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1. SUMMARY AND CONCLUSIONS

1.1 PURPOSE, SCOPE, BRILEF SUMMARY

The long-range nbjective of the Automated Mixed Traffic Vehicle
(AMTV) program is to develop the sensing and logic required to
operate a low~-speed, driverless shuttle bus or tram in mixed

traffic, and to demonstrate operation of such a system in a user
environment,

The objective of the task included in this report is to develop a
microprocessor controller for the AMTV and evaluate its
performance on the experimental JPL AMTV.,

The use of a microprocessor=based speed controller has provided
the AMTV with a very flexible means of controlling speed,
acceleration, and jerk. In addition, a number of safety-related

system checks are provided and back-up systems are used when
needed,

1.2 MICROPROCESSOR CONTROLLER HARDWARE

The system chosen for this task was based on the popular 8-bit Z-
80 microprocessor. The bus system chosen to support this
processoir was the "Standard Bus," also known as the "STD Bus."

Basically, the microprocessor controller consists of a single
microprocessor card with on=board RAM and ROM memory, two
specially designed and fabricated digital tachometer interface
cards, one 8-port Transistor to Transistor Logic (TTL)
input/output card, one card capable of 16 channels of analog-to-
digital conversion at its input and 2 channels of digital-to=-
analog conversion at its output, and one specially desigried card

(named the "keep-alive" card) to monitor the health of the

microprocessor system itself. All six cards were housed within a
single 16 card STD Bus card-cage. The card-cage (including bus)
and all cards except the two tachometer cards and the keep=-alive
card are standard commercial products.

1.3 MICROPROCESSOR CONTROLLER SOFTWARE

Based on a set of vehicle response criteria a set of control
algorithms (described in Section 3.2) were generated. From these
algorithms, a computer program was written using FORTRAN as the
programming language. This program consists of a main program

which calls upon 11 subroutine programs for specialized functions

and calculations.

1=1

AR e

-




1.4 SOFTWARE DEVELOPMENT SYSTEM

All microprocessors (indeed, all digital computers) execute a
series of instructions (termed a "program") each of which at its
basic level is nothing more than a series of zeros and ones,
i.e,y binary numbers. Instructions stored in this form are termed
"machine language” instructions. For applications like the AMTV
controller, these instructions are stored in permanent memory
modules called programmable read only memories (PROMs).

Although inexpensive instruments exist which aliow one to progranm
a PROM by hand by entering the binary numbers one-by~one, this
process is very tedious, time consuming, and prone to errors. A
far better solution is to allow a computer to interpret high
level instructions into machine language instructions. A computer
along with the necessary softwarz to accomplish this is termed a
Microprocessor Development System.

The system used for this task is based upon the same 2~80
microprocessor and STD Bus as the vehicle controller., The
software development system consisted of the the following
hardware: one microprocessor card, four RAM boards with 16k bytes
each, one dual serial interface card (for video terminal and
hard-copy prin..r), and one floppy disk controiler card. In
addition to these cards, all of the specialized input/output
cards described in Section 1.2 above were used for vehicle
interface testing.

This system stores and reads its files from "floppy" disk drive
units., Access to the computer is accomplished using a
combination video terminal and keyboard, Hardcopy output is via
a dot matrix printer. Erasable Programmable Read Only Memories
(EPROMs) are programmed via a specially constructed programmer
connected to a standard I/0 card.

The software development system uses the popular Control Program
for Microprocessor (CP/M) disk operating system, FORTRAN compiler
and linker, specialized programs for EPROM programming and
checking, and a powerful editor/word processor.

1.5 VEHICLE FERFORMANCE

The present performance of the AMTV meets all of the generated
specifications, as listed in Reference 1, pertaining to
acceleration and jerk limits. Acceleration and deceleration have
been subjectively described by most passengers as smooth. Speed
control is accurate within approximately .12 km/h (.08 mph).
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As presently oconfigured, the vehicle features three fixed

deceleration rates and one variable rate: The fixed rates are

adjusted for non-obstacle-caused stops (aprroximately 0.09 g),

obstacle caused stops (about 0.16 g), and emergency stop using g
hydraulic brakes only (unmeasured g leével):. The stop which ]
features a variable deceleration is brought about when the

vehiocle deteots an obstacle in its secondary sensors and is

traveling at a velooity greater than 4.7 km/h (2.9 mis/h,, In

this cesze the necessary deceleration tostop within 2 m is

calculated and the motor is commanded to plug at an ever

inereasing current until this deceleration is reached.

Acourate stops at passenger pick-up points have been attained
regardlesas of vehicle speed prior to obtaining the command to
stop, This is done by first commanding the vehicle to attain 3.2
km/h and then commanding a stop when the vehicle has passed 2.6 m
beyond the magnetic street marker.

o

1.6 VEHICLE SAFETY

The employment of a microprocessor-based controller has afforded
the opportunity to provide a number of safety features not
previously used. First, tachometer (speedometer) integrity is
easily testod by providing two tachometers and comparing their
valuas, An emergency stop occurs if either or both tachometers
malfunction. Second, more flexible stopping algorithms have been
created which allow for safe stops in the case of an intrusion .
into the path of the vehicle too close for a normal stop, or if
the primary sensor misses an obstacle. Third, hydraulic braking
system malfunctions which result in the vehicle not remaining in
a stationary position at passenger stops are detected and the
motor is used as a backup system to hold the vehicle stationary,
Fourth, overspeed or rolling backwards runaway conditions are
detected and the vehicle is brought to an emergency stop. Fifth,
failure of the microprocessor controller to properly cycle
through its program is detected by a special circuit and the
vehicle is brought to an emergency stop. Last, an automotive
horn has been interfaced to the microprocessor and is presently
prcgrammed to honk briefly just before the vehicle begins to
nove,

1.7 SOLID STATE MOTOR CONTROLLER

‘ A new motor controller has been successfully used on this vehicle E

to csntrol motor current, It features a transistor chopper
. ; circuit which limits current to the motor to some maximum value,
and has the advantage over the SCR type chopper controller of not
needing ‘a by-pass relay for the last increment of current. This
allows for far smoother, quieter speed control due to the lack of




timc delay and hysteresis. Additionally, this motor controller
features SCR-controlled motor field polarity change. This
feature allows for extremely rapid and quiet change from forward
to reverse wotor borque (plugging) for botii acourate speed
control and astopping.
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2. INTRODUCTION

2.1 PURPOSE

The purpose of this report is to document the design of a
microprocessor speed controller for the AMTV vehicle and the
vehicle performance which resulted,

2.2 BACKGROUND

The AMTV concept has been described un earlier papers (References
1, 2, and 3). Basically, it offers a cost-effective alternative
to conventional busses or other transportation modes for many
applications requiring frequent, low~ speed service, since both
the cost for a driver on each vehicle and the large investment
required for exclusive guideway construction can be avoided,

A fcasibility demonstration of an AMTV, using what was basically
a breadboard vehicle was conducted at JPL during eary 1976.
Results from this experiment are reported in Reference 3. The
experiment used a wire-following steering system patterned after
work of Fenton and Olson at Ohio State University (References 4
and 5). Similar techniques have been used by a number of
inviastigators, and reliable speeds of 50 mph have been
demonstrated (References 6 and 7). The sensors used for
collision avoidance were developed at the JPL,

Although the JPL vehicle is a small electric tram, any type of
vehicle could be incorporated into a future AMTV system, with the
size and type of vehicle being determined by the service
requirements of the specific application., A number of guideway
systems employing automated vehisles have recently been put into
service. Requirements of these vehicles are quite similar to
those of an AMTV, except for the provision for collision=-
avoidance (headway) sensing, and the steering mechanization.

2.3 SCOPE

The scope of this task included developing a microprocessor
controller for the AMTV and evaluating its performance on the
experimental JPL AMTV, The task provides for the microprocessor
controller hardware and software design f'or the speed control
function only. The task also included replacing the SCR chopper
motor controller with a new all-=solid~state transistor chopper
motor controller,
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2.4 ORGANIZATION OF REPORT

Sectinn 1 provides a brief background and summary of the entire
report. Section 2, the present section, more sharply defines the
purpose, background, scope, and organization of the report.
Section 3 offers a detalled specification of the on-vehicle
microprocessor controller. Section 4 not only gives detailed
specifications of the microprocessor development system, but also
supplies information concerning the need for and use of the
development system software. Section 5 describes the hardware
and performance of the new all-solid-state motor controller.
Section 6 describes the vehicle performance under microprocessor
control. This 1s largely done using speed versus time curves
obtained from the tachometers via the microprocessor during
street testing., Section 7 details the.safety aspects of the new
microprocessor controller. Section 8 contains the findings and
recommendations which have resulted from this task. Appendix A
contains the speed control algorithms in flow-chart form.
Appendix B contains the complete FORTRAN program listings while
Appendix C contains new failure analysis material, which
supplements the earlier failure mode and hazard analysis
(Reference 1).




3. MICROPROCESSOR SYSTEM DESCRIPTION

3.1 ON-VEHICLE MICROPROCESSOR

The on-vehicle microprocessor consists of a card rack with built-
in bus system and six plug=-in cards. Additionally, there are
ancillary pieces of equipment such as power supply and LED
display panel drivers. These components are described below, and
where noted, in more detail, in the appendices, Figure 3-1 shows
the above described processor, while Figure 3-2 shows the sane
processor in its housing., Figure 3-3 shows a diagram of this
systen,

A Standard Bus (STD Bus) is used because of its size,
flexibility, the variety of different types of commercially
available cards, and the number of different manufacturers to
choose from. This bus system is based on a 56 pin edge connector
card of 11.4 cm by 16.5 cm (4.5 by 6.5 in.). It is designed for
use with 8 bit microprocessors of the 6800, 8085, and Z-80
family., The card cage used on the AMTV (Prolog No. CR16) has
spaces for 16 cards,

The microprocessor, Central Processing Unit, (CPU), chosen was
the Zilog Z~-80 because of its ability to use a more sophisticated
set of software instructions, The card containing the 2-80
(Prolog Corp. No. 7803) also has sockets for 8192 bytes of
programmable read only memory (PROM) or erasable, programmable,
read only memory (EPROM). In addition, this card has sockets for
4096 bytes of random access memory. The card has its own crystal=-
controlled 400 ns clock and provision for pushbutton reset. All
integrated circuits are socketed, and therefore easily replaced.

As installed with the current software this card is populated
with three EPROMs (type 2716, 2048 bytes each) and 8 RAM chips
(type 2114, 4096 bytes) of which only about 300 bytes are used.

To interface the central processing card to TTL compatible input-
output (I/0) signals on the vehicle, a (Prolog No. 7604) universal
TTL I/0 card is used. This card has eight 8-bit ports, any number
of which can function as either input or output ports, il.e., 7 in
and 1 out or 4 in and 4 out, etc. We have modified this card for
noise suppression hy placing .01 microfarad capacitors across
each input line. The present configuration of this card uses the
first four ports (0 through 3) for input signals and the last
four ports (4 through 7) for output signals. Each port is
directly software addressable. Although several output signals
from this card directly cortrol vehicle function through relays
or valves, others are used strictly to light LED indicators
mounted on a panel above the computer. For the later purpose
LED, driver cards were specially designed and built since the

~—
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Prolog 7604 does not have the current output oapacity to drive a
LED. TTL I/0 ocards are now on the market which are able to drive
LEDs directly. For reliability and compactness this will be the
card of choice for future units,

To input or output analog signals to the CPU, an analog I/0 card
(Analog Devices No. RTI-1225) is used. This card has the
capacity to input up to 16 analog input signals using its
multiplexer through a 10 bit analog-to-digital converter (A/D).
The RTI-1225 can also convert an 8 bit integer to an analog
voltage available at its output terminals. There are two such
channels for digital-to-analog (D/A) conversion (DAC). This card
uses memory mapping instead of direct addressing, At the present
time no A/D channels are being used, One D/A channel is used to
output an analog motor control voltage to control motor current.
It is anticipated that the A4/D converter on this card may be used
for future monitoring of motor current and other analog sensor
outputs,

Two other cards (identical) within the microprocessor controller
not only interface the two digital tachometers to the STD Bus but
actually provide the basic timing cycle for initiating repetitive
execution of the software. These cards were designed and built
at the JPL and are referred to as tach cards, Each card works
independently of the other and contains two 16 bit accumulators
and one output register., Each 16 bit accumulator counts for 20
ms then holds its value for 20 ms. This is an alternating
process; one accumulator holds while the other counts up for 20
ms, then the registers reverse roles. At the end of each 20 ms
period the accumulator which has just finished counting has its
data transferred to the output register. In this manner no data
is lost while a register is being read. These cards each read
the clock line on the STD Bus (2.54 mhz) and divide it down in
order to create an accurate 20 ms flag. It is this flag which
triggers the program to cycle through again, Counter-timer cards
are now commercially available which may supply the same
function as our specially designed cards. Because these new
cards use printed circuits instead of the wire-wrap type circuits
on our cards they are more reliable, economical, and far more
compact. We hope to adapt them to our purpose in future
controllers.

Another card, our "keep-~alive" circuit, uses the standard bus as
a mounting rack and power supply but uses no other bus lines.
This eircuit reads a line carrying a short pulse with a 20 ms
period which is generated by the computer program and output from
the TTL I/0 card. This circuit card contains logic and a relay
to bring the AMTV to an emergency stop should the keep~alive
pulse disappear for more than 4 cycles or stay permanently on for
4} cycles. This disappearance would result from a central
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processor failure, a tach. card failure, or even a previously
undetected software error which would send the program counter to
an improper part of program memory.

To control an automotive type electric (12V) horn, a special
interface card was designed which uses an optical coupler and
amplifier circuit to energize a horn relay which in turn
energizes the horn. This card ig not presently mounted in the
STD Bus rack.

The power supply for the STD bus (and all of the cards therein)
consists of a 12 V to +5 V chopper type converter (Bikor model
1202) fed from a 12 V lead acid battery. The converter draws
4,2 A from the battery to supply the STD Bus. The cooling fan ;
described below draws an additional .4 A from the battery. At i
this energy consumption rate the battery could be expected to
supply energy for up to 20 hours.

an aluminum based and roofed, plywood walled enclosure,
Ventillation of this enclosure is forced by a 12 V "muffin-type"
fan .

All of the above components except for the battery are housed in ¥ g

Py

3.2 VEHICLE RESPONSE CRITERIA

Before control algorithms can be constructed one must have a
table of desired vehicle responses based on various inputs. The
table used for this task is shown in Table 3-1.

3.3 ON=-VEHICLE MICROPROCESSOR: CONTROL ALGORITHMS

We will define ap algorithm as a meihod used to calculate an
answer or product given a set of inputs, For the AMTV the control
algorithm is broken down into one main algorithm and 11
specialized sub=-algorithms, Each of the sub=algorithms has a
specialized control function, and as each is needed it is called : i
upon by the main algorithm to perform its function. This scheme o
makes it easier to understand the overall control and provides a i
logical and convenient framework for software development.
Figure 3-4 shows the flow or block diagram for the main i
algorithm. A similar diagram is shown in Appendix A for each of
the sube-algorithms., In all of these diagrams the somewhat
elliptically=-shaped outlines signify entrance and exit points,
the rectangular outlines indicate a computational function, and
the diamond shaped outlines are rhetorical. -To fully understand
}; . the logic of these algorithms would require some understanding of
' the characteristics of all of the vehicle's sensors and its motor
. : controller. Section 5 of this report describes the motor
| , controller characteristics while References 1 and 2 describe the
vehicle's sensor characteristics. Additionally, the FORTRAN
software listings contained in Appendix B contain many comment
statements which explain the logic of the control scheme used.

ORIGINAL PAGE 1§
3-6 OF POOGR OUALITY

R




doas 03 2wod sey 2T2Ty2a Sutunsax axojeq

uxoy Jo0y ¢sieayd Teud1s aosuas JT poads Toauod

aunsay ;dols jo TeasT L9, paedsastg ¢93el uoll
~-BISTa%9p S1y3l ureile o1 Sur88nyd 3sn ‘m 7 ueyl SsaT ay/uy Gg*y <poadds
ur dois 03 STOTY=A SuUTIC 03 UOTIEIDT2DIP IJEINI[R) do3s 3sey pue UO I0SUDS Aaepuodag

A G < 3ISTI0ajuod iojou pue
SAOQE SE duweg do3s AdusaSasuyg 0 Pe31 saajawoydel yjog

JA0(E SE dueg dois LouaSiamy @918e 3,UOp Sa@ldWOUTE]

(uoT3TpuUOD paadsisno)

4 JACqE Se sueg doas AousS8asuy ay/wy ¢TI < paads ardo1yYap
~
aAoqe Se Iuweg do3ls AocuoSasuy R G* < 3deq STIO0X BTyl ch

3A0QE SE dWeS do3s Aoua8iougy S3SOT Yo31Ms o10d I3NSTYM

uorjeaado drjemolne

IJumsal 03 uwolIIng _JISHY, usnd ysnp ‘uo Iny saqeaq
orIneapdy A1dde *“Leyea utem x9[TOIIUOCD z030m uadg doas £d>us8isuy uoling ysnd dozs LAoualaomy

uollou uTr safueyd idniaqe InoOYIIA !

uoTjom uy ISTIYA paysnd aq Lew uolIng 3I3saY fay/my IT
03 S@Sea1d0UT paads purRwmmOD ‘S ¢ 103 pOuUTRIUTEW USDq
sey paads sTY3l 1933e fay/wy g°¢ = paads puemwod ISITZ
fuoryeiaTav0e 22e3s-z urSog fselqeIaEA TR °ZFTRIITUT UOTIJBZTTRTITUY poysnd uojang jJosay |

osuodsay I[IIYSp POATSIQ ad{y osuodsay posuag 10 pajeyndyEs-Induy

NOIS3Q FONVRHOI¥Id ITOIHIA “TI-¢ IJ19VI

PP

o




SIvII2 TeUZYS 972ue Sutacess I3313e puodss
Quo 101 uoridmnssx paads Lerap 3dooxs BA0QE Se dweg

SIBRTY ICcswas 3T paads Toxjuod fumssy f{uo ST Josuss
STTHA UTe3UIE fay/wy g°¢ Jo poads T0I3u0d 03 moyg

3oudem peox puofsq uw C°C PeT=A®I3 sey 27o1yea
uaum do3s a3er3rTvy ftag/uy zo¢ o3 (@3eaetedoe 10}
9 21" 3® 93ezere0s@ f32uSerwm e Junco 9Jue3SIp urfeg

Suttmsex s101eq
uxoy jooy fsuado yojims adez 123J8 S 4 TI3uUn 10 s ¥
10y paddo3s ureway f(unurxea o 06°0) do3is moys ayeR

SIeaTd UOTITPUOD Ssafun
JWNSITA Jou og f(wnurxen 9 91°q) dois Tewxou 2jER

doas 1a33e
Surunssa ax03yeq UI0Yy 3007 f{SarTId 1o0stas Iy peads
T0I3u0d 2wnsay f(unwrxem s 91°0) deis Temiou ayep

umop mois

unop mors

doys
psansesw ‘moig

dois mo1g

doas Tewaoy

do3s tewaoy

Uo xojedlpur s1Sue durasaig

uo Josuss Laewrig

Pesuss (Jau8ew) dois peoy
posoro

Y231ms adel Juipiecg
UOTIEDTpUL

8I1m SEINE jo ssofq

1y/juy g-4 poads
PUk U0 10suss Aaepuodag

esuodsay sToTYSp FoxISag

ad£y asuodsey

FOSU9g 10 peleInotE)-Induy

(P.3u0D) NOISIA FIONVHIOIET IIOIRIA  °*T-€ H19VI

: R B s g
i e A 2

R




e o o et e

3.4 ON-VEHICLE MICRGPROCESSOR = = SOFTWARE

The actual on-veéhicle software consists of Z-80 machine language
recorded on EPROMs. This code was generated from FORTRAN source
code by use of a FORTRAN compiler and lirker resident in the
development system described in Section 4. Although the program
itself resides on EPROM chips the memory variables are placed
into RAM and modif'ied there by the program.
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4, SOFTWARE DEVELOPMENT SYSTEM

N,1 HARDWARE DESCRIPTION

The on-vehiicle computer programs exist on EPROMa in machine
language form. Although relatively inexpensive instruments exist
which allow cne to program an EPROM by hand, entering the binary
numbers one-by-one, this process is very tedious, time consuming,
and prone to errors. A far better solution is to allow a
oomputer to interpret high level instructions into machine
language instructions, then using appropriate software and
hardware automatipally load these instructions onto an EPROM, An
appropriate computer, along with the necessary software to
accomplish this, is termed a Microprocessor Development System,

The development system used for this task is based upon the same
Z-80 microprocessor and STD Bus used for the on~vehicle
controller. This system is shown diagrammatically in Figure Y=-1
and a photograph of the system is shown in Figure 4-2, The
development system cynsists of the following hardware: one Z=-80
based microprocesscr card (Prolog #7803); four RAM boards with
approximately 16k byhres of static RAM eacik (sach board is a
Prolog #7701), one dual serial interface card (Micro/Sys #SB8420)
for communications between microprocessor and video terminal and
hard-copy printer, and one floppy disk cant:oller card (Micro/Sys
#SB8500) for communication between the microprocessor and the
floppy diek drives, In addition to these cards, for vehicle
interface purposes during our initial testing phase, all of the
specialized input/output cards described in Section 1.2 above
were used.

This system stores and reads its files from three floppy disk

drive units (Shugart #800-2), These di-ives use the popular 8 in.

diameter, flexible plastic, iron oxide coated discs. These discs
are produced by several manufacturers and for our system are IBM
3740 compatible, single-density, single-sided, and soft sectored.
Each disc has a storage capacity of 256 k bytes.

The development system described above, along with a good deal of
software described in Section 4,2, was supplied as a "turn-key"
package by MICRO/SYS in La Canada, California.

Programmer access to the computer is accomplished using a
combination video terminal and keyboard (Soroc Model IQ 120)
operated at a rate of 19.2 k BAUD (or about 1920 characters per
second maximum). Hardeopy output is via dot matrix printer
(Teletype Model 43) operated at a rate of 300 BAUD (or about 30
characters per second), Erasable, programmable, Read Only
Memories (EPROM's) are programmed via a specially constructed
prodgunmer eircuit connected to a standard (Prolog #7604) I/0
Qardg.
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4,2 SOFTWARE DEVELOPMENT TOOLS

To bridge the gap between vehicle control algorithms and the
machine language binary program which 1is antually executed on-
board the AMTV, a number of sophisticated software tools or
programs must reside on the hardware system described in Section
4,1, Figure 4-3 shows a diagrammatic representation of the

interaction between programmer, software, and hardware which

allows the transformation of control algorithms into machine
language programs residing in EPROMS.

First, the programmer must be knowledgeable in a high level
programming language such as FORTRAN, BASIC, PASCAL, or some
other language. FORTRAN was the language chosen for this task
based mainly on its availability and popularity. To write a
program or communicate with any of the software which resides
either ir the computer's disc storage or its RAM storage a
program must reside within the memory at all times which acts
much the same as a competent housekeeper. That is, this program
monitors at all times to the operator's commands which are
entered via keyboard, correctly interprets these commands, then
acts upon them., This housekeeper knows where to find all stored
items and where to store newly created items and keeps an
elaborate; carefully updated record of size and/or location of
all stored items, This housekeeper is téermed a "DISC Operating
System.”® The disc operating system used is the CP/M system
written by Digital Research located in Pacific Grove, California.

Several other utility programs are also employed: PIP to enable
the user to transfer files, programs, data, etc., from one disc
to another; STAT, to tell the user how much space is used on each
dise and by which programs; DIR, to list all of the file
(program) names stored on any disc; and, SYSGEN, to enable the
user to initialize a new blank disc with a new disc operating
system on its first two tracks., All of these utility programs
were als¢ purchased from Digital Research via Micro/Sys as part
of the CP/M disk operating system package.

A number of other small but useful utility programs were supplied
by Micro/Sys:. These included programs which would: erase all
contents on a disc, check a disc for errors, check the computer's
“RAM memory, list disc contents, etc.

To write and edit the FORTRAN source code a text editor or word
processor must be used. The software chosen for this purpose was
"Wordstar" written by Micropro International Corporation located
in San Rafael, California. This is an outstanding example of
"canned software" which lent a great deal of efficiency to
program development,
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Once the FORTRAN code 1is written (and stored) on-disc, another
program must be used to transform it to machine language code
(more accurately termed relocatable machine language code). The
sof'tware used is the F80 FORTRAN compiler written by Microsoft of
Bellevue, Washington. All FORTRAN mathematical symbols (/,%,+,-
y[,],%%, etc.) and functions (sin, cos, log, etc.) use already
ocreated subroutines stored in relocatable machine language in a
FORTRAN subroutine library (FORLIB), To combine these subroutines
with the relocatable machine code output by the (F=-80) compiler
another program termed the L-80 linking loader is used. Both
FORLIB and L-80 are also supplied by Microsoft.

After "linking," the resulting machine language program can be
loaded into RAM memory and executed, however, it i3 not quite in
the correct form for use on an EPROM. Another program termed
PUNLOAD" makes this final transformation, UNLOAD was supplied by
another user at JPL.

Once a program is in the correct form for transfer to an EPROM,
another program must exist which reads the program from a dise,
and applies the correct and corresponding voltages to an EPROM to
permanently record the bits on the EPROM at the correct addiess.
This program (termed PROM) was also supplied at the JPL.

A typical sequence for transforming an algorithm into machine
code on an EPROM follows: '

1. Use CP/M to verify that disc has enough space left for
programs. (Time required: about 5 sec.)

2. Use CP/M to call in WORDSTAR. Enter FORTRAN code lines. Store
completed FORTRAN source code on disc. Print a copy of program
for checking and debugging purposes. (This step may take from
minutes to hours depending upon how much code needs to be
entered and the typing speed and accuracy of the user),

3. Use CP/M to call in the F~80 compiler. Supply the compiler the
file name for the source program created in the previous step.
Compiler outputs list of syntax errors for user to correct.
(This step requires from 15 to 30 seconds).

4, Use CP/M to recall WORDSTAR, Make corrections to FORTRAN
source code to correct any errors found in compilation in Step
3. Now store new corrected version of FORTRAN SOURCE code.
Repeat Stens 3 and 4 until no further syntax errors are found
by the compiler. (This step usually takes only about 2 minutes
unless the syntax error is very subtie).

4-6
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5. Use CP/M to call in the L-80 Linking Loader. Supply the
"linker" with the name of the compiled file, The product is a
single program in machine language which incorporates all of
the FORTRAN source programs converted to machine language, and

all of the necessary FORTRAN library routines also in machine
language.

Note: In the case of the AMTV controller programs this was one
main program and 11 subroutine programs. The linker put i
together all of these along with all of the necessary FORLIB

subroutines, (For the controller programs this process takes
about 2 minutes).

6. Use CP/M to call in UNLOAD. Supply the name of the file which

is to be transformed into EPROM format. (This process takes ,
less than 30 seconds), |

T. Use CP/M to call in PROM. Mount erased EPROM in socket and use
PROM to verify that EPROM is erased. Use PROM to transfer
program to EPROM, This program actually checks its work by
rereading the EPROM and checking that what was recorded was
correct. (This process takes about 2 minutes per EPROM. There
are three EPROMS, each with a capacity of 2048 bytes, used in
the AMTV controller at this time),

8. Plug EPROM(s) into Z-80 CPU card. Then plug this card into the
STD Bus on board the vehicle and check for correct operation
with the vehicle on Jjacks. (This process takes about 3

minutes). If operation is not satisfactory anslyze problem and
begin back at Step 2,
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5. SOLID-STATE MOTOR CONTROLLER

5.1 HARDWARE DESCRIPTION

As a part of this task a new transistor chopper motor current
controller was purchased from EVC Inc. in Inglewood, Calif'ornia.
This motor controller consists of two separate units (or
circuits) mounted within the same case. One unit is a transistor
chopper motor current controller, model EVC-400-36-12H, which is
a standard EVC product. The other unit within the case consists
of a solid-state circuit, model EVC~SSW400, which is used to
reverse the field winding polarity of the motor for plugging
(motor torque reversal). This later urit consists mainly of four
large silicon controlled rectifiers (SCRs) and was specially

designed and built at the request of the JPL. The total package ]
is EVC model number PMC-100-36. ‘

The chopper uses high current switching transistors to smoothly
and efficiently control the speed of the motor. Both portions of
this motor controller are rated for 400 A, Some of the
features of this controller are:

(1) Controller turns off if battery is too low.

(2) Output current (to motor) cuts back if controller is

(4) Controls maximum battery current (current limiting).

(5) Full current output can be obtained without using bypass
relay.

5.2 PERFORMANCE %

Upon delivery this motor controller did not perform within
specifications. However, close consultation and cooperation
; between the JPL and EVC resulted in a motor controller which
; { operates smoothly over its entire range of motor currents. This ;
, ; controller uses only two electromechanical relays: one to turn H
f on and off the main power and another (magnetic reed relay) which J

& ) : reacts to plugging current. The reed relay is used to reduce the ]
‘ motor control analog command voltage magnitude during plugging. 8

The SCR field reversing circuit allows transition between forward ' é
and plugging modes in less than 20 ms. This is far faster and U
quieter than the old relay type reversing circuit. The advantage

e TRE o
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(3) Output stops if motor is shorted. f
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is in eliminating dead time when using relatively tight feedback
contirol, Similar advantages are obtained because the bypass relay
(used during high current operation) is eliminated.

This motor controller has no provizion for regenerative braking,
however, both EVC and General Electric are known to be developing
motor controllers which will incorporate this feature,

No ¢urves or hard data were taken on the new EVC controller after
delivery, but curves showing overall vehicle performance using
this controller are contained in Section 6,
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6. VEHICLE PERFORMANCE UNDER MICROPROCESSOR CONTROL

6.1 TESTING METHODS

The performance of the vehicle's sensors has been documented in

Reference 2, With this in mind it was felt that stopping
distances and Velocity versus time curves recorded during
acceleration and deceleration testing on the road would be
sufficient to characterize the performance of the microprocessor
controlled AMTV.

Stopping distances were measured between obstacle and vehicle
front using a standard grey target, a black target (3M Company
Nextel Velvet Coating 101-C10 black), 1% reflectivity, and
project personnel,

The speed~versus-time figures in the remainder of this section
were generated in the following manner: the microprocessor was
programmed (without interfering with the normal control program)
to output two analog voltages: one proportional to speed and the
other corresponding to various sensor (e.g., primary, seccndary,
etec.) and switch (e.g., passenger tape switches, bumper switch,
ete,) flags via separate digital-to-analog converters (DACs).
These voltages were monitored in the road using a battery powered
dual-trace storage~type oscilloscope, Next, these oscilloscope
images were photographed using a Polaroid oscilloscope camera.
These Polaroid images were enlarged, then traced onto mylar
plates. Because of the graphical steps involved and the inherent
accuracy limits of an oscilloscope, accuracy is estimated to be
within £ 5%.

6.2 DECELERATION AND STOPPING PERFORMANCE

Figures 6~1 through 6-~7 show speed-versus-time for various
initiated stops. Arrows pointing up the abscissa indicate the
time at which a sensor or switch was first recognized by the
computer. These arrows are coded to indicate which sensor or
switch they represent. The numeral "™1" represents a primary
sensor, the numeral "2" represents a secondary sensor, the letter
"R® indicates a road magnet was "read," and the letter "T"
indicates that a passenger tape switch was squeezed, Arrows
pointing down in Figure 6-4 indicate the time at which the
indicated flag was cleared,

These tests were all made during downhill runs on the same day

within about 1 h. Exact conditions and run descriptions are given
in each figure.
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Although no table of values for stopping distance will be
presented, numerous trials using both black and grey targets and
human subjects at various initial speeds and on different grades
have proven that the AMTV will stop with approximately .7 m to
spare if the sensed obstacle does not suddenly intersect the
field of view from the side. Obstacles which suddenly intersect
the field of view may be struck only if they do so when the
vehicle is going too fast to stop with locked rear wheels.
Section 7 will review the algorithms or deceleration philosophy
used for sensed obstacle atops,

6.3 ACCELERATION PERFORMANCE

Acceleration from rest is carried out in two stages or plateaus.
The vehicle is first accelerated to 3.2 km/h and upon obtaining
this speed hnlds it for approximately 3 s. This initial slow
velocity is intended to allow pedestrians and other vehicle
drivers to observe and react to AMTV motion. The vehicle is then
accelerated to its terminal speed of 11 km/h. On uphill runs
this AMTV will not attain this top speed because of lack of motor
size (torque). On level or downhill runs the vehicle will limit
its speed to approximately 11.2 km/h by reducing forward motor
torque or by plugging. Acceleration is limited to .16 g by
feedback control using speed sensing and microprocessor
calculations., Additionally, jerk, the time rate of change of
acceleration, is held to comfortable limits by limiting the rate
of change of motor current.

Figure 6~8 illustrates a typical acceleration to cruising speed
from rest. This run was recorded on a slight downhill grade,

6.4 SPEED CONTROL ,

Vehicle speed is controlled at approximately 11 km/h for cruise
speed. A speed of 3.2 km/h is used for: turning (such as "U=-
turns,") for maximum speed when the primary sensor has observed
an obstacle, or for an initial control speed after sensing a road
stop magnet. Th: vehicle attempts to reach either speed by
either accelerating to it if traveling too slow or by reducing or
reversing (plugging) motor torque if travelling too fast. Our
measurements indicate that the vehicle speed is controlled to
within approximately .3 km/h when not in transition between
command speeds.
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T. SAFETY ASPECTS OF CONTROLLER DESIGN

7.1 KEEP ALIVE FUNCTION

A number of microprocessor hardware failure modes exist, Many of
these faillure types result in a disruption of the basic timing
cycle inherent to the software; that is, the software is designed
to cycle through the entire program every 20 ms under all but
"emergency stop" conditions. As the program runs, it outputsa
"keep-alive" (pulse) signal (analogous to a heartbeat) once every
20 ms on one of its numerous TTL output lines. A special card
was designed and fabricated to monitor this signal. Any
disruption in this signal's timing will cause this card to
initiate a full emergency stop; that is, motor controller turned
off and hydraulic brakes turned full on,

The keep=alive card presently has a weakness, in that it uses the
same power source as the STD Bus, therefore, a bus power failure
may not result in an emergency stop. This weakness will be
remedied on the next vehicle.

The circuit has been successfully tested by disconnecting the 2Z-
80 {CPU) card, This card has a built-in self-test button which
has also proven to work effectively.

7.2 DUAL DIGITAL TACHOMETERS

The AMTV uses two identical digital tachometers. Each tachometer
is driven by an "O"-ring belt attached to a pulley driven by the
pinion shaft on the differential. For additional reliability,
the two tachometers should be separated and each mounted on a
different wheel., Each tachometer is connected by cable to a
special tachometer card interfaced to the microprocessor via the
STD Bus, Each card yields a 16~bit number which is proportional
to speed every 20 ms.

The controller software checks each tachometer card for readiness
to deliver its data number, If either or both tachometers fail
to be ready to deliver their data within approximately 20 ms the
vehicle will make an emergency stop. Assuming that both
tachometers can be read, if they do not agree within a
predetermined tolerance for a predetermined number of cycles,
then a tachometer malfunction is assumed and the vehicle is
brought to an emergency stop. This leaves the case that neither
tachometer reg/sters a speed greater than zero (such as if both
drive belts break simultaneously) but the vehicle is nevertheless
moving. This condition is checked by noting the magnitude of the
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motor control voltage. If this voltage is above a predetermined
small quantity, it is assumed that the vehicle must be moving and
a reading of zero by either tachometer is considered an error
serious enough to warrant an emergency stop.

In summary, a malfunction of either or both tachometers is
detected and results in an emergency stop., This safety feature
has also been tested and proper operation has been verified under
all possible fault conditions,

7.3 BACK-UP SYSTEMS

At the present time the controller does not determine if the
motor or motor controller are doing an effective job of stopping
the vehicle, In the case where a stop has been commanded (by
optical sensor, tape switch, or road stop magnet) and the motor
controller or motor fails to obey commands issued by the
microprocessor, the following mechanisms are available to bring
the vehicle to a stop via the hydraulic brake system: first, the
emergency stop push buttons (if depressed by a passenger);
second, the front (whisker type) bumper uponh contacting some
object; and third, if the vehicle exceeds 12 km/h in the forward
direction or rolls backwards more than .5 M. This type of stop
is termed an "emergency stop" and the vehicle will not resume
operation unless the controller reset button is depressed. All
other types of stops rely on the ability of the motor to plug.

When executing normal stops, the vehicle uses its hydraulic brake
system to bring the vehicle to a complete halt (from a speed
below about .3 km/h) and hold the vehicle stopped for the desired
perlod of time. If the hydraulic brake system should fail to
operate, the microprocessor controller will complete the stopping
process and hold the vehicle stationary using only the motor.
Note that this backup system only works from a very low speed
when stopping. This system has also been tested and shown to
work satisfactorily.

7.4 RUNAWAY OR ERROR DETECTION

As mentioned above, if the vehicle speed exceeds 12 km/h or if
| the vehicle proceeds backwards by more than .5 M, it is assumed
1 : by the microprocessor controller that normal motor speed control
; : 1s inoperative, and an emergency stop is instituted. An
, i emergency stop consists of opening the main relay (removing all
1 , power) of the motor controller and turning the hydraulic brakes
| full on. Once the vehicle is at rest it can then only be
; restarted by depressing the controller reset button. Both
i runaway conditions have been created on the road and the vehicle
has responded with emergency stops as programmed.
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7.5 VEHICLE ELECTRIC HORN

The AMTV has been fitted with an automotive type (12 V) horn,
This horn is presently programmed to sound two short honks just
before the vehicle accelerates from rest. It is anticipated that
this horn will be used for other purposes as well in the future
(see Section 8). This warning sound function has been tested and
found to be fairly effective in alerting pedestrians and other
vehicles of impending AMTV motion

7.6 SPECIAL FAST STOP ALGORITHM

The controller now includes a special stopping algorithm designed
to bring the vehicle to a fast stop in response to an anomalous
optical sensor indication. If the vehicle speed is above 4.7
km/h, the controller calculates the deceleration necessary to
stop the vehicle within 1.8 m and then uses plugging to attempt
to attain this deceleration level. This mode is intended to
functicn when an obstacle suddenly appears in front of the
vehicle, not allowing the vehicle time to make a normal (.16 g)
stop. The fast stop can be as severe as an emergency stop in
that the rear wheels will slide. This type of stop may not ke a
comfortable stop for passengers, however, its main function is to
protect pedestrians who suddenly move in front of the vehicle at
a distance such that the vehicle cannot make a normal stop.

This fast stop algorithm has been extensively tested and found to
be very effective.

7.7 FAIL-SAFE ANALYSIS

A failure analysis of the microprocessor controller and of
certain critical sensor failures was carried out and the results
are tabulated in Appendix C. The analysis was done following the
same rationale as the failure modes and effects analysis
presented in Reference 1. The present results can be considered
an extension of the earlier analysis. A block diagram of the
microprocessor controller, shown in Figure 3-3, was used as a
guide, with the effect of a failure of each block being
determined by analyzing the consequenses of worst-case false
inputs from that block. The format of the tables is similar to
Reference 1, except that a column indicating when implementation
of the preventive action could occur is added.

In summary, a little less than half of the identified items are
already implemented or planned for in the initial development
phase of the follow=-on vehicle (AMTV II). The most effective
single test for future development is felt to be that of
comparing the actual vehicle speed with a speed predicted by an
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an approximate algorithm based on existing sensor or passenger
inputs, The model could be in a separate Z-80 card, which cross
checks with the present card for correct function. Table 7-1 is
a condensed summary of the most important results of the

analysis.
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8. FINDINGS AND RECOMMENDATIONS

8.1 VEHICLE ALGORITHMS

All algorithms function as written and intended. Fairly
extensive road testing and the failure analysis described
previously have led us to a number of suggested improvements and
modifications which would enhance AMTV performance and safety.

(1) Front and rear turn signals which turn on prior to an actual
turn using a coded road-based signal.

(2) Motor and/or motor controller feedback to the microprocessor
controller indicating the effectiveness of microprocessor
controller commands. This could be supplemented by or even
replaced with some type of model, as discussed in the
previous seotion.

(3) Additional horn warnings should be issued for appropriate
conditions such as secondary sensor remaining on indicating
that the AMTV path is blocked. This algorithm (or
modification) would have to use some "sense" in not honking
at inappropriate times,

(4) Tachometer signals have turned out to appear somewhat noisy,
thus leading to very noisy acceleration data. It is believed
that the tachometers are accurate; i.e.,, there is some
randomness in the sensed speed at the tachometers due to gear
backlash, tire and belt slippage, and/or eccentricity, etc,
This noise is relatively well tolerated by the system.
However, more reliable and repeatable performance could be
attained if tachometer filtering could be introduced.
Additionally, smoother stops would likely result. A
tachometer filtering method is therefore recommended.

8.2 VEHICLE SOFTWARE

The Microsoft F-80 FORTRAN used for this task proved to work very
satisfactorily. The tachometers are sampled every 20 ms (50
samples/second), thus the time needed to cycle through the
program must remain less than 20 ms. Actual measurements
indicate that the program executes in about 4 ms and "idles" for
about 16 ms waiting for the 20 ms flag to come up. This
indicates that only about 20% of the available processing time is
actually used to perform calculations, tests, and to input or
output data.
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The ability to change program parameters on the street was never
developed due to the lack of standard hardware when the task was
undertaken and the additional programming necessary. We now have
what is probably the correct hardware but have determined from
much testing and modification experience that a large percentage
of changes involve actual program modification (rather than just
modifying a parameter) and small changes take less than 15 min to
make using the development system located in the laboratory.

8.3 SOFTWARE DEVELOPMENT SYSTEM |

The Micro/Sys development system as now configured (see Section
4) is a self-contained and efficient means for providing software
for microprocessor controller use., Future enhancements, upkeep,
and replacements are expected, but will not change the system in
any fundamental way.

8.4 MOTOR CONTROLLER PERFORMANCE

The new EVC motor controller is now performing adequately under
repeated rapid stop conditions but seems to get quite warm, which
may not be the case under normal use. Thermostatically=-controlled
forced cooling would rectify any potential problem. Very low
current plugging may not be as smooth and predictable as required
for bringing the vehicle to a complete stop without using the
hydraulic brakes. At this time, indicated vehicle speed
fluctuations overshadow or preclude this use. A method is
available to improve the low current plugging ability of the
motor current controller, This method consists of direct computer
control of the motor current controller input voltage without the
use of the provided plugging relay. This relay is presently used
to rescale motor control input voltage when plugging current is
some small magnitude,

8.5 VEHICLE PERFORMANCE

Vehicle performance is generally smooth and predictable.
Stopping and starting characteristics and other performance
characteristics can be modified easily by simply changing
software. ‘

It is probable that (using the current software) minor software
S changes would have to be made to adapt an AMTV to a new

) environment. It is believed that with some field experience the

| _ software could be made to function properly in virtually any

| ; setting or environment.

R
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The completion of this task has provided & microprocessor-
controlled AMTV whose performance is smoother, more flexible, and
safer than was presently poasible without the mioroprocessor, In
addition, many safety-related improvements are incorporated, or
are feasible for future development,

8.6 VEHICLE PERFORMANCE ~= SAFETY RELATED
Recommendations are listed below:

(1) Sensors which allow the vehicle to sense obstructions while
turning are still needed (References 1 and 2).

(2) Four-wheel hydraulic brakes for emergency stops are desire
able, Preferably, this system would incorproate
proportionally- controlled pressure or stopping force.

(3) Some sort of motor controller feedback, such as motor
current, is important for monitoring stopping performance,

(4) A spring-applied electrically-released brake is required to
bring the vehicle to a stop and hold it when a system power
failure occurs,

8.7 LONG TERM RESEARCH AND DEVELOPMENT

Having a microprocessor on-board an AMTV opens up the
possibility for future development of many improvements in
vehicle function and safety. Son:e examples include the
following:

1. Continuous monitoring of sensor and other major subsystem
function or *health,” This could be accomplished for all vehicle
sensors (not just the optical headway sensors) and also for
components such as motors, motor controllers, hydraulic system
components, lights, etc., in an analogous manner to that which is
routinely done on spacecraft. For example, motor current and
temperature could be monitored continuosly and compared to the
normal range. This monitoring could be used for early warning of
impending failure, automatic switchover to back-up systems, and
as an aid to system maintenance.

2. Use of an on-board,

yolce synthesizer.
Recent advances in this technology have led to the production of

single-chip inexpensive voice synthesizers. These chips use
binary-coded information supplied from a microprocessor's memory
and output audio frequency analog electrical signals which, when
amplified and fed to a speaker, produce clearly understandable
human speech. The entire system would be very small,
inexpensive, flexible, and reliable, A multitude of apecialized
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messages could be retained in microprocessor memory, any one, or
combination of which, could be announced as a result of a
particular state or history of sensor inputs, These messages
could instruct or warn passengers or even pedestrians. Such a
message might tell a passenger how to restart an AMTV that has
come to an emergency stop or request that the pessenger check for
open or jammed doors or summon help. These messages could be
easily modified, updated or added to by simply inserting a single
programmmed EPROM on a microprocessor board. Imagine a vehicle
that could yell "someone help me"™ when its sensors indicate that
it is in trouble!

3. Self-checking controller software. Additional work needs to
be done on microprocessor controller self-checking routines. In
particular, subroutines can be used to check the health of the
RAM memory chips. With some additional hardware design, perhaps
every card in the controller could be tested periodically with
the results available via voice synthesizer as meéntioned
previously, LED character display, or in typewritten form using a
plugged in printer. This last form of vehicle health
donumentation may be particularly useful in terms of long=-term
maintenance and in cases of liability where maintenence is
questioned. The vehicle could literally keep its own maintenance
records,

8-4
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CONTROL ALGORITHMS FLOW CHARTS
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FASTOP
OR
NRMSTOP=]

DSTRST=0

TMDSTP=1

VELCON=0

- D)

VELCON=2

905

DSTRST=1
DIST=0

]

VELCON=0

VELCON=2

950

VELCON=6.

TPLAT=TPLAT+]

VELCON=2

FIGURE A-~6.
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RETURN.

RETURN

8 RETURN

~={ RETURN )

905

VELCON=0

TAK

DIST=DIST+—2=

AMTV uP CONTROLLER PROGRAM SUBROUTINE "'CTRLV"
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BRAKES=23+

YES

BRAKES=7+»

o]

OUT BRAKES
BYTE

[TAK l}<x

*BRAKES*23;

i,

BR
i oaﬁfol GHT IND

% , *¥BRAKES*7
6
3

1307

TMDSTP =0
PWAIT=0
WATRST*1

> KTWO+3

(_ RETURN )

WATRST-1 KAONT-0 |
VES
KACNT-KACNT+]
PWAIT-PWAIT+]
K40NT<5/>1“9 W<KACNT<35 S BRAKESH
. YES YES YES
PWAIT>WAITMAX >— 1362 ;
BRAKES=23+
NO
VESV
- KACNT<50 1240 .
KNG UMERSTH0
fwo-3 AL, KONERO (RETURN )
. =0, . -
G R A
RETURN , plleo

FIGURE A-8.
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" ACCMAX=INTA+

VELERR # SLOPA

ACCMAX<SATI

N

p

YES

50 ¢

ACCMAX=SAT1

VMC=VMC+INCACC

VMC>255

1130

VMC=VMC~INCFST

VMCVMC-INCACC

]

VMC=255

]

BRKDLA>DLAI

NO

BRAKES*0

\

BRKDLA®BRKDLA*1

RETURN

FIGURE A-10.

A-12

1151

VMC<0

YES

VMC-0
PLUG=0
( RETURN )

NO

VMC=0

[~

(_ RETURN )

AMTV uP CONTROLLER PROGRAM SUBROUTINE 'ACCELR'




= RETURN )

VMC=VMC+INCSLO

0
VMC>255 | N

YES
| VMC=255

' (" RETURN )
y

VMC=VMC+INCSLO

VMC*0

VMC<0
RETURN

YES
VMC=0

PLUG=0 .5 Mo

| ,
b | (' RETURN )
. : FIGURE A-11. AMTV 4P CONTROLLER PROGRAM SUBROUTINE "HLDSTL"
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500 )
BRAKES=15+ -
PLUG=0
L )
OUTPUT "BRAKES”/ '
X OUTPUT "PLUG"
\ BYTE-PORT5 \ ULk /
)
POWER*=0
TKSLR=3/YES ‘
OUTPUT "POWER"
OUTPUT BIT1*1
NO \\ TPUT BIT / \ PORT7 / |
I ) ,
K=1
VMC=0
VMCOUT=0
' BRAKES=115
D/A OUT ,
VMCOUT BYTE ¥
T OUTPUT "BRAKES"
PORT5
K=1 ‘ ,
‘; R X NO
l ‘ BRAKES=1#15
: | 1 YES
i | \ourpur "BRAKES"/
| BYTE-PORT5 BRAKES=15:
« BRAKE VALVE = 1
BRAKE LIGHT =« 2
515 BRAKE LT INDIC - 4
NO EMSTOP INDIC = 8
l K=1000 5
i ¢ VES »* TURNS ON BAD TAK
- INDICATOR LIGHT

FIGURE A-12. AMTV uP CONTROLLER PROGRAM SUBROUTINE "EMSTPR"
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COSROENRIASRNERNENRRARERABOINBEERANOARIRNRNERCNOBORONERARNONINEORERNAnENS

MAIN [1] AMTV CONTROL PROGRAM
(REVISED 8/21/60) (COMMENTS ADDED 9/16/80)

SRRRRRRANARRNGNNNNGRGRGRNESARERNRNERRNSRANUENNNERNRNRNRNRNNROBENNANAES

PROGRAM MAIN
LOGICAL BADKD,BRAKES,COUNT,COUNT2,DSTRST ,EMSTOP ,FASTOP,
#F1,F1CNT, F1LAST F2, F20NT F2LAST F3,F3CNT, FBLAST,
*FY, FMCNT FYLAST,F5,F5CNT ,F5LAST,F6 ,F6CNT ,F6LAST,
®F7,FTCNT,FTLAST,F8, FBCNT FBLAST,F9,F9CNT,FILAST,
'F10,F1OCNT F10LST,
=KCNT2,KCOUNT KONE, KTHREF KTwO,L,L2 ,MALTAK,
SENRMSTP, PLUG, POWER RBRST, RDY1 RD!Z SLOWDN,
'TAKRDY,TKSLR,TMDSTP,TRMSTP,VMQRﬁI,WATRST.XCOUNT.XCOUNT
'LOGICAL KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
CRRAEHRAN N NN RN AR ERR R ERRN RN NN NNNNNREY
INTEGER ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD,BRKDLA,DIST,
#INCACC, INCEM,INCF ST, INCNRM, INCR,INCSLO,
#DISTM, DLA1 INPO INP1 INP1T,INP2, INP3, INPY,
®INPY, INTA INTD K L2HIGH L2LOwW LDIFF,LHxGH,
®LLOW, LSB,MAXRBD MSB MSBO KHCNT NUMOUT,PLATY,
'?WAIT,RBDIST,SAT1,SAT2,SLOPA,SLOPD,TAK1.TAKZ,
#TAK3, TAKOLD,TAKTOL , TPLAT ,VELCON,VELERR,VELMAX,VELOC,
#YMC, YMCOUT , WALITMX, X, Y
L L e T T Y R R Ly eyt ]y
COMMON /L/BADRD,BRAKES,COUNT,COUNT2 ,DSTRST, EMSTOP,FASTCP,
#F1,F1CNT,F1LAST,F2,F2CNT ,F2LAST ,F3,F3CNT,F3LAST,
®FY4 ,FACNT,FULAST,F5,F5CNT, FSLAST F6 FGCNT oFOLAST,
*F7,F7CNT,FTLAST,F8,F8CNT,F8LAST,F9, F9CNT,F9LAST,
'F10 F10CNT, F10LST,
'KCNTE,KCOUNT,KONE,KTHREE,KTNO,L,LE,MALTAK,
#NRMSTP,PLUG, POWER, RBRST, RDY1,RDY2, SLOWDN,
#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
COMMON /L1/KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
CHUBBERRENERINENNNERENGER NN ENNEONRERNRRRRRREARNRRNORARENRERRNN
COMMON /I/ABSTAK,ABSVEL,ACCEL,ACCMAX, ACCOLD,BRKDLA,DIST,
®INCACC,INCEM,INCFST,INCNRM,INCR,INCSLO,
#DISTM,DLA1,INPO,INP1,INP17,INP2,INP3,INPY,
®#INPQ,INTA,INTD,K,L2HIGH,L2LOW, LDIFF,LHIGH,
% #LL.OW, LSB,MAXRBD ,MSB, MSBO,K4CNT, NUMOUT, PLATT,
: ®#PWAIT,RBDIST,SAT1,SAT2,SLOFA,SLOPD,TAK1,TAK2,
: #TAK3,TAKOLD,TAKTOL, TPLAT,VELCON,VELERR,VELMAX,VELOC,
| #YMC, VMCOUT HAITMX x b4
} @ cnunnununlnQconaucnnnuunanuuonnucnnuunlunnluunuuouulﬁnnnnunuiuiu :
‘ Ceasusssns THIS IS THE BEGINNING OR RESET POINTHEREESEERRSRNNEES i
; C NEXT SUBR DOWNLOADS ALL VARTABLES AND CONSTANTS INTO RAM AND GIVES L
' C INITIAL CONDITIONS TO ALL OF THEM
CALL DNLOAD
C NEXT SUBR PERFORMS I/0 OF MOST VARIABLES AND SCALES SOME OF THEM
100 CALL DATAIO

c
c
c
c
c
c

-




C NEXT SUBR READS TWO DIGITAL TACHOMETERS
CALL TACHRD
C NEXT SUBR SETS OR CLEARS APPROPRIATE FLAGS BASED ON LATEST TTL INPUTS
CALL FLGSET
C NEXT STATEMENTS ALLOW IMMEDIATE BRANCH TO EMERG STOP ROUTINE
. IF INDICATED BY ONE OF THE LATEST INPUTS
IF(EMSTOP.EQ.1) CALL EMSTPR
C NEXT SUBR DETERMINES NEW CONTROL VELOCITY
CALL CTRLV
C NEXT EXPRESSION CALCULATES VELOCITY ERROR
VELERR=VELCON-TAK1
c NEXT EXPRESSIONS USED TO OUTPUT FLAG AND SPEED DATA VIA DAC
C KACCEL=F3#%10+F}#204F6%30+F10%40
C KACCEL=TAK2/20
c CALL POKE(=17,KACCEL)
c KTAK=TAK1/20
c CALL POKE(~-18,KTAK)
c NEXT EXPRESSION RESCALES ACCEL FOR LATER USE
ACCEL=(TAK1-TAKOLD) #256
C NEXT SUBR DETERMINES IF THEIR IS A RUNAWAY CONDITION
CALL RUNWAY
IF(EMSTOP.EQ.1) CALL EMSTPR
NEXT WE DETERMINE IF ACCELERATION OR DECELEKAIION IS CALLED FOR
BY COMPARING CONTROL AND ACTUAL VELOCITY; BUT FIRST, ARE WE IN THE
MIDDLE OF A TIMED STOP? VARIAELE KTWO=3 DURING TIMED STOP PERIOD
IF(KTWO.EQ.3) GO TO 160
IF((VELCON-7AK1).LE.0) GO TO 150
140 CALL ACCELR
GO TO 100
150 CALL DECEL
GO TO 100
160 CALL TSTOP
GO TO 100
END

(s ReoNe!
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cl!l!.llll.lll!!lll|Il|!|l!!!llll||lllllllll!'l!lllllll!!lllll!!l!l!llll
p ;
C SUBROUTINE DNLOAD [2]...DOWNLOADS AND INITIALIZES VARIABLES INTO RAM
¢ (REV. 7/15/8¢) (COMMENTS ADDED 9/16/80)
c
CQlllllQilllilllll!!'!ll!l!!!llllIlllllll!ﬂll!!.!Illlllljllliilllil!!lllll
SUBROUTINE DNLOAD
LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST,EMSTOP,FASTOP,
®F1,F1CNT, F1LAST F2, cmur FaLAST F3 F3CNT,F3LAST.
*FY, FHCNT F4LAST,F5, Fscur FSLAST,F6 ,F6CNT ,F6LAST,
®F7,FTCNT,FTLAST, FS,FBCNT FBLAST,F9,F9CNT,FILAST,
'F10,F1OCNT,F10LST,
®KCNT2 ,KCOUNT ,KONE ,KTHREE,KTWO, L, L2 ,MALTAK,
$NRMSTP, PLUG, PONER, RBRST,RDY1,RDY2, SLOWDN,
#TAKRDY, TKSLR TMDuTP rnmswp VMCRST , WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE KLIVE KPLUG,KPOWER,LIVE,PLGLST
clll!l!l!llllil!!l!!l!!!l.'l!l|l||ll'll!llllll!lll!!l!!l!llllll!l
INTEGER ABSTAK,ABSVEL,ACCEL,ACCMAX, ACCOLD,BRKDLA,DIST,
'INCACC,INCEM,INCFST,INCNHM,INCR,INCSLO,
#DISTM,DLA1,INPO,INP1,INP17,INP2,INP3,INPY,
®INP9,INTA,INTD,K,L2HIGH,L2LOW,LDIFF,LHIGH,
#LLOW,LSB,MAXRBD ,MSB,MSBO,K4CNT, NUMOUT ,PLAT1,
#PWAIT, RBDIST,SAT1,SAT2,SLOPA,SLOPD,TAK1,TAK2,
#TAK3, TAKOLD, TAKTOL , TPLAT,VELCON ,VELERR , VELMAX , VELOC,
#YMC, VMCOUT, WALTMX, X, Y
ci!llllﬂ!lliQlllllllllllilllllC!!il!llll!!!llllll!ll!!l!lll!!!l
COMMON /L/BADRD,BRAKES,COUNT,COUNT2 ,DSTRST,EMSTOP,FASTOP,
#F1,F1CNT,F1LAST ,F2 ,F2CNT ,F2LAST ,F3,F3CNT,F3LAST,
#F4 FUCNT,FYLAST,F5,F5CNT,F5LAST,F6 ,F6CNT,FOLAST,
#F7,F7CNT,FTLAST,F8,F8CNT ,F8LAST,F9,F9CNT,FILAST,
#F10,F10CNT,F10LST,
#KCNT2 ,KCOUNT ,KONE ,KTHREE ,KTWO, L, L2 ,MALTAK ,
#NRMSTP, PLUG, POWER, RBRST,RDY1,RDY2, SLOWDN,
#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
COMMON /L1/KBRAKE ervs KPLUG KPOWER LIVE PLGLST
COClillhll!l!lllllll!llli!!lll..l!.lll!lii!!il!l!lQI!IGQQQ!C&!C!
COMMON /I/ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD,BRKDLA,DIST,
'INCACC,INCEM,INCFST,INCNRM,INCR,INCSLO,
#DISTM,DLA1,INPO,INP1,INP1T,INP2,INP3,INPY,
#INP9,INTA,INTD,K,L2HIGH,L2LOW,LDIFF,LHIGH,
#1.LOW,LSB,MAXRBD ,MSB, MSBO,K4CNT, NUMOUT, PLAT1,
#PWAIT, RBDIST,SAT1,SAT2,SLOPA,SLOPD,TAK1,TAK2,
#TAK3, TAKOLD, TAKTOL , TPLAT,VELCON,VELERR , VELMAX , VELOC,

#YMC, VMCOUT, WAITMX,X,Y
W L L XTI YT TIY YL ITATSATIL2LL2RARIAIZR LR LTS ALLLZAZ2LLL

CHRSRRERREN NSRRI R RN RN RN RN RN RN RN RN
CRASNENENSRERERERE DOWNLOAD INTEGER VARIABLES SUNRSRRIRNUNESERORRNESES
CHENNRRRE S ERE RN R RN B RN RCRRRRRRE NN RN RSN RRRERRENENERERRREY
ABSTAK=0
C SPARE VARIABLE
ABSVEL=0
C ABSOLUTE VALUE OF VELOCITY FROM DIG TACH #1

e RIS WP v e




!.
é

S

c

ACCEL=0
ACCELERATION (TAK1-TAKOLD)
ACCMAX=5376
MAXIMUM ALLOWED ACCELERATION
BRKDLA=0
BRAKE HOLD DELAY TIME, PREVENTS ROLLBACK
DIST=0

SCALED DISTANCE REG. CONTAINING DISTANCE PAST PASSENGER STOP MAGNET

TRUE DISTANCE = 10,500 CTS/FT. SCALED DIST IS TRUE/8
DISTM=11150

SCALED DIST FRM TRAM STP BUTTON € WHICH CNTRL VEL DROPS TO 0

SAME SCALING AS VARIABLE DIST ABOVE,
DLA1=5

MAXIMUM BRAKE HOLD DELAY TIME (50/SEC)
INCEM=1

SUBSTITUTED FOR "INCR"™ DURING CERTAIN CASES
INCFST=T7

SUBSTITUTED FOR "INCR"™ DURING CERTAIN CASES
INCNRM=4

SUBSTITUTED FOR "INCR" DURING CERTAIN CASES
INCSLO=3

SUBSTITUTED FOR "INCR" DURING CERTAIN CASES
INCACC=2

SUBSTITUTED FOR "INCR"™ DURING ACCELERATION
INCR=0

INCREMENT USED IN M/C INCREMENTING EQUATIONS
INPO=0

INTEGER VALUE OF BYTE READ FROM PORT #0
INP1=0

INTEGER VALUE OF BYTE READ IN FROM PORT #1
INP17=0

INTEGER VALUE READ IN FROM PORT #17
INP2=0

INTEGER VALUE OF BYTE READ IN FROM PORT #2
INP3=0 :

INTEGER VALUE OF BYTE READ IN FRQM PORT #3
INPA=0

INTEGER VALUE OF BYTE READ IN FROM PORT #4
INP9=0

INTEGER VALUE OF BYTE READ IN FRQM PORT #9
INTA=0

INTERCPT:VEL ERROR VS ACCMAX CURVE FOR ACCELERATION
INTD=0

INTERCEPT :VEL ERROR VS ACCMAX CURVE FOR DECELERATION
K=0

SPARE VARIABLE

‘ L2HIGH=0

HIGH ORDER BYTE FOR TAK2
L2LOW=0

LOW ORDER BYTE FOR TAK2
LDIFF=0

C DIFFERENCE BETWEEN TAK1 AND TAK2

e

o



LHIGH=0
C HIGH ORDER BYTE FOR TAK1
LLOW=0
C LOW ORDER BYTE FOR TAK1
LSB=0
C SPARE VARIABLE
MAXRBD=2600
C MAXIMUM ALLOWED ROLL BACK DISTANCE DIVIDED RY 8 TRUE,
C TRUE SCALE FACTOR IS (10,500 CTS/FT)
MSB=0
C SPARE VARIABLE
MSBO=0
C SPARE VARIABLE
K4CNT=0
C COUNTER !ISED FOR HONKING HOR
NUMOUT=0 :
C SPARE VARIABLE
PLAT1=200
C PLATEAU TIME PERIOD MAXIMUM VALUE (50/SEC)
| PWAIT=0
; C PASSENGER STOP WAIT PERIOD REG. (50/SEC)
RBDIST=0
C ROLLBACK DISTANCE REGISTER
SAT1=5376
C MAXIMUM (SATURATION LEVEL) FOR ACCMAX CURVE
SAT2==5376
C MAXIMUM (SATURATION LEVEL) FOR DECEL MAX CURVE
SLOPA=10
C SLOPE:VEL ERROR VS ACCMAX CURVE FOR ACCEL
SLOPD=10
C SLOPE:VEL ERROR VS ACCMAX CURVE DURING ACCEL
TAK1=0
C PRESENT VALUE OF DIG. TACH. #1
TAK2=0
C PRESENT VALUE OF DIG. TACH. #2
TAK3=0
C SPARE VARIABLE
TAKOLD=0
3 C LAST VALUE OF DIG TAK1
! TAKTOL=200
C LARGEST ALLOWABLE DIFFERENCE BETWEEN TAK1 AND TAK2
TPLAT=0
C PLAT. TIME PRD REG FOR 2 STAGE ACCEL, (50/S)
VELCON=0
' C CONTROL YELOCITY
i VELERR=0
‘ C VELOCITY ERROR (CONTROL-ACTUAL)
T VELMAX=2300 |
‘ C MAXIMUM ALLOWED VEHICLE VELOCITY ( APPROXIMATELY 310/1 MPH)
VMC=0
MOTOR CONTROL VOLTAGE [0-255]=[0-10VOLTS]
VMCOUT=0

Q
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C
c
c

c

SCALED MTR CNTRL VOLTS FOR DAC
WAITMX=150

WAIT PERIOD DURING TIMED STOP (50/SEC)
X=50

VEL TOL ABOVE WHICH MTR USED TO HLD VELOC=0,DIG TAK (310/MPH)
Y=20

SPARE VARIABLE

CRESHRRNENENERNRRAGERENSRNNERRERRRGRABRNERRNREORRRER NN RUANERNONANE

C SEASERNEARNERERARER NOW DOWNLOAD LOGICAL VARIABLES SEGRERARBRERRRENS
cll!llllIl!llll!!lllIll.llllill!!l.l!!!!lll!III'!'ll!lll.llllll!llilll
BADRD=0
C REGISTER FOR # OF TIMES LDIFF > TAKTOL
BRAKES=0
C HYDRAULIC BRAKES VALVE CNTRL SIG. ON=1
COUNT=0
C REG., # OF TIMES ONLY ONE TACH READY TO READ |
COUNT2=0 i
C REG. # OF TIMES THAT NO DIG TACH READY TO READ
DSTRST=0
C DISTANCE REGISTER RESET FLAG PROGRMD STOPS,1=RESET
EMSTOP=0
C EMERGENCY STOP FLAG , STOP=1
F1=0
C EMERG STOP PB SWITCH
F1CNT=0
C COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES Fi=1
F1LAST=0
C HOLDS LAST VALUE OF F1 UNTIL F1 HAS REMAINED FLIPPED FOR N TIMES
F2=0
C BUMPER SWITCH
F2CNT=0
C COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES F2=1
F2LAST=0
C HOLDS LAST VALUE OF F2 UNTIL F2 HAS REMAINED FLIPPED FOR N TIMES
F3=0
C PRIMARY SENSOR, DETECTS SOMETHING=1
| F3CNT=0 :
C COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES F3=1
b F3LAST=0
| C HOLDS LAST VALUE OF F3 UNTIL F3 HAS REMAINED FLIPPED FOR N TIMES
F4=0
C SECONDARY SENSOR, DETECTS SOMETHING=1
FUCNT=0
C COUNTER USED TO COUNT NUMBER OF CONSECUTIVE TIMES Fi=1
F4LAST=0 ;
C KEEPS LAST VALUE OF F4 UNTIL F4 HAS REMAINED FLIPPED FOR 5 CONSECUTIVE TIMES ;
F5=0 i
C LEFT TURN SENSOR, DETECTS SOMETHING=1
F5CNT=0
C COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES F5=1
FSLAST=0
HOLDS LAST VALUE OF F5 UNTIL F5 HAS REMAINED FLIPPED FOR N TIMES




F6=0

BOARDING TAPE SWITCH, CLOSED=1
F6CNT=0
COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES Fé6=1
F6LAST=0
HOLDS LAST VALUE OF F6 UNTIL F6 HAS REMAINED FLIPPED FOR N TIMES
F7=0
LOSS OF WIRE SIGNAL, LOST=1
FTCNT=0
COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES F7=1
FTLAST=0
HOLDS SAST VALUE OF F7 UNTIL F7 HAS REMAINED FLIPPED FOR N TIMES
F8=0
STEERING ANGLE INDICATOR, TURNING=1
F8CNT=0
COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES F8=1
FBLAST=0
HOLDS LAST VALUE OF F8 UNTIL F8 HAS REMAINED FLIPPED FOR N TIMES
F9=0
HYDRAULIC SYSTEM LOW PRESSURE, LOW=1
FYCNT=0
COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES F9=1
FGLAST=0
HOLDS LAST VALUE OF F9 UNTIL F9 HAS REMAINED FLIPPED FOR N TIMES
F10=0
ROAD MARKER DETECTION SIGNAL, DETECT=1
F10CNT=0
COUNTER USED TO COUNT # OF CONSEQUTIVE TIMES F10=1
F10LST=0
HOLDS LAST VALUE OF F10 UNTIL F10 HAS REMAINED FLIPPED FOR N TIMES
FASTOP=0
FAST STOP FLAG, STOP=1
KBRAKE=0
USED IN SUBR DATAIO, RETAINS VALUE OF BRAKES
KCNT2=0
REGISTER FOR # OF TIMES NEITHER DIG TAK READY TO READ
KCOUNT=0
REGISTER FOR # OF TIMES ONLY ONE DIG TAK READY TO READ
KLIVE=0
USED IN SUBR DATAIO,RETAINS VALUE OF LIVE
KPLUG=0
USED IN SUBR DATAIO, RETAINS VALUE OF PLUG
KPOWER=0
USED IN SUBR DATAIO, RETAINS VALUE OF POWER
KONE=0
SPARE VARIABLE
KTWO=1 :
USED AS FLAG TO INDICATE TIMED STOP UNDERWAY (KTWO=3 DURING TIMED STOP)
L=0
STATUS REGISTER FOR TAK1
L2=0

STATUS REGISTER FOR TAK2

T Mm.m:mﬂ.&am;m,w@mﬂm ey




LIVE=0
C INITIAL VALUE FOR QUTPUT PORT 6

MALTAK=0
C USED TO LIGHT TACH MALFUNCTION INDIC. LT. 1=LT ON
NRMSTP=0
. C NORMAL STOP FLAG, STOP=1
| PLUG=0
| C MOTOR CONTROL PLUG/NO PLUG CONTROL:PLUG=0>FORWARD MOTION
| PLGLST=0
1 | C LAST VALUE OF PLUG USED IN SUBR DATAIO
\ < POWER=1
: : C USED TO HOLD MAIN PWR RELAY CLOSED, 1zCLOSED
4 ﬁ RBRST=0
[ C ROLLBACK DIST. REG. RESET FLAG, 1=RESET
RDY1=0
C FLAG FROM TACH 1 INDIC READY TO BE READ
; RDY2=0
/ , C FLAG FROM TACH 2 INDIC READY TO BE READ
) | SLOWDN=0
, C SET=1 IN SUBR. FLGSET IF PRIMARY SENSOR OR STEERING ANGLE ARE ON
; TAKRDY=0
C TACH. OUTPUTS READY FOR READING
TKSLR=1
C USED AS FLAG INDICATING BAD TACHOMETER
TMDSTP=0
C TIMED STOP FLAG, 1=SET
TRMSTP=0
; C SET AFTER ROAD MRKR DETECTED, USED IN TIMED STOP
VMCRST=0
C RESET FLAG USED IN DECEL WHEN FAST STOP MUST BE MADE
WATRST=0
} C PASSENGER WAIT REG RESET FLG, 1=RESET
XCOUNT=5
| C MAX # "COUNT" CAN REACH, THEN EMERGENCY ACTION. USED IN SUBR TACHRD
» YCOUNT=5
C MAX # "COUNT2" CAN REACH,THEN EMERGENCY ACTION, USED IN SUBR TACHRD
RETURN
END

L Nel WOELSELT
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CHENBERERRNRRNABRRRNENAERNENRRBERGERNERRRGREEENRNGUNAREREGRORRANORERE

TACHRD [4]....TACHOMETER READING SUBROUTINE
(REVISED 8/11/80) (COMMENTS ADDED 9/16/80)

(o Ne NeoNeRe]

CREGHERRERENRRRERARERRERE AN NN NERAEENERRARRNRNRRNEERNAGNGENENEREN
C THIS SUBR READS AND COMPARES DIGITAL TACH!S.
< C IF THE DIGITAL TACH'S DONT AGREE (W/IN TOLERANCE) WITH ONE ANOTHER
C AN EMERGENCY STOP FLAG IS SET.
SUBROUTINE TACHRD
LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST,EMSTOP,FASTOP,
#F1,F1CNT, F1LAST F2, FacNT F2LAST F3,F30NT F3LAST,
SRy Fucur 'FULAST FS.F5CNT,F5LAST F6 ;F6CNT ,F6LAST ,
'F',F7CNT FTLAST,F8,F8CNT,F8LAST,Fo,F9CNT,FOLAST,
#F10,F10CNT,F10LST,
'KCNT2,KCOUNT,KONE,KTHREE,KTWO,L,LE,MALTAK, ,
#NRMSTP, PLUG, POWER, RBRST,RDY1,RDY2, SLOWDN,
#TAKRDY, TKSLR TMDSTP TRMSTP, vucnsr WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE KLIVE KPLUG,KPOWER,LIVE, PLGLST
cllllllllll!lilll!l!llll!lll!!lllllll!Illllll!l!lllllll!lll!lll!
INTEGER ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD,BRKDLA,DIST,
#INCACC, INCEM, INCF ST, INCNRM, INCR,INCSLO,
#DISTM,DLA1,INPO,INP1,INP1T,INP2,INP3,INPY,
#INP9,INTA,INTD,K,L2HIGH,L2LOW,LDIFF,LHIGH,
#1.1.0W, LSB,MAXRBD , MSB, MSBO, K4CNT, NUMOUT, PLAT1,
®PWAIT, RBDIST,SAT1,SAT2,SLOPA,SLOPD, TAK1,TAK2,
#TAK3, TAKOLD, TAKTOL, TPLAT,VELCON,VELERR, VELMAX ,VELOC,
#YMC, VMCOUT, WAITMX, X, Y
Clllll!lll!lllllllllil!llllllilllll!lI!lllllllllllllll!!l!ll.!tl
COMMON /L/BADRD,BRAKES,COUNT,COUNT2 ,DSTRST, EMSTOP,FASTOP,
#F1,F1CNT,F1LAST,F2,F2CNT ,F2LAST,F3,F3CNT,F3LAST,
*pY rucur F4LAST,F5,F5CNT,F5LAST,F6 ,F6CNT,F6LAST,
i 'F?,F?CNT F7LAST, FB FSCNT F8LAST,F9,F9CNT,F9LAST,
§ - %F10,F10CNT,F10LST,
3 , ’KCNTa,KCOUNT,KONE,KTHREE,KTWO,L,L2,MALTAK,
i 2 . #NRMSTP,PLUG, POWER, RBRST,RDY1,RDY2, SLOWDN,
{ ! ®TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
' | COMMON /L1/KBRAKE KLIVE KPLUG KPOWER,LIVE,PLGLST
clll!Ql&i&l.l!llll!l!lll.l!'lllIll.lllllllﬂll!illllli!l!ll!llll!
; COMMON /I/ABSTAK,ABSVEL, ACCEL,ACCMAX, ACCOLD ,BRKDLA,DIST,
| #INCACC, INCEM, INCFST, INCNRM INCR ,INCSLO,
! #DISTM,DLA1, INPO INP1 INP17,INP2,INP3, INPY,
#INP9, INTA INTD x L2HIGH L2LOW, LDIFF , LHIGH,
#LLOW,LSB, MAXRBD MSB MSBO xucur NUMOUT ,PLAT1,
5 'PWAIT,RBDIST,SAT1,SATE,SLOPA,SLOPD,TAK1,TAK2, :
5 - #TAK3,TAKOLD, TAKTOL, TPLAT,VELCON,VELERR, VELMAX , VELOC, | i
| #YMC, VMCOUT , WAITMX, X, Y
i 1 c.l!li!ll!lll!lll!llIIII'Ililiﬁllll.ll!lll!lll.il'!lll.llillllll
j cllll!Ql!ltlll!llll..ll!!ll!Ilﬁl!l.ll.l!!I'!I!Il!ll!ll.l'lllllll
C FIRST RESET APPROPRIATE COUNTERS
LREG=0
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C "LREG"= COUNT UP REGISTER, NUMBER OF TIMES ONLY ONE DIG TAK READY TO READ
LLREG=0
C "LLREG"= COUNT UP REG FOR NUMBER OF TIMES BOTH DIG TAKS NOT READY TO READ
clll!lilllllllQIQII!ll!!llll!l!lil!ll!!i!l!lll.l.lllll!ill!!ll!!l.
C CHECK IF TACH READY FLAGS ARE SET ON BOTH DIGITAL TAKS
C FIRST CLEAR RDY STATUS FLAGS
600 RDY1=0
RDY2=0
C NOW INPUT WORDS CONTAINING STATUS
L=INP(16)
L2=INP(32)
C READY STATUS APPEARS IN BIT 1; NEXT STATEMENTS DETECT STATUS OF READY
IF((L.,AND.2).EQ.2) RDYi=1
IF((L2.AND.2).EQ.2) RDY2=1
C ARE BOTH DIG TACHS READY TO BE READ?
IF((RDY1.AND.RDY2).EQ.1) GO TO 640
C NO? THEN ARE EITHER READY?
IF((RDY1.0R,RDY2).EQ.1) GO TO 610
GO TO 630
C NO? THEN GO COUNT HOW MANY TIMES THAT THIS HAS OCCURED THEN TRY AGAIN
C NEXT COUNT HOW MANY TIMES ONLY ONE TACH WAS READY TO BE READ
610 LREG=LREG+1
IF(LREG.LT.5000) GO TO 600
C IF 5000 IS EXCEEDED THEN ONLY ONE DIG TACH IS WORKING i
C SET BAD TAK FLAG FOR PANEL INDICATOR
TKSLR=3
C SET EMERGENCY STOP FLAG
EMSTOP= 1
RETURN
C COUNT HOW MANY TIMES NEITHER DIG TACH WAS READY
630 LLREG=LLREG+1
C IF THIS COUNT EXCEEDS 5000 BETTER CALL FOR EMERGENCY STOP
IF(LLREG.LT.5000) GO TO 600
C GUESS WE CAN'T READ EITHER DIG TACH! BETTER STOP
C SET BAD TAK INDIC FLAG AND EMERGENCY STOP FLAG
TKSLR=3
l EMSTOP=1
‘ RETURN ;
X C BOTH DId TACHS READY TO READ, LETS READ AND COMPARE! :
f C BUT FIRST STORE OLD TAK1 VALUE FOR USE IN DETERMINING ACCELERATION :
640 TAKOLD=TAK1
C FIRST INPUT LOW AND HIGH ORDER WORDS FROM TAK1 BOARD ;
LLOW=INP(17) ;
, LHIGH=INP(18) ;
' C NEXT, INPUT LOW AND HIGH ORDER WORDS FROM TAK2 BOARD
| L2LOW=INP(33)
: L2HIGH=INP(34)
i ~ C TAK BOARDS DON'T KNOW FROM 2'S COMPLEMENT!! RESCALE TO INTEGER
: IF(LLOW.LT.0) LLOW=256+LLOW
IF(L2LOW.LT.0) L2LOW=256+L2LOW
C NOW COMBINE LOW AND HIGH ORDER WORDS INTO ONE 16 BIT INTEGER
TAK1=LLOW+256 #*LHIGH
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TAK2=zL2LOW+256 #L2HIGH
C NEXT CHECK STATUS WORD FOR TACH (VEHICLE) DIRECTION
C THEN APPLY PROPER SIGN TO TAK VARIABLES
IF((L2.AND,1),EQ.1) TAK2=-TAK2
C NEXT TWO LINES CHECK FOR BOTH DIG TAKS OFF-LINE AND MTR CNTRLR ON
IF(VMC.LT.50) GO TO 642
IF((TAK1.0R.TAK2).EQ.0) GO TO 644
C THE FOLLOWING 2 LINES CHECK FOR OUT=OF-LIMITS DIFF BETWEEN DIG TAKS
642 LDIFF=IABS{TAK1=TAK2)
IF(LDIFF.LT.TAKTOL) GO TO 649
GO TO 643
644 BADRD=BADRD+2
| GO TO 645
j 643 BADRD=BADRD+2
C NEXT STATEMENT ALLOWS TAKS TO READ DIFFERENT VALUES FOR 50 TIMES
645 IF(BADRD.LT.50) GO TO 650
C IF BADRD>50 SET BAD TAK AND EMERG STOP FLAGS
641 TKSLR=3
EMSTOP=1
RETURN
C CLEAR BADRD COUNTER
649 BADRD=0
650  RETURN
C ANY ANALOG TACH READ ROUTINE CAN BE PUT BELOW., USE ANTAK.FOR
END

e AR Y
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c

c CTHLV [8Jeeseso+ESTABLISHES CONTROL VELOCITY
c
c (REVISED 7/14/80) (COMMENTS ADDED 9/16/80)
c
c

SRR RUNVAREARINNRAREREGEOERARANARNERERNNENGUNRRAREENOERRRANEN
SUBROUTINE CTRLV
LOGICAL BADRD,BRAKES,COUNT,COUNT2 ,DSTRST ,EMSTOP,FASTOP,
#F1,F1CNT, F1LAST,F2 , F2CNT, F2LAST, 3, F3CNT, F3LAST,
¥FY F4CNT  FYLAST ,F5 FSCNT , FELAST F6 ,F6CNT , FGLAST,
®F7 ,F7CNT , FTLAST ,F8 ,FBCNT , FLAST ,F9 , FOCNT , FOLAST,
*F10,F10CNT,F10LST,
#KCNT2 ,KCOUNT , KONE , KTHREE , KTHO, L, L2 , MALTAK,,
#NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2 , SLOKDN,
®TAKRDY , TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
CRESEERNNNRRERRRNNENNRENGEARENREEUNOGERREENERENARBENRNNRORNNANES
INTEGER ABSTAK,ABSVEL,ACCEL,ACCMAX, ACCOLD,BRKDLA,DIST,
#INCACC, INCEM, INCFST,INCNRM,INCR,INCSLO,
#DISTM,DLA1,INPO, INP1,INP17,INP2,INP3, INPY,
#INP9,INTA,INTD,K,L2HIGH,L2LOW, LDIFF, LHIGH,
#1,L.OW,LSB,MAXRBD ,MSB,MSBO ,K4CNT, NUMOUT , PLATY ,
#PWAIT , RBDIST, SAT1,SAT2,SLOPA,SLOPD,TAK1,TAK2,
#TAK3, TAKOLD, TAKTOL , TPLAT, VELCON , VELERR , VELMAX , VELOC,
#VMC, VMCOUT, WAITMX, X, ¥
CHERRESR AN BERRR NN AR RRRERRIRRN AR RN RGN RRTRERR RN
COMMON /L/BADRD,BRAKES,COUNT, COUNT2 ,DSTRST, EMSTOP,FASTOP,
*F1,F1CNT,F1LAST,F2,F2CNT,F2LAST,F3,F3CNT ,F3LAST,
#FL , F4CNT, FULAST, F5 ,F5CNT, FSLAST,F6 ,F6CNT, F6LAST,
®F7,F7CNT, FTLAST,F8,FBCNT ,F8LAST ,F9,FOCNT ,FOLAST,
#F10,F10CNT,F10LST,
¥KCNT2 ,KCOUNT , KONE ,KTHREE , KTHO, L, L2 MALTAK,,
¥NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2, SLOWDN,
#TAKRDY , TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
COMMON /L1/KBRAKE,KLIVE,KPLUG,KPOWER,LIVE, PLGLST
AL R L et I R R R e R Ry Y e e e Yy ssy]
COMMON /I/ABSTAK,ABSVEL,ACCEL,ACCMAX, ACCOLD,BRKDLA,DIST,
SINCACC, INCEM, INCFST,INCNRM, INCR, INCSLO,
WDISTM, DLAT, INPO, INP1, INP17, INP2, INP3, INPY
#INPO, INTA,INTD,K, L2RIGH, L2LOW, LDIFF, LHIGH,
SLLOW, LSB,MAXRBD ,MSB, MSBO, K4CNT, NUMOUT , PLAT1 ,
®PWALT, RBDIST ,SAT ,SAT2 , SLOPA, SLOFD, TAK1,TAK2,
#TAK3, TAKOLD, TAKTOL , TPLAT, VELCON , VELERR , VELMAX, VELOC,

#YMC, VMCOUT, WAITMX, X, Y
CHEEREEN RN NN SRR RN RE RN NN RN RGN EEE RN ERRRRRARRE NS

Cﬂ.‘llllll!llOl!.!.'l'llllllllQ.lllll!lﬂ.l..'....’..QCQCQQQCQC.Q

C EITHER FASTOP OR NRMSTP MUST BE SET TO COMMAND VELOCITY =0
IF((FASTOP,OR.NRMSTP),NE.1) GO TO 910

905 VELCON=0
RETURN

C TRMSTP INDICATES ROADSTOP (MAGNET) MUST MAKE TWO-STAGE MEASURED TYPE
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C STOP
910 IF(TRMSTP.NE.1) GO TO 930
C CONTROL VELOCITY OF 620 = 2 MPH
VELCON=620
C MAKE SURE STOPPING DISTANCE COUNTER IS ZERO'D AT BEGINNING OF STOP
IF(DSTRST.EQ.1) GO TO 920
DSTRST=1
DIST=0
C MUST SCALE DOWN DIST TO REMAIN BELOW 32,768
C TAK1 UNSCALED = 10,500 CTS/FT
C DISTM IS MAXIMUM DIST ALLOWED PAST MAGNET THEN STOP IS COMMANDED
920 IF(DIST.GE.DISTM) GO TO 905
DIST=DIST+(TAK1/8)
RETURN
930 DSTRST=0
IF(TMDSTP.EQ.1) GO TO 905
IF(SLOWDN,NE.1) GO TO 940
C SLOWDN=1 FOR PRIM SENS AND TURNING INDIC; 2 MPH= 620
VELCON=620
RETURN
C STATEMENTS BELOW USED FOR TWO STAGE ACCEL. FROM STOP
C VEHICLE MUST ATTAIN AT LEAST 1.75 MPH BEFORE PLATEAU TIME PERIOD STARTS
940 IF(TPLAT.GT.PLAT1) GO TO 950
IF(TAK1.LT.550) GO TO 942
TPLAT=TPLAT+1
942 VELCON=620
RETURN
C CONTROL VELOCITY OF 2000 = 6,8 MPH
950 VELCON=2000
RETURN
END
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SUBROUTINE FLGSET [5]..SETS FLAGS BASED ON TTL INPUTS
(REVISED 7/31/80) (COMMENTS ADDED 9/18/80)

SRR RN AR RN RN ENRERRANNERERARRNNONENONEORURERROORANRANNS

SUBROUTINE FLGSET
LOGICAL BADRD,BRAKES,CGUNT,COUNT2,DSTRST,EMSTOP,FASTOP,
*F1,F1CNT, F1LAST,F2 FACNT, FALAST, F3, F3CNT, F3LAST,
®F)j | FUCNT ,FALAST  F5, F5CNT FSLAST , F6 ,F6CNT F6LAST,
®F7,FTCNT,FTLAST,F8 F8CNT ,FBLAST ,F9 ,FOCNT , FOLAST,
#F10,F10CNT,F10LST,
¥KCNT2 ,KCOUNT , KONE , KTHREE, KTWO, L, L2 ,MALTAK,,
SNRMSTP, PLUG, POWER, RBRST, RDY1, RDY2 , SLOKDN,
#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST  WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE,KLIVE,KPLUG,KPOKER,LIVE,PLGLST
Cll'llﬂ!ﬁ""III.lII||ll"l.!'.'llll.-iil.llQCll....'l'l'..'ﬂ'll
INTEGER ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD,BRKDLA,DIST,
®INCACC,INCEM, INCFST,INCNRM,INCR,INCSLO,
#DISTM,DLA1,INPO,INP1,INP17,INP2,INP3,INPY,
®INP9,INTA,INTD,K,L2HIGH,L2LOW,LDIFF,LHIGH,
#LLOW, LSB,MAXRBD, MSB, MSBO, K4CNT, NUMOUT, PLAT1 ,
*PWAIT,RBDIST, SAT1,SAT2,SLOPA,SLOPD,TAK1,TAK2,
*TAK3, TAKOLD, TAKTOL , TPLAT , VELCON , VELERR , VELMAX , VELOC,
#YMC, VMCOUT, WAITMX, X, Y
W I AL L L L R Iy
COMMON /L/BADRD,BRAKES, COUNT, COUNT2 ,DSTRST, EMSTOP ,FASTOP,
®F1,F1CNT,F1LAST,F2,F2CNT ,F2LAST ,F3,F3CNT,F3LAST,
*FY ,F4CNT ,F4LAST ,F5 ,FSCNT ,F5LAST,F6 ,F6CNT ,F6LAST,
®F77,FTCNT ,FTLAST ,F8, FBCNT ,FBLAST ,F9 FOCNT ,FOLAST
*F10,F10CNT, F10LST,
¥KCNT2 ,KCOUNT , KONE ,KTHREE, KTWO, L, L2 ,MALTAK
#NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2, SLOWDN,
#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
COMMON /L1/KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
oL L R R L e Iy}
COMMON /I/ABSTAK,ABSVEL ,ACCEL,ACCMAX, ACCOLD ,BRKDLA ,DIST,
®INCACC, INCEM, INCFST , INCNRM, INCR, INGSLO,
#DISTM,DLA1, INPO, INF1, INP17, INF2, INP3, INPY ,
'INPQ,INTA,INTD,K,L2HIGH,LZLOH,LDIFF,LHIGH,
*LLOW, LSB,MAXRBD , MSB, MSBO, K4CNT, NUMOUT, PLAT1,
*PYAIT, RBDIST, SAT1,SAT2,SLOPA,SLOPD, TAK1,TAK2,
*TAK3, TAKOLD, TAKTOL , TPLAT, VELCON , VELERR, VELMAX , VELOC,
#YMC, VMCOUT, WAITMX, X, Y
CRENBAEERNNNEENANE NG RENRANNGENARRNERNNRERNNNNERENNERNGBRUENAERER
ol LA e L e e Ry}

C THE FOLLOWING 8 LINES OF CODE TOGGLE ON AND OFF THE SECONDARY

C SENSOR FLAG ONLY AFTER 5 CONSECUTIVE 0'S OR 1'S HAVE BEEN DETECTED,
IF(F4.NE,F4LAST) GO TO 425
F4CNT=0
FULAST=F}

Y
C
c
c
c
c
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430 FYeFYLAST
, GO TO 435
h25 FYCNT=FUCNT+1

IF(FACNT.LT.5) GO TO 430

FALAST=F4
C THE FOLLOWING 8 LINES OF CODE TOGGLE ON AND OFF THE EMERG, STOP
C PUSH BUTTON FLAG ONLY AFTER 5 CONSECUTIVE 0'S OR 1'S HAVE BEEN DETECTED.
435 IF(F1.NE,F1LAST) GO TO 470

F1CNT=0

F1LAST=F1
472 F1=F1LAST

GO TO 474
470 F1CNT=F1CNT+1

IF(FICNT,LT.5) GO TO 472

F1LAST=F1
C THE FOLLOWING 8 LINES OF CODE TOGGLE ON AND OFF THE BUMPER SWITCH
C FLAG ONLY AFTER 5 CONSECUTIVE 0'S OR 1'S HAVE BEEN DETECTED,
474 IF(F2.NE,F2LAST) GO TO 480

F2CNT=0

F2LAST=F2
482 F2=F2LAST

GO TO 484
480 F2CNT=F2CNT+1

IF(F2CNT,LT.5) GO TO 482

F2LAST=F2
C CALL FOR EMERG. STOP IF PANIC BUTTON OR BUMPER SW. ARE HIT
L84 IF((F1.0R.F2).EQ.1) CALL EMSTPR

C THE FOLLOWING 8 LINES OF CODE TOGGLE OM AND OFF THE PRIMARY
C SENSOR FLAG ONLY AFTER 5 CONSECUTIVE 0'S OR 1'S HAVE BEEN DETECTED,
IF(F3.NE.,F3LAST) GO TO 440
F3CNT=0
F3LAST=F3
442 F3=F3LAST
GO TO 444
440 F3CNT=F3CNT+1
IF(F3CNT.LT.5) GO TO 442
F3LAST=F3
C THE FOLLOWING 11 LINES OF CODE TOGGLE ON THE STRG. ANGLE INDIC,
C FLAG ONLY AFTER 5 CONSECUTIVE 1'S HAVE BEEN DETECTED.
C THIS FLAG CAN BE TURNED OFF ONLY AFTER 50 CONSEQUTIVE 0'S ARE DETECTED.
Lyy IF(F8,NE.FBLAST) GO TO 450
F8CNT=0
FBLAST=F8
452 F8=F8LAST
GO TO 408
450 IF(F8.EQ.0) GO TO 451
FBCNT=F8CNT+20
GO TO 453
451 F8CNT=F8CNT+2
453 IF(FBCNT.LT.100) GO TO 452
FB8LAST=F8
C IF PRIM. OR STRG. ANGLE FLAG IS ON GO SET SLOWDN FLAG=1
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408 IF((F3,0R.,F8),EQ.1) GO TO 405
SLOWDN=0
GO TO 407

405 SLOWDN= 1

407 CONTINUE

C THE FOLLOWING 8 LINES OF CODE TOGGLE ON AND OFF THE LOSS OF WIRE
C FLAG ONLY AFTER § CONSECUTIVE 0'S OR 1'S HAVE BEEN DETECTED.
IF(F7.NE.FTLAST) GO TO 460
FTCNT=0
FTLAST=F7
462 F7=F7LAST
G0 TO 410
460 F7CNT=F7CNT+1
IF(F7CNT.LT.5) GO TO 462
F7LASTsF]

C IF LOSS OF WIRE OR SEC, ARE ON GO SET FASTOP FLAG=1, OTHERWISE CLEAR
C THIS FLAG

410 IF((F7.0R,F4).EQ.1) GO TO U1}
FASTOP=0
VMCRST=0
KONE=0
G0 TO 15

C THE FOLLOWING TMDSTP FLAG CAN ONLY BE CLEARED BY COMPLETE STOP

C AND COMPLETION OF WAIT PERIOD, BOTH TMDSTP &TRMSTP FLAGS
C CLEARED IN SUBR,TSTOP

414 FASTOP=1
C IF BOARDING TAPE SW OR ROAD MARKER ARE ON SET TMDSTP=1
415 IF({F6.,0R.F10).NE.1) GO TO 420

C TMDSTP=1 CAUSES VEHICLE TO REMAIN STOPPED FOR PERIOD OF TIME AFTER
C IT HAS COME TO A STOP,
TMDSTP=1 .
C TRMSTP=1 CAUSES ACCURATE TWO STAGE MEASURED DECELERATION
C TO CORRECT STREET LOCATION
IF(F10.EQ.1) TRMSTP=z1
420 RETURN

C FLAGS F5 AND F9 HAVE BEEN REMOVED UNTIL CONNECTED ON VEHICLE
END




£

CREBARERRENRARUEUEREANNARNGRRNRNN RN RERNNN RGO RNRENTONERRRRNRNNNRANE

SUBROUTINE HLDSTL [14])....USED TO HOLD VEHICLE STATIONARY USING MTR
AND TO BRING TO STOP USING MTR DURING EMERG.

c
c
c
c
C (REVISED 7/31/80) (COMMENTS ADDED 9/18/80)

c
CHABRNRRREGERNRNEERENEREERANARRENA NN CURRNARAS RN EA RGN NANCGURRANGNES

SUBROUTINE HLDSTL

\ LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST, EMSTOP ,FASTOP,

. #*F1,F1CNT,F1LAST, F2,F2CNT,F2LAST,F3,F3CNT, F3LAST,
X #F Y F4CNT,F4LAST,F5 ,F5CNT, F5LAST,F6 ,F6CNT ,F6LAST,
*F7,F7CNT,F7LAST,F8,F8CNT,F8LAST,F9,FOCNT, FOLAST,
#F10,F10CNT,F10LST, "
#KCNT2 ,KCOUNT , KONE , KTHREE , KTWO, L, L2 ,MALTAK, |
! NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2, SLOWDN, i
#TAKRDY, TKSLR, TMDSTP, TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
i LOGICAL KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLCLST

CHRERRERAGARNEN SN EERERERNR R AN AN RRRNNRANEAGRUANRINANREANN
INTEGER ABSTAK,ABSVEL,ACCEL,ACCMAX, ACCOLD,BRKDLA,DIST,
#INCACC, INCEM, INCFST,INCNMM, INCR,INCSLO,
#DISTM,DLA1,INPO, INP1,INP17,INP2, INP3,INPY,
®INP9,INTA,INTD,K, L2HIGH, L2LOW, LDIFF, LHIGH,
#L.1.OW,LSB,MAXRBD, MSB, MSBO,K4CNT, NUMOUT , PLAT1,
®PWAIT,RBDIST,SATi,SAT2,SLOPA,SLOPD, TAK1,TAK2,
#TAK3,TAKOLD, TAKTOL, TPLAT,VELCON, VELERR, VELMAX , VELOC,
3 #YMC, VMCOUT, WAITMX, X,Y
CREGBRRRER AR NN RN RN R RN AR EN NN CRABRNRANNERENNARES
COMMON /L/BADRD,BRAKES,COUNT,COUNT2,DSTRST, EMSTOP,FASTOP,
) *F1,F1CNT,F1LAST,F2,F2CNT ,F2LAST,F3,F3CNT ,F3LAST,
3 #FY ,F4CNT,F4LAST,F5,F5CNT,F5LAST,F6 ,F6CNT,FOLAST,
*F7,F7CNT,FTLAST,F8,F8CNT,F8LAST,F9,F9CNT ,FLAST,
#F10,F10CNT,F10LST,
] #KCNT2 ,KCOUNT ,KONE,KTHREE, KTWO, L, L2 ,MALTAK,
#NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2, SLOWDN,
#TAKRDY , TKSLR, TMDSTP, TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
COMMON /L1/KBRAKE,KLIVE,XPLUG,KPOWER,LIVE,PLGLST
CHEREERERBARE R RN ARA RN AR RN R IR RN R RN ARR AR RN RERRRNES
COMMON /I/ABSTAK,ABSVEL, ACCEL, ACCMAX, ACCOLD,BRKDLA,DIST,
#INCACC, INCEM, INCFST, INCNRM, INCR,INCSLO,
#DISTM,DLA?, INPO, INP1,INP17, INP2,INP3, INFY,
#TNP9,INTA,INTD,K,L2HIGH, L2LOW, LDIFF,LHIGH,
%{,LOW,LSB,MAXRBD,MSB,MSBO,K4CNT,NUMOUT ,PLAT1,
#PWAIT,RBDIST,SAT1,SAT2,SLOPA,SLOPD,T4AKT,TAK2, '
#TAK3,TAKOLD, TAKTOL , TPLAT ,VELCON , VELEKR , VELMAX ,VELOC, :
\ ‘ #YMC, VMCOUT, WAITMX,X,Y ‘
c!!'lllll!lll!lllu.l!l!liiil!lillIil!lllllIl,lll!'lalilililllllii ‘
clil!ll.lill!ﬂlii&lill!&lulllil!illl!ii!ﬁil!Iil!ll!li'lll!ll!lll )\
C THIS SUBR. DOES NOT TRY TO CONTROL ACCEL, OR JERK ,
C IF STOPPED RETURN b
IF(TAK1.EQ.0) RETURN ; i
C CHECK FOR FORWARD OR REVERSE MOTION |

T T T —
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IF(TAK1.LT.0) GO TO 710
C IF DIDN'T BRANCH THEN MUST BE FORWARD MOTION
C IF ALREADY PLUGGING, JUST INCREMENT UP M/C VOLTS
IF(PLUG.EQ.1) GO TO 705
C IF NOT PLUGGING, AND M/C VOLTS ARE HIGH, THEN INCR DOWN
IF(VMC.GT.1) GO TO 703
C NOTE: PLUG=1 MEANS TO PLUG!1!
C VMC IS SMALL ENOUGH TO TURN OFF AND CALL FOR PLUGGING
VYMC=0
PLUG=1
RETURN
C REDUCE FORWARD VELOCITY IN NON-PLUG MODE BY REDUCING MTR CNTRL VOLTS
C NO ACCEL. OR JERK FEEDBACK USED,
703 VMC=VMC~-INCSLO
C M/C CONTROL VOLTS RANGE IS 0 TO +5 VOLTS
IF(VMC,LT.0) VMC=0
RETURN
C REDUCE FORWARD VELOCITY IN PLUGGING MODE BY INCREASE MTR CNTRL VOLTS
C OR..REDUCE REARWARD VELOCITY IN NON PLUGCING MODE,
705 VMC=VMC+INCSLO
C VMC=255 (EQUIVALENT TO 5.0 VOLTS DAC OUTPUT), MAX ALLOWED M/C INPUT
IF(VMC.GT.255) VMC=255
. RETURN
C REDUCE VEHICLE REARWARD VELOCITY
C REMEMBER PLUG=0 MEANS NOT PLUGGING
C BRANCH TO 710 IMPLIES VEHICLE ROLLING BACKWARDS
C IF NOT PLUGGING JUST INCREASE M/C VOLTS
710 IF(PLUG.EQ.0) GO TO 705
C IF PLUGGING MUST FIRST GET M/C VOLTS BACK TO ~ 0 THEN TURN OFF PLUGGING
IF(VMC.GT.1) GO TO 703
VMC=0
PLUG=0
RETURN

END
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SUBROUTINE RUNWAY [9]....USED TO DETECT "RUNAWAY CONDITIONS

e NeNoRoNol

(REVISED 7/15/80) (COMMENTS ADDED 9/18/80)

WL L R R P Ry R e Y Iy Yy

C THIS SUBROUTINE DETECTS OVERSPEED OR EXCESS REARWARD MOVEMENT
C AND CALLS FOR APPROPRIATE ACTION,
CRANRERERNERNAERERE AR AN AR AR ARRRNERNNRNEANNIRERNRERGRRERERNRE
SUBROUTINE RUNWAY
LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST,EMSTOP,FASTOP,
®F1,F1CNT,F1LAST,F2,F2CNT,F2LAST,F3,F3CNT,F3LAST,

®F4 ,F4CNT, FALAST, F5 , F5CNT, F5LAST, F6 ,F6CNT , FLAST,

®F7,FTCNT, FTLAST, F8, FBCNT  FBLAST, F9  FOCNT FOLAST,

*F10,F10CNT, F10LST,

'KCNTZ,KCOUNT,KONE,KTHREE,KTNO,L,La,MALTAK,

#NRMSTP, PLUG, POWER, RBRST, RDY i , RDY2, SLOWDN,

#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT

LOGICAL KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
C..'ll'!llll!‘l.l..'Illl...'ll'l.Il..'lﬁl.'ll.llll'ﬂ'll'l.ll..ll
INTEGER ABSTAK,ABSVEL ,ACCEL, ACCMAX, ACCOLD,BRKDLA,DIST,

#INCACC,INCEM,INCFST,INCNRM,INCR,INCSLO,

#DISTM,DLA1,INPO,INP1,INP17,INP2,INP3,INPY,

#INP9,INTA,INTD,K,L2HIGH,L2LOW,LDIFF,LHIGH,

*LLOW,LSB,MAXRBD , MSB,MSBO,K4CNT, NUMOUT , PLAT1,

#PWAIT,RBDIST,SAT1,SAT2,SLOPA,SLOPD,TAK1,TAK2,

#TAK3, TAKOLD, TAKTOL , TPLAT,VELCON ,VELERR , VELMAX , VELOC,

#YMC, VMCOUT, WAITMX, X, Y
Cllll'l‘!l.!l!!!i.Il.ll|..lﬁ|ﬁllll!ﬁillllﬂﬂil!l'..llllll'l'.lll'

COMMON /L/BADRD ,BRAKES, COUNT, COUNT2 ,DSTRST, EMSTOP ,FASTOP,

#F1,F:CNT,F1LAST,F2,F2CNT ,F2LAST,F3,F3CNT,F3LAST,

#*FY ,F4CNT,FULAST,F5 ,F5CNT,F5LAST,F6 ,F6CNT,F6LAST,

*F7,F7CNT ,FTLAST,F8,F8CNT ,F8LAST,F9,FICNT ,FOLAST,

#F10,F10CNT,F10LST,

¥KCNTZ  XCOUNT, KONE ,KTHREE ,KTWO, L, L2 ,MALTAK,

SNRMSTP , PLUG, POWER,, RBRST, RDY1, RDY2 , SLOWDN,

®TAKRDY , TKSLR, TMDSTP , TRMSTP VMCRST WATRST ,XCOUNT , YCOUNT

COMMON /L1/KBRAKE,KLIVE ,KPLUG, KPOKER,LIVE, PLGLST
CI....“!CQ.lllﬁQ.lllllllll..ﬂl|lI!!lllll.'I!l!ll.ll.lll.lll'l.l
COMMON /I/ABSTAK,ABSVEL ,ACCEL ,ACCMAX,ACCOLD,BRKDLA,DIST,

#INCACC,INCEM,INCFST,INCNRM, INCR,INCSLO,

#DISTM,DLA1,INPO, INP1,INP17,INP2,INP3,INPY,

#INP9,INTA,INTD,K,L2HIGH,L2LOW, LDIFF,LHIGH,

¥LLOW, LSB, MAXRBD, MSB, MSBO, K4CNT, NUMOUT,, PLAT1 ,

#PWAIT, REDIST,SAT1,SAT2, SLOPA, SLOPD, TAK1, TAK2,

¥TAK3, TAKOLD, TAKTOL , TPLAT, VELCON , VELERR, VELMAX ,VELOC,

RUMC, VMCOUT , WAITMX, X, Y
c.lllil!ilﬁ!ﬁilili.!!lli!!“l’llll!@!'ll.l.lll.ll!l...lll"l'.i..
C'll...l!llﬁlilIll..'illl!!'.i.Qlilllll.'.ll.li'llﬁl.ﬂ.l'.l...!'
C FIRST CHECK FOR BACKWARDS VELOCITY
C THEN, CHECK ROLLBACK DISTANCE
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IF(TaK1.GE.0) GO TO 1050

C RBRST IS A REGISTER RESET FLAG FOR RBDIST REGISTER

C TAK1 DIVIDED BY 8 BECAUSE OF ACTUAL 10,500 CTS/FT. MAXRBD IS ALSO SCALED BY 8
C SUM SCALED TAK COUNTS FOR TOTAL ROLLED BACK DIST.

1020

1050

IF(RBRST.EQ.1) GO TO 1020
RBRST=1
RBDIST=0

RBDIST=RBDIST=-(TAK1/8)
IF(RBDIST.GT.MAXRBD) GO TO 1060
RETURN

RBRST=0

g

C BOTH DIGITAL TAKS MUST BE OUT OF SAFE SPEED RANGE FOR EMERG., STOP

C NEXT STATEMENT TEMPORARILY DISCARDED UNTIL BIG TACHRD ROUTINE IS UP

1060

1065

IF( (TAK1.LT.VELMAX),.AND.(TAK1.GT.-VELMAX)) GO TO 1065

IF( (TAK2.LT.VELMAX) . AND, (TAK2,.GT.=VELMAX)) GO TO 1065

CALL EMSTPR

EMSTOP=1

RETURN i
END

B-22




CHANERAR RN N R RGN RERER N RR RN RN RN RN RN ANARERRGERRE

SUBROUTINE TSTOP [12).4«..TIMED STOP ROUTINE USED TO TIME STOP PERIOD,

APPLY HYDRAULIC BRAKES, AND USE MTR TO HOLD
VEHICLE STATIONARY IN CASE OF BRAKE FAILURE

c
c
c
c
c
C (REVISED 7/31/80) (COMMENTS ADDED 9/18/80)
c
c
SUBRCUTINE TSTOP
LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST , EMSTOP ,FASTOP,
#F1,F1CNT,F1LAST,F2,F2CNT,F2LAST,F3,F3CNT,F3LAST,
*FY , F4CNT,F4LAST,F5,F5CNT,F5LAST, F6 ,F6CNT ,F6LAST,
7, F7CNT,FTLAST,F8,F8CNT,FBLAST,F9,FOCNT,F9LAST,
*F10,F10CNT,F10LST,
®KCNT2,KCOUNT, KONE , KTHREE, KTWO, L, L2 ,MALTAK,
®NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2, SLOWDN,
#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
C'..llllll|.ll'!".lIlIIII.'ll'l.l!l.li'ﬂl'l'ﬂ!'l.ﬂ.ﬂ!.l.ll!!'!I
INTEGER ABSTAK,ABSVEL, ACCEL,ACCMAX, ACCOLD,BRKDLA,DIST,
¥INCACC, INCEM, INCFST, INCNRM, INCR, INCSLO,

#DISTM,DLA1,INPO, INP1,INP1T,INP2,INP3, INPY,

#INP9,INTA,INTD,K,L2HIGH,L2LOW, LDIFF, LHIGH,

#L.1.OW, LSB,MAXRBD, MSB, MSBO,K4CNT , NUMOUT , PLAT1,

#PWAIT,RBDIST,SAT1,SAT2,SLOPA, SLOPD, TAK1,TAK2,

#TAK3, TAKOLD, TAKTOL , TPLAT,VELCON, VELERR , VELMAX, VELOC,

#YMC, VMCOUT, WAITMX, X, Y
Cl!I.l'lll.ll.llllIIi"lﬂ.!l"ll..!lll.!l!llli.lllﬂ!.llll|I.ll¢l

COMMON /L/BADRD ,BRAKES, COUNT, COUNT2 ,DSTRST , EMSTOP , F iSTOP,

*F1,F1CNT,F1LAST,F2,F2CNT,F2LAST,F3,F3CNT ,F3LAST,

#FY4 ,F4CNT, FULAST,F5 ,F5CNT,FSLAST, F6 , F6CNT , F6LAST,

#F7,F7CNT,F7LAST,F8,F8CNT,F8LAST ,F9,F9CNT ,FOLAST,

#F10,F10CNT,F10LST,

#XCNT2 ,KCOUNT , KONE , KTHREE, KTWO, L, L2 ,MALTAK

#NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2, SLOWDN,

#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT

COMMON /L1/KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
(LA R 2222222222 I 2222223222232 2 2 1222220  d 1dd]ds)
COMMON /I/ABSTAK,ABSVEL,ACCEL,ACCMAX, ACCOLD,BRKDLA,DIST,

#INCACC, INCEM, INCFST, INCNRM, INCR, INCSLO,

#DISTM,DLA1, INPO, INP1,INP17,INP2, INP3, INPY,

#INP9,INTA,INTD,K,L2HIGH,L2LOW, LDIFF, LHIGH,

*LLOW,LSB,MAXRBD,MSB, MSBO, K4CNT, NUMOUT, PLAT1,

#PWAIT,RBDIST,SAT1,SAT2,SLOPA, SLOPD, TAK1,TAK2,

#TAK3, TAKOLD, TAKTOL , TPLAT, VELCON ,VELEFRR, VELMAX, VELOC,

#yMC, VMCOUT, WAITMX, X, Y
C.Q!llllllﬂllll.lllllﬁll“llliiill.!'lilfliillllllilllllillﬂl!lil
c'li!lll!’lﬂlll!"l!l'l.'ll!!l!l.iﬁﬂ..ll!lﬂ.!.'lll!ll.l!l.lll'lI
C VEHICLE SHOULD BE STOPPED BEFORE ENTERIN(} THIS ROUTINE
C FIRST, APPLY HYDRAULIC BRAKES (KEEP A STOPPED VEHICLE STOPPED!)
C BRAKES=1>> OPEN HYDRAULIC VALVE; BRAKES=2>> TURN ON BRAKE LT;
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C BRAKES=4>> BRAKE LT INDIC LIGHT; BRAKES=8>> EM STOP INDIC LT;
C BRAKESz16>> HORN ON;:::: NUMBERS ADD FOR VARIOUS COMBINATIONS
C OF FUNCTIONS
IF(BRAKES.EQ.23) GO TO 1305
BRAKES=T7
1305 CALL OUT(5,BRAKES)
C MAKE SURE VEHICLE IS NOT MOVING APPRECIABLY +/- X IS VELOCITY TOLERANCE;
C IF IT'S MOVING THEN USE MOTOR TO STOP
IF((TAK1.LT.X) .AND.(TAK1.GT.=X)) GO TO 1320
CALL HLDSTL
1307 KTW0=3 i
C KTWO=4 INSURES RETURN TO THIS SUBR FROM MAIN
RETURN
C REMAINDER OF SUBR., USED FOR PASSENGER STOP TIMER ETC.
C CAN NOT PASS THIS POINT UNLESS VEHICLE IS STOPPED!
C RESET BRAKE DELAY AND PLATEAU TIME COUNTERS FOR NEXT ACCEL,
1320 BRKDLA=0
TPLAT=0
IF(TMDSTP,NE.1) GO TO 1322
C NEXT STATEMENTS INSURE TIMED STOP COUNTER REMAINS SET TO 0 SO
C LONG AS SOMEONE IS HOLDING TAPE SW CLOSED
TMDSTP=0
PWAIT=0
WATRST=1
GO TO 1307
1322  IF(WATRST.EQ.1) GO TO 1330
C Fl4= SECOND SENSOR; DONT TAKE OFF UNTIL THIS IS CLEARED FOR A WHILE
1321 IF(F4.EQ.0) GO TO 1360
C KMCNT VARIABLE IS USED FOR HORN TOOT TIMING
KUCNT=0
GO TO 1307
1360 KYCNT=K4CNT+1
IF(KUCNT,LT.5) GO TO 1362
C STATEMENT BELOW USED TO CONTROL HORN TOOTS
IF( (KHCNT.GT.30) .AND, (KACNT.LT.35)) GO TO 1362
BRAKES=7
GO TO 1364
1362 BRAKES=23
1364 IF(K4CNT,LT,.50) GO TO 1307
1350 GO TO 1340
C PWAIT IS BASIC PASSENGER STOP TIMER
1330 PWAIT=PWAIT+1
IF(PWAIT.GT.WAITMX) GO TO 1321
GO TO 1307
C RESET ALL NECESSARY FLAGS AND REGISTERS BELOW
1340  WATRST=0
K4CNT=0
PWAIT=0
TMDSTP=0
TRMSTP=0
NRMSTP=0
FASTOP=0
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VMCRST=0
KONE=0
KTWO=0
VYMC=0
PLUG=0
DSTRST=0
RETURN
END
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CHRBENRERRA RN R NN ERE BN NBERNNERNARENEERRANNE
c
C SUBROUTINE ACCELR [10]....USED TO CONTROL ACCELERATION
c
C (REVISED 7/31/80) (ADDEL COMMENTS 9/18/80)
c
CHRBRAERRNERNK AN RN BRARRRA RN R RARERRBERRR RN ERUSRTRBRRNONBARRRRNEROER
SUBROUTINE ACCELR
LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST ,EMSTOP ,FASTOP,
*F1,F1CNT,F1LAST,F2,F2CNT,F2LAST,F3,F3CNT,F3LAST,
*FY,FUCNT,F4LAST, F5 ,F5CNT, F5LAST, F6 ,F6CNT , FLAST,
*F7,F7CNT,FTLAST,F8,F8CNT,F8LAST,F9,F9CNT,FILAST,
*F10,F10CNT,F10LST,
#*KCNT2,KCOUNT , KONE ,KTHREE,KTWO, L, L2 ,MALTAK,
*NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2, SLOWDN,
¥TAKRDY, TKSLR, TMDSTP, TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
CRESRNBRAEAERRRERREERSRERRAERRA AR R AR R RRRRRR RN RRRFERRREREENNRNNN
INTEGER ABSTAK,ABSVEL,ACCEL, ACCMAX, ACCOLD,BRKDLA, DIST,
#INCACC,INCEM,INCFST,INCNRM,INCR,INCSLO,
#DISTM,DLA1,INPO, INP1,INP17,INP2, INP3, INPY,
#INP9,INTA,INTD,K,L2HIGH,L2LOW, LDIFF, LHIGH,
*L1OW,LSB,MAXRBD , MSB, MSBO, K4CNT, NUMOUT , PLAT1 ,
*PYAIT, RBDIST,SAT1,SAT2,SLOPA,SLOPD, TAK1,TAK2,
*TAK3, TAKOLD, TAKTOL, TRLAT , VELCON , VELERR, VELMAX, VELOC,
*MC, VMCOUT, WALTMX, X, Y
GO0 00080808 0006 30 00 08 06 06 0036 36 06 30 06 30 00 0 00 06 06 D00 0000 06 DL IO O MO ENNANNNRBUNRENBRUFNNBERELBNR
COMMON /L/BADRD ,BRAKES, COUNT, COUNT2 , DSTRST, EMSTOP, FASTOP,
*F1,F1CNT,F1LAST,F2,F2CNT,F2LAST,F3,F3CNT, F3LAST,
*F)y ,F4CNT,FALAST ,F5,F5CNT,F5LAST, F6 ,F6CNT, F6LAST,
*F7,F7CNT,FTLAST,F8,F8CNT,F8LAST,F9,F9CNT, FOLAST,
*F10,F10CNT,F10LST,
#KCNT2 ,KCOUNT ,KONE ,KTHREE ,KTWO, L, L2 ,MALTAK,
*NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2 , SLOWDN,
#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
COMMON /L1/KBRAKE,KLIVE,KPLUG,KPOWER ,LIVE,PLGLST
C*l.lﬂllll*!l.illlll*.lQ&!ilQ.!QQl!lﬂiﬁllﬂﬂl*i.l'l!ll.ll"llﬁﬁl!
COMMON /I/ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD ,BRKDLA,DIST,
#INCACC,INCEM,INCFST,INCNRM,INCR,INCSLO,
#DISTM,DLA1,INPO, INP1,INP17,INP2,INP3, INFY,
*INP9,INTA, INTD,K,L2HIGH,L2LOW, LDIFF, LHIGH,
*LLOW,LSB,MAXRBD,MSB,MSBO,K4CNT, NUMOUT, PLAT1 ,
#PYAIT, RBDIST,SAT?,SAT2,SLOPA, SLOPD, TAK1,TAK2, -
#TAK3, TAKOLD, TAKTOL,, TPLAT , VELCON , VELERR , VELMAX , VELOC,
¥UMC, VMCOUT, WALTMX, X, ¥
Cll..i!*Q*!Il’ilIﬁ.l!!ﬂlﬂll“'*!lQ!ll!l.!..’ll!.lll.lﬂllﬂ!l.l..ll
c’..l..ll!!i!*l‘..i*'l'*ﬂ’!li.lll'.ll'll..Q.!'Cl.l.llllllll‘..'..l
C NOTE: PLUG=0 MEANS NOT PLUGGING!!
IF(PLUG.EQ.0) GO TO 1110
C IF PLUGGING AT GREATER THAN (36/255)%5.0 VOLTS THEN MUST FIRST DECREMENT
C OTHERWISE JUST BACK OFF M/C VOLTS TO O AND STOP PLUGGING
IF(VMC.GT.36) GO TO 1150
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VMC=0
PLUG=0
RETURN
C FIND ACCMAX ON LINEAR CURVE CORRESPONDING TO VELOC ERROR
1110 ACCMAX=INTA+VELERR®SLOPA
C MAKE SURE ACCMAX IS NOT ABOVE MAX, ALLOWED LEVEL
IF( ACCMAX.LE,SAT1) GO TO 1120
ACCMAX=SAT1
C CHECK THAT ACTUAL ACCELERATION IS LESS THAN ACCMAX
1120 IF(ACCEL.GT.ACCMAX) GO TO 1130
C IF ACCEL HAS NOT EXCEEDED ACCMAX THEN CONTINUE TO INCREASE M/C VOLTS
C OTHERWISE GO TO 1130 AND DECREASE M/C VOLTS
VMC=VMC+INCACC
C VMC RANGE MUST REMAIN 0-255 (0 TO 5.0 VOLTS)
IF(VMC.GT.255) VMC=255
C STATEMENTS BELOW USED TO HOLD HYDR. BRAKES ON FOR A LITTLE WHILE
C WHEN STARTING UP TO PREVENT ROLLBACK ON HILLS
IF(BRKDLA.GT.DLA1) GO TO 1140
BRKDLA=BRKDLA+1
RETURN
C BRAKES=0 > RELEASE BRAKES
1140 BRAKES=0
RETURN
1130 VMC=VMC-INCACC
G0 TO 1151 '
C NOTE: MUST RETURN VMC TO 0 IF YOU ARE CURRENTLY PLUGGING BUT WANT
c TO ACCELERATE.
C 1150 USED TO BACK OFF M/C VOLTS FAST IN ORDER TO STOP PLUGGING AND
C BEGIN ACCELERATION
1150 VMC=VMC-INCFST
C VMC RANGE MUST REMAIN 0-255 (0 TO 5.0 VOLTS)
1151 IF(VMC.LT.0) VMC=0
RETURN
END
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COCQQ.“.QDCCC!.CCCQUQlliil'l.lQ.'lII!.I!I!!'I.I'!'.'Q!'II."IQ.QI!I.

SUBROUTINE DECEL [11)ese..USED TO CONTROL ACTIVE (PLUGING) AND PASSIVE
DECELERATION.

(REVISED 8/20/80) (ADDED COMMENTS 9/18/8Q)

GOSN RANNNENNNRRRRER NN ORRRRRRERRR RO RRNONNRNNRNRRENNRS

SUBROUTINE DECEL
LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST,EMSTOP,FASTOP,
*F1,F1CNT, F1LAST F2,F2CNT, FZLAST F3,F30NT F3LAST,
*Fl, FMCNT F4LAST,F5,F5CNT,FSLAST,F6 ,F6CNT ,F6LAST,
#*F7,FTCNT,FTLAST,F8,F8CNT,F8LAST,F9,F9CNT,FILAST,
'F10,F1OGNT,F1OLST,
#KCNT2 ,KCOUNT ,KONE ,KTHREE,KTWO,L,L2 ,MALTAK,
#NRMSTP, PLUG, POWER, RBRST, RDY1,RDY2, SLOWDN,
#TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE KLIVE KPLUG,KPOWER,LIVE,PLGLST
c&lll&diilQllllIQQlQl!lllOQQQO!0.0GQQO.!l*idl.!l!lill.!l!..llili
INTEGER ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD,BRKDLA,DIST,
“INCACC,INCEM,INCFST,INCNRM,INCR,INCSLO,
#DISTM,DLA1,INPO,INP1,INP17,INP2,INP3,INPY,
#INP9,INTA,INTD,K,L2HIGH,L2LOW,LDIFF,LHIGH,
#,LOW, LSB,MAXRBD ,MSB,MSBO,K4CNT, NUMOUT, PLAT1,
#PYAIT, RBDIST ,SAT1,SAT2,SLOPA, SLOPD, TAK1,TAK2,
#TAK3, TAKOLD, TAKTOL, TPLAT,VELCON,VELERR , VELMAX , VELOC,
#YMC, VMCOUT, WAITMX,X,Y
cll!lﬁﬂll!llllliIICIll!CQIIiiiiiillllilllluiﬁllhiﬂl!l!!'li!!llll
COMMON /L/BADRD,BRAKES,COUNT,COUNT2,DSTRST, EMSTOP,FASTOP,
#F1,F1CNT,F1LAST,F2, F20NT F2LAST F3,F3CNT F3LAST,
*FY, F#CNT F4LAST,F5,F5CNT,F5LAST,F6 ,F6CNT,F6LAST,
@F7,F7CNT F7LAST, F8 F8CNT,F8LAST,F9,F9CNT,F9LAST,
#F10,F10CNT,F10LST,
*KCNT2 KCOUNT KONE,KTHREE,KTWO,L,L2 ,MALTAK,
*NRMSTP PLUG, POWER RBRST, RDY1 RDY2 , SLOWDN,
#TAKRDY, TKSLR TMDSTP TRMSTP VMCRST WATRST , XCOUNT , YCOUNT
COMMON /L1/KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
CIOCGQOGQHGl!ll!l!lll!lll!!!ill’!ll!l!l!il!lIl!ll!!!liﬂilil.l!ll
COMMON /I/ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD,BRKDLA,DIST,
#INCACC,INCEM, INCFST, INCNRM, INCR, INCSLO,
*DISTM,DLA1,INPO,INP1,INP17,INP2,INP3,INPY,
&INP9,INTA,INTD,K,L2HIGH,L2LOW,LDIFF,LHIGH,
#1LOW, LSB,MAXRBD,MSB,MSBO,K4CNT, NUMOUT,PLAT1,
! #PWAIT, RBDIST,SAT1,SAT2,SLOPA,SLOPD, TAK1,TAK2,
| L #TAK3, TAKOLD, TAKTOL, TPLAT, VELCON,VELERR, VELMAX , VELOC,

#VYMC, VMCOUT,WAITMX, X Y
cllll!l|I!l!!l!!lQlllliil!lBll!Iliﬂl.llIIG’!!!*I!I.!!!I.!QI!!H!I

|[ c..l.!ll.I.’.II'Il.Ql.ll.'l!ll.C.Il..QI.!!C.I’.‘...!Q!I.C.I..lll"

C NOTE THAT FASTOPS AT LOW SPEEDS ARE HANDLED DIFFERENTLY THAN AT HIGH SPEEDS

C IF FASTOP CALLED FOR AND VEHICLE IS GOING "FAST" GO TO 1220
IF((TAK1.LT.900) ,AND, (FASTOP.EQ.1)) GO TO 1220

C IF FASTOP CALLED FOR AND VEHICLE IS TRAVELLING "SLOW GO TO 1200

c
c
c
c
c
c
c
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IF(FASTOP.EQ.1) GO TO 1200
C VMCRST AND KONE INSURE THAT ONCE SPECIAL FASTOP DECEL ROUTINE HAS
C BEEN INVOKED IT IS FOLLOWED THROUGH AS LONG AS FASTOP FLAG=1
KONE=0
IF((TMDSTP.OR.SLOWDN).NE.1) GO TO 1203
C IF NOT MAKING TMDSTOP OR SLOWDN THEN MUST BEGIN PLUGGING ASAP IF
C VEHICLE SPEED>3.75 MPH
IF(TAK1.LT.1160) GO TO 1203
GO TO 1221 .
C NEXT TWO STATEMENTS MAKE SURE THAT IN THE CASE OF FASTOP UNDERWAY
C WE DONT RESET VMC=0 AGAIN
1220 IF(VMCRST.EQ.1) GO TO 1201
1221 IF(KONE.EQ.1) GO TO 1203
C NEXT FOUR STATEMENTS GET M/C INTO PLUG MODE ASAP IF NOT ALREADY THERE
IF(PLUG.EQ.1) GO TO 1205
VMC=0
KONE=1
PLUG=1
RETURN
C LINES OF CODE BELOW SET UP DECEL FOR FAST STOP FROM HIGH SPEEDS
C FOR DECEL TO O SPEED WITHIN 6 FT. DECEL=(TAK1/22)#%2
1200 IF(VMCRST.EQ.1) GO TO 1201 :
VMCRST=1
IF(PLUG.NE.1) VMC=0
PLUG=1
ACCMAX=TAK1/22
ACCMAX =~ ACCMAX#ACCMAX
RETURN *
C NEXT THREE LINES USED FOR FAST STOP FROM HIGH SPEED ONLY
C DONT LET DECEL EXCEED LIMIT
1201 IF(ACCEL.LT.ACCMAX) GO TO 1214
C NEXT LINE REMOVES MOTOR CONTROLLER DEAD-BAND IN PLUGGING MODE
IF(VWMC.LT.50) VMC=50
YMC=VMC+INCFST
GO TO 1208
1203 IF(PLUG.EQ.1) GO TO 1205
C NEXT THREE LINES TRANSITION FROM NON-PLUG TO PLUG FOR Low VMC
IF(VMC.GT.10) GO TO 1210
C NOTE: PLUG=1 MEANS PLUGGING!!
YMC=0
PLUG=1
RETURN

—

C LINES BETWEEN 1205 AND 1232 SET UP INCR AND MAX DECEL DIFFERENTLY .

C DEPENDING UPON SENSOR INITIATED STOP OR OTHER. ALSO, IF SMALL VELOC
C ERROR THEN SMALLER INCR IS USED. SAT2= MAXIMUM ALLOWED DECEL VALUE
C (5376=.16 G)
1205  IF((F3.O0R.FASTOP).EQ.1) GO TO 1230
INCR=INCACC
IF(VELERR.LT.100) INCR=1
SAT2=-3000
GO TO 1232
1230  INCR=INCNRM
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SAT2=-5376
C 1232 CALCULATES MAX ALLOWED DECEL CORRESPONDING TO VELOCITY ERROR
1232 ACCMAX=INTD+VELERR®SLOPD
C NEXT STATEMENT MAKES SURE THAT THIS DECEL DOES NOT EXCEED SOME MAX FIXED #
IF( ACCMAX,LT.SAT2) ACCMAX=SAT2
C KEEP ACCMAX (MAGNITUDE) BELOW A SATURATION LEVEL
C NOTE: ACCMAX AND JRKMAX ARE NEGATIVE NUMBERS
C ACCEL<ACCMAX IMPLIES DECEL IS TOO GREAT
IF( ACCEL.LT.ACCMAX) GO TO 1215
C STATEMENTS BETWEEN 1207 AND 1240 ADJUST PLUGING DEAD-BAND ACCORDING TO VELOC
1207 IF(TAK1.GT.700) GO TO 1240
C ELIMINATES MTR CNTRLR DEAD BAND DURING PLUGGING AT LOW SPEEDS
IF(VMC.LT,32) VMC=32
GO TO 1209
C NEXT STATEMENT ELIMINATES DEAD BAND DURING PLUGGING AT HIGH SPEEDS
1240 IF(VMC.LT.40) VMC=40
1209 VMC=VMC+INCR
C VMC MUST REMAIN IN RANGE 0-255 (0 TO 5.0 VOLTS)
1208 IF(VMC.GT.255) VMC=255
GO TO 1260
C NOTE: ACCMAX I5 A NEGATIVE NUMBER
1210 INCR=INCNRM
C CALCULATE MAX ALLOWED DECEL ASSOCIATED WITH PRESENT VELOCITY ERROR
ACCMAX=INTD+VELERR®*SLOPD
SAT2=-3000
IF(ACCMAX.LT.SAT2) ACCMAX=SAT2
IF(ACCEL,.LT.ACCMAX) GO TO 1209
1214 INCR=INCFST
1215 VMC=VMC-INCR
IF(VMC.LT.0) VMC=0
C 1260 CHECKS IF STOPPED ENOUGH TO GO TO 'ISTOP SUBR AND USE HYDR BRAKES
1260 IF((VELCON.EQ.0).AND,(TAK1.LT.30)) GO TO 1262
RETURN
C IF GOING SLOW ENOUGH, TURN OFF M/C VOLTS AND DONT KETURN HERE
1262 VMCs0
KTWO=3
C KTWO=3 > VEHICLE HAS STOPPED, BRANCH TO SUBR TSTOP VIA MAIN
RETURN
END

B-30

.




B

L SRS H SRR S
& R RIS ot

CHENEUNNNNEEERRRENNARNEEERENRNENRBRANENENENERARAeRRERNGRRRRAERIGYSE

C* SUBROUTINE DATAXO [3]..USED TO INPUT/OUTFUT TTL, A/D, D/A DATA
C® (REVISED 7/14/80) (COMMENTS ADDED 9/18/60)

CRERRRRERURRNRUARNRRENUNNNENRUERaRRUERRNRUNNGNRREGRNRNUERUNauEnaanans

SUBROUTINE DATAIO
LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST, EMSTOP,FASTOP,
*F1,F1CNT,F1LAST,F2,F2CNT,F2LAST,F3,F3CNT, F3LAST,
*Fl4  FUCNT , FULAST ,F5 ,F5CNT, FSLAST ,F6 ,F6CNT  FOLAST,
SF7, FONT, FTLAST, F8, FSCNT, FBLAST ,F9  FOCNT, FOLAST
*F10,F10CNT, F10LST,
®KCNT2 KCOUNT , KONE, KTHREE, KTWO, L, L2 , MALTAK,
SNRMSTP, PLUG, FONER, RBRST, RDY1, AD¥2, SLODN,
®TAKRDY , TKSLR, TMDSTP , TRMSTP , YMCRST , WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
CUHRBERRIRNRRERUERNNGARRRNERNER NS RAN G RARENENGANERRARRNRNNOERNNS
INTEGER ABSTAK,ABSVEL,ACCEL, AGCMAX, ACCOLD,BRKDLA, DIST,
SINCACC, INCEM, INCFST , INCNRM, INCR , INCSLO,
#DISTM,DLA1,INPO, INPY , INP17, INP2, INP3, INPH,
'INPQ,INTA,INTD,K.LQHIGH,LELOW,LDIFF,LHIGH,
*LLOW,LSB, MAXRBD,MSB, MSBO, K4CNT, NUMOUT, PLAT1 ,
#PWALT, RBDIST, SATY , SAT2 , SLOPA, SLOPD, TAK1, TAK2,
WTAK3, TAKOLD, TAKTOL, TPLAT, VELCON, VELERR,, VELMAX , VELOC,
BYMC, VMCOUT , WAITHX, X, ¥
CQQI'G'!IQ.I!QQ.'I"'."QQ'II"l'l'lllll!l!!'l.'lﬁll'l'.lll..l..
COMMON /L/BADRD,BRAKES, COUNT, COUNT2 , DSTRST, EMSTOP, FASTOP,
®F1,F1CNT, FALAST,F2,F2CNT ,F2LAST, F3, F3CNT, F3LAST,
FY4,F4CNT, F4LAST,F5 ,F5CNT,F5LAST, F6 ,F6CNT,FOLAST,
¥F7FCNT,FTLAST,F8 ,F8CNT ,F3LAST | F9 ,F9CNT , FOLAST
#F10,F10CNT,F10LST,
$KCNT2 ,KCOUNT, KONE , KTHREE, KTWO L, L2 ,MALTAK,
#NEMSTF , PLUG, POWER , RBRST, RDY1, RDY2 , SLOWDN,
'TAKRDY,TKSLR,TMDSTP,TRMSTP,VMCRST,WATRST,XCOUNT,YCOUHT
| COMMON /L1/KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
i : CRESBARRNBHGNNNESHGURBNURERURARBRANBUBNNRORRNBRERUSRRORRNRRRRNNE
| COMMON /I/ABSTAK, ABSVEL , ACCEL , ACCMAX, ACCOLDCR, INCSLO,
#DISTM,DLAT,INPO,INP1,INP1T,INP2,INP3,INPH,
®INP9,INTA,INTD,K,L2HIGH,L2LOW, LDIFF,LHIGH,
WLLOW, LSB,MINTD K | L2HIGH , L2LOW  LDIFF , LHIGH.
®LLOW, LSB,MAXRBD,MSB, MSBO, K4CNT, NUMOUT , PLAT1 ,
*PWAIT,RBDIST,SAT1,SAT2,SLOPA,SLOPD,TAK1,TAK2,
TAK3, TAKOLD, TAKTOL, TPLAT , VELCON, VELERR, VELMAX, VELOC,

~ WYMC,VMCOUT,WAITMX,X,Y
c..l'l!.l'."'.ll..l'l.ll".lllll.ll!'.l'.!..Q!Q...."'.l.'.l.l.

CRRBNRRR RGN RRES NN PR ANRRRR AR ARRNER RO RRRNRRANEBNRUBRRRRRREN
C NEXT CALL BEGINS ®WLIVE" PULSE OUT TO PORT 6
LIVE=1
CALL OUT(€ ,LIVE)
C TEMPORARILY STFE£ EXISTING VALUES OF PLUG, POWER, AND BRAKES
KPLUG=PLUG

PR i



KPOWER=POWER
KBRAKE=BRAKES
C NOW TCGGLE ALL "F" FLAGS OFF
F1=0
F2=0
F3=0
Fli=0
F5=0
F6=0
F7=0
F8:=0
F9=0
F10=0
C NEXT NPUT PORT BYTES
INPO=INP(O)
INP1=INP(1)
INP22INP(2)
INP3=INP(3)
¢ IF BIT 0 IN PORT 0 =1, EMERG STOP PB IS ON, SET FLAG F1
IF((INPO.AND,1).EQ.1) F1=1
C IF BIT 2 IN PORT 0 =1 BHDG TAPE SW IS ON, SET FLAG F6
IF( (INPOAND.A) LEQ.H) F6=1
C IF PIT 4 IN PORT G 1, LOSS OF WIRE INDIC.,SET FLAG F7
C IF BIT O IN PORT 1 =1, EM ST BMPR SW IS ON, SET FLAG F2
C IF BIT 2 IN PORT 1 =1, STRG ANGLE INDIC IS ON, SET FLAG F8
C IF BIT 4 IN PORT 1 =1, ROAD MRKR INDIC. IS ON, SET FLAG F10
IF((INP1,AND.16).EQ.16) F10=1
C IF BIT 0 IN PORT 2 =1, SEC SENSOR IS OM, SET FLAG F4
C IF BIT 2 IN PORT 2 =1, LFT TURN SENSOR IS ON, SET FLAG F5
IF((INP2,AND.4).EQ.Y4) F5=1
C IF BIT O IN PORT 3 =1, PRIMARY SENSUR IS ON, SET FLAG F3
C IF BIT 2 IN PORT 3 =1, HYDR, SYS. LOW PRESS SW IS ON, SET FLAG F9
C PLUG IS OUTPUT BYTE USED TO LIGHT UP PANEL INDIC LTS; BELOW
C IF STATEMENTS TURNJON APPROPRIATE LIGHTS
IF(F1.EQ.1) PLUG=PLUG+2
IF(F6.EQ.1) PBLUG=PLUG+Y
IF(F7.EQ.1) PLUG=PLUG+8
IF(F2.EQ.1) PLUG=PLUG+16
IF(F8.EQ.1) PLUG=PLUG+32
IF(F10.EQ.1) PLUG=PLUG+6}
IF(F4.EQ.1) PLUG=PLUG+128
C HER LIVE OUTPUT BYTE IS USED TO TURN ON INDIC LT IF SEC SENS IS ON
IF(F4.EQ.1) LIVE=3
C STATEMENT FROM HERE TO 310 TURN ON OR OFF: BRAKE VALVE, STOP LT, STOP LT
C INDIC., OR HORN DEPENDING UPON NEED. (SEE COMMENTS AT BEGINNIGN OF SUBR
C TSTOP FOR "BRAKES" BREAKDOWN)

ORIGINAL PAGE I¢
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IF((KBRAKE.EQ.7) .OR. (KBRAKE.EQ.23)) GO TO 310
IF((NRMSTP.OR.EMSTOP.OR.FASTOP.OR. SLOWDN) .EQ.1) BRAKES=z6
IF(TMDSTP.EQ.1) BRAKES=z6

C NEXT CALL USED TO CONTROL HYDRAULIC BRAKES (VALVE)

310 CALL OUT(5,BRAKES)

C NEXT CALL CONTROLS MAIN POWER RELAY AND TURNS ON PANEL INDIC LT FOR PRI SENS
IF(F3.EQ.1) POWER=POWER+2
CALL OUT(T,POWER)

C NEXT EXPRESSION CAN BE USED TO SCALE MTR CNTRL VOLTAGE PRIOR TO OUTPUT
YMCONT=VMC

C BELOW, ROUTINE MAKES SURE THAT VMCOUT=0 BEFORE PLUG CHANGES VALUE!!!
IF(KPLUG.NE.PLGLST) GO TO 320

C NEXT CALL USED TO PLACE MTR CNTRL VOLT IN RAM FOR DAC
CALL POKE(-1,VMCOUT)

C NEXT CALL TO PORT § USED TO CONTROL MTR CNTRLR FOR/REV
CALL OUT(4,PLUG)
GO TO 330

320 VMCGUT=0
CALL POKE(-1,VMCOUT)

C NEXT CALL ENDS "LIVE" PULSE AT OUTPUT PORT 7

330 LIVE=0
CALL OUT(6,LIVE)

C NOW THAT PLUG,POWER,BRAKE HAVE BEEN PROSTITUTED TO OUTPUT INDIC LT

C INFORMATION, CHANGE THEM BACK TO VALUES STORED AT ENTRY TO THIS SUBR
PLUG=KPLUG

POWER=KPOWER
BRAKES=KBRAKE
PLGLST=PLUG
RETURN

END
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SUBROUTINE EMSTPR [15]..USED FOR EMERGENCY STOPS
IMPORTANT: THIS SUBR DOES NOT RETURN, IT IS A DEAD ENDI!
(REVISED 7/14/80) (COMMENTS ADDED 9/18/80)

[eNeNoNeNe]

CRERNERRANRARREANANNNRURAENERENNIEONENNNRURENRNERNNNNNORNUANERERRAnS

C THIS SUBROUTINE AS SPECIFIED BY AL JOHNSTON
SUBROUTINE EMSTPR
LOGICAL BADRD,BRAKES,COUNT,COUNT2,DSTRST,EMSTOP,FASTOP,
*F1,F1CNT,F1LAST,F2, F2CNT, FALAST,F3,F3CNT,F3LAST,
SF4 F4CNT, FSLAST, F5 ,F5CNT , FSLAST , F6 ,F6CNT, F6LAST,
SF7F7CNT.FTLAST,F8, F8CNT, FBLAST,FQ ,FOCNT,FOLAST,
*F10,F10CNT,F10LST,
#KCNT2,KCOUNT , KONE,KTHREE,KTWO, L, L2 ,MALTAK,
¥NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2 , SLOWDN,
®TAKRDY , TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
LOGICAL KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
c'..llIl!!Ili!l"'l!lllll!'I5..'lIlllll.l!.!l!.lll.llllllll.'il.
INTEGER ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD,BRKDLA,DIST,
#INCACC, INCEM, INCFST, INCNRM, INCR, INCSLO,
SDISTM,DLA1, INPO, INP1,INP17,INP2, INP3, INPY,
SINPQ, INTA,INTD,K,L2HICH, L2LOW, LDIFF, LHIGH,
¥LLOW, LSB, MAXRBD , MSB, MSBO, KN CNT, NUMOUT, PLAT1 ,
¥PWAILT, RBDIST,SAT1,SAT2 , SLOPA, SLOPD, TAK1,TAK2,
#TAK3, TAKOLD, TAKTOL, TPLAT , VELCON, VELERR, VELMAX ,VELOC,
#YMC, VMCOUT , WALTMX, X, Y
C.!l‘l"|C..iiﬂ.!li.lIll....l..lI.I'QII..'.Q!I!.I...l"‘l'.'l'..
COMMON /L/BADRD,BRAKES, COUNT,COUNT2, iSTRST, EMSTOP,FASTOP,
®F1,F1CNT,F1LAST,F2,F2CNT,F2LAST,F3,F3CNT,F3LAST,
®FY ,FUCKT,FULAST,F5,F5CNT, FSLAST,F6 ,F6CNT,F6LAST,
#F7,F7CNT,FTLAST,F8,F8CNT,FBLAST,F9,F9CNT ,FGLAST,
*F10,F10CNT,F10LST,
#*KCNT2 ,KCOUNT ,KONE , KTHREE, KTWO, L, L2 ,MALTAK,,
*NRMSTP, PLUG, POWER, RBRST, RDY1, RDY2, SLOWDN,
*TAKRDY, TKSLR, TMDSTP , TRMSTP , VMCRST , WATRST , XCOUNT , YCOUNT
COMMON /L1/KBRAKE,KLIVE,KPLUG,KPOWER,LIVE,PLGLST
CHABERASRRENERERRRAERRARRNANBRUNERERRNANRNNNNNRSHRNNARBRARBNRNRNNS
COMMON /I/ABSTAK,ABSVEL,ACCEL,ACCMAX,ACCOLD,BRKDLA,DIST,
$INCACC,INCEM, INCFST, INCNRM,INCR,INCSLO,
#DISTM,DLA1,INPO,INP1,INP17,INP2,INP3, INPY,
#INP9,INTA,INTD,K,L2HIGH,L2LOW,LDIFF, LHIGH,
*LLOW,LSB,MAXRBD, MSB, MSBO, K4CNT, NUMOUT, PLAT1
#PWAIT, RBDIST,SAT1,SAT2,SLOPA,SLOPD,TAK1,TAK2,
¥TAK3 , TAKOLD , TAKTOL , TPLAT, VELCON, VELERR VELMAX, VELOC,

*VYMC, VMCOUT WAITMX x Y
cuununucuuuluuunuuuuuuuuuuuun"uunu

CHESRARRRRREARNENARENERNRNNNNNRNNEERNNRANO RN ERERERNRARRANBRRNS
C THIS SUBROUTINE CYCLES IN AN ENDLESS LOOP DOING THE FOLLOWING:
C (1) APPLY HYDR., BRAKES, (2) SET VMC=0, (2A) WAIT 30 MSEC,

C (3) SET PLUG=0, (4) TURN OFF MTR CNTRLR MAIN POWER RELAY,

C (5) APPLY HYDRAULIC BRAKES, START AT (1) 4iGAIN
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C FIRST, APPLY HYDRAULIC BRAKES
500 BRAKES=15
CALL OUT(5,BRAKES)
C NEXT LIGHT UP BAD TAK INDICATOR IF EMSTOP CAUSED BY TAK
IF(TKSLR.EQ.3) CALL 0UT(6,2)
C NEXT, SET MOTOR CONTROL VOLTS TO 0
VYMC=0
VYMCOUT=VMC
C NEXT CALL UOTPUTS VMCOUT FROM DAC
CALL POKE(~1,VMCOUT)
C THE FOLLOWING DO LOOP JUST INSERTS TIME DELAY TO ALLOW VMC TO REACH ZERO 1!
DO 515 K=1,1000
BRAKES=1%15
CALL OUT(5,BRAKES)
515 CONTINUE
C NOTE: PLUG=0 MEi&S DONT PLUGI!!
PLUG=0
CALL OUT(4,PLUG)
C NEXT TURN OFF MTR CNTRLR POWER COMPLETELY
POWER=0
CALL OUT(T,POWER)
C NEXT TURN ON HYDRAULIC BRAKES AND HOLD IN AN ENDLESS LOOP!It!1
502 DO 507 K=1,5000
BRAKES=1#15
CALL OUT(5,BRAKES)
507 CONTINUE
GO TO 500
’ END

NI T
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