The Ultrasonic Circuit Board (#¥606745) included with the Ultrasonic Designer's Kit has been
modified for use in ranging applications. Module #606191, ordered separately, will have to be
modified by the purchaser to achieve the same performance. Other changes could be
recessary for a particular application. Refer to the figure below to see how the ranging module
#606191 mus! be altered to obtain performance similar to that of module #606745 in the kit.
Make the alterations as follows:

JUMPERS ADDED:
ATOA

FIG. 4

A. Cut the metallic circuit path on the board at the two points indicated by the arrows. Scrape
the meta!l away or use any other effective method.

B. Solder 1 jumper wire to the board as shown: between points A and A",

C. Cut switch as shown.

FIG. 5

For additlonal Information or technical assistance contact:
) Spectiications Subject
Polaroid Cerporation To Change Without Notice
Battery Division

784 Memorial Drive - 4A
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Appendix M

The 6800 Hex file format provides a com-
pact representation of binary data pattems for
transmission using ASCII communication termi-
nals,

The Hex f£ileis organized into data records with
each record containing information in the same
format. The record information consists of type,
length, address, data and checksum. All records
begin with an ‘S’ character for start of record
identification. All information in the f£ile which
is not between a start of record and the checksum
is ignored.

C‘ TAPE FORMAT

ASCHI
Character Description

1 Start of record (§)

2 Type of record
0 — Header record
1 — Data record,
9 — End of file record

Byte Count
Since each data byte i repre-
sented as two hex characters, the
byte count must be multiplied
by two to get the number of
characters to the end of the
record. (This includes checksum
and address data.)

Address Value

The memory location where this
record is to be stored.

Data

Each data byte is represented by
two hex characters.

Checksum
The one’s complement of the ad-

3—4

6800 Hex File Format

ditive summation (without carry)
of the data bytes, the address,

and the byte count.
Example Data Record
Memory Contents
Address Data
A000 10
A001 1A
A002 20
A003 2A
Data Record Contents
Character Tape
1 Start of record | 53 8
2 Typeofrecord | 31 1
3 Byte count 8O | 0
4 37 1
3 a1 | A | T
6 30 0
7 Address 30 0
8 80 0 £
9 Data byte 1 31 1 i i
10 30 0o £
11 Databyte2 | 81 | 1 O §
12 41 A S
13 Data byte 3 32 2 g’
14 30 0
15 Data byte 4 32 2
16 41 | A
17 Checksum 38 | 8
18 34 4 3
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The formt for all hexfile records is diagrammed below.

LR A e N P

Header Data End-of-File
Chanacter Record Record Record

1 Start of Record | 63 5 53 | s 53 5

2 Type of Record 30 0 31 | 39 9

f Byte Count :; 1 :; 16 :: 08

5 30 31 30

6 8;".’;;‘)‘ 80 | oooo | 31| 1100 30 0000

] 30 30 30

8 30 30 30

9 Data 34 ® | o 46 FC
10 88 38 43

) 34 TN (Checksum)
. 84 32

. 35

. 82 )

. Q

48 | A8 (Checksum)

Ta¥amn
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)
NAVIGATION COMFUTER SOFTWARE USERS MANUAL
(EXTRACTED IN PART FROM AMERICAN MICROSYST:MS 6800 PROTOT.PING MANUAL.)

THE NAVIGATION COPFUTER SOFTWARE 1S COMPRISED OF
THE NIKBUG AND PROTO OPERATING SYSTEMS, A& ROM
SUBRIUTINE LIBRARY (RS)3, A SYSTEM HARDWARE
INITIALIZER, AND A SYSTEM MASKABLE INTERRUPT HANDLER.
NIKBUG 1S SELDOM USED EXCEPT BY SPECIAL COMERCIAL
TFTWARE SUCH AS BASIC INTERPRETERS. THE PROTO
OPERATING SYSTEM RESPONDS TO THE COMWANDS DESCRIBED IN
THE FOLLOWING PARAGRAPHS, A COMMAND CONSISTS OF A ONE
CHWRACTER COMMAND  IDENTIFIER FOLLOWED BY ADDITIONAL
PARAMETERS IF NEEDED, SEPERATED BY BLANS OR COMAS.
AL COMMANDS END WITH A CARRIAGE RETURN. SINCE NO
ACTION IS TAKEN ECFORE THE CARRIAGE RETURN, AND INPUT
LINE MAY BE DELETED BY USE OF THE ESCAPE KEY. (PAPRR
TAPE AS A STORAGE MEDIA IS MENTIONED IN THE FOLLOWING
PARRGRAPHS, 1T SHOULD BE INTERFRETED AS THE DEVICE OR
MEDIA WHICH IS USED TO STORE AND RETRIVE DATR IN THE
ROBOT TO EXTERNAL COMPUTER SYSTEM.)

L, ADDL, ADDH, OFFSET

The Loadfile command loads data from a hex
formatted file. (see AppendixM ) into the user’s
memory between ADDL and ADDH, inclusive. The
OFFSET is added to the memory address specified
on the tape to form the actual memory starting
address for the data stored. If a byte to be stored
into memory has an address outside of the range
ADDL, ADDH, it is not entered into memory, but
a Delete character (H'FF) is transmitted to the
terminal.

Example: L 0100 02FF FFFA

The address range in the L command is optional,
and if omitted is assuraed to be the full range of
memory (0000—FFFF). The offset parameter is
also optional, and if omiited is assumed to be zero
(0000). Thus the L command svith no param:ters
Joads the tape into the memory locaiinns specifiart
on the tape with no offset. The offset value in the
L command is 8 two's complement signed number,
eniered in unsigned hexadecimal. For example, &n
. -.-offset of -6 1 en‘ered as FFFA,

AR A R LS AR AR N

If an attempt is made to load non-existent memory,
or ROM, the loading operation will terminate,
typing out the address and the message ‘BAD
ADR",

In operating the Load command, PROTO goes
into a receive md and scans thefile for the
first ASCI1 *'S", which indicates start of record.
It is not necessary to position the fileat the first
record of a file since each record contains
its own starting address.

PROTO will Joad data records until it encounters
an end of file (EOF) record or a¢;;error (Check
Sum or illegal character). When PROTO reads a
header record (start of record and address), it
translates the header into ASCII characters and
prints the result. The Check Sum is the binary
sum of all characters in the block.

PROTO does not list thefile contents as the file
is being read.
When PROTO encounters an end of file record

or afileerror, it turns off the reader and prints
“EOF" or “CKSM ERR" respectively.

P, ADDL, ADDH, OFFSET

The Put hex file ' command causes PROTO
to create a hex file of the contents of
memory between ADDL and ADDH, inclusive.
Each record is created with a four-digit hex
address of the starting byte of the record. This ad-
dress is derived from the memory address of the
byte being filed , plus the offset value, OFF-
SET. The offset is optional, and if omitted is as-
sumed to be zero.

Records using this command (except the last
record) contain 16 bytes of data plus the start
code, byte count, sddress, and the checksum.

The P command does not cause an EOF record
to be i reated so that several disjoint blocks
of memory can be combined into one file.

-Example: P FOOC FO7F OF00

- g e, B 2R KRR TEN
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S, ADDR, BYTE}, BYTE2, — ——, BYTEN

The Set memory command writes the 8-bit data
words specified by BYTE1 to BYTEN into con-
secutive memory locations starting at ADD.

If ADD has more than 4 (hexadecimal) characters
or if any of the data bytes have more than 2
characters each, only the last 4 or 2 characters are
used respectively.

Ezample: 5 0000 86 05 97 28 -

Memory locations at 9000 thru 0003 are loaded
as shown.

D, ADDL, ADDH

The Display memory command prints the contents
of memory beineen ADDL and ADDH, inclusive,
in hex format. Up to sixteen bytes per line are
printed, preceded by the hexadecimal address of
the first byte of the line.

G, ADDR

The Go command starts execution ‘of the user
program at the address :pecified by the input
parameter. To insure that all registers contain the
samme information they held before the user pro-
gran was interrupted, PROTO pushes into the
stack the copy of the user registers that it keeps
at locations BrEa-BFF2 (CC, B, A, X, P, §) then
executes an RTI instruction. The user can change

the initial vaiues of the registers by changing the
contents of these locations.

Exzample: G 300

Program will branch to address 0300 and stast
execution from that point.

................

R

The Registers command prints the contents of
memory locationsRtEA-BFF2 which contain
the values thst were in the users , B, A, X, P, and
§ registers (in that order) when the user'’s program
was last interrupted.

M, ADDL, ADDH, DEST

The Move command copies memory from the
range ADDL — ADDH, inclusive, to the RAM loca-
tions starting at DEST. This copy begins at the
Jower address, so if DEST lies within the range
ADDL = ADDH, some of the original data will be
lost, and other parts will be duplicated.

E

The End of Transmission command is used to
cause an EOT character to be punched on the
paper tape. After a field has been punched, an EOT-
will terminate the record and punch a trailer tape.
When reading & record, the reader will stop at the

EOT character. If no EOT character 15 present,
the reader must be manually turned off and the
Reset switch must be pressed to enter the operating

syste > program,




Cold start at address 01000 in the systes,
Presently this has the effect of executing the
extended interrupt handler that was loaded fate
RAN from ROM during power-up, Data from the
optical shaft encoders and the four sorar range
boards are sent thry the terainal serial port of
the navigation cosputer to whatever device is
connected Bo it at 9406 Dbauvd. (The extended
intercupt Dandler, when active, will respond to
the folloving commandss

Control §  Stop sending data.

Control @  Resune sending data.

Contrel €  Restart Nav computer,

| Select sonars § at a time, 2
Select sonars 2 at a time, 3 Select
sonars 3 at a tiee, 4 Select semars

4 at a tine.) If the ROM lecated at U7 is replaced
vith & ROM conaining a 4800 BASIC interpreter
then a cold start of BASIC is made.

¥

Warn start at address 01034 in the systen. This
comnand is only effective if the ROM located at 7
is replaced with a ROM containing a 8500 BASIC
interpreter. However, PROTO will jump to address
0103H any time this command is given irreguardless
of the contents of that locatien,

0
Odyssey command,  Causes PROTO to jusp to address

02001H in the systen.

INTERRUPTS :

Of the four available interrupt vectors,
RESET and SWI are used by PROTO. IRQ is used
by the Sonar/Optica) Shaft Encoder/Tic Time
systes. MR is not used and is available for
future designs, A1) interrupt vectors are in
RAM except RESET so that a program can
reconfigure the interrypt structure. A

hardware RESET always returns the user to the
PROTO operating systen after a hardwire
initialization and ROM to RAM overlay Ms
been performed.
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The upper memory locations are rRoM. 1If the user

expects either NMI or IRQ interrupts to occur, he
may reinitialize the vector addresses to the starting
. address of hisIRQ and NMI handler routines.by
changing addresses BFF7~BFFF.

PROTO must have control of the RESET vector so

that the RESET switch on the Prototyping Board

can return program control to PROTO at any time.

The reset routine ccpies the contents of the B, A,
X, CC, and S registers into a fixed area of memory.
This means that the program can be aborted at any
time by using the reset switch while still saving all
the registers except the program counter. Unfor-
tunately, the contents of the program counter are
lost.

It is possible for the user to use the NMI interrupt
to abort a program execution without losing the
contents of the P and C registers. This condition is
automatically set in the NMI handling routine
when PROTO is called. This interrupt vector will
cause the contents of the user’s registers to be
printed when the NMT lines goes low.

Since the SWI instruction is used to call sub-
routines between 00 and H'18 from (RS)® as
described 1ater in *“The Subroutine ROM",
the user is somewhat limited in the ways he can use
SWI instructions. However, he can access an SWI
handler routine in his own program by an SWI
instruction followed by a byte containing the
decimal number less than H'80 but greater than
H'19 < n < H'80 sequence, PROTO passes control
at addressBFF3. I the user expects to access his
own SWI routine and use PROTO, be must use the
Set Memory command to store the address of this
routine at Jocationt pFF3 and BFFA.

PROTO makes sure that the user's SWI routine is
entered from the stack with all registers containing
the same information that they would hold if the
routine were entered directly through the SW1
vector.

o e 8 e T e T s T e e YT T T LY
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EXTENDED INTERRUPT HANDLER

The extended interrupt Mndler that s
loaded inte RAM from RON during power-up sends
data from the optical shaft encoders and the four
sonar range boards thry the terainal serial port
of the navigation computer to whatever device is
connectod to It at 948 bdavd. The extended
interrupt dandler Dbecomes active when the Cold
commind is given from PROTO.The Nav computer will
then respond to the follewing comsands QML Y:

Contrel §  Stop sending data.

Contrel @  Resume sending data.

Control C  Restart Nav computer,

1 Select sonars 1 at a tiae, 2
Select sonars 2 at a time, 3 Select
sonars 3 at a time, 4 Select somars
4 at a tine,

THE SUBROUTINE ROM

Many of the monitor's functions are accomplished
with the help of the Re-Entrant Self-Relative
Subroutine ROMs (RS)'. This standard ROM,
which can be considered a software extension to
the 6800 instruction set, is also available to be used
by the user both on the prototype board and in his
final production system. The user can call one of
the 25 (RS) subroutines with an SW1 instruction
foliowed by the number of the desired subroutine.
The details of the subroutines available in the
(RS) user's manual.

The user should be aware of the fact that the
(RSP pushes from 7 to 10 bytes of data onto the
stack, depending upon which subroutines are called.
This means that if the user calls (RS) routines, he
must make sure that the necessary memory space is
available for stack expansion.

Since PROTO assigns its own stack area, the user
need not be concerned about how (RS) is used.

D e A A e e ¥ e M AR B

BREAKPOINTS

Breakpoints allow the user to halt his program and
examine the contents of the internal registers.
PROTO provides two types of breakpoints. In this
system, breakpoints are actually debuggmg routines
that can be called from the user’s program just like

(RS)? routines.

Each breakpoint requires a two byte calling
sequence: an SW1instruction followed by anumber.

Breakpoints may be inserted either by reassembling
the program with the extra SW! instructions added
the Set Memory command may be used to replace
parts of the code with SWI instructions. Note that
the second method is not satisfactory for the snap-
shot option (described below) since the replaced
code must be restored befcre execution can be
continued. When using the second method, the user
must make sure that he replaces the first two bytes
of an instruction. If the SWI replaces the second or
third byte of an instruction, it may be interpreted
as an address rather than an opcode.

The different types of breakpoints are:
1. Print registers (SW1, H'80)
2. Snapshot (SWI, H'81)

The sequence SWI, H'80 saves the use:’s registers at
the vector stored in BFF1-BFF2 , prints their
contents (in the order CC BB AA XXXX PPPP
SSSS), then returns control to PROTO.

The sequence SWI, H'81 prints out the contents of
the user’s registers then continues executing the
user’s program starting at the address following the
byte containing the number H'81. Note that if this
address does not contain a valid opcode, unpredict-
able results wil! occur.

'''''''




| Reentrant Self-Relative
“ibroutine ROMs (RSRSRS)=(RS)’

‘o)

The cost of microprocessor software development
is many small items: lhe cost of assembly time,
storage time, transmission time, loading time,
design, development, documentation and debug.
The cost of many of these items continues to ac-
cumulate even though a subroutine library exists
for common functions, in particular the time and
cost of transmission, loading and ROM pattern
generation.

The purpose of Reentrant Self-Relative Subroutine
ROMs (RS)3 is to give the user s hardware subrou-
tine package which exists in the breadboard design
from the beginning. The programs are docurmented,
debugged and constitute some of the most com-
monly performed subroutines that assembly lan-
guage programmers generate. The subroutines are
not complex and are not intended to be. Any sub-
routine could easily be reproduced by a user; how-
ever, the intention is that the routine erisis now
and the user does not have to reproduce it. The
routines tend to be slow because of their generality
but the intention is immediate availability. If a
particular program is time critical, it can be regen-
erated later when the time critical elements are
known

CONCEPTS

The (RS)3 uses a number of concepts to allow flex-
ibility in the user environment. The first concept is
self-relative programming. This simply means that
the program will function correctly regardless of
where it is located in memory. The user will need
to know where it is located s0 he can reference it.
However, this actual location will only have to be
recorded once. The self-relative program uses rela-
tive address instructions for program control and
the index and stack pointer instructions for data
manipulation,

-----------------
.......

The stack is used for temporary storage of data to
prevent (RS)3 from being tied to fixed addresses.
This allows the program to be reentrant; i.e. the
program can be called at different times without
completing the previous call. This means that the
same routine can be called by the interrupt proces-
sor as well as by the program which was inter-
rupted. The concept of reentrant code is not to be
confused with recursive code; even through recur-
sive coding could have been used in the subroutine
package, it is not.

The subroutine calling mechanism uses the SWI
instruction followed by a single byte index for the
particular subroutine invoked. This was chosen
because the SW1 is the most convenient from an
internal programming viewpoint and the safest. It
is safe because an error in a ROM can be cor-
rected by replacing the subroutine ROM without
altering any other user ROM. If direct addresses to
subroutine code exist in the user's domain, his
ROMs would change if the location of the routine
in the (RS)3 changed. :

IMPLEMENTATION

The user places the base address of the (RS)3 into
the SWI vector address. Each SWI instruction re-
quires an index byte to follow the SWI instruction
where the index indicates the function to be exe-
cuted. After the function is performed, the user
program will continue with the instruction follow-
ing the index byte. In essence, a whole new set of
instructions have been created for the user which
are two bytes long.

To make the entry easier, a macro call can be pro-
vided which will assemble the correct index byte
when the function pname is used. A set of EQU
assembler commands associates the name and the
index byte value.
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(RS)3 IN PROTO — SUBROUTINE
DESCRIPTIONS

Each of the subroutines i the ROM are described
here, giving the index for the call, a mnemonic sub-
routine name, a descriptive title, and the number
of bytes in the stack nsed by the call {including the
SW1). A brief description of the subroutine opera-
tion is also given, with the entry requirements, the
exit conditions, and the registers altered by the
subroutine. Only those registers indicated are
altered by any (i1S)3 subroutine.

Stack
Index Name Title Bytes

00  PUSH ALL Push All Registers 14

Five bytes are pushed onto the stack, containing,
sespecuvely, the Condition Codes, the B and A
accumulators, and the Index Register. No registers
are altered (except the stack pointer, which is
decremented by b).
Entry: Any

Exit: Steck: SP 41 42 43 +4 +5 (=old SP)
CC, B, A, XHXL

Registers Altered:  SP

01 POPALL  Pop (=Pull) All Registers 9

Five bytes are pulled from the stack into the Con-
dition Codes, the B and A accumulators, and the
Index register, respectively. The Stack Pointer is
incremented by 5.

Entry: Stack, as by PUSH ALL

Exit: CC, B, A, X pulled from stack

Regisiers Altered:  CC, B, A, X, SP

02 ,TXAB Transfer Index Register 9

toAand B

The most significant eighi bits of the index register
are copied to the A accumuiator, and the least
significant eight bits are copied to the B accumu-
lator.

Entry: Any
Exit: A, Bloaded frum X
Registers Altered: A, B

3 Stack
Index Name Title

Bytes
03 TABX Transfer A and B to 9
Index

Accumulator A is copied to the most significant
byte position of the index register, and accumula-
tor B is copied to the least significant byte position
of the index register.

Entry: Any
Exit: X loaded from A, B
Registers Altered: X

04 XABX Exchange A and B with 12

Index

The contents of the Index register and the two
accumulators are exchanged, A with the most signi-
ficant byte of X, B with the least significant byte.

Entry: Any
Ext: A, Band X exchanged
Registers Altered: A, B, X

05 PUSHX Push Index Register 11

The contents of the index register is pushed onto
the stack. The Stack Pointer is decremented by
two.

Entry: Any

Exit: Stack: SP +1 +2 (=old SP)

XH XL
Registers Altered: 8P

06 PULLX Pop (=Pull) Index 9

Register from Stack

Two bytes are pulled from the stack into the index
register, and t+ stack pointer is incremented by
two,

Fntry: Two bytes on stack
Exit: X p.led from stack
Registers Altered: X, SP

------

...................................



Stack Stack
Index Name Title Bytes Index Name Title Bytes
09 ADDAX £dd A to Index 9

07 ADDXAB AddIndextoAandB 14

Add the contents of the Index Register to the two
accumulstors, as 8 16-bit sum, leaving the result in
the two accumulators. The most significant byte is
assumed to be in accumulator A. The condition
codes are set according to the result,

Entry: Addend in X, sugend in A, B
Exit: Sumin A, B

Condition
Codes: H = carry from bit 11 to
bit 12 of sum
N = bit 15 of sum
Z = 1if sum is zero;else =0
V = 1if two’s complement
overflow
C = carry out of bit 15 of
sum

Registers Altered: A, B,CC

08 ADDABX Add A and B to Index 9
Register
Add the contents of the two accumulators to the
Index register, leaving the 16-bit sum in the index
register. Accumulator A is assumed to be more sig-
nificant than accumulator B. The condition codes
are set according to the result.
Entry: Addend in A, B; augend in X
Exit: SuminX
Condition H = carry from bit 11 to
Codes: bit 12 of sum
N = bit 15 of sum
Z = 1if sum is zero, =0
otherwise
V = 1if two's complement
overflow
C = carry out of bit 15 of
sum

Registers Altered X, CC

‘ F.egister
Add the A accumulator to the contents of the
Index register, and return the sum to the index
vregister. The Condition Codes are set according to
the result.
Entry: Addend in A, augend in X
Exit: Sumin X

Condition
Codes: (Same as ADDABX)

Registers Altered: X, CC

0A ADDBX Add B to Index -9

Register .
Add the contents of the B accumulator to the
Index register, and leave the sum in the Index

register. The Condition Codes are set according to
the result.

Entry: Addend in B, augend in X
Exit: Sumin X

Condition :
Codes: (Same as ADDABX)

Registers Altered: X, CC

Subtract Index tfpm 14
A,B '
Subtract the contents of the index register from
accumulators A and B as a 16-bit difference. The
Condition Codes are set according to the result.

Entry: Subtrahend in X, minuend in A, B
Exit: Differencein A, B

Condition
Codes: H = undefined
N = bit 15 of difference
Z = 1 if result is zero, =0
otherwise
V = 1 if two’s complement
. overflow
C = porrow into bit 15 of
difference

0B SUBXAB

Registers Altered:

A, B, CC




Stack
. Index Name Title Bytes
0C SUBABX Subtract AandBfrom 9

Index Register

Subtract the contents of the A and B accumulators
from the Index register, leaving the difference in
the Index. The Condition Codes are set according
to the result.

Entry: Subtrahend in A, B; minuend in X

Exit: Difference in X
Condition
Codes: (Same as SUBXAB)
Registers Altered: X, CC
0D SUBAX Subtract A from 9
Index Register

Subtract the contents of the A accumulator from
the contents of the Index register and return the
difference to the index register. The Condition
Codes are set according to the result.

Entry: Subtrahend in A, minuend in X

@ ® Exit:  Difference in X

Condition .
Codes: (Same as SUBXAB)
Registers Altered: X, CC
OE SUBBX Subtract B fromIndex @

Register
Subtract the contents of the B accumulator from
the Index register, leaving the difference in the

index register. The Condition Codes are set accord-
ing to the result.

Entry: Subtrahend in B, minuend in X

Exit: Difference in X

Condition

Codes: (Same as SUBXAB)
Registers Altered: X, CC

‘ Stack
Index Name Title Bytes
OF P2HEX Print Byte in Hex 15

The byte pointed to by the address in the Index
register is converted to hexadecimal notation in
ASCII, and output to the ACIA located as follows:
memory locations BFF5-BFF6 contain an address
of a pair of bytes (indirect pointer) which in tumn
contain the address of the ACIA status register.

BFF6 iL

BFF5 iH

#1 - al

i aH

atl ACIA Data
a ACIA Status

Each byte of the output is stored irto the ACIA
data register after bit 1 of the Sta.us register is
true. The Control register of the AC'A is not al-
tered, and the Data register is not read by this
routine. The Index register is incremented past the
byte which is output. .

Entry: Memory byte at (X); ACIA at (BFFS5 )

Exit: (two ASCII bytes output)

Registers Altered: X

10 P4HEX Print Address in Hex 15

The two bytes in memory pointed to by the Index
register are converted to four ASCH digits and out-

- put to the ACIA located at the address pointed to

by the pointer pointed to by the byte pair at
BFF5-BFF6 (see P2ZHEX). The Index register is
incremented by two.

Entry: Two bytes at (X); ACIA at (( BFF5))
Exit: (four ASCII bytes output)
Registers Altered: X

11 PRINTA Print the Byte in A 10

The byte in accumulator A is output to the ACIA,
the address of whose address is in locations Brp5-
BFF6. No registers are altered except the ACIA

data register.

Entry: Characterin A
Exit: (one byte output)
Registers Altered:  None




......
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Stack

Index Name Title Bytes

12 PMSG Print Message String 12

A message string, the first byte of which is pointed
to by the Index register, is output to the ACIA, the
address of whose address is in locations BFFS5
BFF6. The string is terminated by an ASCII EXT
(=hex 04), and the Index register is left pointing to
that byte on return.

Entry: Character string to (X) terminated by 04;
ACIA at (( BFFS))

Exit: (in ASCII bytes cutput), X pointing to 04
byte

Registers Altered: X

13 VALAN Validate AlphaNumeric 11

The character pointed to by the Index register is
analyzed, and the Carry flag is set if it is a letter or
digit; if it is not & hexadecimal digit, the Overflow
flag is set. Other than the condition codes, no regis-
ters are altered.

Entry: Memory byte (ASCII) at (X)

Exit: Condition
Codes: 1 = undefined
N = undefined
Z=0

V = 0 if character in range
0—9, A—F;else=1
C = 1 if character in range
0—9,A—Z;else=0
Registers Altered: CC

14 INPUTA Input ACIA byte to A 9
One byte is input from the ACIA, the address of
whose address is at location BFF5-BFF6 , and this
byte is returned to accumulator A. The ACIA is
not written to, and except for the A accumulator,
no registers are changed. (RS)3 samples bit 0 of the
status register of the ACIA, and when it goes to
one, reads the data register. The input byte has bit
7 removed (set to zero).

Entry: (one byte input)
Exit: Character in A, bit 7=0
Registers Altered: A

N9

............

Stack
Index Name Title Bytes
16 CONHB Convert Hex String 11

to Binary
A string of characters in memory beginning at the
address in the index register is scanned for valid
Hexadecimal digits; when one is found, it and all
immeciately following hex digits are converted to
a binary number, which is left in the A end B
accumulators (A is more significant). When this
routine is called, the maximum length of the string
is in the B accumulator. On exit, the Carry flag is
set to one if the conversion resulted in a valid
binary number, and the index register is left point-
ing to the next character in the string, or if the
string is exhausted before finding any hex digits, to
the last character of the string.

Entry: Character string (including ASCII hex num-

ber) at (X) .
Max string length in B (<128)
Exit: Binary numberin A, B
Condition
Codes: H = undefined
N = undefined
Z = undefinied
V = undefined
C = 1 if valid number; = 0 if
not
Registers Altered: A, B, X, CC
16 INDEX Multiply A X B and 12

Add to Index

The contents of the A accumulator is multiplied by
the contents of the B accumulator, and {hec prod-

uct is sdded to the Index register. The Condition -

Codes are set according to the result.

Entry: Multiplicand in A, Multiplier in B, augend
inX

Exit: Sumin X
Condition

Codes: {Same as ADDABX)

PR N Y
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5 Stack
Z;; Iodex Name Title ' Bytes
17 MULS Multiply A Times B 12

Multiply the contents of the A accumulator times
the contents of the B accumulator, and leave the
product in both accumulators as a 16-bit number,
with the most significant part in A. This is an un-
signed multiply, and if either or both of the factors
is negative (two's complement signed) the product
will not be a true signed product of the signed
factors, as may be zeen in this formula:

(-n) X(m) = (256 - n) Xm = 266m + (-nm)

The condition codes are nonetheless set according
to the result.

Entry: Multiplicand in A, multiplier in B
Exit: Productin A,B

Condition

Codes: H = undefined
N = bit 15 of product
V=0

Z = 1 if product is zero; -
otherwise = D
C=90

Registers Altered: A, B,CC
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Appendix Q

Data from the Optical Shaft Encoder and Ultrasonic
Sonar subsystems are gathered every @.1 second via the

Extended Interrupt Handler (see Appendix B) and stored into

a temporary line buffer in the Navigation Computer’s memory

A Aty  SOathOsthianioy o Subunch daFad! o othlidiri

as follows:

/time/fw/lwl/lw2/rwl/rw2/Ak /B# /CH /D8____/<CR><LF>

Where time = tenth’s of seconds count - Z bytes
fw = front wheel direction - 1 byte
lwl = left wheel reverse counts - 2 bytes

w2 = left wheel forward counts - 2 bytes

G; rwl = pright wﬁeel reverse counts - 2 bytes

rw2 = right wheel forward counts - 2 bytes

A, B, C, or D refer to Sonar transducer selected and range

of closest object except where an astrisk (*) indicates no

transducer selected.

é A1l numbers are hexadecimal except the sonar ranges which

are decimal feet.

Test Data for Robot Integrated Operation Test # 20

/0001/49/0000/0000/0000/0001/A2 7.2/B*15.1/C0 2.5/D1 9.4/
/0002/49/0000/6000/0000/0001/A019.3/B1 4.,7/C2 3.9/D*10.7/
/0003/49/0000/0000/0000/0001/A111.2/B2 2,9/C*11.3/D0 7.1/
/0004/49/0000/ 0000/ 0000/ 0001 /A2 7.4/B*13.7/C0 2.4/D1 8.4/
/0005/49/0000/0000/0000/0001/A*12.6/B0 6.1/C1 2.0/D2 9.9/

0-1
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/0006/49/0000/0000/0000/0001/A411.46/B5 3.5/C6 6.9/D*10,.2/
/0007/49/0000/0000/0000/0001/AS 8.2/B6 2.6/C*11.9/D4 7.3/
/0003/49/0000/0000/0000/0001/AS 6.2/B%14.7/C4 2.7/DS 2.0/
/0009/49/0000/0000/0000/0001/A*17.3/B4 6£.4/C5 3.5/D610.0/
/Q00A/49/0000/0000/0000/0001/A014.2/B1 4.9/C2 3.8/D*10.1/
/000B/49/0000/0000/0000/0091/A111.2/B2 2.9/C*11,3/D0 7.0/
/7000C/47/0000/0000/0000/0001/A2 7.2/B*14,9/C@ 2.5/D1 7.4/
/000D/47/0000/0000/0000/0001/A*12.9/B0 6.2/C1 3.0/D210.2/
/Q00E/48/0000/0000/0000/0001/A411.7/BS 3.4/C6 7.0/D%* 9.9/
/Q00F/48/0000/0000/0000/0001/AS 8.1/B6 2.7/C*14,3/D4 7.3/
/0010/48/0000/0000/0000/0001/Ab 6.3/B*13.1/C4 2.8/D3 2.1/
/0011/48/0000/0000/000%/0001/A*17.5/B4 6.4/CS 3.4/D611.2/
/0012/48/0000/0000/0000/0002/A013.1/B1 4.8/C2 3.8/D*10.1/
/0013/43/0000/0000/0000/0002/A111.2/R2 3.0/C*11.3/D0 7.1/
/0014/48/0000/0001/0000/0002/A2 7.3/B*14.8/C0 2.5/D1 7.3/
/0015/48/0000/0001/0000/0003/A%*14,.8/B@ 6.1/C1 3.1/D2 8.5/
/0016/48/0000/0002/0000/0003/A411.46/BS 3.6/C6 7.3/D% 8.2/
/0017/48/0000/0003/0000/0004/AS 8.2/B6 2.9/C*14.7/D4 7.2/
/0018/47/0000/0004/0000/0005/A6 6.4/B*12.2/C4 2.9/D5 9.1/
/0019/47/0000/0005/0000/0006/A*17.4/B4 6.4/C5 3.8/D610.4/
/001A/47/0000/0006/0000/0003/A013.4/B1 5.7/C2 5.3/D*10.2/
/001B/47/0000/0007/0000/0009/A110.7/B2 3.4/C*11.4/D0 7.0/
/0Q1C/47/0000/0009/0000/200A/A2 7.3/B*13.0/C0 3.2/D1 7.4/
/7001D/47/0000/000A/ 0001 /000B/A*15.5/B0 6.2/C1 3.46/D2 8.5/
/001E/47/0000/000B/0001/000D/A414.5/BS 4.6/C6 6.8/D%10,.0/
/Q01F/47/0000/000D/0eD1/QQOE/AS 8.8/B6 3.7/C*14.1/D4 7.3/
/0020/47/2000/000E/0001/000F /AL &6.3/B*11.5/C4 3.6/D510.2/
/0021/46/0000/000F /0001/0011/A*14,.7/B4 &.5/CS 4.8/D611.2/
/0022/46/0000/0011/0001/0012/A012.8/R1 6.8/C2 4,6/D*10.1/
/0023/46/0000/0012/0001/0013/A110.1/B2 4.4/C*10.1/D0 7.1/
/0024/46/0000/0013/0001/0015/A2 7.1/B*12,9/C0 4.0/D1 7.3/
10025/46/0000/0015/0001/0016/A*12.8/B0 &.2/C1 4.7/D2 8.1/
/0024/44/0000/0016/0001/0017/A414.7/BS S5.7/C6 7.1/D% 9.9/
/0027/46/0000/0017/0001/0019/AS 9.&/B6 4.46/C#14,5/D4 7.3/
/¢ "28/46/0000/0018/0001/001A/AL 6£.4/B*14,46/C4 4.7/D510.1/
/0029/46/0000/001A/0001/001EB/A*¥17.6/B4 6.3/CS 6.3/D610.7/
/002A/45/0000/001B/0002/001C/A0G11.1/B1 &.9/C2 7.1/D% 9.0/
/002B/45/0000/001C/0002/@01E/A112.9/B2 S5.4/C*11.6/D0 7.1/
/002C/45/0000/001E/0002/001F /A2 6.2/B%14.0/C0 5.0/D1 7.5/
/002D/45/0000/001F /0002/0020/A%17.1/B0 6.2/C1 5.5/D210.0@/
/Q02E/45/0000/0020/0002/0022/A417.5/BS 6.8/C6 7.0/D% 9.9/
/002F /44 /0000/0022/0002/0023/AS . 9/Bé6 S.5/C*14.4/D4 7.4/
/0030/44/0000/0023/0002/0024/A6 6.4/B*14.5/C4 S.5/DS 9.5/
/0031/44/0000/0024/0002/0025/A%15.1/B4 6.5/CS 7.2/D611.4/
/0032/44/0000/0025/0002/0027/A014.9/B1 7.1/C2 &.4/D%*10.0/
/0032/84/0000/0027/0002/0028/A111.8/E2 6.2/C*11.8/D0 7.1/
/0034/44/0000/0028/0003/0029/A2 &.8/B%*12.0/C0 S5.8/D1 7.5/
/0035/44/0000/0029/0003/002B/A%¥12.8/B0 6.2/Ct &.3/D210.2/
/0036/43/0000/002A/0003/002C/A816.6/B5 7.9/C4 7.0/D% 9.8/
/0037/43/0000/002C/0003/002D/AS 8.3/B6 6.3/C*14.0/D4 7.3/
/0033/43/0000/002D/0003/002E/AL &.4/B*12.3/C4 6.6/D5 9.1/
/0039/43/0000/002E/0003/0020/A*18.0/B4 6.6/C5 6.6/D6 7.8/
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/003A/43/0000/0030/0003/0031/R010.3/B1 6.8/C2 6.9/D*%10.3/
/0033/43/0000/0031/0002/0032/A111.5/B2 7.1/C*11.7/Do 7.1/
/003C/82/0000/0032/0002/0033/A216.9/B*13.0/C0 6.5/D1 8.8/
/002D/42/0900/0033/0003/0035/A*17.4/B0 6.3/C1 6.7/D2 8.5/
/003E/42/0000/0035/0004/2036/A4 9.6/BS 8.5/C6 7.3/D*% 9.7/
/003F/42/0000/0036/0004/0037/AS 7.9/Bb6 7.2/C*14.3/04 7.3/
/0040/42/0000/0037/0004/0038/A6 b.4/B*11.8/C4 7.0/D5 9.0/
/0041/42/0000/0033/0004/003A/A*17.9/B4 6.5/CS 7.9/D610.3/
/0042/42/0000/003A/0004/903B/A014.6/B1 7.2/C2 &.6/D%10@.2/
/0043/42/0000/003B/0004/993C/A110.8/B2 7.9/C*13.3/D0 7.1/
/0044/42/0000/003C/0004/003E/A2 7.2/B*14,46/C0 6.6/D1 8.2/
/0045/41 /0000/003D/0004/003F /A*18.0/RB0 6.1/C1 6.7/D210.2/
/0046/41/0000/003F/0004/0040/A410.4/BS5 9.6/C6 7.3/D*10.1/
/0047/41/0000/0040/0004/0041 /AS10.4/B6 8.0/C*14.8/D4 7.4/
/0048/41/0000/0041/0004/0043/A6 6.3/B*14.6/C4 8.1/D510.4/
.1 /0049/41/0000/0042/0005/0044/A%17.6/R4 6.5/C3 6.9/D612.3/
i /008A/41/0000/0044/0005/0045/A014.2/B1 7.3/C2 7.5/D%*10.3/
/004B/41/0000/0045/0005/0046,X111,.3/B2 8.7/C*11.3/D0 7.1/
. /004C/41/0000/0046/0005/0048/A2 7.0/B%14.4/C0 6.7/D1 7.8/
= | /004D/40/0000/0047/000S5/0049/A%17.4/B0 6.2/C1 4.7/D2 8.4/
/QQ4E/40/0000/ 0049/ 0005/004A/A414,.0/BS 8.1/C6 7.3/D*10.1/
o /Q04F /40/0000/004A/0005/004B/AS 8.7/B6 8.7/C*14.5/D4 7.5/
o /0050/40/0000/004B/0005/004D/A6 6.3/B* 9.9/C4 8.1/D3 9.8/
o /0051/40/0000/004C/0005/004E/A%*16.7/B4 6.3/CS 8.2/D611.5/
/0052/40/0000/204E/ 0005/ 024F /A0 9.8/B1 7.3/C2 7.3/D% 9.9/
o | Gr. /0053/40/0000/004F /0006/0051/A111.4/B2 8.8/C*12.6/D0 7.1/

Ve /0054/40/0000/0050/0006/0052/A2 &.7/B*14.4/C0 6.8/D1 8.3/
/0055/40/0000/0052/0006/0053/A%17.4/B0 6.2/C1 6.6/D210.2/
/0056/40/ 0000/ 0053/0006/0054/A413,.3/BS 8.5/C6 7.2/D*10.6/
/0057 /3F/2000/0054/ 0006/0056/A5 9.0/B6 9.7/C*14.9/D4 7.4/
/@05S8/3F /0000/0055/0006/0057/A6 6.4/B*14,2/C4 8.1/D5 9.3/
/00S9/3F /0000 /0057 /0006/0058/A*17.3/B4 6.5/C5 6.8/D611.9/
/@0SA/3F/0000/0058/0007/9059/A012.5/B1 9.9/C2 7.1/D%10.9/
/905SE/23E/0000/0259/0007/005B/A111.4/B2 8.46/C*11.4/D0 7.3/
/005C/3E/0000/005A/ 0007 /00SC/A2 7.2/B*14.46/C0 6.7/D1 9.0/
/@05D/3E/0000/005C/0007 /00SD/A%*17,.9/B0 6.2/C1 46.7/D2 9.7/
/@0SE/2D/ 0000/ 005D/ 0007 /00SE/A412,.3/BS 9.1/C6 7.3/D* 9.8/
/00SF /2D/ 0000 /0QSE/ 0007 /0060/AS 8.5/B6 8.4/C*13.5/D4 7.3/
/0060/3D/0000/005F /0007 /0061 /A6 6.1/B*#14.6/C4 8.2/D5 9.5/
/0061/3D/0000/0061/0007/0062/A%17.9/B4 £.5/CS 6.6/D611.7/
/0062/3C/0000/0062/0007/0063/A011.6/B1 6.8/C2 6.8/0%*10.4/
/00L63/3C/0000/0063/0208/0065/A111.2/B2 9.7/C*13.3/D0 7.1/
/0068/3C/0000/0064/0008/00646/A2 7.2/B*18.7/C0 6£.7/D1 8.6/
/0065/3C/0000/00466/0008/0067/A*12,.8/R0 6.2/C1 6.9/D210.2/
/0066/3C/0000/0067/0002/0069/A411.7/BS 9.6/C6 7.5/D% 9.8/
/00467 /3C/0000/0063/00023/006A/AS 7.9/B611.3/C*14.4/D4 7.4/
/0063/3C/000/00LA/0008/006R/A6 6.3/B%*12,3/C4 5.2/DS 8.1/
/0069/3C/¢000/006B/000R/00LC/A*18,.4/B4 6.5/C5 8.1/D611.2/
/Q0LA/3C/ 0000 /006C/0008/00E/AG10.7/BY 7.1/C2 7.2/D*10.7/
/0056B/2C/0000/006D/0003/0064F/A110.6/B2 9.8/C#13.1/D0 7.1/
/004C/3C/0000/ 0OLF /0007 /0070/A2 7.2/B*14.4/C@ 6.7/D1 8.2/
/006D/3B/0000/0070/0009/0071/A*14.5/B0 5.8/C1 6.8/D210.9/
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/90QLE/3B/ 0000/ 0071/0009/0073/A410.7/R510.7/Cé6 7.7/D*10.7/
/Q06F /3B/0000/0072/0009/0074/AR512.4/B612.1/C*14,46/D4 7.4/
/0070/3B/0000/0074/0009,/0075/As 6.4/B%11.0/C4 €,1/0510.9/
/0071/3B/0000/0075/0009/0076/A*18.2/B4 6.6/C5 8.2/D610.3/
/0072/3B/0000/9976/0009/0078/A019.0/B1 7.5/C2 8.1/D*10.9/
/0073/3B/0200/0077/0009/0079/A110.0/B2 9.7/C*14,.0/D0 7.2/
/0074 /3B/0000/0079/0009/097A/A2 7.1/3%13.,2/CO 6.7/DY 7.9/
/0075/3B/0000/007A/0009/007B/A%17.5/B% 6.1/C1 7.2/D210.2/
/00746/3A/0000/007B/0009/007D/A410.1/BS 8.0/C% 7.4/D*19.1/
/0077/2A/0000/007C/000A/QQT7E/AS 9.7/B6 9.7/C*14,.2/D4 7.5/
/0073/3A/0000/007E/d00A/007F/Ab 45.3/B*14,.5/C4 8.3/D510.5/
/0079/3A/0000/007F /00OA/©03Q/A*18,8/B4 6.2/CS 8.1/D6 9.6/
/007A/3A/02002/0080/000A/0082/A0 9.1/B1 7.3/C2 7.8/D% 9.3/
/007B/3A/0000/0081/000A/0033/A1 9.8/B2 9.7/C* 9.9/D0 7.3/
/007C/3A/0000/0032/000A/0084/A2 &.7/B*15.2/C0 6.7/D1 8.1/
/007D/3A/ 0000/ 0084/000A/0085/A*17.1/B0 6.1/C1 7.2/D210.3/
/007E/3A/ 0000/ 0085/000A/0086/A4 9.3/BS 8.4/Ch 7.3/D%11.3/
/007F /3A/0020/0086/000A/00S88/AS 8.7/Bb11.2/L*14,.9/D4 7.5/
/0080/3A/ 0200/ 0087 /000A/0089/A6 6.4/B*12.2/C3 8.2/D5 9.9/
/0081/3A/0000/0089/000B/003A/A*18.8/B4 6.2/L5 8:.2/Dé 8.7/
/0082/3A/0000/008A/000B/208B/A0G 8.3/B1 9.1/CZ 7.9/D% 9.8/
/0083/39/0000/008B/000E/003D/A110.1/B210.0/C*10.1/D0 7.4/
/0034/39/0000/903C/000B/0Q8E/AZ 5.9/B*14.7/C0 6.7/D1 9.1/
/0085/39/0000/0O8E/ 0GB/ 003F /A*17.3/BY 6.1/C1 6.8/D2 8.5/
/0086/39/0000/008F /000B/0090/A4 8.6/B5 9.0/C6 7.35/D%10.5/
/00E7/39/000¢/0090/000B/0092/AS 8.4/Bb6 8.4/C*14.4/D4 7.4/
/0088/39/0000/00791/000B/0093/A6 6.2/B*15.4/C4 8.2/DS 9.5/
/@98%/39/0000/3093/000B/0054/A*15.7/B4 6.5/C5 8.3/D6 8.0/
/Q08A/38/0000/0092/000C/0095/A0 7.5/B1 b6.&/C2 7.7/D*11.3/
/008B/38/0000/0095/000C/0096/A1 8.3/B2 9.8/C*14.46/D0 7.4/
/0@8C/38/0000/0096/000C/0098/A2 7.2/E%*15.0/C0 7.2/D1 9.2/
/008D /37/0000/0097/000C/0099/A*20.6/BO 6.1/C1 7.9/D2 8.4/
/0@GE/37/0000/0399/000C/009A/A4 7.8/B5 9.4/C6 7.5/D*%11.3/
/0QSF /37 /0002 /009A/000C/009B/A% 7.8/B610.1/C*15.3/D4 7.7/
/0090/37/0000/009B/000C/009C/AL &.1/B*16.0/C4 8.1/D510.2/
/0091/37/0000/007C/000C/009E/A*20.5/B4 6.4/CS 8.1/D6 7.0/
/0092/37/0000/009D/000C/Q09F /A0 &.7/B1 6.9/C2 7.0/D%11.3/
/0093/37/0000/009E/000D/00A0G/AL 7.5/B210.3/C*14,.4/D0 7.4/
/0094/37/0000/00A0/000D/00A1 /A2 7.1/B*14.6/C0 7.1/D1 8.7/
/0095/37/0000/00A1/000D/Q0A2/A*17.9/B0 b6.1/C1 7.4/D210.0/
/0096/37/0000/00A2/000D/Q0A3/A4 &.7/B5 9.0/C6 7.5/D*10.9/
/0097/37/0000/00A3/000D/00AS/AS 7.6/B614.5/C*14,5/D4 7.7/
/0098/37/0000/00A4/000D/00AL/AL &£.5/B*14.7/C4 8.2/D5 9.7/
/0099/37/0000/00AS5/000E/00A7/A%19.6/B4 &.4/C5 8.2/D6 6.4/
/007A/37/0000/00A7 /Q00E/QQ0AR/AG 5.9/B1 7.3/C2 8.3/D%10.8/
/009B/37/0600/00AS/00OE/0OAF/AL 5.7/B210.2/C*14.4/D0 7.4/
/009C/37/0000/00AF/0D0E/QOAA/A2 7.1/B%*14.4/C0 &£.7/D1 8.4/
/009D/37/0000/00RA/QOOE/QOAC/A*16.9/B0 6.0/C1 6.7/D2 6.2/
/@QIE/37/0000/00AB/0OQE/O0OAD/AL10.4/BS 7.8/C6 7.5/D%10.7/
/Q09F /37 /0000/00AD/QOOE/QQAE/AS 6.7/B610@.0/C*15.6/D4 7.7/
/00AD/37 /0000 /00AE/QOOE/OQAF /AL 6.5/B*#15.5/C4 8.2/D5 9.4/
/00R1/37/0000/00AF /0OQE/0OBO/A%*20.5/B4 6.3/CS €.3/Dé6 S.5/
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/00A2/36/0000/00B0/000F /OOR2/A® S.2/Bl 7.2/C2 8.5/D*11.7/
/00A3/36/0000/0031/000F /00B3/A1 46.0/B210.1/C*14,.46/D0 7.4/
/00A4/36/9700/0032/000F /00B4/A2 &.7/B*15.3/C0 7.3/D1 8.2/
/Q0AS/36/¢000/00B4/000F /0ORS5/A*17.2/B@ &.1/C1 7.8/D2 3.4/
/00AL/36/0000/00BS/000F /00R5/A4 S5.0/BS 8.1/C6 7.4/D*11.3/
/QQA7/36/0000/00BL/000F /QOBI/NS 7.7/B614.5/C*14.6/D4 7.7/
/00AE/36/0000/00B7/000F /00BY/As &.3/B*14.5/C4 8.1/D% 9.1/
/00A9/36/0000/00RY/D00F /0ORA/A%*20,7/B4 &.2/CS 8.5/Dé6 4.9/
/@0AA/36/0000/00BA/00QF /@QER/AG 4.3/B1 7.4/C2 8.2/D*10.2/
/Q0AB/36/0000/0¢RB/0010/@0RN/A1 S5.3/B2 9.0/C*14.8/D0 7.4/
/Q0AC/36/0¢00/Q0EC/0010/00RE/AZ 4.4/B%* 8.2/C0 8.1/D1 8.1/
/Q@0AD/35/0000/Q0BE/0010/0QBF/A%*16.8/B0 6.0/C1 6.7/D2 4.7/
/Q@QAE/35/0000/00BF /0010/00C0/A4 4,2/BS 8.7/Cé 7.7/D*10.3/
/Q0AF /35/0000/00C0/0010/00C2/AS 7.4/B6135.0/C*15.0/D4 7.6/
/20B0/35/0000/00C1/0010/00C3/Ab 6.2/B*12.1/C4 8.5/DS €.9/
/@QB1/35/0000/00C3/0019/00C4/A%*20.8/B4 6.3/CS 8.1/D6 7.4/
/00B2/34/0000/00C4/0010/00C5/A0 3.5/B1 6.46/C2 8.1/D%10.1/
/90B3/34,0000/00CS5/0010/90C7/A1 5.0/B210.7/C*14.7/D@ 7.5/
/00B4/34/0000/00C7/0010/00C8/A2 4.8/B*13.4/C¢ 7.6/D1 8.2/
/Q00BS/34/2000/00CE/0010/00CY/A*146£.9/B0 6.1/C1 3.6/D2 8.2/
/00R&/33/0000/00C9/0010/00CB/A4 3.5/ES 9.4/C6 7.7/D*12.3/
/©0B7/33/0000/00CA/0010/00CC/AS 4.2/B614,.9/C*15.0/D4 7.8/
/00B8/33/0000/00CC/0011/00CD/Aé 5.9/B*13.2/C410.0/D35 3.8/
/00B?/32/0000/02CD/0011/9ICE/A*20.6/B4 6.3/CS 8.5/D6 S5.4/
/Q@0BA/32/0000/Q0CE/0011/00CF/A® 2.7/B1 6.9/C2 8.2/D* 9.0/
/Q@0BB/32/¢%00/00CF/0011/00D1/A11i%.4/B210.0/C*13.5/D@ 7.5/
/@OBC/32/00¢0/0000/0011/00D2/R2 6.5/E*15.1/C0 7.6/DY 7.9/
/@QRBD/31/0000/00D1/0011/00D3/A%*17.6/B® 5.9/C1 8.2/D2 8.6/
/9QQEE/31/0000/00D2/0011/00D4/A412.1/BS 9.9/C46 7.9/D*10.1/
/Q0BF/31/92000/00D3/0011/00D4/AS 3.7/B615.0/C*15.0/D4 7.8/
/90C0/31/0000/00D3/9011/00DS/A6 6.4/B#12.5/C4 8.2/D5 3.3/
/00C1/31/0000/90D3/0011/00DS5/A*18.0/B4 6.3/CS 8.4/D6 4.0/
/00C2/31/0000/®2D4/0011/00DS/A0 2.1/B1 7.1/C2 8.2/D*11.7/
/00C3/31/90900/00D4/0011/00DS/A1 9.2/B2 9.1/C*14.5/D0 7.5/
/00C4/31/0000/02D4/0011/00D5/A2 &.4/B*#13.2/C0 8.1/D1 8.1/
/00CS5/31/0000/00D4/0211/00D5/A%20.0/B0 S5.8/C1 8.1/D2 8.3/
/09C46/31/0000/00D4/0011/000S/A4 2,3/B510.2/C6 7.8/D*11.5/
/00C7/31/0000/00D4/0011/00DS/AS 3.7/B614.4/C*14.4/D4 7.7/
/00C3/31/0000/0004/0011/00DS/A6 &.2/E*#12.6/C4 &.7/D5 3.4/
/00C9/31/0000/0004/0011/00D5/A%*18.3/B4 6.3/CS 9.3/D6 3.9/
/@OCA/31/0000/90D4/0011/00DS/A® 2.2/B1 7.1/C2 2.5/D*11.5/
/0Q0CB/31/0000/0004/0011/0005/A1 9.1/B2 9.0/C*14,5/D0 7.5/
/90CC/31/0000/00D4/0011/00DS/A2 6.5/E*13.0/C0 7.5/D1 8.1/
/00CD/31/0000/00D4/0011/0005/A%*17.5/B0® S5.8/C1 €.2/D2 8.5/
/@@CE/31/0000/00D4/0011/00DS/A4 2.4/E510.1/C6 7.8/D%10,.1/
/@QCF/31/0000/00D4/0011/00D5/AS 3.7/R617.8/C*14.5/D4 7.8/
/0000/31/0000/0004/0011/000S5/Aé6 6,3/B*14.1/C414.2/D5 3.3/
/09D1/31/0000/00D4/0011/00D5/A*20.6/B4 6.3/C5 §.7/D6 3.9/
/0002/31/0000/00D4/0211/00D5/A0 2.1/B1 7.1/C2 €.4/D%#14.8/
/06QD3/31/0000/02D4/0011/00D5/A1 9.2/E2 9.1/C*14.8/D0 7.5/
/0004/31/0000/0004/0011/00D5/A2 6.4/E*14.82/C010.4/D1 8.2/
/00D5/31/0000/00D4/0011/00DS/A%*19.9/80 S.8/C111.3/D2 8.6/
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/00D6/31/0000/00D4/0011/00D5/P4 2.3/B510.2/Cé6 7.8/D*14,8/
/00D7/31/0000/00D4/0011/00DS/AS 3.7/B618.0/C*18.1/D4 7.7/
/00D3/31/0000/00D4/0011/000S/A6 6.2/6*14.1/C414.1/D5 3.4/
/00D9/31/0000/0004/0011/00DS/A*20.S/EB4 6.3/C5 9.6/D6 3.9/
/00DA/51/0000/00D4/0011/00D5/A0 2.2/B1 7.1/C2 28.5/D%14,9/
/¢Q@DE/31/0000/90D4/0011/000S/A1 9.1/B2 9.1/C*.4.7/D0 7.5/
/00DC/31/0000/00D4/0011/00DS/A2 6.5/B*14,8/C0 8.2/D1 &.1/
/00D0/31/0000/00D4/0011/00D5/A*19.8/B0 S.8/C111.3/D2 8.6/
/Q0DE/31/0000/00D4/0011/09DS/A4 2.3/B310.1/C6 7.9/D*14,.7/
/GODF/31/0000/00D4/0011/00DS5/AS 3.7/B615.1/C*#15.0/D4 7.8/
/00EQ/31/0000/00D4/0011/09D5/A6 6.2/B*14,1/C414.0/DS5 3.3/
/0QE1/31/0000/00D4/0011/00DS/A*20.6/B4 6.3/C5 9.7/D6 3.9/
/QVE2/31/0000/00D4/0011/00D5/A0 2.1/B1 7.1/C2 8.3/D*13.0/
/Q0E3/31/0000/00D4/0011/00DS/A1 9.2/B2 9.0/C*14.8/D0 7.6/
/Q0E4/31/0000/00D4/0011,/00D5/A2 6.4/B*17.8/C0 8.1/D1 8.1/
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