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SUMMARY

This report describes the work performed by Battelle Columbus
Division on a project that was part of the DARPA Adaptive-Suspension
Vehicle Program. The Battelle project consisted of two major tasks.
The first task involved the guidance of the adaptive-suspension vehicle;
the goal was to develop a computer system which would enable the vehicle
to traverse rough terrain. The second task concerned the design, fabrication,
and testing of a safety valve for the foot lift-circuit of the vehicle's
leg. Those two tasks are discussed separately in this report.

Guidance Task

Work on the guidance problem involved the development of a
computer system to determine vehicle trajectories and leg motions that
would enable the vehicle to traverse rough terrain. The system uses
the operator's requested vehicle velocities, information about the vehicle
state, and data from a terrain-scanning system in the determination
of those trajectories and leg motions.

The hardware on which the algorithms described above are implemented
comprises six boards communicating over an Intel Multibus. Three of
the boards, one board containing special-purpose circuitry and two Intel
iSBC 86/30 processor boards, receive data from the the terrain-scanning
system, convert them to elevation information, and then store that information
on a 512-kilobyte memory borad. The other two boards are two more Intel
iSBC 86/30 processor boards. One of them generates the vehicle deceleration
plans using the terrain elevation map stored on the memory board, as
weT] as information concerning the operator's velocity requests and
the vehicle state. That information is received from the sixth board,
which is responsible for communicaton with the vehicle control computers;
it receives the operator requests and vehicle state information and
transmits vehicle body and leg motion commands derived from the deceleration
plans.



The approach used by the system's algorithms is to maintain

at all times a body trajectory and leg motion sequence by which the

vehicle can be brought to a halt in a position of static stability.

That is, at every point along its path, the vehicle has available a

plan for a vehicle trajectory that will bring it to a halt, together

with a sequence of leg motions that will allow it to follow that trajectory

and will leave it in a state of static stability at the end of the trajectory.

The maintenance of such a trajectory clearly places limits
on vehicle velocity over a given terrain. Thus, with this approach,
operator requests for vehicle velocities are not always met, although
the vehicle will follow those requests as closely as possible while
still maintaining vehicle safety. It can be seen that this approach
does not permit an inexperienced operator to get the vehicle in trouble,
but it still allows an experienced operator to use the full capabilities
of the vehicle.

Foot-Lift Safety Valve Task

This task was originally intended to include a revision of
the Battelle design of the foot-1ift circuit to incorporate experimental
data. However, due to a change in the system requirements, a different
design was used and the Battelle design was never experimentally evaluated.

The original scope also included a review of the design from
a safety standpoint. This task was expanded to the design, fabrication,
and testing of safety valve for the foot-1ift circuit. This safety
valve is intended as a last-resort mechanism for minimizing or eliminating
any potential for damage to either the operator or the vehicle itself.

The requirements for the design of tﬁe safety valve were
generated through discussions with OSU. Based on these requirements,
several conceptual approaches were generated and evaluated. After further
discussions with OSU personnel, an approach that involved electrically-
actuated explosive primer was selected. The valve was then designed
and fabricated at Battelle. Tests were then conducted to check the
strength and integrity of the design under pressure, as well as its
speed of response.
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1.0 INTRODUCTION

It has Tong been recognized that most man-made vehicles are
greatly inferior to human beings and other terrestrial animals in off-
road locomotion. The shortcomings of current vehicles are particularly
noticeable in the area of mobility. On rough terrain, a vehicle with
a passive suspension system must accomodate obstacles by gross body
motions. On the other hand, a system with active suspension units,
such as legs, can pick its way through rough terrain by selecting the
most suitable footholds and stepping over obstacles and soft spots.

In addition, a legged system can compensate for terrain irregularities
on which it must step by actively adjusting leg lengths, thus providing
a much smoother ride. This report describes work performed in this
project as part of a program to develop such a vehicle.

The first part of the report describes the development of

the vehicle "guidance" system, which uses information from a terrain-sensing

system in the determination of appropriate vehicle trajectories and

leg motions. The description of thé guidance system has three main

sections. The first of those sections describes the vehicle and terrain-

sensing system with which the algorithms are intended to be used. The

second section presents a description of the algorithms used in the

system for conversion of the terrain scanner data to an elevation map

and for generation of plans for bringing the vehicle safely to a halt.

The last major section of the first portion of the report describes

the computer hardware on which the guidance algorithms are implemented.
In the experimental evaluation of the ASV, procedures will

be developed to minimize the potential for harm to the operator or damage

to the vehicle. As a back-up system, Battelle has designed, fabricated,

and tested a safety valve that will be activated in case of a major

system breakdown. This effort is described in the second portion of

this report.
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2.0 GUIDANCE SYSTEM RESEARCH

2.1 Introduction

This portion of this report discusses the development of a
computer system that determines the body and leg motions required for
a legged adaptive-suspension vehicle to walk over rough terrain. The
first section describes the vehicle and its terrain-sensing system.
The second section gives a description of the algorithms used in the
system for conversion of the terrain scanner data to an elevation map
and for generation of plans for vehicle body trajectories and leg motion
sequences. The hardware that is used to implement those algorithms
is described in the third section. Finally, some conclusions from this
research are presented at the end of this portion of the report.

2.2 Background

2.2.1 The Adaptive-Suspension Vehicle

The vehicle for which the guidance system has been developed
is approximately 15 feet (4.6 meters) long and 4 feet (1.2 meters) wide.
Its height can be varied between approximately 5 feet (1.5 meters) and
9 feet (2.7 meters) by changing the extension of its six three-degree-of-
freedom legs. The legs are attached at the top of the vehicle, with
one pair each near the front, middle, and rear of the vehicle.

The velocity of the vehicle is expected to be limited, at
least on the rough terrain for which the guidance system has been developed,
to a translational velocity of no more than 8 feet/second (2.4 meters/second)
and a rotational velocity of no more than 30 degrees/second. Translational
and rotational accelerations are expected to be limited to no more than
4 feet/second/second/ (1.2 meters/second/second) and 15 degrees/second/second,
respectively.




2.2.2 The Terrain-Sensing System

The terrain-sensing system with which the guidance system
described in this report is intended to work is a scanning system mounted
at the front top of the vehicle. The system scans both in elevation
and azimuth, so, for each scan, it provides information for a sector
of terrain in front of the vehicle. For each point in its scan, the
sending system measures the distance from the scanner to the terrain
at its current elevation and azimuth angles.

2.3 Guidance System Algorithms

2.3.1 Overview

As mentioned above, the algorithms for the guidance system
perform two distinct tasks. One of those tasks is the conversion of
data from the terrain scanner to a terrain elevation map. The other
is the géneration of vehicle body trajectories and leg motion sequences
using the elevation map, the operator's vehicle velocity requests, and
information concerning the vehicle's state. The algorithms that perform
those two tasks are described in the next two sections.

2.3.2 Elevation Map Algorithms

As described above, the terrain-sensing system provides, for
each of its scan points, information on the range to the terrain. Since
the scanner is fixed to the vehicle, when the vehicle is moving, each
of the scan-point range measurements is made from a different bosition.
Thus, the input from the scanning system to the guidance system consists
of scan-point range data indexed by elevation and azimuth angles and
measured with respect to the moving vehicle.

However, the form of terrain information most useful for the
vehicle guidance algorithms is that of elevations indexed by horizontal
positions. For that reason, when a range value is received from the



scanner, the elevation map algorithms use the elevation and azimuth

angles of the range value, together with the known position and orientation
of the vehicle, to calculate the position in earth-fixed Cartesian co-
ordinates of the point indicated by the scanner.

The terrain point positions in Cartesian coordinates are then
stored in an array of elevation values divided into cells in a horizontal
plane. The algorithms first determine whether there is a cell present
in the array for the horizontal position of the terrain point. If so,
the elevation value for the point is stored in that cell; if not, a
cell is assigned to the horizontal position of the point for storage
of the elevation value. Since the terrain array is fixed in size, this
method requires that, as the vehicle moves, data storage "wrap around"
from one portion of the array to another. Thus, areas of the terrain
are automatically "forgotten" after the vehicle has passed some distance
beyond them.

2.3.3 Vehicle Guidance Algorithms

The function of the vehicle guidance algorithms is to determine
appropriate body and leg motion commands for the vehicle control system,
based on current operator requests. Those operator requests can be
for three components of vehicle velocity: forward, side (crab), and
turning (yaw). The guidance algorithms attempt to match the vehicle
velocity to the operator's requests as closely as possible; however,
as discussed below, those requests are not always attainable, due to
considerations of vehicle stability.

Since the three vehicle velocity components mentioned above
are usually the only ones which are of direct interest to the operator,
the vehicle guidance algorithms automatically control the vehicle eleva-
tion, pitch, and roll based on the terrain over which the vehicle is
passing. Then, once all six vehicle velocity components are specified,
the guidance algorithms determine the leg motions required to attain
those velocities while maintaining vehicle stability. The information
required by the guidance algorithms to provide these body and leg motion




commands includes, in addition to the operator's requests and the terrain
elevation map described in the previous section, information concerning
the current vehicle body state (position and velocity) and the positions
and support states of the legs, as well as knowledge of the limitations
on vehicle velocity and acceleration and oh leg motions.

The use of that information in the operation of the guidance
algorithms is discussed in the following three parts of this section.
The first part presents the general principles on which the algorithms
are based and describes the operation of the algorithms' highest Tevel,
which determines how closely the vehicle can follow the operator's velocity
requests. The second part gives a description of the generation of
trajectories for the vehicle body, based on the operator's requests.
Finally, the last part describes the generation of sequences of leg
motions that allow the vehicle body to follow those trajectories.

2.3.3.1 Vehicle Guidance Algorithm Approach. Previous approaches

to the problem of legged vehicle locomotion have emphasized the concept
of static stability, the condition in which the vertical projection
of the vehicle's center of mass is within the convex polygon formed
by the vertical projections of those of the vehicle's feet that are
on the ground. Those earlier approaches have used as their goal in
vehicle control the maintenance of the vehicle in a state of static
stability at all times. This method of control has been possible because
vehicle dynamics have been relatively unimportant since vehicle speeds
have been quite Tow.

However, for a vehicle operating at higher speeds, maintenance
of static stability is not sufficient for vehicle security, since in
many cases the vehicle's motion could carry its center of mass outside
its support polygon. Thus, a faster vehicle requires some sort of dynamic
control of vehicle stabjlity to ensure its safety. (Of course, for
those times when the vehicle is not moving, static stability is still
sufficient.)

The approach that is used by the system described in this
report is to maintain at all times a plan by which the vehicle could
be brought to a halt in a position of static stability. That is, at




every point along its path, the vehicle has available a plan for a vehicle
trajectory that would bring it to a halt, together with a sequence of

leg motions that would allow it to follow that trajectory and would

leave it in a state of static stability at the end of the trajectory.

The maintaining of such a trajectory clearly places Timits
on vehicle velocity over a given terrain. Thus, with this approach,
operator requests for vehicle velocities are not always met, although
the vehicle follows those requests as closely as possible while still
maintaining vehicle safety. The task of determinig how closely the
vehicle can follow the operator's velocity requests is pérformed by
the highest level of the guidance system's algorithms.

The algorithms make that determination as shown in the flow
chart in Figure 1 (flow chart conventions for this report are given
in Appendix A). They first evaluate whether it is possible, for acceler-
ations that would allow the vehicle to attain the operator's current
velocity requests as soon as possible, to calculate a vehicle body trajectory
and leg motion sequence that would allow the vehicle to be brought to
a halt safely. If so, the body and leg motion commands to accelerate
the vehicle in the direction of the operator's requests are sent to
the vehicle control system. If not, the same attempt (to find a body
trajectory and leg motion sequence that would bring the vehicle safely
to a halt) is made for each of several successively smaller vehicle
accelerations in the direction of the operator's velocity requests.

If a body trajectory and leg motion sequence for halting are found for
_any of those vehicle acceleration (compromise) selections, then the
comands to implement that selection are sent to the vehicle control
system.

If no part of the operator's velocity requests can be executed
safely, then the guidance system derives the commands for the vehicle
control system from the most recently generated body trajectory and
leg motion sequence. That is, since the operator is requesting that
the vehicle accelerate to unsafe velocities (unsafe because the vehicle
could not be brought safely to a halt if it were accelerated toward
those velocities), the guidance'system must ignore the operator's requests
and derive its commands from a plan that it knows to be safe, the body
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trajectory and leg motion sequence that it previous]y'determined would

bring the vehicle safely to a halt.

Thus, both the safety and the performance of the vehicle are
dependent on the guidance_system‘s generation of appropriate body trajec-
tories and leg motion sequences for the vehicle. The next two sections
describe the methods which the system uses to generate those body trajec-
tories and leg motion sequences.

2.3.3.2 Vehicle Body Trajectory Generation. As mentioned

earlier, the vehicle's operator makes requests for forward, side, and
turning velocities for the vehicle. Thus, when the guidance system
algorithms attempt to generate a vehicle body trajectory, the vehicle's
desired forward, side, and turning accelerations are specified; as described
in the last section, they may be accelerations that would move the vehicle
most rapidly toward the operator's requested velocities or a smaller
acceleration "compromise" selection.

As shown in Figure 2 (again, see Appendix A for flow-chart
conventions), the algorithm generates the first portion of the vehicle
path over the terrain by assuming that the vehicle will accelerate at
the desired rates for the time that passes between successive iterations
of the guidance algorithms. The desired acceleration rates determine
three of the vehicle's degrees of freedom (horizontal position and yaw
angle) at discrete points on the first portion of its trajectory; the
acceleration rates are also used to calculate the times at which those
points on the trajectory are reached. The algorithm then uses the terrain
map to determine the elevation and slope of the terrain at the discrete
points along the calculated path. Then the algorithm uses the elevation
and slope information together with the desired vehicle altitude and
the desired relation of vehicle orientation to the terrain slope to
calculate the three remaining degrees of freedom (vehicle elevation,
pitch, and roll). Thus, the first portion of the body trajectory consists
of vehicle positions (specified by the six body degrees of freedom)
at given times for discrete points along the path determined by the
desire accelerations.
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The second and final portion of the vehicle body trajectory
is generated in a similar manner. The vehicle is assumed to decelerate
at its maximum rate while continuing on the same path that is was follow-
ing at the end of the first portion of the trajectory. The deceleration
rates are used to determine the vehicle's horizontal position and yaw
angle, together with the associated times, for points along the second
portion of the trajectory. The elevation map is then used in the calculation
of the other three degrees of freedom for those points on the trajectory.
If at any point in the generation of the first or second portion
of the body trajectory the algorithm cannot obtain sufficient data from
the terrain elevation map to determine the terrain elevation and slope,
the attempt at trajectory generation is aborted, which implies that
the vehicle cannot implement the desired accelerations. Otherwise,
when the trajectory generation is complete, the guidance system proceeds,
as described in the next section, to attempt to determine a Teg motion
sequence which will enable the vehicle to follow the calculated trajectory.

2.3.3.3 Vehicle Leg Motion Sequence Generation. The approach

to the generation of vehicle leg motion sequences is shown in Figure

3 (see Appendix A for flow-chart conventions). The algorithm uses an
iterative approach that proceeds either until a leg motion sequence

is generated for the complete body trajectory (which brings the vehicle

to a halt) or until a point is reached at which no acceptable continuation
of the leg motion sequence can be found. The iterations of the algorithm
take place at the successive discrete points of the previously generated
vehicle body trajectory.

For each iteration of the algorithm, the first step is to
determine, using the already-generated portion of the leg motion sequence,
whether at that point in the body trajectory, if the motion sequence
were executed, any of the legs would be completing their transfers from
earlier footholds to new ones. If so, it is assumed that those legs
would be supporting the vehicle body at that point in its trajectory.

The vehicle's static stability is then calculated using the information
of the positions of the vehicle's legs that would be supporting its
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body at that point, together with the position of the vehicle body at
that point in the body trajectory. If the vehicle would be statically
unstable at that point, the generation of the leg motion sequence is
aborted; if the vehicle would be stable, the motion sequence is aborted;
if the vehicle would be stable, the motion sequence generation continues
as described in the following paragraphs.

The next step in the iteration is to calculate, for those
legs that would be supporting the vehicle, the legs' kinematic margins,
which are the distances along the body trajectory over which the vehicle
could move until the legs reach their kinematic limits. If any of the
legs would have a kinematic margin of less than zero at the point on
the trajectory that is being considered (that is, if any of the legs
would be out of its limits when the vehicle was at that position), then
the generation of the leg motion sequence is aborted.

Otherwise, the algorithm, beginning with the leg with the
lowest kinematic margin and continuing to that with the highest, determines
if any of the supporting legs could be moved. It does that by first
evaluating whether the legs could be 1ifted while leaving the vehicle
stable. If it could, the algorithm then attempts to find an appropriate
foothold to which the leg could be moved; if it finds an acceptable
foothold, it adds to the leg motion sequence the plan to move the leg
to that foothold. If no foothold is found, or if the algorithm determined
that the leg could not be lifted, the attempt to move a Teg is terminated.

The procedure described in the proceeding paragraphs is performed
at each point along the vehicle body trajectory. If at any point along
the trajectory the procedure is aborted, the vehicle is not able to
implement the accelerations that were used to generate the body trajectory.
Otherwise, when the last iteration of the procedure at the last point
on the trajectory is performed successfully, the leg motion sequence
for the body trajectory is complete.
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2.4 Guidance System Hardware

2.4.1 Overview

A diagram of the overall structure of the guidance system
hardware and its internal and external communication channels is shown
in Figure 4. It can be seen there that for its external communication
the system receives information from the terrain-scanning system and
both sends information to and receives it from the vehicle control system.
As can also be seen in the figure, nearly all of the guidance system's
internal inter-board communication takes place over the Intel Multibus,
although in one case parallel data lines between boards are used.

Four of the six boards in the system are Intel iSBC 86/30
microprocessor boards, two of which contain an Intel 8087 numeric data
processor as well as the Intel 8086 processor with which the boards
are normally equipped. One of the other two boards in the system contains
special-purpose circuitry designed to receive the data from the terrain-
scanning system. The sixth board is a 512-kilobyte memory board in
which the terrain elevation map is stored.

As shown in Figure 4, the six boards can be divided into three
subsystems. One of the subsystems consists of a single processor which
performs the tasks required for the communication with the vehicle control
system. The other two subsystems perform the elevation map processing
and the vehicle guidance processing; they communicate only through the
terrain elevation map. The three subsystems are described in the following
three parts of this section.

2.4.2 Elevation Map Subsystem

The elevation map subsystem receives terrain range data from
the terrain scanner, converts those data to terrain elevations in Cartesian
coordinates, and then stores the elevations in a terrain elevation map.
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Two boards are used to perform the processing needed for the coordinate

conversion and storage of the data so that the calculations for each

range value can be performed very rapidly. However, even with the two

processor boards, the scanner sends data faster than the calaulations

can be performed, so a third board was designed and constructed to select

only a given portion of the scanner data to pass to the processor boards.
Thus, the elevation map subsystem consists of one special-purpose

circuit board and two Intel iSBC 86/30 processor boards. The operations

of the three boards are described in the following paragraphs.

2.4.2.1 Scanner Data Selection Circuit. The scanner data

selection board (the board layout and circuit diagram of which are shown
in Appendices B and C, respectively) receives over parallel lines from
the terrain-scanning system data consisting of the terrain range values
and the line numbers in the raster-style scan for those range values.

The board also has one memory location on the Multibus into which the
scanner data conversion processor can write a number from one to fifteen.
That number in the memory location is used by the circuit to determine
what proportion of the range data should be passed to the data conversion
processor: for the number n, every nth datum in every nth row of data

is passed to the conversion processor.

In operation, the board receives every range datum from the
scanner and then acknowledges that reception to the scanner. However,
until a number is written into the board's memory, none of the data
is passed on to the scanner data conversion processor. When a number
is written into the memory, the board begins its normal operation, in
which the data to be passed to the conversion processor are determined
as described in the preceding paragraph. Those data that are to be
passed are sent over parallel lines to the conversion processor board,
which is described in the next section.

2.4.2.2 Scanner Data Conversion Processor. The scanner data

conversion board, the computer program listings of which are shown in
Appendix D, receives the scanner range data over paré]]e] lines, as
described in the preceding section. In addition, it receives frequent
information over the Multibus from the vehicle control communication
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board concerning the current position and orientation of the vehicle.

It uses that information as described in Section 2.3.2 to convert the
rcanner range data to terrain elevations. It then sends those elevation
values over the Multibus to a buffer on the elevation map storage processor
board which is described in the next section.

2.4.2.3 Elevation Map Storage Processor. The elevation map

storage board, the program 1listings of which are shown in Appendix

E, contains a buffer into which the scanner data conversion board writes
terrain elevation values, as described in the preceding section. The
only task of the map storage board is to store the elevation values

at the proper locations (determined as described in Section 2.3.2) in

the elevation map memory board. The elevation map can then be used

by the vehicle guidance subsystem, which is described in the next section.

2.4.3 Vehicle Guidance Subsystem

The purpose of the single Itel iSBC 86-30 processor board
that comprises the vehicle guidance subsystem is to generate, with the
computer programs listed in Appendix F, the vehicle's body trajectories
and leg motion sequences. For that purpose, it receives, over the Multibus
from the vehicle control communication board, information concerning
operator velocity requests, current vehicle body state (position and
velocity), and the positions and support states of the legs. The guidance
board uses that information, together with the elevation map on the
memory board, to generate the body trajectories and leg motion sequences
as described in Section 2.3.3. It stores the trajectories and motion
sequences in a buffer on the board itself, where the information in
them can be accessed by the vehicle control communication subsystem,
which is described in the next section.

2.4.4. Vehicle Control Communication Subsystem

The vehicle control communication subsystem, which consists
of one Intel iSBC 86/30 processor board using the programs listed in
Appendix G, is responsible for all communications between the guidance




system and the vehicle control system. The communication subsystem

periodically receives, over parallel lines from the vehicle control
system, the operator's vehicle velocity requests, the current vehicle
body state (position and velocity), and the positions and support states
of the vehicle's legs. It then passes all that information over the
Multibus to the guidance subsystem. In addition, the communication
board sends vehicle position information over the Multibus to the scanner
data conversion board; since, to provide accurate conversion of the
scanner data, the conversion board requires new vehicle position information
more frequently than it is provided by the vehicle control system, the
communication board interpolates between the vehicle positions provided
by the control system by asking the vehicle velocity information that
it also receives from the control system.

Finally, the communication board also provides the vehicle
body and leg motion commands to the véhic]e control system. It derives
those commands from the body trajectories and leg motion sequences stored
in the buffer on the vehicle guidance board, and it sends the commands
over parallel data lines to the control system.

2.5 Conclusion

In summary, this portion of the report describes a computer
system developed to enable a legged vehicle to walk over rough terrain.
The system uses data from a terrain-scanning system, information from
the vehicle's control system, and knowledge of the vehicle's capabilities
and limitations to determine the body and leg motions required for
the vehicle's locomotion over the terrain. The system has been extensively
tested with the terrain scanner and with a breadboard version of the
vehicle control computer, and it will soon be installed in the vehicle
itself.
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3.0 FOOT-LIFT SAFETY VALVE RESEARCH

3.1 Background and Valve Operation

In the development of any complex system such as the ASV,
fail-safe measures must be incorporated into the system design to mini-
mize or eliminate the possibility of a catastrophic system failure,
i.e., one resulting in substantial damage to the machine or harm to
the operator. Such failures could result from failure of one or more
of the sensor systems, a computer malfunction, or unanticipated terrain.

These fail-safe mechanisms are primarily intended as a back-
up to the first two safety mechanisms:

1) Proper operation and maintenance of the ASV.

2) Experimental procedures designed to minimize any risk

to the machine or the operator.

3.2 Valve Operation

In discussion with program personnel at Ohio State University,
it was agreed that some type of fail-safe mechanism should be designed
into the hydraulic systems for the legs of the ASV. Two alternative
approaches were considered. The first approach involved a safety valve
that would connect the pressure side of the foot-1ift circuit to the
return side, in parallel with the actuator. Both sides of the actuator
would, in effect, be connected together. As a result, there would be
no pressure differential across the actuator, and the actuator would
not support any load. The vehicle leg would, in effect, "go limp" and
the vehicle, driven by its own weight, would do a "belly flop". A res-
triction in the safety valve would provide some control to this dropping
action of the vehicle and would dissipate some of the vehicle's energy
before it hit the ground. However, this would also reduce the speed
of leg response.

A second approach was to install.a similar safety valve that
would connect the pressure side with the return side in place of the
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actuator. In this approach, the vehicle legs are "frozen" in place.
This is accomplished by b]ocking off each end of the actuator, and pre-
venting the flow of fluid out of either end. Each leg will act like
a rigid structural member connected to the mainframe. This will prob-
ably result in a strong, jerking motion, and inertial forces may tend
to roll the vehicle.

In some situations, the "belly flop" approach was felt to
be the safest approach, while other situations seemed to require the
second alternative. To accomodate this double requirement, a system
was designed that was capable of providing either alternative. A sche-
matic representation of this system is shown in Figure 5. If only the
dump valve is actuated, the vehicle will drop. If both the dump and
the block valves are actuated, the vehicle legs will be locked up.

Operation of the walking machine is so complex that the op-
erator will not be able to react quickly enough to manually actuate
the valves. Therefore, the system was designed for operation by the
vehicle-computer through a established preprogrammed procedure. Depend-
ing on the circumstances, the computer may dump some of the legs and
keep others stiff to control where and how the machine falls. This
would be useful if it were necessary to avoid an object while falling.
Computer control could also be used to prevent the walking machine from
rolling over. The actual safety algorithms are to be developed by Ohio
State University at a future date.

3.3 Valve Design

The safety valve was required to handle the full output flow
of the pump (30 GPM). Since the hydrostatic circuit for each leg ac-
tuator is relatively short, the flow losses through the valve must be
minimized to control the temperature rise of the hydraulic fluid. Flow
losses through the valve were to be limited to approximately 30 psi.
Finally, the overall package was to be as small as possible to allow
it to fit into the leg assembly.
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Several different packaging alternatives were considered.
One option was to mount a single valve directly on the pump output ports.
A second option was to machine an internal valve in the crossover relijef
valve on the pump. The third alternative was a separate valve block
with all three functions in it. The alternatives were evaluated, in
conjunction with OSU, and the third option, the separate valve block,
was selected.

3.3.1 Valve Actuation

Unless major problems with the system develop during test-
ing, the actuation of the safety valve will be very infrequent. How-
ever, when the valve does operate, it must do so with high reliability.
Solenoid-actuated devices were not felt to have sufficient reliability
for this application. On the other hand electrically-actuated explosive
device such as explosive bolts, have demonstrated high reliability,
even after being installed for weeks or months. The major arawback
with these devices is that they are not reuseable; a new one must be
installed after each use. Any explosive actuator chosen must therefore
be relatively inexpensive. Since explosive bolts cost in the range
of 100 dollars each, they were considered to be too expensive for this
application. A lower cost alternative, electrically-fired primers (0lin
BWP-8-4-257W) were found to offer high reliabjlity at a reasonable cost.
These devices could easily be adapted to actuate the safety valve with
a simple spring-activation technique.

3.3.2 Valve Design

The valve layout can be seen in Figure 6, a photograph of
the valve. The valve body has three parallel spools running completely
through the valve body. The center spool is the dump section and the
two outside spools are the block sections of the valve. The three ex-
p]bsive cavities are at one end of the valve spool (bottom of picture)
and their bolt-on flanges are shown. At the other end of the valve
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FIGURE 6. SAFETY VALVE
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(top of photo), there is a hex plug which contains the'compression spring.
Access can be gained to the spool through either end of the valve.

The side of the valve contains the hydraulic connection ports. The

ports are sized for a SAE-10 straight threaded connection. The connections
shown on the left are for a pump-to-actuator port connection. The right
side would be the same except that the pump and actuator ports would

be switched. The electrical connections are the thin wires visible
underneath the explosive cavities. Only one common ground connection

is necessary for all three explosive housings.

3.3.3 Operatiné Pressure

In the current system concept, the leg actuator system pres-
sure will range from a minimum of 150 psi to a maximum of 4000 psi.
During normal operation the pressure will be considerably less than
the maximum ( ~400-500 psi). However, pressure transients may occur
which result in pressure spikes higher than the 4000 psi maximum. Since
the seal on the sliding spool shaft must be capable of handling this
pressure without extruding, back-up rings were placed on both sides
of the seal.

3.3.4 Operating Time

The valve was also required to have a quick operating time
so that the safety procedure could be .actuated with enough time to be
effective. O0SU estimated that the required time of operation was 50
milliseconds (msec) for complete shifting, once the electrical signal
had been applied. This required the use of a stiff spring to accelerate
the spool fast enough. It also required that the explosive primer op-
erate quickly. (The published time for primer operation is less than
2 msec.)




3.3.5 Spool Clearance

In order for the safety valve to operate with high reliability

it is necessary to ensure that the valve spool shifts. The major cause

of spool hang-up is radial forces applied to the spool due to uneven

pressure distribution. These radial forces cause friction between the
valve wall and the spool preventing the spool from moving. The primary

way to avoid these forces is to eliminate any pressure drops acting

on on the
the ports
the spool
the spool

clearance
ance, the
to assure

side of the spool. To accomplish this, the counterbores around
were designed as large as possible so that the pressure around
is equal in all radial directions. Equal pressure around
avoids any radial forces caused by fluid flow.

Although it is important that there be enough valve body/spool
to allow free movement of the spool, the larger the clear-
greater the valve leakage. The leakage rate must be minimized
proper system performance. The leakage rate of the spool

can be determined by the equation:

=7r c3 (Py - P,)/2uL

where
Q = valve leakage rate
c = clearance
r = radial bore
u = viscosity
Pl - P2 = pressure drop across the spool
L = length of spool land

This is the average rate of flow lost through the dumping

section of the safety valve during normal operation. It is small enough

to assure

proper system performance.
Once the valve has been actuated (in the "locked leg" mode),

fluid will leak across the block valves. Since these valves will normal-

1y not see a 4000 psi pressure differential across them, the leakage

rate will
legs will
rate will

be less than 0.091 GPM. As the blocking valves leak, the
slowly creep and the vehicle body will drop. However, the
be quite slow under these circumstances and is considered

acceptable,
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The forces acting along the axis of the spool control the
shifting of the valve spool. In order to shift the spool, there must
be a net force in the direction of shifting. The valve is designed
so that a_fofce due to an area differential in the spool will act-in
conjunction with a spring to shift the spool. Opposing this movement
is spool-wall friction, rod-seal friction and flow losses moving fluid
through the spool. Calculation of these forces (Appendix H) indicates
that, even under high pressures, the net force is always positive in
the shifting direction.

3.4 Valve Operation

Under normal operation of the valve, fluid from the pump enters
the valve port and passes through four 1/2-inch holes in one of the
outside spools (depending on the direction of operation). The fluid
then flows axially along the 3/4-inch diameter bore in the center of
the spool. At the other end of the spool, the fluid exits through a
seconﬁ set of %-inch diameter holes. (For purposes of calculation,
then, the valve may be treated as two orifice valves, each with four
1/2-inch diameter holes and a section of 3/4-inch diameter pipe approxi-
mately 4 inches long.) The return flow passes through the other outside l
spool in a similar ménner. The center spool normally is blocked (the
offset holes in the center spool are covered by the valve body lands)
so that no flow passes through it.

To activate the valve, a electrical signal from the computer/
electronics system is applied to the explosive actuator. A signal pulse
of 24 volt D.C. at the actuator of at least 2 msec in duration is required.
Voltage drops from the power source to the valve are not included in
this value. The electrical connection to the valve is through three
22 gauge wires. The valve body is grounded to the leg frame for the
other electrical connection.

Once the electrical signal is given to the valve, the explo-
sive actuator will detonate. Gases produced by the explosion are con-
tained in the ceramic tubé, where they build up pressure, rupturing
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the tube. The ceramic tube is completely destroyed by the explosion, .
freeing the spring to push the spool to its offset position. As each

of the outside block spools shifts, the radial holes in it are covered

by the valve body lands, and flow is shut off. The spool, when complete-

ly shifted, has moved 5/8 inch. The length of the spring has been de-

signed to ensure that there is spring pressure holding the spool in

the shifted position. The operation of the center dump spool is iden-

tical except that the radial holes go from a covered to an uncovered

land position, allowing flow.

3.5 Valve Refurbishment

The valve body contains an explosive cavity that was designed
for two purposes: to contain the fragments from the explosion and to
facilitate the installation of the next primer assembly. The tube around
the primer assembly contains the metal and ceramic fragments produced
during the explosive activation. Clearance with the outside tube is
sufficient to allow the escape of the explosion gases. The explosion
cavity and washers also serve to align the primer and ceramic tube so
that the compressive force is transmitted directly down the spool axis.
The outer casing around the explosion cavity provides a guide when push-
ing the assembly to its closed position.

To install the new explosive assembly after a valve actuation
the following procedures are followed: take off the explosive housing
by removing the four bolts. The brass plug, brass tube holder and old
explosive should be removed. Remove the old ceramic tube fragments
from the explosive cavity. To make up the next explosive assembly,
take the brass plug and the ceramic tube and glue them together so that
the ceramic tube is blocked on one end and is centered on the plug.
Next, remove the old explosive from its centering ring and replace it
with a new explosive. Place the brass tube holder over the expiosive
and make sure the explosive (red color) can be seen through the ceramic
tube holder. Place the ceramic tube holder and explosive into the ex-
plosive cavity and feed the wire out through the hole provided for it.
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The bottom of the explosive should touch the bottom of the explosive
cavity. Next, place the ceramic tube/brass plug into the ceramic tube
holder. The brass plug should sit flush with the end of the explosive
cavity. |

The explosive cavity is now ready for reinstallation. Place
the explosive cavity over the end of the spool shaft. The brass plug
should be centered on the spool shaft. The system pressure must be
relieved before reinstallation or the spool shaft will be hard to move.
Push on the explosion cavity slowly until the explosion cavity flanges
meet and then reinstall the four bolts. The electrical connection must
be completed before the valve is ready to fire.

3.6 Testing

The testing of the valve was done to confirm its operational
characteristics. The test was performed using a hydraulic power supply
with a 5 GPM output and a maximum of 3200 psi. After operational tests
the unit was tested to 4000 psi to check for leakage.

Testing showed that there was no leakage found with the power
unit under a static 3200 psi pressure. In addition the spools were
shifted manually under pressure to see if the seals would work dynamic-
ally and still no leakage was found. Even after explosive actuation
with quick seal movement there was no leakage. There was no sign of
seal extrusion when checked after testing.

In order to measure the pressure drop through the valve block
section when there is free flow (un-actuated), the pressures above and
below the valve were measured. These pressures were 76 and 72 psi respec-
tively. There is also a tube fitting restriction to be accounted for,
which produces, according to calculation, over 3 psi in pressure drop.
Therefore, at a 5-GPM flow rate, the valve's pressure drop is less than
1 psi. Because pressure drop increases by the square of the flow, then
at a 30-GPM flow the pressure drop would be less than 36 psi.

The operational test consisted of measuring the shifting time
of the valve spools. The blocking valve was tested by allowing a flow
through the valve and applying a downstream pressure with a restric-
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tion. The pressure was measured using a pressure transducer located
on the downstream side of the valve. When the blocking valve was trig-
gered, it shifted, shutting off flow to the restriction. The loss of
flow will cause the pressure to drop at the pressure transducer. The
pressure vs., time and the trigger pulse vs. time were measured for sev-
eral different pressures. The shift time is the difference between
the trigger pulse and when the pressure reads zero. Refer to Figure
7 for the hydraulic schematic of the test set-up.

The results of two trials on the blocking valve are shown
in Figure 8. The traces show that the valve has a shifting time of
less than 12 msec. It -is difficult to determine from the trigger pulse
trace where the explosive primer actuates. However, it seems from the
trace of pressure that the spool itself takes only about 3 msec to shift
once it starts. The explosive actuator in the trial was actuated by
a 6 V.D.C. battery. "Using a high voltage source such as 24 V.D.C.,
could actuate the explosive quicker and hence shorten the total valve
shifting time. The trigger pulse also shows voltage "bounce" which
is probably caused by mechanical vibrations in the triggering switch.
Eliminating this bounce could shorten the shifting time.
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FLOW CHART CONVENTIONS

The purpose of this appendix is to describe the conventions
used in the flow charts (Figures 1, 2, and 3) in this report, where
those conventions differ from those commonly used in flow charts.

The charts consist basically of vertical sequences of blocks,
with control passing sequentially down through the sequences. However,
interspersed in those sequences are decision (hexagonal) blocks, which
require the execution of subsequences of blocks located to the right
of the decision blocks. When the bottom of a vertical sequence of blocks ’
is reached, control returns to the decision block from which that se-
quence began.

As to the decision blocks themselves, when the condition in
the block is described by a FOR, WHILE, or UNTIL phrase, the subsequence
to the right is aexecuted, respectively, FOR the conditions stated, WHILE
the condition stated is true, or UNTIL the condition stated is true.

If the decision block contains an IF phrase, the subsequence indicated
by the arrow exiting from the upper right of the block is executed IF
the condition is true. If there is a subsegquence indicated by an arrow
exiting from the lower right of the block, that subsequence is executed
IF the condition is false.

Finally, rectangular blocks bounded by thick lines indicate
sequences described by other flow charts.




APPENDIX B

~ SCANNER DATA SELECTION BOARD LAYQUT

The following page shows the component layout of the scanner
data selection board. (Component definitions and schematic are given
in Appendix C.)
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APPENDIX C

SCANNER DATA SELECTION BOARD SCHEMATIC

The following three pages give a schematic diagram of the

scanner data selection board.
shown in Appendix B.)

(The component layout for the board is
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APPENDIX D

SCANNER DATA CONVERSION BOARD PROGRAM LISTING




MODULE ScannerRangelataConversion;

PRCGRAM ScannerRangeDataConversion (lnput, Output);

CUNST
Pi = 3,1415%926054;

Realllnteyer = 63;
RealllntegerPlusl = 64;

TYPK

wits = (BitV, Biti, Bitz, Bit3, Bitg,
Setutoits = SET OF Bits:

Eyte =
AReCURY
CASL Integer OF
0: (Chrctre: Char):
1: (BitSet: SetOfnits)
EnD3

Twolharinteyer =
RECIRU )
CAS= Irnteyer UF
0: (LoCnhar,
HiCnar: Char);
1: (Intval: Integer)
bwmb;

initVectorComplntegerindexedArray =

ARRAY [=RealllntegerPlusl,.Reasilnteger] uOF

Crd = (X, ¥, 2);

Trans~atrixlnteger =
RECURw

Rite, Eit?);

Integer;

Rotat: ARKAY ([Crd]l Uf ARKAY 1Crd) Ot Integer:

Trans: ARxAY Crdl ur linteger
[ VYV

bBooleanPtr =
RELCHRY
CaSe Integer OF
0: (Bposhadr; "~Booleash);
1; (CttAdar,
SegAadar: Integer)
ExD;

IntegerpPtr =
KeCukRp
CASe. integer QF
U: (AosAdor: *Integer):;
13 (Cffador,
Segadar: lnteger)
END;

UnitvectorComplIntegerIndexedArrayPtr =




ReCOkL
CasSt Ilnteyer OF
0: (AnsAdar:
1: (Cttadar,
SegAaagr: lwoCnarlnteger)
END;

grasizConmgufter

rECUKL
Scnnrionarthlransdatrix:
Newyata: Boolean

EnD;

“UnitvectorComplntegerIndexealrray);

Transratrixinteger;

BrdsizConmbutterPtr = “nrasizCommiutter;

prasl2CoragutferPrrerer
RECUKD
Cady Inteyer UF
C: LAbsadar:
1: (Ctfacar,
SegAaaar:

*BrdsizComrmpryurferby

Integer)
rnbg

YAk

erdzInCperationPtr: boovleanPtr:
mraslzCormlnptiutterPtrrromoralptLr,
prasicsiormlaledutferFtrrronpraslPtr,
prdsizCoraQtptBufterPtrrronprdspPer,
#rrdsizConmrmlnpthutterPrrrromsrcaetr,
drdslsiCormnlaleRygfterPtrFromsroLpPer,
arcslizConnClptRufterPLrrronidra1PLrs
rrasizCoranTenpecfierrtr:
srosizConnalenutterbusyrromosrazbir,
nraslCornlalevufferptusyrromsruieer:
rortCpyte: bpyte;
rnangepataConversioniovegin: mooleanr;
hangevataconversioninrrocess:
Scantinenyroer: YwoCharlilnteger:
FrevScanlLinewvyrper: lnteger;
nextScanLinetymper: Twolnarlnteger;
. ScanPolintwuubers fw~oCharlnteger;
ranyepatui: 1aoCharlnteyer;
Scannervrosi,
Scannervcsy,
ScannerrosZi: Integer;
Scanktl ispXkElCosProabkact,
ScanPetlisrYLlCosbroutace,
ScanPtlLispirlCosFroatact,
ScanPrlisepXtlSinProuract,
ScanbPtlisgYrulsinProdfrace,
ScanFunispZelsinProdtact,
ScanPti*isuXAz(osProuFact,
scanPrliisprAzCosProuaracet,
ScanFtlispZnzCosProuract,
ScanPrl'isgXnzSinProutace,
ScanPrLispyrazsinProdtact,
ScanPtl- isyZAzSinProutact:
tiCosrroaArraybtr,
EilSinProoiarraybPrr,
AzCosrrodarray®er,

lnteuer;

r);

BrdsiZCornrutferPrrbtr;

3rdslsComnrputterbPer:

pooleanPtLr;

soolean;




AzSinrrodarrayPtr,
ScanPtlisyArrayprrr:?
UnitvecterCompintederincexedarrayp
ScanPtPosvatunBufferbulletr,
ScanPtLPosvatumBufferkfulllUnBraivrtr:
ScanPtPosxPtr,
sScanPtPosyPtr,
ScanPtPossPLry
ScanPtbPosi,
ScanPtbPosy,
ScanPtPosiZ: Inteqger;
PrevkangevataArray: AkkAY
ScanPointsumberrangebatahAcceptanie
Arraylraexi,

Arrayinaex2: Integer;
Arrayirdex2iwoCnars 1wotnarlnteger
trdlnaex,
(rdlnuexti,
Crdlroea2:

IntegerPtr;

Cra:

BEGIN

Disableinterrupts;

praZintperationbPtr, Segihdar = &19C;
erao2lnCperationbtr, OtfAdur = U
dra2inlperationPtr, AbsAdor” = rals

BrasiZComulalebufferBusyFrombrd2rtr,
BrdsizConnlalesutferBusyFrombraZrtr,
prusliCornlalebgtterbusykronéralrer,
prcsizonunlalevufferousyfFromBraolrir.,.

Brosi2ConnlaledyfferBusyfrosBrogrer,

BrasizConuDtptbufterPtrrromsra2rir,
brasi¢ComuCiptrufterPtreromuraszPur,
braslz2Corpluleprufferftrirondrdzrir,
bErdsi1iConslalenyfferPrrrronsrazbPer,
proslzConclnptbufferPtrrrondrasyer,
Brasl2CoralnptkufterPrrfronsrazPrer,
prasisConmCtptrutferPtrrronosrulrer,
brosl1zCorauttptbufferPtrFromsralbPur,
Brasi12ConnlulepufterPrrirondralPrr,
BrastsConrnlalevytferPtrbromnsralerr,
brdsiZzComnlngtBufterPrrrromaralfer,
proslz2ConninptbufferPrrtroapralPr,

ScanPtPosvatuimbByfterFullbtr,
ScanPtbPosvatumnisyfferkbyllPer,

Sejagar
Utfadar
S
8]

ScanrtPosnatuibyfferkfullunsroibir,
ScanbtFosvatumbytterfFullonopra3ver,

ScanfPtPosxrtr,
ScanPthkosabtr,

ScanPtPosyPtLr.
bcanPtPosiFLr,

seyhAaoar
vitAdor

SegyAoar
QftAqgar

=-bl145;
Z13

~bl14b;
13

tr;

Booleanpt

¢ ARKAIX LU

.
L4

H

e;
segAagor
Offaacr
SeyAaaar
CttAaar

9 oe oe oo

ApSAadr*

SegAaur
UfftAunr
SegAaudr
CffAaar
SegyAaaar
CttAQar
SegAadr
LtthAagr
SegAadr
VffAdar
SegAacr
VEfAaar

96 B9 08 8% B¢ 8% @ O° 09 0 On o8
(L L T T TR L I [ O 1 O TR T[]

& -
-

egAaddar
ffAaar

ri

l0wasil] UF Inteder:

ee31) CF

@xv

~£345;

foolean;




ScarPtPossrbtr, Segldadr
ScanPtPouscFtr, UffAaor

Cutoyt (0OCFH, Cnr (0Bohk));

ElCosProdAarrayPtr, SegAddar, Intval := 2037;
ElCosrrodarrayPer, Jffaddar, LoCnar := Cnr (uvOuHR):;
ElSinProcarrayPtr, sSeyhgar. LNtveal = 2549;

biSinPrcoarrayPtr, JuftAcor. LoCnar Cnr (vuvn);

hAzCosProaArrayPtr, seghaar, Intval = 300i;
AzCosProdirrayPtr, OffAadr. LoChar := ¢nr (vOUH)?
AzSinProaarrayPtr, Seyhadr, Intval :i= 3573;

AzSinrrocirrayPtr, 0OffAaar, LoCner cnr (Ouuk);

VRS-

ScanfPtl:ispArrayPtr. Seghadr, lntval := 4
t= Cnr (o0un);

ScanPtlisvArrayPtr. Ufthoar, LoChar

ScanLinetunver., HiCpar := Chr (QuOQHK);
Rangevatum, HiCnhar := Chr (VOOH):

Kangyevatalonversioniokegin

= False;
rapgevatalcnverslioninProcess :=

False;

FPrevScanlineNumper 3=

-1;
Scanfolintiywober, Intval

= v}

REFLAT
uinllL Brdz2lnlperationrtr, AbsAaadr=;

writeLn (°koara 2 1is in operation,’):
Cutbyt (OKtr, Cnr (8));

wHil,b True uv0
BeG L

Previcanl ineNyrper 3= ScanbLinewunver, intval;
FEPLAL
InEyt (UCCh, PortlCtyte, Chrcrr)
UNTIL (PertCRyte, BitSet * ([(Bivil) <> ()3
InByt (vCoH, Scanriinewurver, LoChar):
ScanLinehunmver, Intval $= (259 « Scanlbinenumber, 1lrtvVal)
lnsyt (vCAn, rRanagebatum, woChar);
I¥ Rangel.ataConversionTobegin
Ik
ScanPolintwumper, Intval = Scanpoirtnumcer, Intval + 1}
if naraeCataConversionlinProcess
Tk .
REGIN

1F ScarpPointhymper., Intval = u

DIV 87}




Trik o

IFf ocaruinenumoer,
:l li" NS

wIiteur (*#7);

Intval <> wextScanLinenurkber.,lntval

It SCanLineivunber,
TdE «
ScanPointrnunberrkanget.atafccentanle LScanfFointiumber,
ELSE

v ocanfointivumperRangevatancceptaple (ScanFocintivumper,
TAHE:.

ScanfPointuwumbernangei.ataAccervgaole [Scanpointaumber,

[ntval u

Intval]

-
HE-

True

Intval)

((Rangyei;atun,

Intval = PreveenyepataArray [sScanrcinthtumber,

=10);

PrevFkingyevatasarray (ScanPoinuwrurber,

Ir

lntvall

Fangeiuatunm,

scarrFolntuymperranaeiratancceptaple [sScaenvrointivumuer,

T
BeGLf

hzCusrrouarrayPrr, uffada
AzSinrrodarrayfFtr, UfthAda
ScanttiuispArraybPtr, CffAd
-3canlftPosx 1= ScannerPosx
AzCosProomarrayPtr, AosAaa
Az5inFroaarrayPtr, ApsAgd

ScankLPoSy ScanperrPosy
AzCosbroaarraybPti, AoshAdd

AzSirrroderray?tr. sbshad

ScanrtPosi Scannerross
hzCosrrodarrayvtr, ApSAda
ReS1rProaarrayPtr. Apshan

anlufF ScanbPtPosvaturncutfe
Abseuar®
ApDsAaar®
AbSAczar”®

Scanttitrosirrr,
GCanlLFOSIPLT,
ScanrFtboscPrr,

scanttPoslatunbBufterfFully

ScanprtPosvatumdutferrullunmruldpPtr.

£l

Eau
LSt
It ranaelataConversionlopegin
Ttk e
RanjevataonversioninbFrocess
LSk
ranaevataConversioniodein
(Scanuinesunver, Intval

= 15)

IF scanrocintiumper, lntval
1k

Bre G

r HiCnar
r. hicCnar

scanFointiuuber,
ScanPointnwunner,
ar, HiChar &= rangelatun,
+ ScanrtLispArrayPFtr, Apsaduar®
r® (ScanbtvispXazCosprodtact) +
r~ (ScanPtilspiaAzSinProaractll;

+
r.
rﬂ

$canptlispArrayktr. Apsadar”®
[5canPtidispyAzCosProdtact) +
lScanPtulspYAzSinpProakactl));

+
rn
rﬂ

ScanptbisyArreyPtr. Acsaddr®
lScan¥tuisplZAzCosProaractl +
LScanPtiolspézAceSinprodractl];
reallPtre AcsAudr® Cu;
ScanpPtPosax;
SCanPLrosy;
SCanPLross;

lru
ADSAudr”®

tr, ArsaAgar”® := e
:

’
= [rue

:= Scanbkointiuyrber, intVal = 15

ALl (PreviacanLinei.umter

14);

15

intval]

woChar;

{

L

NOT
Intvall) <

. -
- -

Intval;

Intvall

LoCharl;
uwoChar;




BroslsConmldlebuttertusyfFromnrasbPtr., acsaddr”®

RePLUAT
UnTll Mul brdsizZComuwloleButterbusyFromsraglPtr,

RtshAadr”;

It vrusléCermldlecdufterPtrroupnrd2Ptr, AbsAddr*~.

‘I{iE.;V
BeGiw

BrdslZComnTenpButterPtr :=
broslisConmrtprtBufterrtrFronprd2Ptr,. Absaddr”®

prasizConndtpeButferPLriFronpsrd2Ptr, Abswmdar®
braosteComnlgletyufferPtrirowpsro2rPer, AcsAdcer®

BrosisComnplylebButferPtrrromnprusbPtl. Apvsador*®
praoslsConmmTempbutterber;

proslsComnTempBufferPtrr :=
BraosisConnlitptautierverFronnrdipPtr, ApsAdar®

braslzCorniti tButteryLrironsdrdliPetr, ApshAdcr”
prasiiCompldlesuifterrtreronmnralPtr, Aosador”®

prasiiCorsldleltytferPirfromgrolPtr, ApsAdar*
prasilz2ComrTempdytferrtr;

.
r

13
’

]
14

.
[ 4

Newbhata

breslsConnloleduffervtrfromprd2ftr, Ausddor~®, wewlata

ENC;
Brdslz2ComilaledufferbusykFrounsrasiPtr, Atbsaddr®

ScanPtlispXrlCosProdract :=
BraslZCommOtptouftervtr¥Fromprg2fFtr, ApsSAadr**,
scnrricezartniranstatrix., kotat (X) [XJ;
ScanbPtlispirlCosProntact o=
traslzCormUtotBufterPtrrromsrazPtr, Absagdr*”,
scnnriceartnliransiatrix, Rotat [(X] [y}
ScanPtbispZclCesProdtact :=
BrasliConmltptrufferPtrrromsragPtr, AbsAdar**,
ScnuriccartnTransmatrix, Rotal Lx} (4]

ScanPtllisprxazsinProdract c=
BraslzCormalUtptbufterPtrrromsdrid?2Ptr, AbsAgar~“.
Scnnricearthiranstatrix. votat (Y] LX];
ScanPtlflspYhzsinProdFact 3=
brdaslceComrnUtptitutterFirfromprdzPtr, ADSAdUr**,
sSchnricrartnplransratrix, rRotet (Y] (Y);
ScanPtliiispiZhzsinProakact :=
prdsiiComaltptBufferftrFromnrazPtr, Acsaddr**~.
Scnhuricuartnlirensnatrix. kKotet (Y] L2}

ScanfruispXxrlbinProdtace ¢=
trasl2Comultptputterrtirbrombra2¥tr, Absaddr**.
Scnnricrartnlranshatrix, kotet LZJ L[x};
scanPtlispYrlSinProdtact 3=
grasiz2ComrnltpcButferpPtrFrombrazbtr, AbSAagdr**,
Scennricrarthlranswatrix, Kotat (Z) (rl);
ScanbtbispierloinProuract :=




BrdslsConmbtptBufterfrrerombrdzPtr, AvsSAacr*®,
Scnnrileorartniransiatrix, hotet [Z) (2]);

ScaiherrPosXx :=
Bbrdst2ComaltprBufterpPtrFronmbra2Ptr, Apsadar~~,
Scnnricrarthlransdatrix. Trans L(XJ; ‘
Scannerrosy =
BraslZComnOtprBufferPtrrromprd2Ptr, Anssdor*®,
ScnpriocartntTransiatrixXx. Trans (Yl;
Scannerrossd = _
Brdst2CormbtptBufferPtrfromsrd2Ptr, ApbsAador*®,
Scnnricrartnfransvatrix, Trans (21];

NextScanlLineturber, Intval 3=
IF rextScanitinenumpber. inhtvau
THe

NextScanlineh:umper, Intval := G;

Scantinenumber, Intval + 1;
= 16

hextScarlinenyroer,

biCosvrodArrayftr,., Cffador, rniCnar =
+= extScanlinrnenunper,

ElSinProaarraybtr, UGttAadar, niChar
ScanftlispviazCosProofact =
ElCosProoArrayPtr. ApsAdor” (ScanPtiispitlCesProdbact] +
eiSinProdarrayPtr. Apshoar”® 1s5canPtvlspielSinrrodtract):
ScanftrlispYAzCosPronFact &=
ElCosProdirrayfFtr, AosAdar”® ipcanPtiispibklCosvrodiacty +
E1S1INPTOdArrayPtr, AonsSAddr” i1ScanftllspYrlSinFroctacty;
scanrtlispZazCoskroaract =
ElCosvrodArrayPtr, apsaAdar® 15canPtbispzElCestrodrkact] +
E1SinProdArrayPLr, AcsaAanr”® i1ocanbtuispielSirFroatacel:
Scanfointrnunmher, Intval = =i
Ll
[P

EnD,

LLotnar;
LoCnar:




APPENDIX E

ELEVATION MAP STQORAGE BOARD PROGRAM LISTING




MODULE TerrainfElevationLatastoragevrroyram;
PRUGRAM TerrainEievat1on5ata5torageProcram (Input, uvutrut):
CondT
v»aximruranllowaoleTerrainrlevationbitference = 2;
TYPe

gits = (ep1tv, R1tl, BitzZ, BIit3, bit4, BitS, Rite, BiL7);
SetUfnlts = SET OF vits;

Eyte =
keCORWY
Casy Inteyger ub¥

e (Bitoet: Setufrits);
1: (Cnaracter: Char}

[IREV

word =

ke ClLkiy

CASr Irteyer 0OF
U: (Loweruruerbkyte,
rlgnerrdernyte: Setufmits);
1: (Tscuvytes: Inteqer);
2;: (LoweruraerCnaracter,
riuneridrderCnaracter: Lhar)
EbU

dooleanrointer =
e CJkh
CASe lnteyer OF
0 (hpsoluteAadress: “Booiean);
1; (Cifsetigoaress,
Sequwentaddress: lntegyer)
[ SER V-

vytePointer =
Rr,Cutku
CalSe. Irteger OF
(; (Absoluteldodress: “Eyte);
1: (UtfsetAqdress,
SegmentAagress: Inteyer)
Fvbg

lntegervolnter =
ke Cuky
CASe Lnteyger uF
t: (Apnsolutenodress: “lnteuery;
1; (CffsetAddress, '
Segmentaidaress: lnteyer)
el

VA

Zerobyte: bByte:
wnobaturasord: sora;
mapxindex,




¥“3cylnoex,

*apialnaextilirvesio,

darylnoexfimnesios lnteger;

Terrainsk,

ferraini,

1errainsy intedger;

terrainsapX,

lerraindapY: lnteger;
lerrainqayXxingex,

TerraintapYindex?t word;
TerrainvaturdufferFullPointer,
ttoardZlerrainbatundufferfullPoanter: sooleanPcinter;
tTerrainaxfouinter,

i1errainytointer,

ierrainstolnter; lntegerpPointer;
Terrainarrayxrositiontointer,
lerralnarrayYpPositionvointer,
terrainarrayPointer: IntegerbPointer;

BEGIN

kBoardzlerrainiratunByfferfullPolnrer., Seguentaddress = = (63857
roargzierreinvatunBuftertulliPolnrer, UtisetAgaress =

poard2TerrainvatumbByfferrullPointer, AvsoluteAdaress” := True;

lerrainvatuntuftertullPointer, SeynmentAdaress =
TerrainvatuabufferfFuyllPointer, uUrfsetagaress =

ijerraingcatumButterFullPointer, AvscoluteAquress® = True;

lerrainafPointer, Seygmenthaadress := 5191
Terrainarovinter, uftsetiaguress 1=

lerrairiPointer, Seygmenthiidress :=
Terrainirfointer, uffsetprjaress := : H

lerralnsPointer, LSHegmentiaadress :
TerrainZrointer, uffsetacaress :

TerrainarrayarositionbPointer, SeunentiAguress :
TerrainarrayYrositionPointer, SeumentAquress 3

Zervoyte, Character $= Cnr (0uudy;

Nollaturword, digherfirderCharacter

H nr (Geun);
nosaturs.ord, LowerUOrdercnaracter :

C
cnr (ulun);

Furn mMaralndex 3= v TO 255 bLu
bruin
1errainArrayXPositionPointer. utfsetAddress = MapXindex * 2;
TerrainarrayxrositionbPointer. apsoluteaadress® := holatumasord, JTworytes
Eois;

Fls Macrlndex = 0 TO 2%% LO
lﬂLGllu




ierrainArrayYpPositionrPointer, uffsetAddress (= MapYIndex * 2;

TerrainarrayYrositionrointer, apsoluteAdaress® = hNoUatumword, 1w0oBytes
Eivi;
FUR Mapylndex = v TU 255 DU
tur Mapxlnogex 3= v TO 255 L0
BhGIM

MapyIndex * 32 + 82567

TerrainarrayfPointer. seymentAduress =
= MapXlndex * 2;

lerrainArrayPointer, vffsetaddress :
TerrainArrayPointer, AbsoluteAddress*® = iNobatumaord. Twobytes
Enl;

lerrainvatumbutterFullPointer, AovsoluteAadress® = lFalse;
poardZ2lerrainvaturmduffertullPointer, absoluteAddress® := ralse;

wAlLE True uG
BLGlw

wHlLE NUT TerrainpvatumBufferbuilFointer, ApsocluteAddress”® 0OuU;

lerrainx := Terrainxpointer, aAvsocluteasddress”;
Jerrainy (= Terrainypolinter, ApsolutehAauress®;
Terraing := TerrainZPointer, AvsoivteAaaress®;

ferrainpatumbdufferful tFointer, AbsoluteAcaress® = fFajse;
roard2TerrainpvatumbufferrullPointer, Aosolyteadaress® := rFalse;

lerraindapX
Terrainiapy

*e w0

Terrainx viv 4;
ferrainy vlv 43

TerralnvagXxlinaex . lwokRytes 1= Terrainmaps;
lerrain-aapxinaex . dlyherurderCnaracter := Zercusyte, Character;
terrainuapYlnaex . Iworytes 1= Terrainmapy:
rerrain+apyinoex . HlyheruragerCnaracter := Zerouyte, Lhgracter;

TerrainarrayXrositionbPointer, uttsetAagaress =
ferrain~«apixingex, Twocytes * 2;
ferrainarrayYrositionrointer, uvtfsetAadress =
TerrainiapYindex., Twopytes * 2;

[+ TerrainArrayxPositionrointer, Apbsolutehddress® <> TlerrainhtapX
Trikn
HergLh

TerrainArraybPointer, JdffsetAddress :=
TerrainiapXlnaex, Twonytes ¥ 23

Mapilndexlinesio 3= =16

FuR PMapYlndex 3= U JUO 255 bu
BgeEGLN

mauvyiIndexrimeslo := MapYlnaexTimeslo + 16;




TerrainArrayPointer. SegnentAadress =
MapyrlnoexTimesle * 2 +  WZbo:
lerrainArrayPointer, ArsoluteAddress® := nopatumworag. Twonytes

[

TerrainarrayXrPositionFointer. ApsoluteAddress” := Terrainﬂapx
Ll
It TerrainarravYPositionrointer, AbsoluteAddress”™ <> Terrainkapy
ik
BEGLN

lerrainarraybointer, Seymentaddress =
TerrainmapYindex, Twosytes ¥ 32 + 8256

Mapalndexliresio 1= =10}

FuR MapaIndex $= 0 1lu 255 DO
BeGlA

marxindextimeslo := Mapxlnoexlimesle + i6;
lerrainArrayPointer, UffsetLAcaress 3=

mapxlnaex * 2;

TerreinarrayPointer, Acsoluteadaress® := weLatumword, Tworytes

EivD);

IerrainarrayYrositionPointer. AosolutehAddress® (= Terrainmapy

[ Y M

[errainarrayPointer ¢ SeywentAdaress =
Terrain«apYlnaex, Twohytes ¥ 3.2 + 82503
lerrainarrayPointer s Uftsetaodress =

Terrain+apXlnoex, Twonytes * /;

[errainarrayPointer, Apsolutedudress”® := i1errain?




APPENDIX F

VEHICLE GUIDANCE BOARD PROGRAM LISTING




Cegufrrar = KECIORD
Kotat: urlneuleriangles;
Irarns: PtinCrd

L}

Trans+atrix =

ke CURD
fotat: ARRAY [Crd)} uf veInCra;
Irans: PtinCru

i)

Legs = (mone, kthLt, FtRrt, CrLt, Crkt, wnrkt, Krktl;

vencladyCrnalype =

PeECuk
Vercliorartnfrans%atrix: Transgkatrix;
LinveiInvehclCras VclinvenhclCrd;
AngvellInvenclcirasd VeclnvenclCra

R

vencluedyStt =
KeClhke

Tine: keal:;

vernclicrartnfransvatrix: Trans*atrix
En\b’,’

Jencl dylrajType =
re.Cuku

MaxcdySttldx: Integer;

vehclndyStrtss ANKRAY [Ue MaxpdySttsinoaylraj) uF venclaedystt
L

SptottTyre = (Trnsfer, Supforty;

vehkclLenStt =
e Cais
Sptutts SptstiType;
PositcartnCrd: pPtincarthcero
LI VI

vehclLeyssttsltype = AKPAY lLegs) UF vencluegStt;

venclue;lrajylype =
RKeCukw
Lfttiime: keal}
Lft:1gt: keal;
Flcline: Keal;
PicrosinvenclcCrds:s PtlnvenhclCrag;
Cttiime: neal;
Cttnatwini neal;
Ctthgtrtax: xeal;
MxUfhulankarthCras PtlnkEartnCra
kNC;

vencliLejirajsrec
e ClUkL
maxuelirajlaxs integer; : ‘
Vehclueglrajs: ARKAY 10,..4axveglrajsinkeglre)stec) vt vehcluegTra)lyre
Esl;

vencluegsirajsIypre = AkRAY (Leus) UF Venclueglirajskec;




MODuLE Veniclelrajectorjplanning:

PRUGRAY vehiclelrajectoryPlanning utinputg,

CunsT
Fi = 3.1415920%4;

raxpbdySttsinBaylIraj = bu;
raXxLeglrajlsinlegTrajskec = 10;

vehclCtrlovenclilop
venclctriovencluti,egs
vencilicCtriovenclatlLegs
venclltriovenhclrtyuegs
venclitriovehceclCriuegys
VenciCtrTovenclkrLegs
VvenclCtrIovenclce

L]
.
-

s o o @
- < 07
Y I
AT T )

-
o
[V TR N U A T

NP OO

o3
VvenclAaltitude = o,0;

vencl axliransvel
Vencli+axlransacc
vencl..axkotatvel
vencl-axkotatacce
Vvencl..inTurnghaa

.
< <<

()t we we e

~e we

TR TN T T I |
—_c o a
L ]

N O

T e
*
Fol

daxueqgktniiae = ¢
LegRtnlin (U .
LeguftTinm Ue?2;
LegrleTin Ue2;

L ]
o
-e

Guludlgrtnrexecintrvl = 0,2500u;
Trer

la0Charlnteger =
[ L"C\..‘l'(u
Cadbs~ 1integer uF
C: (LoCnar,
niCnars: Cnar);
1 (ltgrval: integer)
KNl

Crd = (&, Y, 2);
PtinCrd = ARFAY [Crd) CF Real;
veinCra = AxrRaY ([(Cral) GF Real;

N

3333,

EartnCreo = (kEartha, Earthy, karthi);

FtlnearcehCrd = ARRAY (EarthCrou
vecintarthCrd = ARKAY (FartnCras

OF Rreal;
GF realy

vehclira = (Vehclx, Vencli, Vencldi);

PtlnvehclCra
vcinvenclCrua

ARRAY [vehclCra.
ARKAY (VenclCra.

kuleraAangles = (raw, Fch, R11);

drintulerangles = AKRAY (zZulerangles) UF

OF Real;
CF resl;

Gutpyt);

keal;




venclue jCind =
KECURL
Sptott: SptSttlype;
VvehcluegCungTraj: vehclueyirajlyre
Ewl; » '

venclueagsCmndsType = ArRRAY [Leus] Or venclLeqCundg;

Hooleanertr =
RECuUKRL
CASr: integer OF
s (ApsAddr: “Boolean):
1: (CtfAadar,
SeqAaqar: Integer)
EnDy

Integervolnter
keCurp
CaSe Integyer ufF
¢: (ApbsAdar: *Integer);
1: (Gtfadar,
Segaanr: lnteger)
[N

Brosl4Conupbutfteyl =

rRLCuky ,
Currntlimres Real;
VenclliotartnTrans~atrix: Transkarrix;
VehcluinvellinvehclCro,
VenclangVellnvenclCra: Veinvencllrai:
VenCclueysotts: vencllegsSttsiyyre;
Frwavelrast,
Sidevelkgst,
Turnvelngst: keal;
Venhcluegs(mdst VenhclreysCunoslype;
Newvatas: boglean

STV

croslsCormBufferPtr =
i Cuk
Casl 1lnteyer uF
C: (AuvsAdurs "drosiaConmuburter);
1 trthdOr' :
Segadar: lnteger)
EiLDg

srasisCorapbufferPtrPtr =
b CURD
CaSe inteyer UF
t: (Aosaddyr: *HMrasi4ComrmBurferPtr);
1: (Cffaddr,
SegAdor: integer)
EnD;

trosaiConnpufter =

ReCuki
Vercludylraj: vehclbvaylrajlyve;
vehcluegsirajs: VehclLeygstraisType;
HeasayaLra: voolean

Enbg




drds4lCormbufterPer =
ke CURD
CASc. lrteger uf
0: (Abssadr: “Brds4iCommBurter);
1: \CttAdar,
SeqAddr: ]nteger)
END; .
dros4iComrmpufferPrritr =
RECURL
CASr lntegyer OF _
s (Abswadr: “Brdsq¢lComanpurterPtr);
1: (Cttaddr,
SegAdar: 1lnteyger)
EnND;
VAR
dgrdslnCperationttr,
zrotiInCuerationrtrs: RoosedanrPLr;
srasl4ConmlnpthufterfFtrrronsrarpPtr,
prostaConmlIdalenufterftrerronsrdipPtr,
8roslaCoruCtprrufterPireromonrulpPLr,
grastaCormlnDtsufferPLreroncrasetr,
grdsleCormldlerufferPtrrronnsrasper,
graslaConcltpriutferrerrronpra4Ptrs BrdsleComnButferPirrtr;
prosl4ConwlemprufferPur: nrosi«Colcrputferrtr;
srasijConnldleryfferBusyFremeralpPtr,
crastiConrnlalenutferbusyfFromnnradptry sooleanPtr;
pras4i1Corainptasutierkirrionsraltr,
dras4iCorwlalenufferPtrrroncrairtr,
BrassjConmnitrtigfferktrironsralytr,
grasdiConalnproufterririronmrasrtr,
sras4liCornlaleryufferbirerorsrasptr, :
dros4iComsOtptsufierPLrrronnruaPtrs bBrasdicomritufferreretr;
crosalComelenpiutferPir: osras4iCommputterPtr;
grassllfonrlaledutterBusyrrounrajktr,
#ras4iCormlulentuffereusyFronsragqktr; vooleanPtr;
lrruhrratosPtr,
IrrnArri{kosktr,
JrrrnArrakFosnelowbtr,
lrrnArrxfFosAbovertr,
TrrnArryfFosweloaPer,
ITrrnkrrYv¥rosabovePtr: (ntegerfointer;
hobDatltar: lwoCnarinteger;
hoLatkeals: RrRegal;
Pluslutirlty? keal;
vencleGirvehciCra: Ptinvehclcrag
LegrasePosInVencl(ra: arnaY llegs) UF PtlnvehclCrd:;
Trarsvelkqgstrxag: Real;
Transacchyst™®ag, KOTLAtACCKRgstwayg: kKeal;
velrneckFctr, Accreubctr: real;
vVenclndyTrajs: vVehcloodyTrajlype:
vehclieysirajs: vehclLeysliralsryre;
Leg: uveys;

FUnCTLON Irrnktlev (
IrrnX,
lrrnY; keal)




Keal;
VAR

Trrntdarcx,

irrntapi: Integer;
Irravapaldx,

Irrndarilax: rwoCnarlnteger;
Trrankrrbtr: InteqgerfPointer;
Trrntlevitar: lnteger;

BEGLN
IrrnkapcX 3= Round (Irrnx * H,u) L1V 4;
TrrnkapyY 3= Round (Trrri * bo.Us LIV 43

lrrnranaldx, ltgrval = Trrntiawa;
irrnYavaldx, hicnar = Chr (Vuwvr);

Trrartapylax, Ltarval

t= Irrnmaey;
itrrrtacyluxe miChar := ¢n

r (vuunr);

1ITGAITAFOSPLT s UEfAgar

= I1ro=apxlox, ltgrval * 2;
IrrnArryvosPtr. LtfAdor =

TrrnnapYliox, Itgrval * £;

It

(TrrnirrxrPoskPer, AbsAddar® <> [rrrnHMapx) Uk
(TrrnarrYPosPtr, AbsAddr® <> IrrnvagyY)
1ok

Trrnkliev 1= Mgolitatkegl

bude

Brelin

IrrnArrbtre.e Seqadar

= TrrnikapYldx, ltgrval * 372 + 425n;
IrrnAarrrtr. Lttaddr :=

Trrovapxicx, ltgrval * 23
Tirnklievitydr (= IIINAITPLI. ADSAdaAr®;

lr irrmncLlev]tyr = Muvatitygr, ltgrval
THE i~

Trrat lev 1= woDatkeal

ELSL

[rrnkiev = Irrnklevitar / S.u

bl

Boug

FunClIC. irrntthd (
1LINA,

IrrnY: resal):

keal;

VAR

Trruraca,
Trrnkapy,
Irrnvacxtielos,
Trrntapadovove,




Irrnvapybelow,
irratagYApove;
TrravapXlax,

TrromacYIdx,

Trrodacxldxpelon,
1rruvaralaxaoove,
Trraovaryldxosejow,
IrronrapYIaXanoved
TrrnhArrbtrs:
lrrnrlevitar,

Inteyer;

TsoCharlnteger;
Integerrointer;

Adjlrrnklevityr: Integyer;

bL()I"«
Irrnrapx 35 Round (Trrnx ¥ ®w.()» DIV 4;
Trroracy t= kound (TrrnY * »v,0» LIV 45
frrarapabelow t= IrrprapgX = 13
Irratapaboove $= ITrrphtavX + 17
frromapikelow $= (rrntacy = 13
TrrnmapyAabove 2= frrnvapyY + 1,
irrntabalidx, ltgrval := Trramavx;
Trrokapalux, iChar i3 Cnr L6
frrn%aprlaxe. i1torval 1= Irrnhavy;
irrnraprlax, niChar = nr (vy;
frronrapalaxselow, Itgrval = TrrnHapXocelQw;
Trrnbapxlaxdelon., HiCnar t= Cnr (6G)3
TrrrnrapaluxArove, ltgrval 1= trrnmapasApove;
Trrn*xancalaxdpove., HiCnar = Cnr (v);
irrovauriuxseloan, Itgrval = [rrntapYe€low;
Trrnvapylcxaselos, HiCnar = Cnr (U)3
Irrn~apylaxanpve, Itgrval $= lrrnvapYAbove;
TrrnvacrYlaxanove, HiCnar t= Cnr ()
TrrnArrafFoskPtr. Utfagar := irrn@apxlax, itgrval * 2;
TrrnArryPosPtr, Offaadr $= [rrn-apYlux,., ltgrvel * 2;
TrrnArrxiPosvelonPtr, wtrahadr := 1rrnmapxliaxpvelon. ltarval
TrroArrafosaoovePtr, ufiAadr ;= TrrnkaepaidxAccve. Itgrval
IITNATTIFOSne L oaPLr, LFfIAUOT % 1IrnMapYloxsBeios., lLyrval
TrrnArrytosarovePrr, LEftAASr ;= TrrnMapilaxAbove, ftarval

R R R

~e we

N NN
- we

1F
(lrrnarrxrosPtr,
(rrrnarrfrosPer.,
(Irrrarrxvostelowbtr,
(lIrrnAarrXeoshAvovertr,
({rrnarryrosfelowpPtr.
(1rrrnarrYPosApovertr,
Trnenw
Trrnftha =
ELSe

BrGIn

Abhshadr*
AbsAidor*®
ApSAcdr®
ApsAadar*®
ApsAcor”®
AusAaar”®

<> [rrnrapx) UR

<> IrrnmapgY) UK

<> TrrnvapXBelow) Uk
<> JrrnragXavove) UK
<> Trrn¥apipelow) UK
<> TrrnmayYApove)

noDatheagl

ltgrval * 32 + »250;
ltyrval 25

1rrn2rritr,
1rrnArretre.

Segadir

t= TrrniapYlidx,
Otfadur ¢= [

rrnnapXi0Xx,

Irrnkievitar frrnarrPtr. wosAodr”®;




Iy jirrnrlevitgr = hovatltyr, ftyrval
THE : .

ELSe
dEGlh

TrtnfFtng 3= hobDatReal
1rrnarrPtr, SeyAdar = TrrnmapYlyx e ltgrval * 32 ¢+ 82507
TrrnArrPtr. UtfAoar = TrrnsapXldxbelow, itgrvai * 2;

Aajirrnelevitgr 3= JrrnArrrtr. ADSAaQdr+;

1r AdjrrrntElevltgr = Neobetatgr, ltyrval
TaE

ctrrnftha (= Nobatkeal

ELSt

1r ats (Trrnklevitur = Aojrrrnklevitgr) > 3
T8

Trrnttnd = pMoDatkeal

ELSE

peoGlLh

IrrnArretre Seqaagdr @

IrrnmapYiax o ltgrval * 32 + B4db;
irrnArretr., Ufthaar I

rrosapxlaxAnove, ltgrval = 2,

Axjirrnelevitgr := TrrnArrrtr, AovsAdgr®;

JF wdjlrrnklevityr = wopatrltgr, ltyrval

1 1‘“‘.1&'

Trrokthd := nNoDatxeal

EuSt,

e Aps (TrrnkleviItgr = Adjlrrnklevitgr) > 3
TAE

TrrnkFthil 3= hoDatnesl

ELSLE

BrGAN

rrnMapilaxpelcw, ltgrval * 32 + &250;

lrrnArrPtr. Seukrddr = 1
s Trrn4apxlax . Itygrval * 2;

1IrrnArrrtr. CitiAdar

Agjlrrorlevityr ¢= IrrnArrPLr. Acsacdr®;

Jr AojTrrnElevltqgr = fobatlItgr, ltgrval
1riF

Trrnftha := nNoLatreal

PLSw

I+ Abs (Trrniklevlitgr = acjlrrnklevitgr) > 3
1 l”.'.n

Trrnoktho = hNolatreal

ELSE

BeGiw

rrnvapYlaxArove, lturval * 32 + 825b;

frrnArrPtr, SegAddr = 1T
:= TrrnMapXlax o ltyrval = 2,

IrrnArretr, UffAdar
Aadlrrnelevitagr = Trrnarrptr., AbsAodr*®;

I Agd)Irrneklevltgr = nNobatltyr. ltgrval
Tdali,

TrrnfFtna := nolbatReau

ELSr,

It Abs (Trrn¥levitor =« AdjIrrnklevItar) > 3




THaEw

TrroFtha := robatReas
ELSE
TrrnFtho =
EnD
il
kD
E.‘uP
END
Eil;
FuuCTlUs ArclTang (
XValUG'
Yvalues Real)s
Real;
BeGln

I avaluye > 0,0
TrE .
Arclanz :
LSt

IF xvalue < 0,0
THE W
Arclanz
ELSL

IF Yvalue > 0,0
loern

ArcTan

ArcTan

Trrnklevatyr / 5,0

(¥YValue / Xvalue)

(YValue / xvalue) + Pi

Arclan2 := Pi /7 2.0

ELSH

Arclanz = = Pi /7 2,0
Etid;

PrOGCELURE CalcTransmatrixtrombosveqUfEran (

Rotat
rotat
Rotat
Rotat
Raotat
Kotat
C
S

[
.
.
»
-
.

vak Transvatrixvar: Trans+datrix;
LVegUfrranvars: LeaQffFrdn);
VAR
Cosiaw, Sinyaw,
Coswecn, Sinvkch,
Coswll, Sinnxll: keal;
BEGIN
Cosyawn 3= Cos (vegDfFramvar,
SinYaw = Sin (DegyUffrd.var,
Cosben 3= Cos (veylffFramvar,
Sinfecn := Sin (DegOfFranmvar,
Cosxrll 3= Cos (veglUfrrdavar,
Sinrll 3 S1in (vegOfFrorvare,
iransratrixvar., rotat [{xJ] IXx!
iransaatrixvar, Rotat [x) (Y]
frans-atrixvar, kotat {X] (Z]
1rans«atrixvar. kotat (Y} (Al

[raw));
[Yawy);
{Pcuj);
{(PCcny);
{rlll):
irkdii]);

osyaw ¥ Costen;
1nyas * Cosrcn;
Sinrcn;




Cosya~ * SinFch * Sinkll = Sinraw ¥ Coskll;
Iransmatrixvar., Kotat (Y] [Y) :=

Sinyas * 5inPch * 8inkll ¢+ Cosraw ¥ Coskrll;
Iranssatrixvar. Rotat (Y] (2} :=

(* *) CosPch * Sinkll;

Trans=watrixvar, rotat (2] [Xx} :=

Cosyas * SinkPch * Cosklli + Sinsaw ¥ S1nKll;
Irapsvatrixvar., Rotat (4] (YY) ==

Sinyaw » SinPen ¥ Coskll = Cosraw * Sinrll;
Trans«atrixvar. kotat (2]} (Z) 3=

(% %) CosPch ¥ Cosnlly

Irans+atrixvar. Trans [a) := beqgUfFramvar, 1rars (X];
Trans-atrixvar, Trans (YY) := vegQtFraavar, Trans (Y]l
Irans~atrixvar, Trans (42 = wvegCfFramVar, Trans (2]

Loaby

PrUCEDUKE CalcPosbegUfFrdnrromiransmatrix
vihx DegufFraomvart DegJdtbran;
Trans~Atrixvar: Transmatrix);

Broln

cegutiFranvar., kKotat [Yas) $= Arclan2 (
Iranshatrixvare. kotat (a) [ax), 1lransmatrixvar, rotat [X) LY});

CegJutrrunvar. kKotat (Pcnl 1= Arclar2 (

Syrt (

Sgr (iraprsratrixvVar, kotat (Y} lZ]) 4 >Sar (lrersmatrixvar., Rotat
« lransnatrixvar. Kotat [al 1Zs);

vegutifranvar. Fotat (~11) := Arcian2 (
Trans+atrixvar. kotat [Z) (ZJ, Transmatrixvar., ketat (Y] [Z));

vegufrranvar, Irans [x) = Transkatrixvar, 1rans (X}
veguftrawnvar. Trans (y) := Transratrixvar, lranrs (1)
Uegurrranvar. frans iczj = Transmatrixvar, 1Trars ([2i

we nw

Lo,

PrCEDURE TrnsfrnpPtiorartnCrdfFrvenclCra (
Var PtlokartnCrdavar: PtineartnCro;
vencliocarthlransratrix;: ‘ttransrarrix;
PtinverclCravar: rtinvenciCraj; '

o

vhGIN

PtinkFartniruvar ([(eLAartnxl =

vehclliorartnlrans+4atrix. Rotat [X) (XxJ * pPtlnvenclCradvar [venclx]
vehcliorartniransMetrix, Rotat {[Y] [x]) PtinvenclCravar [(vVebhclyl
vencliocartnTranssatrinx. rotat (ZJ [(Axl * Prinvenciravar [Venclal
vehcliorartniransratrix, Irans (xi; '

-+

rtintarchCravar teartnyYl =

vehclilocarthlrans#4atrix. Rotat [x]} [Y) % PtlnvehclCravar [(Vehclal
vencliowartnTranssatrix. rotat (YJ (Y] ptinvenciCravar (vencly)
venclliocartnifransmatrix. KRotat (Zs tY) » PrInverciCravar (Vercly)

»

Lzi

+ +

“+

(zl)),




vencliocartnIransvatrix. Irans (Yl:;
PtIntartnCraVvVar Learthz)] :=
venhcliowartniransvatrix, Rotat ({(XJ) (Z] *
vehcliofartnTrans~atrix. rRotat ([YJ (2] =*
Vehcl:iorartnlransmatrix. Rotat (zJ) {Z) #*
vencliocrarthTrans~actrix, 1rans [ZJ

kil

PRCGCEDUKRE TrnsfrmvciotartnCrdkrvenciCra (
VAR VclnEarth{rovVar: vVclncartniru;
Vehcliocartnlrans«atrix: lransMarrix;
vcinvVenclCravars: vcinvehcliCra):

bEGIN

VcinkEarcthCravVar [Eartnxld

vencllotrartnlransvatrixe. wotat [X] (xJ *
VencliokartnTransmatrix, rotat (Y] (XJj *
vehcliocartnIransratrix. rotat (z) ([(x] «
velntarcrCravar leartnil) :=

vehcliorartnlranssatrix, rRotat (X) {[Yi: =
Vencliocartniransvatrix., rotat (YJ (Y} *
vencllocartniransmatrix. Rotat {ZJ [Y) *
velinkartnCravar [Larth2z] :=

venclliotartnlranssatrix, Kotat (X)J (ZJ) *
VehclsicrartnTransmatrix, Kotat (Y} {(Z) =
VencliocartnTranshatrix. notat (2] {z) *

ATY N

PrRUCEDUKE YrnsfrmptiovenciCrafrEartnCra (
var FtlnvehclCravar: PtlnvenclCro;
vencliorartnTrans»atrix: lransmawrix;
FtinEarthiraovar: pPtintartnCraoij;

Var
lupPtlneartaCravar: PtilnkartnCra;
teGlu

TompktincartnCrdavar LkarchiX)
PtlntarthCravar [(rartnal =
tmeppPptlineartnCrdvar (Eartny)
Ptintarthcravar (tarthyl) =
TmpPtincartnCrovar LEartnddl
PtlnEarchCravar (rcartnz)

:
ve
:

PrtinvenclcCravar [venclxiy

vehclicrartniransmatrix, Rotat i} LX] =
VencliorartnTIransMatrix. xotat (xJ (yl] #*
vencliocartnirans~atrix. kRotat {(xJ (zl *
PtinvehclCravVar Lvehcl)y) :=

vencliccartnlransrtatrix, kotat (Yi (X4 *

PtilnvenclCravar
PtinvenclCravar
Prinvenc Cravar

vcinvehciCravar
VelnvenciCrdiar
Vecinvenhclirdvar

VvelnvenclCravar
velnvenciCrdvar
VecInvenclCradver

vcinvenclCravar
VcinvenciCravar
vecinvencliCravar

TmpPtiIntarenCravar
TapPtIncartncCrdvar
TmpPrinkarwncCravar

inpPrinkarctniravar

{vehclxl +
Lvehclyl) +
Lvenhclss +

[venclal +
(Vvenclyl] +
{vencldsl;

(venclal +
ivehclYl +
{vehclid);

(Venclil +
{venclil +
{Venclii;

ncl?oEaxtnTransmatfix. Trans [(X);
VenclloFartnlransMatrixe. Irans [Y1;

- VencllokartnTransmaetrix. Irans [Z4];

[earthxi
(Eartny]
(eartnZi;

{Lartnxl

+
*

*




vehcliowartnTrans«atrix. rRetat (YY) (YJ * TmpBEtlnkartnCrdvVar (carthy)
Vencliocartnlransmatrix., Hotat [Y] (Z)] * impFtIntarunirdvar f{cartnil;

PtinvenclCroVar [venclil] :=

vencllocartniranssxatrixe. rRotat {(ZJ (X] * 1mpPtlinkartniravar (kartnaj

vencllorartnirans+atrix, kotat (2] L(Yy)
vencliozartnlrans~atrix. Rotat

Ecoiy;

FunCTIO: rtinnicits (
Leg: ues; '
rtPosincartnCra: vtilneartnCray

»*

venclic.artaTransratrixs ifransdMatrix):

voolear;
Conip'l

Tevv33333;
3.233333;

vaxpeglngtn
Minpelngth

MINADJANRGlEe = = U,UBbS;
MaxAariyAngle = Ued30L2
maxpwal sprc = 3.,
Vinfwalsple = = 3,05

VAkK

FtPoslnvenclCrd: PtlnvenclCra;

Ftkadusypilc,
FLAvoangle,
Ftleqgurgtne kealy
FrlnfadidsplclLimits,
Ftinhoeangyletimyits,

frinleqgungtnLimitss: koolean;

beGlw

IrnsfrartiovenciCrdert.arthCra
FtrosirvenclCra, vehcllobartnTransmatrix,

rtEwdusylc

FtPosirvencliCrAd [venciXxl)] = LegwsoserosinvehclCro {Legyl

rilrnbrdospelciimits 3=
(Ftewilsple >= wminFwdisplc)

1 woo (Crd (Ley))

IHkn

FtacoAangle ¢= Arcilian?2 (

= FtFoslnveiclCrd (vencll,
(FtroslnvenclCra (Venclil) =
ELSR

FtAudangle := Arcian2 (

= FtfosinvenciCrada [(vehclill,

TmpPtlneartnCrovar lrartny]
{(z) (2] * [mpPtanEartnCravar lrcartni)

FtFPosinkartncrd):

tvenclxl:

A (FtFwdbsple <= Maxkwdusplc):;

LeupasePoslnVencl(ra

tLeyg]

lvenclYl))

= (rtrcslnvenhclCra (venclY) = negwaseroslnvenhclCrd [Leau)] {(VehclYl)):

FtinadacdanrnleLirits &=
(FtAaccligle >= minbdbdangyle)

FtlLegungtn = Sgkrt (

Aup (FtApdangle <= MaxApdanale);

+

*
*




Sqr (rtrosinvenclCrd [venclY) = Leutiaserosinvehclird (Leg) (VenclYl)) +
Sqr (rrtreslInvencl(Cry (VenclZ) = LegpaseprosInVenclCro [Leg) {venclZ))):

FtinLegurngtaLimits =
(Ftueylngth >= vinLegungtn) Atu (FtLealngth <= kaxLeaLnutn);

FrinbLinits =
FtInFsdusplcLlimits Awni: Ftlnabaanglepimits AnC FrInleaLngthLirits

EnDy

FUNCTIUs CalecvehclBayTraj (
Fredacenrnust,

blaoeAccrast,

lurnaccnast: real;

Currntlire: Real; .
vehcllorarthiransratrixs: lransmuacrrix;
venclLinvellnvencicCrd,
vehclanivellnvVenclCros: Vcinvencliure;
var VehClpmoylrajs: Vehclwvoylrajiyrve):
doolean; -

VAR

verbclresueayfrranakicartnCrds: Lealftrdnm;
venhcleartni, venhclrarthyY, venclia«w: Keal;

Frwavel, Siuevel, Turnvel: keal;

NewvenclFartnia, Newvencitartni, hewvenclyYaw: keal;
vewrradvel, vewbigevel, newlurnvel: w~eal;
linelncrant; xedqdli;

Frwaleckgst, Slouebeci-yst, lfurnl:ecRyst: Real;
Lecliues Keal;

PRUCEwWURE CdicrnewvenclFos (

venhcl.artna, vencleartni, venciYas: Real;

Fraavel, oluevel, Iuyrnvel: Keau;

FrwaAccnast, sideacckygst, Turnacckast: keal;

VAR Mewyencifarthx, nrewvehcltaretny, newvenclYew: Kredl:
VAR hewtrwdvVel, t~newGicevel, newlurnveis heal;

VAK 1llnelncrants: neal);

Cuh )

Translncrant = 0,457
Fotatincrant = 0,015625;

Vak

Frwcgliime, SideTlime, Turniime: keal;
Averrsdvel, AveSlaevel, AveTurnvel: Keal:
Aveiransvel, AvevenclYaw: keasl;
TurningKkaua, lurningarc: Real;
lransvelAngaRkilbtartnCras Keal;
TurningCtrrartha, lurninygcerlartnys: Keal;

FUNCTLICw miplistTime
lnitialveliocity,
Acceleration,




histan
rReal;

Vnb

B2
Li

BeGlh

Ir a
TnF
e 1
TAar
MLIDD
ELSE
mlng
Eude
beGlL

v
b £
1¥

T
B

E s
r
It
Tn

s
ol %

ce: keal)d:

Tns4AC, Buplsdahals Keals;
stTime: Real:; :

cceleration = 0,0

nitiaivelocity = 0,0

jstiive 1= Pluslinfinitv

istrine t= ars (uvistance / Initialvelocity)

is

noistiine $= PlusInfinaty;

"nsdAl = Syr (lnitialvelocity) + 2,0 * Acceleration ¥ isistance;
c2unsaAC >= yLv

| )

Giw

bistfime 3= = InitlalveroCity + SaRt (PF2mnsad() / Acceleration;

It (vistfime >= 0,0) awp (Listfine < riplListlime)

'LnF.'j :

¥inuistline 1= uListlime;

ListVhime = = InitialvejoCity = Sgrt (P2ans4AaC) / AccCeleration;
It (Listlime >= 0,0) Awy (Distline € minListliime)

Trik I
rinvistTime $= uilstlline

[ ;

t1s4aAC s= Syqr (Inltiaivelocity) = 2,0 * Acceleration #* Listance;
BeplsdAC >= v,

[

Gl

Listlime = = Initialvelocity + Syrt (B/Pls4AC) / Acceleration;

It (DiscTime >= 0,0) AsD (Distiine < ¥inCistlime)
Tl
Minwistiiwe 3= uistline;

Listiime 3= = Initialvelocity = SR (L2EL1S44(C) / Acceleration;
I (DistTime >= U,0) Awl (Listlime < kinListlime)

ToEw
hinuistiime $= vListTiue




Enl
F.D
EnD;

BEGIN

FrvaTime 3= Minpistiire (FrwdvVel, FrwahAcckgst, IransIncrmnt);
SioeTire 3= MinbDistline (Sidevel, SldeAcCcRgst, TranslIncrmnt);
Turnline = “inulstiive (lTurnvVel, lurnhcckast, RKotatIncrrntl);

1 (FrwdTlinme <= Sidelime) Anv (Frwdline <= iurniiwe)
THE:.
Tirelnecrmnt ¢= FraagTlTire

ELSe

I (Sidelire <= Turnlime)
TAFE

Tirelncrant $= Sidelire
ELSe

Timelncrment $= lTurniiwe}

Frwavel + Frwomccrgst #* ligpelncrmnt;
SideVel + Sideanccrast * Timelncrnnt;
Turnvel + Turnaccagstl ¥ limeincront;

Newrlraavel
NEWSIQGVEI.
Newiurnvel

e 89 W
nnn

(Fresovel + NewrrwavVel) / H
(s51devel + wewoicevel) / 2,C;
(furnvei + vewsiurnvel) / H

Averrwavel
Avesicevel
Avelurnpvel

wesvenclyawn =2 veihhcliaw + Avelurnvel *x l1ljmelincrabtu;

It (Avekrwdvel = u,u) AnND (aveSldevel = 0.0)
1k’
BrGilm

vNewVencllkarthx s= vehclEarwnX;
newvenclbkarthy := venclemarwvny

b

kLS

IF AvelurnVel = 0,0
T4k ..

BLGENM

hervenclbarthis := vencliartha +
AveFrwovel # (0s (VenclYaw) = avesidevel #* 4in (vehclYaw);
Newvenhclrarthy = vencleariny +
Averrwavel * Sin (venclYaws,s ¢+ Avedlaevel * Co0s (VenhclYaw)
EEID
ElJf).‘)
By
AvelransvVel = Syxt (Sgr (averrwdvVel) ¢+ Sqgr (AveSjideVel)):
Turningragd (= Aps (avelransvel / avelurnvel);
Avevenclyaw = (venclYaw + wewVenclyaw) / 2,0;

lransvelianguiRTEArinCrd 1= avevenclYaw +
Arcian2?2 (Avelrwavel, AveSluaevel);




1F AveTurnvVel > 6,0
T et E
brGuM

TurningCrrkarthx := vehcstarthXx +
Jurninex3da % Cos (lransvelangarliEarthCrd
TurningCtrearthi i=s vencicartny +
Tdrninorag *» Sin

EuLSE

jurningCtrfEarthas $= vencubarthx +
Turningeac * Cos (TransvelAngaklearthCra
TdrningCtriartry s vencirartny +
Turnincraod * oin (lransvelanosk{btartnCrd

EaD;

+ P11

- k1

- Pi

Turningare := Avelransvel * 1lnejincrant /7 Turningkao:

1r Avelurnvel > ¢,0
THEN
BiGlhk

vewvenRcCclFartha = TurninuCrtrFartnX +
Jurningxac 4 Cos (TransvelAngswxTearthCro
hewvenClrarenY := TurninuCtrerartny +
Jurningraa % 3in (lrensvelAngakirartnCra

[ A
l:.uSc.
BoGlr

tewvenclrartnX := TurninuCtrEartnx +
jurninaxaa * Cos (lransvelAnowritartnCrd
HewVenclrartnY := TurninuCtrkartny +
lurningrag * Sin (IransvelAnaaklegarctnCre

FLUnCT10n (CalcvenclTotkartnliransmatrix (
vencluartnX,

vencl~artny,

venclyas: Real;

VAk vehcgliozdrtnTransratrixs lfransmatrix):
Hoolean;

VAK

vVenclaldax, venclyidx: Inteuer;
TrrourtsintartnCras: ARRAY (=2,.2, =i..1} Cf
l.erlrrnfkts; Integer; ’
sampartnx, sSumkEarthit, SurrterthZ: real;
veankartha, meanFarthy, Meankartni: keal;
duneadrtnxeartonXx,

PtintarthnCrd;

Turningarc);

Turningarc)

Turningarc);

Turningarc)




SynrartnXxcarthy,

Sancartaxrartnl,

Surcartnicartny,

surrartnyrartnZ: real;

zZincercert, EartniCoeff, EarthyCoeff: Real;
ricPtincartnCrd; Ptlnegartnirda;

xvecrthays Realy

bEGILW
Fuk venclilax $= =1 Ta 1 Du
Foin Verclalax = «2 iu 2 Du

scGil

TrrnPrsincartnCrd [venclxlax, VehclYldx) Learthal = venclirarths «+
Cos (JenclYaw) ¥ 4,v * VenclXldx = sin (VehclYaw) * 4,0 * venclYIaxy
irrnrusingartuCre Lvenclalax, Venciylux] (Eartnyl = venciktarthy +
sin (venclYaw) # a,u 4 venclyldx + Cus (venhclYyaw) * 4,0 * VenclYlax;

Tirnktsincartnlra (venclxlux, VenclYlax] Llrarthzl = Trrnttano (
jrrnftsineartnCrd tvenclxlax, vehcliYlax] L(Eartnal,
jrraftsincartnCra (venclXxlux, VenciYlax) Llearthii);

E vI;

waotrlrrnfPts $ts 03
S :_‘art‘ﬂX HE S VI I
Sulir8rtnYy o= JeU;
SURLBITNL 3% Ue0U}

Fur Venclylax := «1 10 1 Du

Fuw Verclalox =2 =2 Tu 2 Ou

1r irrretsIntartnCra Lvenclxsax, vehclYldxl [kartnzj <> nolatreal
Tk .

BrGirt

poeprlrrnbets $= yxpprirrnbts + 1

GAdrLa@rtnX 1= SunkEarthi +

yrrafesincartnCrd tvehclXldx, VenclYlax) LlEartnxi;
SuineartnyY 1= Susrearcny +

Trronrtsim.artnCro (Vvenclxlux, Vehclyldx) LEargnyl;
LyrrartnZ = SUnEArthi +

TrinttsincartnCro (vencixlax, VenclYliaxl (tartni)

C.ly{‘;

lr whorirrnets >= 3
Ttk .
Red il

seanfarthz $= SunrarthZ /7 wsnerlrrnets;

-1 T0 1 Du

ok vehclyldx o=
= =2 1y 2 LU

F.ir venclalux
1r :

(vrrrPtslnkarthCro (VehclxXxiax, venclYIdx] lrarthz) = MeancarthZ ) > 2,0
Tk

LG LA




tmbrTrrpvts = waprTrrnPrs = 1;

Sunbkartnx = Sumkdarthy =
1rrnEtsintartnCrd LVehclalax, venclYIdx]l [Earthxl:
SureartnyY = SumbEarthy = .
TrrnPtslneartnCra (vehclalex, venclYIoxi {(Eartny);
Sunzarthz $= SunkartnZ =
YrrnPFtsincartnCrd tvenclialox, venclYlaxj [Eartnil;

frrufursincartnCra tvenciaiox, venciliYlax) [tartnz) = nolLatkeal

£ U
£l

Calcvercllokartniransvatrix = (vmorfrrnPts >= 3);

1 valcvencliiokarthlransdatrix
Tt
ReGlLw

Neapnkarthx ¢= SuymkarthX / wpbrTrrnPts;
Feankarthy = Sumrcartny / wobkrI¥rrnbpts;
»eantartnz := SurcartnZd / wsrorirrnets;

SumartnNirartnX = U,.,U;
SureadarthXecartnY = v,u;
SurcartnXegartnig (= U,V
SufcartnYtartny = v,l,07
Surcarta¥Yzartnz = 0,07

t IR vehclylax 3= =1 TU 1 vu

Fak Vehclalax $= =2 1Td 2 vJ

1r 1rrnPtslintartnCra (vencialdx, venclYIdx] (Eartnzi <> holAatkeal
Tk '

BrGlk

SurtartpnxtarthXx := oumkarthArartnx +

(irrnPtsinktartnira lvenct1Xldx, venclYlox]l lEartnx)] = meanrartnX) *
(frrnPtsInkarenCrd (venciildx, VenclYlax] (rcértnX} = meancartnX);
SunewartnXeartny = SumedlthiArartny +

(irrnPtslnEarthira (vencialdx, venclYldxl lrartnhXxj = meancartnx) *
(rrrnptsincarthCra (vencaxlax, venclYIdx) (eartnY) = deantartny¥):
SanecartnXearthz := Sumbarthakartnz + .
(trroPtsinkarthera tvencixlux, venhclYIax) (rmartnXxj = mednrartnX) *
(irrnPtslaeartnCro tvenciXklax, VenciYldxl] Lradrtadl = reaneartnd);
SuriartnYcarthy := Sumksrchykartny +

(trrnPtsintartnCra (Vencixldx, VenclYldx) lEartnyY)] =« rMeantarthy) *
(irrnPtsintarthcrad [Vencaialax, venclYldxl (rartnyY]l = Meancartny);
SuncartnYeartnz := Sumearthikartnz +

(irrrnPtslncartnCra (VenciXxlax, vencliYiax) leartny) = Meanrartny) ¥
(srrnPtsinkartnCrd {Vencaixlax, venclYIdx] leartnZ) = meanrartni)

| 3 A

CalcvencllorartnlransH4atrix 3= (SumcarthXcartnk <> uU,0);
1t CaicvencliTokarthlransmatrix

Lyshkow

Be.GLN

CoalcvencliotartnTrans4atrix = ((




SuncartnXwartnY ¥ SunkEarthicartny =
SurcartnXxegartnx * Sumcarinieartny) <> 0.0)7

IF CalcvenclTokartnlransHatrix
TrE N
BeGILN

EarthyiCoeff = (

SumEartnXtarthY * SumbalThXrdartnig =
SunmbkartnXkartnXx * SumcgartnYkartnzZ) /
SumkEarthXcgarthyY ¥ SumcarthXrartni =
SumcdrtnXedrtnx * SumsrartnYeartny);

FarthaCcetf 3= (Sunbarwvprcartnid = garthyloetf * Sumbkartnxkarthy) /
SumkartnXeartni; ‘ .

Zlntercept := meankartng =
EarthaCoetftf * meankartnx = carthyCoeft ¥ meankartny;

10,0 % Cos (venclYaw);
1C,v = Sin (venclYaw);

XvevrtinkartnCrd LEarthaj) s medantdartha
AvePtInzartnCrao learthy} = seancarthi
XvecPtincartnCro Leartnay = Zlntercept
EarthaCoetf * xvcetinearthCrd (tarchxl
EartnyCoeff * avcetincertnCra (cartnYy?

4+ 4+ +

XxvebPtray 1= Sgkt (

Sur (xVcPtInkartnCrd lerartnx) = meanfarthi) +

Syr (xvcPtInktartnCra {eartnyj = MeanEerthy) +

Sur (V.5 * (XvcPtInkarunCrd (tartnysl = MeantartnZ)));

Vehcllorartnlransdatrix, rRotat [X] (XJ

(avecPtInEarthCrad (Earctnx) = mearEarths) / XvcrktMag;
venclloczartniransdatrix, ~notat [X] {(YJs =
tavePtintartnCra (kartnil = meancdarthy) / AVCPLhag;
VehclTforarthlIranssdatrix, Rotat [x] [(ZJs := 0,5 %
(avcPrlnEartpCrao leartnzl = meancarthe) / XvcPthag;
VehcllotrartniransMatrix, Rotat [¥] LxJ = = &Sin (venclYaw):
vencllorartniransvatrix, ~xotat (¥y)] {YJ) = Cos (venciYaw);
vehcliorartnTransdatrix, Rotatl (1 (ZJ 33 U,0;
vercliorartniransvatria, xotal (Z]) (Xxiy =
Vvenclloerartnlransmatrix, Rotat (&) [YJ ¥
vehcliorartnIransvmoetrix, rRotatl {(yj (2} =
vehcllozartniransvxatrix, rkotat (A) (Zs ¥
vencliorartnirans@atrix, sotat (Y} (YJ?
venclioftartnlransvatrix, Rotat (4} (yJ) =
vencllorartnTranssdatrix, rwotat (a) (2] =
vencllocartnirans#atrix, rotat (Y] [x, =
vencl.iocartnIranssatrix, rotat (A) (X} »
Vehcliorartnirans«matrix, xotat (Y1 L2147
vencliorarthiransmatrix, rRotat {Z) (Z) :=
Vencliorartanlransmatrix, Rotat (X) [XJ ¥
vencliotartnTransdatrix, Rotat (¥Y) (Y =
vencliokartnIiransMatrix, rotat (A} [Y] =

vencliotartnlransmatrix, xotat (YJ LX)

vehcleartnX;

Vehclkartny;

Venclaltituae + Zlntercept +
ft * Vehcleartny

Vencliogartnhiransmatrix, Irans (X} 3
venclfiotrartnTransvatrix, frens [Y)]
vencllIocartniransmatrix, irans (4]
tarthxCoueftf x venclbkarthx + pgarth¥cCo




NG
B I
EaD
t‘_\lu;

biLGlLN

CalcPusveyOtkrdunkromlransMatrix
venclvosieguttramwkikarthCrad, vehcllotartniransk¥atrix);

vehcleartnX := venclrosveglUfrrdmarRlTearthCrd, lrans (X];
vencleartnY = vencltosveyltrrunwrlearitnCra, Irens iYl;
venclraw t= yenclrosueglftronwnteartnlra, kotat {Yaw);

Frwdvel := venhclLinvellnvenclCra (VehclXxi;
Sicevel 1= venclLinvellInvenclCra Ltvenclyis;
turnvel &= venclAngvellnverciCra (vencizi;

vebclsdyTrale ™axndysttldx = v;

vehclnodylraj., VehclddyStts {vencludyliraj, maxvdySttidxl, Time = Currntiine;
vercludyira). Vehclooystts (Vencloeylirale maxcdysSttlaxl,
vehcllcrartnhliransmatrix 3= VenclTorartniransvatrix;

Calcvenclbayiraj = 1true;

iF

(FTvavel <> 0,0) DR (Sidevel <» (,0) UK (Turnvel <> 0,0) OR
(Frreancchyst <> 0,0) UR (oldeacckyst <> U,0) (KR (lurnhcckgst <> 0,0)
k.

CTACN R

K PLAY
venclodylraj., MaxroySttldx t= VencledyTraj. MaxsaySttldx + 17

CalcrenvenclPos (

vencleartax, vencltarthY, vehclyaw,

Frauvel, 3idgevel, Turnvel,

Freagdcckyst, olaeaccRgst, surhAccryst,
Newyenclharthx, hewvenclrartnhy, nesvenclYaw,
vewprwaqvel, rNewSicevel, Newjurnvel,
finelncrant);

venclodylraj, VehcladyStts L(venrclrayliral. ¥axwedySttldx), Tire =
venclHdylira). VenclpayStts (venhcloaylraj. FaXoedyottldx = 1], Time +
luinelncrnont;

CalcvencledyTra) := Calcvencllorartniransratrix
newvenclbartna, newvenclearthy, newvencliaw,
venclrdyiraj. VenclndyStts (vehclbaylra). MaxpdySttlaxl],
venclliorartniranswatrix);

trwiavel = hNewFrwdvel;
S16evel 1= wewSigeveyl;
furnvel = wewTurnvel;

yenclrartnX

= NewvVehcliaruvnx;
verclrartnY =

vewVencltaruny;



venhclyYaw $t= newvVencliaw

U110, (rnGl CalevenclBdylraj) Uk ((vencluayTraje
venclvdyStts (vVencledyiraj. maxpdysttldx), lime = CurrntTine) >

GuiahiartnrixecIntrvli);

Ir CalcvenCLmdylrgj

THE

If (Frwdvel <> (,U) UK (Sidevel <> (,0)
Tk v

BeGibk

Iv
(sos (FrwdVel) >= Avs (Sidevel)) AnL

((Avs (Frwdvel) / vVehcl®HaxiransaAcc) >=

(aps (Turnvel) / venclMaxrotathaccy)
Iv‘lt—..l )
EL;GI.F\

Frvapecrgst 3
Sicelleckast
Turnovecnast ¢
(rurnve] / Ve

= = vVencimaxiransacc #
= = venclmaxlransacc ¥
= = venclmaxxotatAcc *»
nclraxnotatace) 7/ (Awus

vl
LSk
I+

(LAps (3ipevVeyl) / VencleaxsransAccC) >=

(nts (TurnVel) / Vvenclkaxkotathcc))
T8
br.GlH

Frwdbecrk3st ¢= = venclraxiransacc *
SidebLecngst (= = vehclraxlransacec ¥
lurnbechist = « venclmaxKolLatAcCge *
(ivrnvel / venclmaxsotatmcc) 7/ (Ars

koD
LLSE
peGLE

Frejbec=xqgst = = vehclrax[Iarsacc #
(Frwdvel / Venclhaxlransacc) / (ApDS
Sivebecrgst = « venclMaxfransAcc #
(Sicevel / Vencimaxlransacc) / (Aos
Turnvec<gst 1= = yenclsaxkoratacc ¥

hu[‘,;

Ir rrewdvel <> 0,0

Tk )

Leciine t= Abs (FrwoVel / rrwdirechgst)
ruSte

lr S5iaevel <> 0,0

Ttk
lective ¢
LSy
Deciiwve 3

ADSs (Sidevel / >Sjiael'ecrgst)

Aabs (lurnvel / 7Yurniecrqst)

KePoAl

OK (lurnvel <> 0,u)

Frwavel / Ars (Frwdvel);
Sisevel / Aps (Frwaovei);

(Frwovel) / VenhclwaxTransacc)

Frwavel / Aps (Sigevel);
Sicevel / Aps (Sidevel);

(Sivevel) /7 VehCltmaxlransSacc)

(lurnvel) / venhclraxkotatacc);

(iturnvei) / Vehcl4axmotatiacc);.
Turrvel / Aps (lurnvel)

-
’




VehcludyTraj. MaxbBdySttlox f= venclbdyTraje. MaxitdySttlux + 13

CalctiewvenclPos (

VencleartnX, vencleartny, vencliraw,

Frwdvel, Slaevel, Turnve:,

FrwgbecRast, SidevecRgst, TurnDeckgst,
NewvenclkEartha, NewvenclkarthyY, nNewvehclYaw,
Newprwovel, NewSidevel, wewlurnvel,
lirelIncrmnt);

VehclpdyTraj. venclBayStis [VenclAdylraj. MaxedySttlaoxl, Iime =
vehcluvoyTraj. VenclBoyStus LvenclpoyTral, MaXxocdySttldx = 1}, Tlwe +
TineIncrmnt;

CalcVehclpdyliraj t= CalcvencliokarthTranskatrix (

newvenclharthi, hewvenclearthyY, inewivehclYaw,

VehClédy'rraj .

VvehclecdyStts (venclBayTraj, Maxvdyottldxl. VenclIotarthtrans»atrix);

Freavel = heawkrwdvel;
SideVel = wewdioceVel;
Turnvel := newlurnvel;

Vehclerartna 2= newVenclbarthx;
VerhclzaartnY 2= vewxvenclhartiny;
vercliaw = wewxvenclYaw

ULTIL (whl CalcvenclBdylrai) Ok ((vehclbdylraje.
vebclpdyStts (VehclidyIraj. Mdaxbdysttldxl, [ime = Currntiime) >
(eUlaalgrthpkxeclIntrvl + uveclime))

el
(AP
Loy

FonCl1G Calcvehclleagslrals (
vencleoylirajs Venclndylrajlyre;
venclieysotts: vencllegsSttsiype:
venclueysCnnas: vehclueysCmnasiyve;

var venclueuslrajs: Vencluegsiraisiyre):
rooiean;

VoK

FuturevenclyegsStis: VenclibeusSttslype;
Lealrajldx: AxRFAY [Legys) UF intecer;
teosCOutufiinitslidxs: ARrRAY {vLegs] ubl Integer;
FutureTine: keal; -
PotentialvencilegsStts: vehcuiLeyssttsiype;
LegsCannelittea: soolean;
minceqghGutUlfiinitsloxs: integer;
LegiinlegoutUeLimits: Legs;

verclueylraj: VenclregTrajiyve;

Leg: Leys;

venrcliralax: venclCrao;

EartnhCrolax: rartnCrq;

duyottlax: Integer;

Fual110i vencllsStanle (




vencliowartnTranstkatrixe: Transmatrix;
vehclieysotts; venClLegsSttsiywe):
soolean;

Cunal
*1notablility*argin = 0,5;
Vi

vehclCGIrngartnCrds PtinkarunCrd;

FtloCulstnec, FtloCGAnyle: keal;
rrloCsStao¥ranArc: xeal;

ttloCsAnalePls, FLTIOoCGANnGlexns: Keal;
FtToCGAnglePlsTst, FtToCGanglerdnsistsy Boolear;
TstuineSlopes kKeal;

teg, vutnerleys: Legs;

BeGLw

1rnsfraPtiorartnCratrrvencliru ¢
Vencl(GlneartnCrd, vencllowrarthfransMatrix, vehclCGlinvVehclCrau);

vencllsStable = True;

Fur Leg ¢= ptut TU wret Dy

1 vencliIsStaple

Tk

Ir venclbLeosStts [(Legl. Splott = Support
1ot ¢

brGal:

FLtToCoulstne = Sqrt (

RIFD S

vahclceGIneartnCra [£artha)] =

venclueysstts lueyg), Posintartncro (eartnil) +
541 (

venclcGinrartnCrd LEQarthy)] =

vencluegssStts [Leg). PosinrartnCrd (Earthil));

1F FtloCGustne >= minotavisityraragin
Frk y
BoGLM

FtioCuhpale = aArclTan2 (

VehclCGincartnCrd Lluartna) =

venclLegssStts LLeyl, PosintaritnhCrd (karthxi,
VerclCGlinrartnCra (eartni} =

verclLeysdStts (Leyld, PosapnEartnCra (Eartnyl);

FtioCuStavrrgnhre &= Arcoin (MinstaoilityMargin / FtloCGustnc);
FrioCuAnglePls ;= FtloCGangle + FtloCuStaokrgnare;

IF rtiolGAnPgleFls >= 3,0 % P / 2,0

Tk

Ft1oCuAnglerls ;= FtloCuanglepls = ,U % Pi;

FtToCGAnglerPlsTst 1= False;

Jt' Cos (FtIoCGAnglePls) <> 0,0




1 .‘1[‘_-3\
BuGEN

IF FtloCGAnglePls < Pi / 2,.,u
THEW
BeGiv

FUk utheruey := FLLt T0 Krkt pu
IF Otherleg <> Leg
THE:

Tk

Tstuineslope #
venclLeygsStis {uegi. PosSlnrartnCrd

| VR
EuSE
BeGIN

Fuk Otherleqg = FLLU 10 RIrKRU LU
JIF Jdtnerlbeg <> Legy
TdF..

TAe N

venhclieysoatts luwegi. PoslnearthCro
IstiLinedSlore *

VehclLeysstts [Leygl, PosIntartnCra

Fi b
Bl
L LS
duGih

It Sin (FtToCGANglerls)r > G, uU
THE L
Br.G1H

FUF Otherlieqg t= FtLU TG RrRt DU

IF Gtnerueg <> Legq

Trnr )

IF venclbegsStis [UtnerlLegl. Sptstt
Tk

kot
ELSL
BLGlIn

FUR DtherLey t= FtLt 10 krxt DC
1 OtnerlLeg <> Leg
THE .

It venclLegsstts {(Utnerbeul). Sptstt

I¥ vencllegsstts [Utnerueg)., Sptstt

TstihuineSlope := Sin (FrloCGAanylebls) 7/ Cos (FtloCGAanglePls);

= Surport

FtlToCGAnglerlslist = rtloChAnglerlsist Uk
(venciLegsStts lUltherLeyl), PoslnearthCrd LEartnyYl] >=
venhclregsstes [Legl, PosInkarthCrc LlEarthyl +

{(vencllegsstts (Utheruey), PoslnEartrlra LlEartnx} =
tkartnixil))

= Sutgort

FtioCGAnglePlsist := FrtioCGAnylepPlsist UFR
(vencllLegsstts (UtnerLeql), PoslnkEarthCrd ([(rartny) <=
trargnyl +

(vencillegsstts (Ctnerle3), PoslneEarth(rd (koarthi] =
LEartnal))

= Sdkeort

FtioCGAngleFlsTst := FtIdCGAnqlePlsist JR
(vencllegs&tts [CtnerLey)l., PoslniartrCrd lrarthx) <= 0,0)




I+ venclLegssStts lUtnerleg). Sptstt = Sufrport

Tdbkw

FtToCGAnglerlsist 1= FtioCGAnglePlslist Uk

(vencllLeasdtts [Ltnerbey), PoslprarthCrd [(karthx] >= v,0)

Ewl
| N O

FtToCGAnulemns s= FtloCGanale + FtloCGStaep™rgnAre;
IF FtlocGanglerns € = PL / 2,V

THFE

FtIoCGAinulerns := FtloCGangledns + 2,0 * p1;

FrToCvanule¥nsist := False;

1¥ Cos (FrtltoCGAnglemns) <> U,0
Trik
BrGin

TstlLineslore 3= oin (trioCGanglemns) 7/ Cos (EtloCuAnalenns);

IF FtioCGanglerxns < P1 / 2.0
Tk
FeGil

Fuk UtnerLeg 3= FtLt TG Frxt DU

IF utnerleg <> Ley

TrHE .

IF venclilegsStts lutnerieg). SptsStt = Syrport

FRZ YA

FtToCGAnglesnsIst 3= FtioCGAanulemnsist Uk
(vencliLegssStts (CtherLeyl, PosinparthCld lrarthy) <=
Vehcluegsotts LLegl, PoslnekarthCra itearthyl +
Tstiuineslope #

(vencllLegsstts [Utnerieg), PoslnearthCra LlEarthx] =
Vvencluegsstts Liejt, PosInecartnira LEarthil))

kol
FuSt
RoGin

FUR CtherLey := FtLt TL Rrrt DC

1t utnperLeg <> Leg

'IHr‘. K :

1t vencilegsstts lutnerbeg), SEtStt = Surnort

JTHe N

FtToCGAnglemnsist := FtTolGAngleMnsist OF
(vencllLegsstts Litherineyl, voslngartnrCrgd [karthyYl >=
vehclueysstts (Legl), PosinkarthCra LEarthyl +
TstuineSlope *

(vencllegssStts lOtnerLeyg), Poslneartn(rd [carthil) =
vehclueqsbdtts LLegy, PoslneartnCra (Earthil))

£nD
END
ELSE
BiGIN

1F 8in (FtToCGAnglenns) > (¢,0
THF N
BeGlN




K.

END;

FOR OtnerlLe3 := rtLt TOU KrKt DU

Ir JtnerLeg <> Leg

Tder

IF¥ venclleasStts [OtnerLeyl). SptStt = Sutport
TdEr.
Ft1oCGAnglernsIst :=

(vencllLegsStts [(OtherLeg), PosInEarthCrd liartnkl >= 0,0)

FtloCGAnalemnsist UK

kvl
t LSt
eeelh

FUOR UtherLey 3= FtLU (U RrRt DU

If Otherleg <> Leg

InEn

Ir vencllegsstts lutnerueyl, Sptobtt = Sukport

Tk

FtloCuAnglennsTst = rtloLuanglernsist Uk

{venclbegsstts [GtnerpLeyl, rosintartrCra Lliarthal <= 0,4)

Erb
Evts

vencllsostaple 3= rtloCsanaglebPlslst aip rtloCGAnglernslst

£ .D
L

FunCTLO vegfootholdfouna (
currntinysttlux: Inteyer;
Vencl:idylral): venclbaylrejlype:

LeqQ:

Legs,;

vegPosInEarthCrds: PrtintartnCrds;

VvAk Vehclueylraj: Venclueglrajirype):
ro0lean;
Cunol
baxvehclXyldx = 4;
MinvenclXxldx = = 4;
MAXvEeNnCLXIdx = 17
minvenclYldx = = 2;
vaxvenclYidx = 17
Vak

CurrentTimne: keal;

riplNXtFhdInvehelCra, FttlnxtthdlnvenclCroes: FtlnvenclCra;
CurrentbthalnkarthCrd, PrttinxtirclnwartnCrce: fFtilntarthlra;
Legrtnkartnixst, Leuyktnbarunyuvst; keal;

LegntnEarthxYbsts: keal;

LegrtnbartnxYlntrvl, LegrtntartnisYlntrvls: Integer:
LearktncartnxYostlnc: keal;

begrtneartnabstIne, Legktneartnyistinc: keal;

Lftelev, Plctlev: keal;

EarthaPos, tarthyPos, EartnZros: Real;
TstCurrentFndlntarthCrd, TstPtrtiuxtindlnEartnCra: Ptintkarthira;
vehclxYloex, Vehclaldx, venclilox: lnteger;




FUNCTIONM FuturendySttiax (
venclpayTraj: vehcliayTIrajlyve;
Futurelime: Keal):

Ilnteger;

BrGLN
FutureBdysttldgx = vy

N:aluk
(FuturepsdySttldx < venclsdviral, MaxpaydSttldx) A:b

(futurelime > Vehcliraylraj). VenclsouyStts (Futuretayottldxl, Tine) Lu
FaturebaySttldx &= futuregaySttldx + 1

£::0;

BrEGLIN
Currentlime t= vehclruaylralj, venclpdyStts [CurrntecoySttiaxl, Timne;
CAS. Ley UF

FCLt, FURt:
MeplhuxtinalnVehelCra (Vencial 3= Venclctricvencliilegs + 2,07

Crut, Crrte
hauninxtFholnveheclerd [(vencial = venclCtriovehclCrieas + 2,9

krLt, RrRt:
rrnihxtEnalnVenclira (vencii] $= VvenclCrriovencinrleqs + Zov

Eiul;
CAbt 1eg UF

Fetlt, CrLt, krit:

Ir Leg = Crut

THFy

NonlextthalnvehelCrd lvehciy]l $= vVenclCtriovenclitLegs + 1,25
FLSE ‘

wahlatEnalnVenclCrd (venci¥) 1= venclCtricvehclltlLeys + 0,b25;

Ptkt, Crkt, Rrwrte

Ir Ley = (Crnt

Tidp :

sunltixtFhdInvehclCrs [vencayl) 3= VenclCtriovenclritLeygs = 1,45
ELSE

MinlhvxtFhalnVehcl(rad [venciy) $= venclctriovenclrtlegs = u,025

Foauly;
NinlhxtEhdInVenhclCra LVehclZy = C,u;
Legrootnoldfounad $= False;

F.ur vebclXYIdx

Fur VehclYlax ¢
Ir (Aos (Vencly

1= 0 TU Maxvenclxylox pU
= = VenClXYldx TU vehcClXrlax CC
I1dx) = vehciXriax) A.vu




(venclYidx >= MinvenclY¥lox) anL (venhclilax <= MaxvehclYlax)
Tk

Fuk VehclAlax t= = venclXYlax TU venclayldx [g

It (ADs (venciXldx) = vehclxslax) ALD

(venclxldx >= Minvenclxidx) mhl (venNClAldx <= MmaxvehclXldx)
Trie

I¥ “WUI LeyFootholaFound

Trk..

BEGLT

PrrtlnmxtbhalnVehclCra [vencuix) =
swuNlhXCFNolInVenclira Lvencea) + venclaldx * 1,0;
Ir vaa (Urd (leg))

Ti"tA‘

PreinxtihdlInVenclCrd Lvehectoy)
wrnlextFhalnVehelCrd {(VencuiY)
EuSe

PrtlnxtFnraolnvenhclCra [vehciyx]
kninlevxtFnolnVenhclCra [(venciY) + venclyilax * 1,0;

venclylax * 1,C

"

PrtlnxtiFralnvenclCra (venciZ)
MNenpwxtinalnVenclCra Lvencisl;

IrnstrmPtlorartnCrarrvenclirae (PttlwxtFhdiniartnlrg,
Vencllaoylrajy, VencludyStts [FuturesdysSttlox
venclrayTraj, Currentlime + Legxtniin)),
Vencllorartnlransratrix, PrtlaxténalnveheclCrad);

PLoilhxtfnalnbarthdra tkarwnzZ] = irroktng (
PLtinxtrhalntartnCra (rartngj, PttluxtFndalneartnCrd [Eartnhyl);

1v PttltxtFnalntartnCrd lbertnZ) <> iopatheal
TAr

Ir rtinbinits (Ley, PttlnuxuvFholnkartnCrda,
venclaoyTraj. VerclndyStts [FuturepaySttlcx (
vencleraylra), Currentlime + Leoktnlin)].
VenhcllorartnTrans~atrix)

Trype e

BLiGlt

Cdrrentrhaolnkartnird Lleartnhia) =
vehclLeasstts [(Legl), PosintkartnCru [Earthil;
currentrnolntarcnird lrartnyl) :=
vehclueasdStets [Legl, Posankartniry {Esrcthiyl;
cturrentihalneartnlrd leartrnil :=
VehclueysStts (Leyl), PosainkartnCro itartnil;

Legrktntarthast
PLtlrxtrhdlntartnlrd lkatthX) = CurrenttnglnkarthnCra (karthyl;
LegritnkartnyDst :=

PLtinNxtirhalnkarthCra (barthyY) « Currentrhdlntartncrd {tartnyl;

LeartnbkarthxYbst =
Siakt (Syr (uLegktntarthiust) + Sur (veyRtntartnyust));

1 veygRtnrartharbst <> 0.0
Tre.s

BrCGIN

LegktnEarthXylintrvils = ¢;




KLPEAT

LegRtntartnayintrvls := LegntnkarthaYlintrvls + 17
LeartnEarthayvstinc s= Legktnmarthaylst / LeartnEarthxylntrvis

UnTIL LegktpnkartniiIbDstine <= UL,35;

Legetntarthxbstlne =
LegrtnEarthxyustinc * wegktneartnxpst / LegrtnEartnxyuvst:
Legrtnkartnibstinc =
LegrtnEArthAYnstine * wegrhtneartniDst / LeGhtnkarthxY¥osty

Lttclev

t= CurrentfFhdlncartnCrd lcartnZly
Flcrlev 1= Pt

tluxtFnolncarthCra {cartnzl;

FUK LegrRtnEartnXyIntrvs $= 1 1u (LegRtntarthixylntrvls = 1) w0
BEGLIN )

EartnaPos ¢= currencterndlpnkartnCra [Larthial +
LegxktnEareghxyrlntrvl »* LegRtneartnabstlncy
carthiPos = currentenalneadrinCra f(eartn¥) +
LeaktnEarthXxyintrvl » fLeakRtneartnYiLstlnc;

EartnZPos $= lrrnelev (EartnxPos, karthyfFos);

I+ ikartnZPos <> hovalrReal

TrAEs

1 (FarthZPos > Lftkiev) AnbD (tarthZFgs > Plchklev)
Trb

BEGIN

Lftrlev

t= rarthivrovus;
Plcrlev :=

carthiros

EidD

ELSE

1F

EarthZPos > (utttlev + (Plcrlev = Lttrlev) ¥
LegrtnEarthaylntrvi 7 LegRtneartnXYintrvls)
Trlw

IF rarthiPos > Lttblev

Trmbxn

Lttrlev $= PlcElev + (EartniPos = Flcrlev) *
LeaktnEarthaYintrvls /

(veghtnrartnxyintrvls = LegktnEartnaylntrvl)
ELSt '

Plcrlev $¢= Lftklev + (hartnlPos = Lftklev) ¥
LegxtnEarthxyintrvis / peyrtneartnxyintrvi

tivD;

1stCurrentFndlntartnCro := CurrentFhdalntartnCrd;
TstCurrentFndlntarthCra (karthZ] := Lfttlev + 0,5;

TstrttlmxtFnalnrartnCro $= PrtinxtFhoineartnCra;
TstPttlwvxttndintartnCra (tartnd) := Flcrlev + 0,5}

LeqfootholdFound =
Ftinbimits (Leg, TstCurrentikhalntarthCrgd,
vehcludylraj, venclBdyotts [ruturepdysttlax (




VehclsayTraj, Currentlime + LegLftTim)l],
VehclToikartnTransMatrix) AND

Ftinkimits (Leg, TstPtiLinxtFnalnkartnCro,
vencludyTraj, vehclBaystts (ruturepaysSttlax (
VvehcladyTraj, Currentlime + Le4gRINTim = LegPlcTim)l,
vencliotrarthTranssatrix};

IF LeyFootholdFouna
THEN

wiTn venclleglraj DO
BEGIN .

Lftiime $= CurrentTime;

Litdat = [IstCurrenctrhdlnearthCrd (karthil =
CurrentihdlnearenCra {(kartnsl;

Plcline := Currentiine + LeygKtnlin = gegblcTim?
IrnsfroPtlovenclCrdFreEartnCrd (PlcPesinvehclCrag,
venclimnaylraj, venhclbdystts [(FutureBuySttlax (
vehclbdyTraj), Currentlime + LegiktnTin = LegbPlcTim)]),
vehcllokartnTransratrix, pPttluaxtendinkartnCrd);
Cttrime $= Currentlime + LeyrtnTim;

CttigtMin = IstPttinxtFhaulnearthCrc (kEarthizZ] =
PttihNxtFhdInEartnCra t(Eartnizi;

CttHgt™Max s= istPtulaxtknpdlineartnCra (tarctnz) =
PttinxtrhdlneartnCra (karindii;

NxtPhulnkEartnird := Pttinxtindlngarthlra;

EnND
Fub
E~nC
EaDl
END;

FuaCTIiO, bLegOutufllimitsidx (
carrntiaysSttlaxs: Integyer;
Vvencledylraj): Vehclbdylrajlype:
Leg: legs;
LeyPosIntarthCrad PtintarthCrdy:
Integcer;

VAK

Fruututhinits: Boolean:

BEGIN
LeguutGtlimitsIdx $= CurrntpoysSttiax =« 1;
Kbk oAl
LeuutOfLimitsIdx 3= wegUuiutlimitsIdx + 17
frtOututlimits 2= nOT FtInbanits (
Lea, Leytosintrartn(rd,
Vehclpdylraje. vehclrdyStts (LeoCOutOfLimitslaxj.

vencllocartnTransmatrix)

UNTLIL FtOuttifuimits Or (LeygUutGLtLimitslax = vencledyTraj, raxpdySttidxl)?




IF 01 FtoutnNfLimits
THE
LeguutCtLimitsIdx ¢

MaxInt

END;

beGlNn
FuturevehcllLegygsstts := vehcllLeusStts;
CalcvVehcliegsirals := 1rue;

FulR Leg = Ftyut Tu Rrrt Du

LegTrajlidx LLeq)

[ 13
"
<
-e

1F

(FuturevebCliegsStts (Legl. optd3tt = Support) AnL
(vencileasCmnas [Leg), SgtstL = Support)

THe

BeEGIN

venclLegslrals lLegl. MaxiwegTrajiox := =1;

wlTy vehclLegsTra)s [Legl, venclueglrajs (0J) LC

BrnGiN
Letlfime = U,03
Lftugt $= Q.U
Plcrime 2= 0,03
FUR VehglCrouldx := vencla TU Vencli DU
PlecrosinvenhciCru LvenclCrdldx) 3 0,05
cttlime 2= 0,063
Cttdgt™Min $= 0O,uU;
Cttagtrax = 0,0
FOR Earthlralaox $= Eertna 1u tartnZz pu
NnxtknalneartnCra

tartnCrdlax) i:= u,.0

EnC
)
ELdSL
venclieyslreis ([(Leg), maxuegarallax 1= ¢

Nk

FUR Leg = Rrkt ULusantu HLlLt bLu

1F FuturevencllegsStts [(Legl), sSptbtt = Support
THEN

LeysCutufLimitsIdxs [uveygl) =

Legquutuflimitsliox (0, vencliayrraj,

Leg, FKuturevenhclLegsstits (Legl. PoslnecartnCrd)
EuSt

LegysOututiuimitslaxs [(Legl $= Maxlnt;

paysttlax (= =~ 317

nhiILk CalcvVehclrLegsirajs AND (oaySttIJdx < vehcluaylraj, MaxddysSttlax)
deGlI™ '

Lu




Baysttlux i= pbdySttidx + 1;
FutureTime 3= VenclrayTraj., vehclBdystts (Eoysttlax}, Time;

Fuk Leo t= ®Rrkt DIwhlu FtLt wvu
BLGLN

lt (Legilrajldx ([Ley) <= Vencllegsirajs (Legl. Faxieyirajlax)

Teik o

1k (kFuturevVenclLeysStts lLegl, SptsStt = Support)

1k

1y

(ruturefire >=

vencluegsiraijs (Legl., VehcilLeyTrals LLegTrajlax (Legl), Liftliime)
Tﬂt:l

FutarevehclueysStts {Legl, SptStt := [rnster;

1l (FutureVehcllLegsStts lueyl), Sptott = Trnsfer)
JER VA -

It

(*utureline >=

vehcllejsirajs [Leyl. vencibeylrajs lweyirajldx tuegll, Cttiime)
Ty

BoGin

ruturevencllLegsotts lueg:r, SptSit := Suprort;
FuturevehcllLegsStts (Leys, PoslneEartnCrad :=
vVehclue3jslrais [Legl. venclieylrajs (ueylrajlax liuegll.
MxtrhalnkEartnCra;

Leglfrajidx (Leg) := Leglrajldx luegl + 1i;
LegsCututulmitsinxs lueyyr 1= Leyuututbiritsldx
raysttliax, venclrdylraj,

Leq, Futurevehcilegsotts (Leg), Fosinrartnlrd)

v

Eat;
CalcvencluegsTrals := vehcllsstanle |
VvencloaylIraj. VehcldayStts [(mdySttldxl, vehcllordrthTransmdtrix,
Futurevencll,eysstts); .
Ir vAalcvenclleyslra)s
Tae
Bl
FotentialvehcllegsStts 1= ruturevenciLegsstts; .
LegsCanbepifted := lruej;
Febral
mirbeglututlimitslax = maxint;
Fil Leg $= [rrt vLuwdlU FulLt L0
I LegsuutdtLimitsIaxs [regl) < minpbeguutltlimitsIdx
T E e - ‘
Ett.GIN

FinLeguutOtLimitsiax := Leosuutufiuinitsloxs (Legl;




LegdinLeglutfiinits = Ley

ENE;

IF MinlLegLutOfLimitslax < Maxint
']nF_.\'
BoG iy

FotentialvVehcli,egsStts [Leal, Sptstt := Irnster;

1F vehcllIsStaple ( .
Vvenclodylraj. venclsBaystts {maoySttlaxi. Venhcllobartnlransmatrix,
FotentialvenciLegsSttsy
THE W
IF wegFootholdlound (
fdysttidx, vVvenclbaylran,
Leg, Potentiaslvencllegs3tts [Legj, PosInkarthCra,
vehclueyliraj)
THEN
ERGIN
vehcllLegsirals [Leg). MaxbLedlrajlqix &=
venclLegslrajs (Leg). haxbLevirajiax + 13

Vehcluegsirajs ([(Leg).
vencliuegTrajs lvencluegslirals (iLegl, MaxLlegirajldax)
venclueylraj;

LegsOutUfLimitsIaxs 1Led) = Maalnt

EnD

ELSE

BEGINM
Potentialvencllbegsstis [Legj. SptStt := Support;
LegsCanbelLifted = ralse

E.I\D

FLSE

BeGlN

FotentialVencllegsstrs tlegyl. Sptott = Surport;

(1]

LegsCankelLifted = False
EnD;

CalcVehclLeyslirajs = n0T
((MinbLeyNutUtLimitsIax = bdySttidx) A~nL (NLT LeygsCanbelLitftea))

Enl
UnTlL (MinLeguutQflLimitsldx = Maxlnt) Ox (NU1 LegsCanudelifted)
EdD

EnD
Ewnl;

BeGLw




Seqhgur

Erd4inCgrerationbPtr. :
GtfAaur 3

brd4InCrerationPtr. -
EroqInCGperationPtr. ApsAddr®

prallndperationetr.
froilnCperationetr.

SegAddr
Utfaaar

sraosl4CommlaledyfterBusyrromBra4rer

rrgstaConmlIdlebyfferBusytroasradrir,
srasigcorrlaleBufterdsusytrombraletr,
ErosldConrtlaleruffersvusyrFromeErairtr,

#rasld4ConinaanlelufterBusyfFrouBra4rtr

BraslsCoraCtptByfterPtrirondrd4pbLr,
vruslaConwlCtptrutterPtrronsrasser,
broslsConrlaledufterFtriroasrasrr,
BrasldConrlolenyfrerfrrrrombraaerscr,
crasid4CornlnptegfferPrrirondrasqrty,
praesleConainntbutterPtrironBrao4aber,
prdsidComuCtptrutrerPtrrromnrdler,
erasi4ComnCteotoutferPtrironnrdiPLr,
oraslaConiclaleeyfferPirrromnralrur,
Krasi4ComnlalebufterPtrrromaralPrr,
praslaeCumnInptrufierPtrrromnralbrr,
proslaCoasinpteufferktrrroma3ruibPer,

nras4lConnlalebuffervusyfrombradbktr
nros4lConrclaledytterdusyrronbra4rtr
trds41CoraJuleBufternusyfromeralyer
Bras4lCortlalebyfierbBusytronBralrtlr

rras4lConwltptbufrerPtriromnrdaber,
vrosd4iCoavlCtptbtufierPtrrFrompra4rir,
BrosaiConmrlalerufferPerrrombBrasrir,
brdsatConilclerufterPtriromdrasrer,
vros4lConrInpthufferPtriromord4rir,
vrrds4iCounnlnptbufferPLrirorsrasprPir,
rras4iConnCtpthyfterPtreirongsrdlipexr,
rrés4iConwlCtptoutterbtrrronsralryr,
trésaiConnluleryfterPerfFromnsralPrr.,
tras4aiConrldlesufterPtrrromsrséiecr,
sros4iConvlinpteufteretIrromnraliPLr,
prasalConninpterufterPtrrronnrdirer,

erds4yCoraCrpthafterPrrrromsrd4Per,
vras4iCornCtptbufferPrrirorora4qPr,
rras41ConuwlaulecufterPtrrronuvrdarir,
prasalConmmlalebyfrterPtrrromonrd4vyir,
bras4l1ConniInptbufferPtrrromnsra4bPer,
“res4iConaulnptnufferPrriromuraalPur,
hras4iConalltetsufterPrrFrondraleer,
rras4liConruutptrufirerPerrronsraleLr,
nras4iConminJaolecufterPrrrromédraolyrr,
nras«lCorslaulerusrferPrrrromdrdirer,
présdlCornlnptrutterPtrrromdralbPur,
sros4irCormlnptoufferPtrrrompralerer,

nras4lConwlalenvufferPtreronvraaPuLr,

SevAqur
UtfAaar
SeygAqQar
JtftAuor

ApSAocar”

SegAadr
vftAaQdr
SegAadr
CfttAcor
SegAddr
CttAQar
SegaQor
QftAaar
SegAaar
(ftAdar
SegAaqar
Gffaaar

8 89 @0 @0 SV € 03 ©8 G0 @+ 0e GO
s unnnn

SewAadr
utfAoar
SeGAaqQr
UftAoar

SeqQAdur
OffAcnr
SegAddr
GttAcar
SegyAqar
CtfAquar
Seguaar
Ofthaar
SeygAaar
OftAaQar
SegAaadr
OftAadr
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ADSAQAr”
AvsAaar”®
AosAqgar”®
AbsAaqdr”®
ApsAodr®
ApsAaor*®
ApsAcar*®
ADSAccr”
ApbsAgar”®
AosAaar®,
AposAaar*,
ApsAaqr?®,

AosAaar”~,

oo se oo ws
" unn

®® os &8s s

o
o]

S
& we s we

-

[e o)
o
[2 o]
L

SeyAdar
Cttadar
SegAioar
CtfAcar
SegAaoar
Gtfadar
SegAodr
CtfAoar
SegAdar
GtfAdar
SegAdar
CffAdar

AcsAdor”,

1711
0;
72113
vz
6711;
0;
~b673;
vz
-9173;
0:
-9673;

(O

vewiata




grdst4aCornCtprtriufferPirfromldratPtr, AbSagaor”®
groslaConwmldleBufferPtrfromoroibPtr, ADsAoar”®;

nroslagonnIdle4utterPtrrxoncrathr. AbsAagr*
sraslsConmTerpdufferetr;

crusl4ConnIdlehufterPerronurchtr. AbsAdar*®, ApsAddr~, Newiata
talse;

praogsldCoraiulefpufferbusybrombrd4btr, AbsSAadr® s fFélse;

v1I4 vrasiqCommutptbutferPtrtronbrd4Pir, ApsAddr®, ADsAddr® |.uJ
neGLh

lransveiRastMay $= Sgkt (Sygr (FrwdveiRgst) + SQr (sidevelrast));

It lrarsvelkygstrayg <= Vehcliaxlransvel
1Rk
VelrnedbctLr
EusSe
VvelxedFctr = VehcliaxlransvVel / Transvelkgstw~ay:

1,0

it furrvelPgst > Venclmaxroutetivel

Tk

ir (VehclmaxRotatVel 7/ Turnvelkyst) < velReofctr
T e

velxeuFctr ¢= VehclraxrRotatvel / Turnvelgkgst;

Transacckqst®ag &= SyRt (

Sqr (fFrwedvelRgst ¥ VelkedFctr « VencluinvellrvenclCrd [venclXl)) +
Sagr (siaevelRgst * velkearctr = VenciLinvelinvenciCrd (venclYl)) /
Guinalgrthmegxeclntrvl, :

1f 1I1arsAcCrasthag <= vehclmexilansAcCc

Tk

Accresbctr = 1,0

EiuSt

Accrxearctr = Vencl+HaxlransAcc / IransAcckagstmag?

kotataCCRastmag ¢= :
(lurnvelryst * VelkedFctr = vehclAngvellnVehclCrd {(venclZ)) /
GuiaAdlartnmbexeclntivl;

1F rotatAccrgsthnay <= vehclimaxRotatAcc

Ttk o .

It (VehclmaxkotatAcc / notataccRgstMay) < Acckedfctr
'Inl:;n-

hcereabkctr := VehclraxrotatAce / RotatAaccrKgstmag;

pros4lConmlnptbufterPtrfromsra4Ptr, AbsAaddr®, Apsaddr-,
newvata 3= False;

1F CalcvenhclRayTraj ( -

1.0 * AccreaFctr * VelkeaFctr ¥ Frwdvelkgst / GuloAlgrtnmkxeclntrvl,
1,0 % Accredrctr * Velireadrctr * Sidevelrgst / GuloAlgrtnmexeclintrvl,
1.0 % Accreakctr ¥ velkecFctr ¥* Jlurnveirgst 7/ GuloAlgrtnmexecintrvl,
Currntline, VehclTorartnlrans+atrix,

vehcluinvellnvehclCrd, venclangvVellnVenclCra,

venclidyTraj)

Tk .

¥ CalcvenclLegsTrajs ¢(




VehclbhdyTraj, VehclLeysstts,
vebclLeysTrais)

Tk o

BEGLN

BrasqiConmInptBufferPtrFrom
VvehclbdyTraj VehclBdyTlrae
Krds4iCommInptButterPtrfromn
vehclLegslrajs venclLeys
Brdsd4lCommlnptbutferPtrFrom
Mevwuata True

* =
.-
L
.-

EnD

EhSc

IV calevencldayiraj (

U,3 * AccredFctr ¥ VelkRedFctr
Ue3 * AccreqgFctr * Velkedfctr
0,3 *¥ AccrheaFctr * Velkearcror
Currntiime, Venclrlorartnlrans
VehcluinvellnvenclCrd, vehcla
vehcliayTraj)

Tk

1F CalcvencllLegsTrajs (
verclwdylraj, VehclLeysdtts,
vencluegsIrals)

TAEN

BEGIN
Bras4iCommInptBufterPtriFrom
vehclpoylraj := VehclBaoyTIrae
HrasqlCommInptbufferbPtrerow
venclueysirajs 1= vehclleys

vehclueysCinds,

Brd4Ptr, AbsAdur®, Apsaddr*,
7

srd4Ptr. ApsAdar”®,
irajs;
pradptr,

Apshaur*®,

AbsAadr*®, Apssaar*,

* prwdvelikgst / GuldAlgrthmexeclntrvl,
% Sigevelwxgst / GuloAlgrtnmexeclntrvl,
* Turnvelrgst / GuloghAlgrtnmexecintrvl,
“atrix,
ngvVellInvenclCrdg,

vehclLeygsCmnds,

Brd4pPtr, ApsAdcr*., Apsidar*,
J:

bra4vPtr, AposAqur*, ApsSAadr”®,
Trajs;

rras4lCornInptiBufferPtrFromorasPtr, ApsAdor*®. Absaddr*,

vewpata = ‘lrue

Ei:D

ELSt

1v Calcvenclbayliraj (

O,1 * AccredEctr #* VelkedFctr
C.1 ¥ AccreaFctr ¥ velreaofctr
C,1 *¥ ACCReaFctr ¥ \Velrecrctr
currntilame,
vehcluinvelinvenciCra,
Vencloaylraj)

Thiﬂ )
1F Cailcvencllegsfrajs ¢
vehclnsaylraj, vehcllLeysdStts,
VehclieysIrajs)

ThEwn

BEGLI

grdsd4iCormplnt thutterbtrFromnrausPtr,
Venclyoylraej;
Hrds4lComplnpthufterbtrFromwnrdapPtr,
lrajs;
grdsdlCormlnpeBufferrPtrFronbrad4pPtr,

Vercliaylia)

verclLegygsirajls venclLeys

e= Irue

liewpata

!'_M);

* Frwavelrgst / GulidAlqgrtnnekxeclintrvl,
* Slgogevelkgst / GulcAlgrtnmexeclntrvl,
* Turnvelggst / CulaAdlgrunmexecintrvl,

vehcliorartunlrans-atrix,
vehclmangvellnvenciCro,

vehclbLeysCmnas,

Absadar®, Absadar”,
AusAddr®. Apsaddr*,

AvsAdor®, ApsaAaur®,

IF pbrds4liCommlnptButferPtrkrunbrod4pter, AbsAddr‘. Abshdadr~, wewbata




TAE
BlLGl s

RiLPEAL
51d54iCommIdleBufferbusyrromBrdaptr. Abshkddr® = True;
It vras4iConmlaletiuftertusyFroabrdletr, AcSAdgr*
.y
;;;;41Commldle6uiterbusyrroerd4Ptr. AbshAodr”® 3= False

UT{L BrdstiCommlalenutfternusykFromwosro4pcr, AcsAdar";

drasq4lConmnplempbufferrtr =
pras4i1CompInptirgfterPtrFromprdd4Petr, AbsAdgr*?

Brosd4i1CompuInptbuffterotrfrompsro4bPtr, ApsAdar® 3=
rrosd4iCommldlebButterPtrfFronproertls ApsAddar”;

rrosd41CommlIdledufterPrrFromnra4rPtr, Apsadgar”®
trds4lConrmlempoutferPtr;

brosd4iComnmTenrpllufterPtr =
khroasdlCoramlinptruftervirtronnralPtr, AvsAdar®;

pros4iConalnprbutferPerirowerdlPtr, Aosadar*
prds4lCormlulecutferPtrfromsralrPtr, AosAcar®;

praos4iConslalesufterPtrfromoralv¥tr, AosAcar”®
rrasd4iCorntrTenpiutfiferrer;

trosqi1CommldleBuffterPirfFromdradbPtr, AvsAdar®. ApsAddr®, hewnata
prds4iConmlalesytfervusybtronkradpPtr, AbsAder”® i= tralse;
vrailnOperationPtr, ApsAdar® (= Irue
kb
LvL

E..L
L NC




APPENDIX G

VEHICLE CONTROL COMMUNICATION BOARD PROGRAM LISTING




MULULb veiriclestateanaConnanraComnunicatlion;

PROGK AN VehicleStateAndComnanaComwunication (Input, Cutput);

Cunsi

PL = 3,1415926514:

nealllrteyer = »n3;
<eallinteaerklust s

Scnnravfest =
sennryCfst =
Scnnrilist =

b3

b,obLbLT;
(l.",;

leity

~axgdySttslinhiyviralj
Yaxie,lrajlslinLejirajsrec = 103

nolred
LiPy,
4its =

(Fitu,

Setutrits

nyle =
ey C‘.I‘\u‘
Case
(VN
l

I P

L 23

Irtegjer

(Cnrctrs
(Wl 1 Y AN

iaclCharinteger

R
CHFL
(-
1

[ SN VI

Cra = (&,

Ftlndrd
vcindro

tarthdr

PrinktartnCru
velntartrCru

vehcleri
Ptlnvehcgclira
vclnvenclerd

jitl,
Sr.T UF

up

(YR

Bit2, Rity,

tits;

Char);
Setutrits)

Fitg,

irteqger ut
(LoCnar,
FiChars Cnar);
(Intvals: Inteacer)
Y, 4);
= ArkFAY [(Cri) ur real;
= AnRrAY LCru¢) wr Real;
9 = (EarthX, karthy, barthi);
= AFvrAY (kartnCraor ub Real;
= 4rndY LrarthCrar Or keal;
= (vehcla, Vvencly, vencglsi);
= ANKAY wvenclCrar ur Keal;
= AnwAY (venclCras (fF ReAdl;
(yaw, Fch, R11);

tuleran,lies

urinfuleranjles

begutrran

RﬂC\JR»’
Kotat
Irans

e se

= RRpEAY

urintuleriangles;
FtinCra

leuleranqglesj ub

BiLS,



twD;

Irans-~atrix =

ReCukru
Rotat: ARRRY [Crd] UK VeclnCro;
Transs: PtinCra

kol

Trans-atrixlntejer =

ke CGki
rRotat: ARKAY [Crdl) UF ARKAY 1Crd) OF Integer:
Iranss: AKxAY [(Cral ur Integer

Esl;

Legs = (hone, FtLt, Ftkt, Cribt, Crxt, Krkt, Frkt);

vyencludystt = -
RLCuURL

[ine: Real;

vernclicrartnfTranswatrix:s Transhatrix
LNE;

venclroyTrajType =
KeC IR

maxsoySttldx: Integer;

vercludyStts: AnKa) [U,FaxnoyStrslihoaylrajl CF vehclodyStt
",’\D;

spts3ttType = (Trnsfer, Supports;

venhglLeusStt =

KeCuuku
Setott: Sptittlype;
roslnrartnCrd: FtinecartnCro

[JEPRRIFY
venclieysSttsfiype = Axi AY [Legs) UF VehclLegStt;

verclueijlira) =
HLCUHL.
Litlime? Real;
vft-ot: Real;
Ficline: Real;
FicrosInvehclcrds: FtlnvehclCrd;
Cttilues: weal; :
Ctrtgtrin: xeal;
Cttogthtdxi keal;
ANxtrniThkartnCras PtincarthCra

| RV

venclueulrajsnec =
KECUKy

haxieulra)lox: Inteyer;

vehcluLeyTrajss: ARkAY LU, Maxveglra)sinbeglrajskec) CF VehcllLeqTraj
kb

venclueysiralsType = AvxkAY [Leus] OF venclLeqirajsfec;
Venéluengno =

HLC”F\ J
Sptotte SptStrtType;




vehcluegCmnaTraj: VenclLeglraj
END

vehclueystmndsiype = ARrAY [Leus) DF Venclieg(mndj

UnitvectecrComplntegerliniexedArray =
AKRAY [=RealllnteyerPiusi,.Reasilnteger]) UF Integer;

wooileanrtr =
RECUKR Y
ChSe Integer UF
s (AbsAddar: ~¥oolean);
1: (GtfAdar,
SegAadgar; Integer)
[ HH

UnitvectorCorpintegerlndexeahrraybPer =
neCURW
CaSr Lnteyger UF
0: (ADSAaAr;: ~UnitvectorCorplntegerlnoexechrrayl:
1: (CffAdar,
Segnddar; TwoCharlnteyer)
EnD

ArosisComrnbuffer =

bk Cukw
scnnrichartnTrans«atrix: Transhatrixinteger;
Newipatas ncolean

EnD;

droslzConmpButferktr =
HLCJRU
CaSe lnteger UOF
s (ADsAadar: “brdsliComnmpurfer);
1: (Cffaddr,
Seghdar; lnteger)
Evbig

drdsieConmtiuffervtrrer =
KECukL
Cabe Irteger UV
G: (hoShdars: “Hrdsi2Commrurferftrl;
1: katAer'
SegAdar: Inteyer)
eNly

praslaConnmrufter =

rRECUkD
Curintiires: Real?
vencliocartnTransmatrixs: Lranshkatrix;
vercliinvelinvenclCrd,
venclAngyvellnvenclCros vclnvencllraj
VenclLeysstts: vencllLegsStisypey
FredVelngst,
SidevelHgst,
Turnvelkgst: Keal;
vehclLeysCrnds: VehclLegsCmnduslype;
wewvsdtas: Boolean

Ewl

drastaConuwBufferPtr =




RECORD
CASt. lnteger OF
O: (AbsAadr: “Brdsi4ConmBurter);
1;: (Cttadar,
SegAdar; Integyer)
E:‘U;

prdsiiCormbutterPtrPtr =
RECURD ’
CASL lnteyer OF
U: (AbsAddr: "Brdasi4Commburterftri;
1: (CttAddr,
SegAdar:; 1lnteger)
EnD;

Hrds41Cormbuffer =

ReECUKL -
venclsdylraj: vehclbdylrajlyre?
venclieysirajis: VehclLegslraistype;
wewyata: bBoolean

Ewl; '

rrasdiCornBufferbPtr =
RECOKL
CaSe Inteygyer OF
G: (ApsaAaddr: “Brdsd4iCommbuyurter);
1: (CtfAdar,
Seghdgr: integer)
‘END;

Brds4iCormuutterPrritr =
KRECJURL
CaSc Irteyer UF
U: (ApsAdur: ~frdass4lCommsurterPtr);
1: (GttAdor,
SegAdgor: Integer)
EwE;

VAR

LurnyChars Char:

PortCiyre: syte;

InptSync,

OtptSyncs Booliean;

SyncCnar,

InptSyncCharo,

InptSyncCnart,

InptsyncCnar2,

QtptsSyncCnars: Cnar;

Dummyreal: keal;

tl1CosProdarrayPtr,
LilSinProaarrayfrr,
yzCosProdArrayetr,
AzSinProchrrayPer,
ScanktblspArravypPtr:
iinitvecterComplnteuerindexedArrayPtr;
srd2lnCrerationktr,
pbrd4InOperationpPtr,
sréilnCperationptrs: booleanbPtr:
draoslConuwlInptButferptrironsdrciPer,
BHroslzConmnlalenyufferrtrrromnnraspPtr,




vras1ComwOtptRufterPtrrromBrosptr,
BrosiZCorminptiufterPtreromrdrasetr,
BraslzCormlIdlehufrterPrrreronBraspPtr,
Rrasiz2CoraOtptBufferPrrrromrprasPtr:
Hrdsl1éiConmTempByfferPtr:

Brusi2comnbyfferbtrrtr:;

Brdsi/CommrgufterPtr;
grasizCommlalesdytfersusyrromrolpPtr,

vrasizCornlaleBufferBusybromsraZ2rtr: sovleanPtr;

crasl4qConmmlinptBgtterFtrrrombrdibtr,
serdsl4Comalalebutferbrrtronsraivtr,
grosiseConmOtprrufterbPirrronsralrtr,
sroslqCormInptBufterPrrirombrad«pPer,
draosl4ComrmlaleButferPtrrromoraspPtr,
krosleCornOtptriufferPLrrromora4pers
brdsi4«CornlemnpryufterPer:

srdsd4iConminlnptiufferPtrrrombrgietr,
vras4lCornlaledyfterPtrrromrsraretr,
sraos4iConalCtptoufterfirrromoraspPtr,
rros4iCorwInptrufrerPLrrronpsrasrtr,
rras4iCornlalenufferrrrrromsrasrtr,
Hrds4iCommOtptlBufierPurrrompBrasytr:
rras4iComrmiemphRytferpPtrs:

Jrerating4ode: (har;
Status: Cnar;
CurrntTire: Real;
vehclTlotartnTransmatrix:
saysttlaxs: Lnteger;
daySttlaxFoung: oooleadn;
LastvehclPosvequfkramsribtarthlrd,
weXxtvenclrosbequfbkromaritartnCry,
CrntvenclrosiealflramsxkIartnCraos
CrntVenhclvelDeqlfrrumakieartnras
IntrpltnTineratio,
velCaiclimeintrvl: real;
CrntvehcliorartnTransatrix:
vencliuinvelinerartnCra,
venclangvellnrartnCrag:
vencluinvelinvenhcliCra,
venclaryvVelinvenclCra:
vencluinvelintarthCroCmna,
venclangvellnetartnCrolmna;
VencluinvellnvenclCroCmna,
venclanyvellnvenclCraCrnao;
Legroslnvencl(rd: FtlinvenclCra:;
LegsTiajlax: ARnAY I|Legsl UF
LeatrajldxfFound: Boolean;
scnnrrosinVehelCrd: PtlinvehclCrd;
ScnnrrosintarethCrd: PrinkarthCra;
Sptottltgr: Integer:

Legldx,
Leginaex: Legs;
EartnCralndex:
C!‘\JIDUEA,
Crdlruexl,
Crdlnaex2: Cra:
Vehcl(ralndex:
Arrayinagexi,
Arrayinaex2:

cartnCrd;

venclCra;

Integer;

velinkarraCrd;

velnvencicra;

Brast4ComrbBufterPrrrtr;

prdsi«Conmoufterier;
rrasl4aConrnlaleduffergusyrromsrulber,
rraslqCormlalerufferbusyfromprodber:

pooleanPtr;

Brdasd4iComntutferPirevtr;

pras+i1ConmpufferbPtr;
vras4i1Connmlalerufferttusytromsralfcr,
urds4iCoralalebuffereusyfromarasptrs

vrooleanktr;

Transm~atrix;

begUtFran;

egqutrram;

lransmatrix;

VeinkartnCru;
vCinvenclCru;

inteyer;




Arraylnuex2lwoCnar: TwsoCharinteger;
vencliegsoptStts?: AkbAY (Leysj uF Sptottiype;

PRUCEDURE Inkeal (
VAR RealvValue: RKReal);

TYFPL

FourCnarkeal =
ReCuRy
CASc Integyer OF
0: (LoworaLoCnar,
LoworahicCnear,
_HiworaboCnar,
HiworaniCnars: Cnar);
1: (kealval: neal)
Erxb;

VAR

Tenpkealvalue: FourCharxeal;

BrLGIN

ReEPrAl
Inkryt (0CCH, PortChyte, Cnrcir)

UnTIL (rortCeyte., Bitoet * [bitb]) <> ()

..

e

IlnBéyt (uCwsti, Temprealvalne., LowordloChar)
KePrAf

Inryt (0CCh, PortCkyte, Cnrcur)
dvIIL (rortChyte, Bitdel * [b1ub]) <> L)
inByt (uCsH, [emprealvalue, LowordriCnar);
e FrAl

Inhyt (vCCH, PortCkyte, C(nrcur)
UNTIL (PertChyte, titoet * (mits5]) <> L);
Inbyt (uCoH, Teunpkealvalue, HirordlboChar);
FePrAd

Inkyt (uCCH, PortCeyte, Chrcer)
unTiL (PortCéyte, bitset * [Bitbl) <> J;
InByt (u(osh, Tempkealvalue., HiworanicCnar);

RealVelue $= 1enprealvaiue, Xealval



PKkOCEDURE InlItar (
VAK ltarvalues Integer);

TYPE
TwoCharltyr =
ReECuku
CASc lInteqger OF
0; (LoCnhar,
HiCnar: Cnar):;
1: (Itgrval: lntever)
VAK

Tenpltarvalue: i1woCnarltgr;

BEGIN
REPEAY
InByt (uCCH, PortCeyte, Cnrcerr)
UaTlL (bortChyte, Bitset #* (8Birt3)) <>
InByt (CCsH, lempltgrvalue, Lotnar);
ReEPEAL
Indyt (uCCh, FortChyte, Cnrcrr)
UinIll (PertChyte. Bitset * [pirdl) <>
InHyt (uCdd, Templtgrvalue, Hivhar);
Itgrvalue $= l1empltgrvaliue, lturval
Enu;
PrUCEDURE Inkool
VAR Boolvalue: poolean);
1YF&
CneCharpoolean =
ReCJlR
CASe. Inteyer OF
C: (CharVal: Cnary;
1: (BoolVal: rHoolean)

ELD;

VAR

TerpkoclValue: une(narpoolean;

BeGln

Ll

L]

e



KePEAT

InByt (uCCH, PortCbyte, Cnrcur)
UNTLIL (PortCRyte., BitSet ¥ (m1itb]) <> L}
InByt (uCwoh, leinproolvaiue, Cnerval);
do00lvalye = TerppoOvlvalue, boolVal
hfvu,'
PhGCEDURE IaChar (
var Cnarvalues Char);
BrGIN

KeEPeAf

Inbyt (UCCH, PortCrkryte, Cnrcur)
UnTitl, (PertCryte, bitset * [(pits)) <> (13
Inbyt (uC¥H, Charvalue)

EvL;
PruCEDURE Giutkeal (
kealvalue: neal);
{YPy
FourCnarReal =
K CUuRy
CASL Lnteger uF
U3 (LoworubLoCnar,
LovoraitiCnar,
HiworuloCnar,
hix*ordniCnar: (nar);
1: (realVal: real)
Eal;
Vak

TerpkealValue: FodrCharreal;

BEGLH
ferpkealvelue, Realval 1= kealvalue;
FrFehd

Inkyt (OCCH, pPortCbyte., Chreur)

UnTil (PortCeéyte, Bitset * [bitvel) <> (]



vutsyt (UCAH, Termukealvalue, LounordioChar);

nebEAd
InByt (OCCH, PortCkyte, Cnrctr)
UnTIL (PortCeyte, BitsSet * I(biwui) <> (1];
duteyt (OCAH, TempRealvalue, woworduiCnar);
REPLAT
Indyt (uCCH, prortCkyte, Cnrcer)
UsTIL (PortChyte, BitSet * ([Bituv])) <> [J;
vutesyt (CCAd, TempKealvalue, HiwordhLoChar);
RePeAl
Inkyt (0cCCH, PortCkyte, Chrcecur)
JuTIL (PortChkyte, Bitoet * [bivi]) <> L);
wdtoyt (UCAt, Tempkealvalue, hiyworoniCnar)
PruCkUsE Cutltar (
ftagrvalue: Integer);
TYPE
I~clnarityr =
keCuky
CaSe. Integer ukF
tG: (LoCnar,
HiCnars Cnar);
1. (1tarval: Integer)
| Y
Var

Jenpltyrvalye: 1woCnarlutgr:;

BEGLN
JergItgrvelue, ltarval := ltarvalue;

KEPZA]

InEyt (uCCH, pPortCkyte, Chrctir)
LnTIL (PertCiyte, bitoet # [Bivel) <> L)
vuteyt (GCAn, Templtgrvalue, LocChdr);

Kbl



Inkyt (OCCH, PortCeyte, Chreir)

UNTIL (fortCkyte, BitSet * [birvl) <> LJj

gutayt (0CAd, Templtgrvalue, iHiChar)
Enp
PCOCEuURE Cutiool (
Boolvalue: Boolean);
TYPE
UneCharooolean =
KeCuhi
ChSE Integer OF
vy (Charval: Char):
1; (KoolVal: soolean)
EnD;

VAR

lernbkoclvalye: uneCnAarsoolean;

BEGIH
Tenpbooivalue, noolval := koolvalue;
RePEAL

InRyt (uCCH, portloyte, Cnrcur)

UNTIL (PortCPyte, Bitset * [bitul) <> LI

Gutbyt (CCAH, TempRoolvalue, Charval)
el
PnCCEULUKE CutChar (
CnarValue: Char):
BLGIN
KePrAL

Ineyt (vCCH, pPortCkyte, Chrcrr)

-

’

UuTIL (PortCryte, Bit3et * (viuvul) <> ()3

t.uteyt (0CAad, Cnarvalue)

Li.ugp

PrUCEDUGKF TrnstrrPtiorartnCrobrvenclCra (

Vai PtIntarctrherdvar: PtinrarthCra;
vencliozarthirans~atrix: 1ranssatrix;



PtinvehclCrdvar:

BEGIK

PtinvenclCra);

PtInEarth(CrdvVar [Earthx)
vencliocarttilransiatriy.
vencliocartnTranssatrixe.
venclliorartnlransmatrixe.
venclliotartnTransratrix,.

PtInkarthCravar {(tarthy)
vencliccrartnfrans«atrix,
vehcliocartnTrans atrix.
vehcliocarthTrans~atrixe.
vehcliorartnIrans~atrixXe.

PtinkEsrtrCrovar (Eartnz)
Venhcllotartniranswatrix.
vencliccartnTrars~watrixe.
vehcliocartniranssatrix,
vehcliccartnlrans«“atrixe.

Rotat
Rotat
Kotat
I'rans

rotat
Rotat
Kotatl
rrans
rotat
Kotat
Kotat
Irans

Bl

PRUCEI'UKE TrnsfrnvciovenclCrabresrtnCra (
VAR VclnvVehclCravar:
Vvenclliorartnlransc»atrix:

Velnktarth(Crdgvar:

BEGLN

veintEartncra);

vecinvenclCravar [venciil
vehcliorartntTransratrix.
vencliocartnTrans+<atrixe.
vehcliceartnlransratIixe.

vclnVehclCravar [vencly!
vehcllocartnlrans iatrix.
vencljijorartniranssatrix,
Vencliocartnlransratrixe.

vclnvehcl{ravar |Vencl?z]
vehclionartnTrans+satrix,.
vehclliocartnTransatrixe
venclliocartnTrans»atrix.

rotat
rotat
otat

rotat
xKotat
Rotat

Rotat
xotat
gtotar

Ert;

PRUCELUNE CalcTrans~atrixtronPosvequtrrdin
VAR lrans~atrixvarg:

Transratrix;

Decutrrormrvares Deguftirranm);

VAR
Custaxs,
Cosren,
COS'\] l-p

BEGIN

Sinjax,
bl“t’ch'
Sinrlie

Feal;

(Xl
(Y
(21
(Xi;

(xJ
(Yl
V214
(Yi;

(x]
LYl
[Z)
(z2)

VelnvenclCra;
transravrix;

(x4
ixi
{xJ

(Yl
{Yl
LYJ

Lzl
{21
(Z)

(x)
(XJ
(x)

(yl
(yl
(Yl

Lz]
(Z)
(2]

Lx)
LYJ
(2]

(X]
(Y.
(Z1]

[x]
[y)
A

*

*

»*

*

PtlnvehclCrdvar
ptInvenciCravar
rrinvenclCravar

ftinvehclCrdvar
ttinverciCravar
PrInvenclCravar

PtinvenclCrdvar
PrInverhclCrdvar
rtinvenclCrdvar

VvelnkartnCrdvar
velntartnCravar
velintartnCravar

vclntartnCravar
velncartnCravar
vclncartnCravar

veilntartnCrdvar
VveclncartnCravar
veincartnCrdvar

fvehclx])
{(venhclil
{venclu)

{venclx)
{vencly]
{venclzi

{venclxl
[vericly])
{Venclz!

{Farthsx)
(Earctniyl
(Earcthzl)

{Farwnil
{Eartny)
{Larctnzl

(Earthil
[Eartnyl
{Eartnzi

.
’

+
*
+

+
+
*

+
+

+



Cosyas 3= CoSs (UeyqUtFrumwvar. Rotat [(Yaw]);

Singas = Sin (veyOfFronvar. nhotat [(Yaw]));

CosPcn 3= Cos (ueyUfFrumvar, rKotat (Pchl);

sSinvrcn 3= S8Sin (vegOfFranvar, kKotat [Pcnl);

Cosxll = Cos (DegufFramvar, rotat ([r1l]));

Sinkll ¢= Sin (veylfrrdnvVar, kotat (xlli);
Iransvatrixvar. Fotat [AR) (X} := Cosyaws * CosPcn?
Trans~atrixvar. Rotat {A) [YJ} := SinYyaw ¥ Coskch;
Trans+atrixvar. kKotat (A} (Z) = = SinfFcn?
Transvatrixvar. kotat (Y] (X} ==

Cosras * SinPch #* Sinkll = Siniaw * Coskll;
lransratrixvar., kotat ([Y¥J) LlYJ :=

Sinyas * 31inPch * Sinxkll + Cosvaw * Cusrll;
lrans-atrixvar. hotat (yJ) (Z) ==

(* ¥) Coskeh * Sinkll;

frans~atrixver. rotat 1Z2) (X} :=

CosYya« * SinPch * Coskll + Sinraw * Siprlil;
irans.iatrixvar. kotat (zZJ (YY) :=

SinYas * SinPch * Coshll = Cosvaw * 5inkll;
Trans~atrixvar., kotat (4] LZ2) :=

(* ») CosPch * Cosnll;

Trans«atrixvar, Trans (A} := vegliftramvar, irars [A};
frans-~atrixvar, Trans (1} 3= DeylLf¥ramvar, Irans (11;
Tfrans~atrixvar, 1rans [Z2) := veglCtkranvar, Trans (2]

tiilJ;

PriuCeuUkE CalcPosiveyOftrontromiransmatrix (

VAr DegCfkramvar? vealfFram;
Transwatrixvars Transmatrix)l;y

FUNCTILU.
Avalue,
1value:
keal:;

ArcTan2 (

Feal):

eeGibh
I Avalue > 06,0
THE™
Arclian?
ELoSo
lr XValue < U,0
IHEH
Arclan2
ELSE
Ir Yvalue > 0,0
LHE
Arclan?
ELSL
Arctan?

el

BEGlA

ArcTan (YValue /

$= ArcTan (Yvalue / AvValue)

Avalue) + Fi




Pegiifrrdnvar,

Rotat [Yaw]

e -

Arctanz (

Irans-atrixvar, Fotat {(XJ LX), Transkatrlxvar. kKOotat (xJ) [Y]);

Ceglfrrarvar, Rotat [Pcn) = Arclan2 (

Sgkt (

sar (iransmatrixvar, kotat (Y] {(ZJ) + Sqr (lrarstatrixvar,

= Transwatrixvar. Rotat [a) (Z2));

beguitFrranvar, kotat [K1ll) = Arcran2 (

Trans iatrixvar. kotat (24 (2}, Trarsmatrixvaer, kotat (Y] (Z});

vegoterdrvar, Trans (xJ $= Transkatrixvar, lrans {x]:;

LegUtrraumrvar, irans (Yl := Transmwatrixvar, irars (Y];

vegufrranvVar. Trans (4] 3= Transvwdtrixvar, irans (4
Enly

bl‘.:‘;l T

Lisableinterrurts;
rrazlnOcerationPtr, Secgacar $= = 1ledbu;
pro2inCrerationbvtr, ftfaaur = (VH
pta+lnbperationPtr., Segacar 1= = 5194,
troalnCperationptr, UtfAdadr = (U
prolinCrerationPtr. SegAaur = = B19Y4;
vrraoilnCperationPtr, OffAdGér &= 1;
erusliConalalebyttersusytronbBrazrtr, Seyhdar 1= = 163a7;
BrosliConmlaleByufterbusyrFromsra2rtr, dtfAuar i= 13
RfrasizConmlulebufferrusyrroakralrer, SegAaar = = 163487;
trosizsConnldlenufferBusyfrompsralrtr, Ufftacar = tH
prasliZCormnlaletufterBusytromeraletr, ApSAcor® $= False:
eras12ConnCtptBufferPtrironerd2bPir, SegAqal = = 1o03by;
praoslz2ConmQOtptbufferPetrfronsrdzper, UffAcar = 3H
praoslZ2ConumnjdlebutterPtriromsrazpPir, SeyAdur ;= = 163by4;
krasliCcrildlerufterbirrronsrozeir, QffAoar = 4;
prosilConnlnpteurierPtrrionnradryr, SeghaqQar := = 103857
sraosizCorvulnptrutfterPtrrromonraszPir, UffAcar ;= 03
Brusl2ComaCtpthufterPLrFrornoralytr, SegAcar = = 163by;
BrosizComunCtptBufferPtrrromordiPrr, OffAaar 3= B;
vrasizComrislalebufferPrrrromurdiPrr, SeghAadr :s = Jb3by;
vprasizConrlulebutterPtriromsralrer, Utthadsr ;= 4;
AraslConmlnptrufferPtrrronpralvrecr, SegAadr := = 16389
rrcsil2ComwlnptbutferPrrrrordrdirvvr, GttAcar := u;
Brastz2ConmltpthyfferPtrfromusrdzprr, ApbsAadr*, SegAdar = 8185,
trost2ComuCtptBufterPerkFromord2Prr, AbsAadr®, Otfhaogr = 0;
BrosiZConnrlalenufferPtrfromsrd2rir, AosAacar®, Segadar := B163;
Brosiz2CorwlalenufterPtrrronsdrasPur, Apshaar®, Ctthaal = U3
Braosi2Comulnpteyfterftrfromoras2Per, Apsaaar®, SecghAoar ;= Blb1;
prasieConaiIngtrufferfPtrrronprddrer, ApsAgor®, CtfAdar = U;
braosizComaltptbufterPtrfromBrdaleir, ApsiAaar®, SegAdur = = 16391;
trasizCorwCtptBufferPtrironmprdirir, AosAadr*, CitAadr = 0;
groslsComulaleBufterPrrFromsralPir, ApsAaadr®, SegAdar = = 16393;

rRotat (2]

(213,



eérosil2ConxlulebBufterPtreronmordleier,
BrosizConrinptBufterPtrfromordiPrr, AosAaar*, SegAgar
brasizConulnptBufferPtrrronsralPrr, Absaddr*®, CtfAcar

BrdsizsConrlalebufferPtrrromdralbPur,

Brasl4ConnIdletufferdusyFronkrasrer,
grast4ConimlalensufrerrusyfFromsroarcr,
brasisConmnlalebufterfusyrromndralvrcr,
prosl4aCornlalePyffervusyFrompralirtir.,

Brosl4eConmrlalepuffer8usyfrromirolrtr,

Brosl4ConmCtptoufterPtriromBrua4berr,
Brosl4ComnvCtptbutferPrriromora4brr,
eraslsConrnldlerufferPrrrrononrada4rer,
Braoslt4ConnlalerufferPrr¥romdrasder,
Brasi14ComnlnptBufterbPrtrrromusrasrer,
srasi4ComrnlnptRufterbPtrrfrondrodfrr,
Brast4ConnCtptrufferPtrrrornralPrr,
bresli4ComrCtptyfferPtrrrondralPer,
brasli4aConrldledutterPtrrromsralbPer,
brasi4ConnlaleryfterPtrfironsralvrur,
prosiqCorwlnptovufterPrrFromsralbrer,
rrasi4ConninpteéufterPLrrrorosrdlrer.

prasiaCounwCtptéufterFirrronsdra4Prr,
rraslsConcCrptbufferPrtrrrompra4dLr,
brasiqComnlulepvufferPtrrromsrasdprir,
erasi4sCorrIalensufferPrrrromsra4scprr,
prasis«ComalnptoufferPrrrromnsrd4?er,
prdsl4CenaniInpteufterPlrrrompraarir,
BrasiaComran(CtpthutterPtrrronprdlifur,
rruslidCormCeptbyfterPtreromsrdienr,
BrasliCenrnmlaleBufterPtrfromdrdipPer,
-oraslqCormldlenutferPtrromsralyer,
braslsComalnptrufferPtrrromsraleLr,
vresildCorclinptrutterfFtriromosralPer,

BrasiaConwlalebufterPtriromsradlpPir,

Brusd4iConmlalepufternusyfrombragrtr,
srisqiComrnlclefyfferbfusytrombradrer,
prasd4iCorclalebuffernusyfrowndralrtr.
Bras4qaiConalulesyfferbBusyrromerdirer,

Brasd4iConmwluledutferdusyfrromraletr,

Braos41ConrCGtptrufterPtrfronBrdsbrr,
Brus4lComnCtptrufterPtrrronsrd4err,
erds41CorrldiedufterPtrfFromgrasPer,
Eros4iCornlalebufferPrrrromorasrer,
trasdlConalnptbufferPrrfromsrasrer,
bras4lConmlnptbkufterPtrrromprd4prr,
tros4i1ComnCtptoufferPtriromdralPer,,
Bras4lConnCtpteufferPtrironsralpPrr,
vras4iComrwlulesufierPrrerondrdlipbrr,
traoas4iConmlaulesufierPrrrromdralerer,
Bros4ql1CornInpteoufterFtrironsdrdliber,
fraosqicConnlnptrufferbirfromprdliyoer,

AbsAaur”®

ApsAaar*®

SeyAadr
UttAaaor
SegAaar
UftAdar

AbsAagar*

SeyAdar
OftAaar

"SegAgcar

OftAaar
SegAadr
OffAaar
SegAaar
CffAaar
SegAaal
CffAaur
SegAauqar
CfttAaar

ApbsAgaor”
ApsAdar®
ApbsAgar*
ApsAgar”
AbsAaar*®
AosAgcar*
ApsAaar*®
AbsAdar®
ApsAqor*®
ApsAdar”®
ApsAgar*®
AgsAaugr”®

Apsaaar®

SeqAaar
OftfAaar
SeuAagcr
UftLtAoar

ApSAaar

SegAdar
UtfAaar
SegAddr
UttAaal
SegAaar
CffAaar
SegAgar
CttAqer
SegAdar
OftAadr
SegAaor
Otthaour

8¢ ®¢ 0¢ 00 90 BE WS G C® ¢ Be o0

~

9 80 96 9% % S0 B S8 4¢ we e o9

o8 e 8¢ oo

Gffacar

Acsiadgr~

“pl95;
1
-319%;

Segaodr
OtfAcur
SegAcar
UtfhAdar
SegAocar
Cithacr
Seghccr
OftfAacar
Segpdar
Ctfacar
Segacar
CttAadar

AcsAaqgr”®

=-5318;
1
*5318;
v

t= False
~t319;
b;
=53ly;
4;
-B319;
G;
~8320;
;
=6320

]
’

e O owe O

-h3207
e

« NewDate

.
[4

’

8147
0;

- 81073
U3
0677
U;
-8237;
0;
=-8277;
u;
=-8317;
Uy

s NeWwpata

.
’
.
’

-
LR

.
*

talse;




Scnnrroslnvenclcird (vehclx) s=
ScnnriosInVenclCra [Vehcli) := Scnnryutst;

Sennrxytst;

ScnnrrosInvenclCro (Vehcly) sScnnrZzutst;
Qutoyt (O0CEH, Cnr (OKCH));
Cutwyt (CCEn, Cnr (u0SH));

writeiun (*Ine communication port is ready,’);

Inptsync ¢
OteptSync ¢

trtSyncCnar := Chr (6);
REPEAT

I1F NGl lnptoyne
Idbkn
BEGIN

Ineyt (OCCH, PortCByte, Chrcrr);

Ir (FortCbyte, pitSet * [(Bitbvl) <> L)
THE .

BeGLnN

lnptSyncChar?2 = InptSyncCnarl;
InpusyncCnarl = inptSyncCharvu;
Inkyt (UCsH, LlhptSyncChart;

InptSync =

(lrptSyncChary
(onptsyncCnaril
(inptoyneChart

Chr (2)) anNUL
Cnr (1)) AnD
cnr (0))

ExnD
eal;

1l nCtL vutptoynce
inEn
BEGLIN

Infsyt (VUCCH, PortCbyte, Chrcur);

I (PortCoyte, pitSet * (witu)) <> []
THE!L

HeGih

CtetsSyncChar := Cnr (Urd (utptSyncCnar) = 1);

Gutwyt (0CA4, OtptSyncChari;

GtptSync :=
(Ut toyncChar = Chr (0))

'tND
[SRCRY)
ULTIL (LnptSync AND Otptsync):; )

writeLn (’Cormunications 4re synchronizea,’);



(*x ,
(¥ Set ur elevation proauct arrays,
(%)

22539;
chnr (vyuH);
- 22027;
cnr (UVOUH);

ElCoskFrodarrayPtr, SegAddr. IntvVel
tlCosrrodarrayPtr, UffAcddr, LoCher
ElSinProoarrayPtr, SegAadr. Intval
LiSinProosrrayePer, uftaAaor, Lolhar

oe ev o¢ oo

Fuk Arravlrdex2 := (¢ fC 31 DO
BEGIN

Arravinaex2iwoChar. Intval := arraylndexs;

Arraylnacex2iwoCnar, LoChar;
A

t1CoskrodarrayPtr, UftAaar, titcnar
: rraylnoex21woCpar, LoCnar;

LlSinFrodArrayPtr, CGffAuar, niutnar :s=s
FUK Arraylndex) $= =kealllnteger Il reallinteger DC
BEGIN

ElCosProdArrayfPtr, ApsAdar® (Arreylnaexl] = 1rurc (
Arraylnaexl ¥ Cos ((=75,U ¢+ arraylnaexz * obu.U / 31,0) * pi / 1n0,0)});

plSinProaarrayfgr, ApsAdor”®™ itArrayinaexl) 3= Irurc (
Arrayinaexl * Sin ((=75,0 + arravinaexs ¥ obu.0 / 31,0) ¥ P1 / 150,0))

tnD
kil )

(+%
(*# Set up azimutn product arrays,
(*)

- 21515;
cnr (vovh)s
= 210037
Cinr (OQuhH);

AzCosProdanrraybPtr, seghodr, Intval
AzCosProaArrayPrr, Ufthanr, LoCner
AzSinkroonarrayPer, segladr, Intvel
AzsinprooiarrayPer., uftlaar, LoCher

e @8 Se e

Fuk Arraviraex2 (=  TU 31 CO
vrnGIn

arrayilndes2rwoCnar. lntval := arraylnaexd;

azCoskrodarrayPtr, Uftiadar, hitner i= Arrayincex?2iwoCpar, LoChar;
AzSinrrogarrayPir, UffaAcar, hiunal i= ArraylnoexziwoCpnar, LoCnar;

bbuH Arraylindex! $= =Kealllnteyer TO keallinteger uC
DLGlLN

AzCusvrrodArrayfbFtr, Abskhddr® tArraylnaexl) = l1lrung (
Arr4ayviriext ¥ Cos ((4ve0 = Arraylnuex2 * 80,0 / 31.0) * Pi / 180,0));

AzSinprrodarrayPtr, auvsAagor® LArraylndeal) = 1runc (
Arrayiraex! ¥ Sin ((4qu.? = Arraylnaex2 * 80,0 / 31,0) * Pi / 1nU,u))

kb
iil.l),'

(*x




(*» Set up scah point disprlacenent array.
(%)

20491
hr (ouo0h);

ScanPtDispArrayPtr, Segadar, Intval
ScanPtlispArrayPtr. OffAacar, LoCnar

o oo
inn
[ |

FUk Arraylndex2 := 1 T0 255 Du
BLGIw

Arrayindex2lwoCnar, lntval := arravindexé;
scanPtuisphrrayrtr., Uffhaar, HiChar $= Arraylndex2lwoChar,
FUR Arraylndexl := =keglllnteyer 100 Realllnteger vl
ScanPtlispArrayPtr. Apshddr® [(arraylnaexl) :=
Arraylnuexl * Arraylnoex? L1v realllnteger

Ene,;

writeun (’Board 1 1s in ogeration,”);

rrdllnCuerationPtr. Apswmadr® = ralse;

Fuk Lealdx = FtlLt 10 Rrkt DU

srasiiConmlnptouffterrtriromdralibur, AbsAaanr®, Acsaddr”®,

venclueygsCrnas (Leygldx), optStt := Support,

wnlLE True uuU

bEGIN
fFuUr Crdindexl = Xx 10 Z Lu
FuR Crolnaoex?2 = A TU 2 Lu
lnreal (vVehcllocartnirans#atrix, Rotat [(Crdindexl) {Crdlna

tuR Cruitnaex = X Ty Z LU
tnkeal (vVencllorartnTransvwatrix, I[rans lCrainocex)):

Fuk vehclCralIndex t= Vencla TJd venhclzZ ULO
InReal (venhcllLinVellnvenclCra tvenciCralndexl):;

Fux vehclCrulndex := vencix [J VehclZ Du
Inkeal (VenclAngvelinvenclCra itvenclCralnaoexl)?

InKeal (Currntrlime);

FUR Crdlnuex! := X Tu Z LO

ruxk CrdlIndex2 := X ITC Z DO
nraosi2CormlnptRufferFtrfFromdrdiPtr, AbsAgar*, Absadur®,
Scnnriocartniranshatrix., Kotat (Cralnaexl) (Crdlndex2) ;=
vencliorartnlIransratrix, rotat (Crdlncexl) (Cralndex2]) ¥ R

irnstranetiorartnCrdtrvencliCra 1scnpreosintarthCra,
vehclfocartnTransratrix, ScnnrroslpvenciCrai;

wraoasizConmInptbufterPtrirorbrasPtr, AbshAaar®, ApsaAddr~*,
‘ScnpriceartnTranstatrix, 1rans [(xJ ¢= RKouna (
scnnrroslntartnCra [EartnXl * o,0)7
rrdsi2ConwlnntBytferPtriromBrgqipPtr, Absadgar®, AcsAddr~,
Scnnriceartnfransiatrix. Irans [Y) := wKound (
SennrrosInkarthCrd [EartnY) ¥ 8,0}
graslzComilnptihufterPtrrrorvrutPtr, AbshAgdr”®, Arshdar”,

LoChar;

ex2));

kound (
ealiilnteaer);




schnriokartnlransitatrix. Irans (21
scnnrrosIntarcthCrg (karthizZ) ¥ s8,6);

HEPLAT

:= koung ¢

BrdstsCommlaleBufttergusyfFromeralPtr, Aosaadr®

t= 1rue

~e

I¥ brosl2CormidleputferdusyfronbrdzPtr, AbsAddr®

Tk

prastiComrinlaoleBuffervsusyfromoralPtr, ALSAd4dr®

Ul LL prdsi2Cormlglekutferdusyrromsraltr,

prosizConnmTIempiufterstr :=
sraslzzConnInptRufferPtrironoraLptr,

rrosizsCoralnptirufferPerrronrosraaPtr,
srosigeConmlqgleBuftferPtrrronnsralPer,

mrdsisComrmidletufferbPtrtromusrdipyter,
srdsleConmlenpiiutferbtr,;

srasizsCornwlenpbufterPtr :=
zrdsisCormiInptruttervirrronadrasPer,

sraslsConauInprdufferPrrrromrdzZpPter,
prdsizsConviolerufferFtrfromoraszptr,

#rrosizComrwlulesufferPtrrrororalPter,
rrosizZConalerprnyfterPrr;

srasizConnldlepyfterfFtrironnrdrPtr,

craste¢CornIdlensufrtersusyrroanrajbPtr,

Absaadr*;

ADsAgdr”®
AosAaar*;

(1]
[}

Absagdr”® :

Avsacar*®;

ADsacar”® :=
Apsagdr®;

Avsaagqar® :=

AbsAddr*;

AosAaar”®, Acsadgr~, hewbata

ApsAdar”® :

srdélinGperationkPtr, Acsaddar® ;= 1rue;

i1nChar (tperatingiioue);
tnCnar (SyncCnar);

1F synecctar <> Chr (UAhAd)
The

False:

sritelLn (7*%** Conmunicatlon synchronizeatlon error #x¥7);

Status i= ‘A”%;

ntehar (sStatus);
SyncChar := Cnr (UVhAK);
yutCnar (osyncinar);

IF (O,.erating-ocne = *1°)

1THE
beGlh

‘Brdst4ComumlnrtBufferftrrromdrdiPtr, Apsaqgur*.

Currntlime;

Brdst«ConmInptRufferPtrFromuralPtr, ApSAadr®.

ADSAddI".

ApsAddr*,

Currntlime

lrue;




VehcliokartnTranstatrix := venclTokartnTranskatrix;

braslaCormInprRyufferPtrfron8ralPtr, Apsaddr®. AbsAdur~,
vencluinvellnvenclCra := vencliinvellnvencl(roa:

Brosis«CommInptoufferpPtriromsrdiPtr, ApbsAgdr®,., ApsAddr*.
VvehclangvellnvenclCra ¢= vVenclhnavelinvenclCray

Fur Leglnaex := FtLt TU Rrkt vl
BeGliv

FilR VehclCrdlndex := vVencls 1u vehclZ DU
InkPeal (LeaPoslInvehcl{rd (venhclCrdlnoexl]):

TrnsfimrPtlIocartnCraofrvehciira (
prdaslaCornlinptbuffervcrfFromprdlptr, AposAddr®, Apsagdr”®,
vehclLegssStts [weglnoex), rosinecartnCraq ,
Vehcliotartniransmatrix, uwegbosinvehclCrdl;

Inftgr (Sptottitgr);

1 ospcesSttlitgygr = 0

T | if Ly

VenclueygsartStts [Leglndex) := Suprorc
Eusw

vehcluegssptStts {(Leglndexs $= Trnster;

prasi4ComaglInptbufferrtrfromnsralPtr, Ansigdr®. Absaodr*,
VvehcluegsStts lueglndex)., optStt = vencliegsSEtStts [Levlnaex]

Enil;

Inkeal (RraslaCorminrtoutferrcrironnralPtr, AvsSaddr®, AosAcvdr®,
Frwdveli:qst);

Inkeal (Krasi4ComnlnptbuffervtriromaralPtr, ApsAddr®, AbsAddr®,
Sloevelrygst);

Iureayr (Lumpykealy;

"InRedl (vurnykeal);

Inreays (Lutrayneal);

lnrkeal (rrdsl4CeorwInptufterrtretrompbralPtr, Apsadar®, ApsAddr”®,
Tarnvelihgst);

ReFv A
vraosi4ComnlglePufferousybromirdibPtr., absldcdr® 1= Jrue;
Ir srdsld4commldlepufferBusvfromusrd4btr, Acsaddr”
ZTZ!IQCOHﬂIdIEPUfterDUSyPIOmbfletI. AbSAddr”® 1= False

U.TiL krasi4ComnlulekutfersusytromsraiPtr, Acshadr”;

BrasltiComnlerphufferPtr s=
braosiaCommiInptrufterrirkFromosrolPtr, ApSiddr®;

drosl4aCoranlnptBufterfPLrrronusralPtr, AosAodr® 3=
grésiqComrmlalebuttervtréromsralPtr, Auvsaaar®;

BraslsConnldlecdufferrtréFromnrolPtr, AvSikadr® =
‘froslqaCormTerptutferetr;




praslaComnTerpbufferPrr =
draslaeComulnptufrerPtrfronsdradPer, Apsaddr”®;

grasi«Comnlnptdufferrtrfromsra4Prr, Apsaadr”
BrasiqsComniilenufterPtriromsrd4Ptr, AosAadr*;

prostaCorrigleBufferPlrironuraalPtr, AosAgar”
grostsxCumnTenpoyufterpbPtr;

prasl4ComnidleBufferetriromnrdlfPtr, Ab5Aaddr”®. ApSaddr*~, Newuald i= Irue

srosiaeConmlIgleBufternusybrorrrgiPtr, AcsAddr® $= False;
breilnCperationPtr, Ausagdar® := True;
srollnCperationstr, Aosaaar® ;= Falsey

writeLn (°Boara 4 is in operation,’);

Kt Pr Ay
uullL EBrdllInOperationPtr, ApsAdar®;

pros4lCorimnlyglevuftervusyfroroeralPtr, Aosaddr® (= True;

KePro by
UD.T1L KOT brdsd4iCommlidlebuffersusyFroubrd4Ftr, AcsAddr®;

IF wsrdas4icComridleButferrtrbtronbrdipPtr, AbsAdar®, absAddr®, wexuata
Tk .
BHeGatl

r1asaiComplempBufferrtr =
Fras4iCoraltptuvufterbPrrfronsrdipPtr., Avsador®;

ercs4iComnt.tptrufterPtrfrompraolPtr, AbshAdor® s
prassiComrIglerutterkbtrFronnralPtre ApsAdar®;

prosdiCoryldlerufterPtrFromporclPtr, AosAcar® =
ErosdiCourniempoutierPtr;

Frns4iConmiempbufterPtr =
rrassiComaitptivafferPcrFromirad4Per, AosAadar®;

BPrisqe1ConnlCtutbutierPtrFrormoradlPtr. AusAgor”®
rrosd4iCorslalevufferrtrrronsra4”Ptr, Aosaigor®;

frosseiCominialebufterPtrifromsru4Ptr, AbsAdcr”®
erossiCornTemprytteryer;

erasqi1ComrlalesufterPtrFromerdlPtr., AbsAdor®. ApSacur®, bpewpata 3=
False

IRV
vragd4iComuIgienufferrusyfromwnralPtr. AosAodr® $= Fkalse;

S paysttlaxtouna 3= False;
piayottlux 3= 07

winli B (w01 pAySttlIdxFound) Awu
(#dySttiax <




srasiiCommlUtptBufterPtrrromoralPtr, AbsSaAadr*, ApSaddr~, vehclndylraj.
Max3dySttiax) LU

1r

(Currntiime >= .
Bras4iConmduvtptouf ferPtrFrompsraliPtr, AvsAadr”, 2psaodsr~, VehclidyTraj,
venclsadyStts LlbhkaySttIdx + 1). Tire)

FHe

Baybttlax 8= bdySttlIdx + 1 \
ELsSt

Baysttlaxtouna (= True;

CalckosuvejutFramkromlransmatrix (

LastvVenclPosuveqUftrdamwhlTEartnCra, _
srdsd4lConnttptbufterrtrrronsrdiifetr, Avsagddr”, Apsiadar*, Vehclwnaylraj,
venclpdyStts [BdaySttlux], Vencllokbartnirans~atrix);

1F

Bdyottldx =

BrdsdlConmiiipthiutferPtrtronbralPtr, ApsAagdr*. Apsiaddr*, Vehclwvaylraj,
maxodysSttldx

TrkEw

beGlh

CrntvVenclPosveqUtFrdmuRTIEtarthlrd = LastvenclfceslequtFrdmewRlkartnCrd;

CrntvenhclvelveaJtrraomakicarthCra, RKotat (Yas) = 6,03
CrntvenclvelleqUfFromwKTearetnCra, rotat (Fecni = U,U7
CirtvenclvellegufrrufiakletarthCro, Rotar (~11) 3= G,
(rntvenclveliequftramaRliearthCro, I'rans (i) 0= 0.6
CrntvenclvelDegufrransRTeartnCra, Trans (1) HES VIV B
CrntvenclvelbeacfrramanrrarenCra, ITrans [2) 1= U,L.0

Ewl

Eusr

BeGlk

CalctosvegutFrdmFroriransastrix (

nwextvehclrosheqUfFrdnskTrarthCrd,

pras4diComiQtptbufferPirbromprdliPtr. AbsAddr®, Absadar®, vehclbayTIraj.
vehclbdyStts [Bayottlax + 1), Vehclioeartniranskatrix):

Intrelwnlimekatio :=

(Currntilene -

BrdsdiComifitptButterPtrirorgrdiPtr, AbsAdor®, Apsaadr®, VencloayTraj,
venclpdyStts [Rdysttldx), 1ine) / )
(vras4i1ConrytptsutterPtrrronkrdipPtr, AbshAaar”®, -AbsdAudr+~, vencleayIral, -
Venclodystts [RaysSttldx + 1), JTimre = '
Brosd4iComrtitrtinufterPtrfromyralPtr, AbsAdar®, Absaddr®, VehclusdayTraj.
verclooyStts (Bayottlaxl)., u11nme); '

CrntVvenrclbPosleyufFranakTharthCrd, kotat [1aesl) 2
LastVenclPoshegutrronwkltartnird, xotat [rawl + (
NextvenclrosvegUfrromwnieartnCra, hotat [(Yawl = .
LastvenclrosireqUfFranwkThartnCra, motat [i1awl) * [ntrpltnTimexatio;
CrrtvenclPoslequtframsFTeartnCrda., xotat [(Fechl =
LastvehclProsDeqgufrranwkTearthCrd, rotat [(Fcns ¢+ (
NextvenclePosneylfrranaxTrartnCra. Kotat [FCnl =
LastvenclirosbiegUfframaskTrartnCra, kotat (rcni) ¥ Intrpltniimekatio;
CrnivenclPosheqgutframwkTEartnCro, notat (rll]l &=
LastvenclrosveqgutfrumekTeartnCrdad, rotat [(wxlil) + (
wextvenclrosidegJdfFromwkTrartnlrd, kotat (rll) =




LastvehclpPosegqufframwaTdarthira,
CrntvenclprosveguttramwkTearunCra,
LastVenclrosDegutfronanTrarthlra,
NextvenclpPoslheqUfFrunwklearthCra,
LastvehclPoslegUfframnwkTicarthCra,
CrntvehclPosDeoJdftrdmakTrarthCra,
LastvenclpPosveguffruonwkiIrartnCra,
nextvVenclPosDeguffranwrTeEartnCra,
LastvenclbosilegufrrameRTearthCrd,
CrntvenclrosbegOfFrdmskTharthlrdg,
LastVehclvosDeqglifFranwRTrartnCra,
NextVenclPoslegqutFransarlecartnCra,
LastvehclrosveqgufrramaxkleartnCre,

velCalclimelntrvl :=

Hrdsd4iCormpOtcoctBufterPtrFromyridiper,
Tine

VehcludyStts [Bdyosteldx + 1),
CurrntTime?

CrntvenclyeloeuufrrdnwhlbarthCrd,

NextvehclrosDequftrramwhTearenrd,.

CrntvenclPosuveguftrunakitartrCrd,
CrrctvenclvelDegOtFramwRTearthCrd,
WextvenclrosvegJtfFransRlearttCra,
CrntvenclrosbeadfrrararTearwnira,
CrnotvenclvelvequfirronarTeartnlra,
nextvenclPosbegufrronvkreartnCra,
CrntvenhclPosnequerranakirarthCra,
CrntvenclvelDeaufrriTwhRltartnCrd,
WexrtvenclbosveglttrunwricarthCra,
CrntvenclPosbegUfrramakThartnira,
CrntvenclvelilequfrranaRiLartnCra,
hMextvenclPosveqUfrraimmsrTIrartnCra,
CrntvehclrosleqgqufirannrwlearthCri,
CrntVenclveluveguffraanwkirartnCra,
NextvenclpPosiegqutrroraRicarctnCra,
CrrntvenclivosveguftframwrirarctnCra,

RoOTAL
lrans
irans
trans
I'rans
Irans
irans
fréans
frans
Trans
Trans
1rans
irans

Kotat
Kotat
Kotat
Kotat
KoLlat
xotat
Rotatg
Kotat
Rotat
Trars
lrans
irans
irans
Trans
1réns
frans
lrans
irans

ADSAddr‘t

Bl

CalclranssatrixrromioshiegdtFran
CrntVenrcltiotartnlrans~atrix,
CrntvenrclrostregUfFramanlartnCra);

vencluinvelincartnCraunnd leerthXxl s
Crntvenclvellbequffrdmaklbartngra, Irans
VercliuinvellncartnCrdacCmno -lEarthyYl} =
CrntVenhclvellenUfrransR1EartnCra, ir4ns
vehcluinvellncartnCralmnd (rarwnZis =
Crntvenclvellequfrramakftartnlra, L{rans

IrnstrrvcrovenclCrdtrreartniru

[r11J) * IntrpltnIiceratio;
[x) =

(xl + (

[X] =

(al) * intrpltnTinekatio;
[¥] &=

[yl + (

Lyl = .

{Yl) * Intrpltnlineratio;
{z1 :=

{(z1 + ¢

[Z] =

{Z2i) * lntrpltnlTimenatio;

Apshggr®, Vehcludylraj,

Liawl
(Yawl
(Yawl) 7/
(Pcnl 3=
[ECn) =
frcni) /
{Hll) =
irlll =
{klld) /
[x) = (
(B ]
(xi1) 7/
(Y =
[y =
(e1) 7/
[231 1=
(2) =
(41) 7/

HE ¢

velCalcTimelntrvl;
(

velCalciimeintrvi;
( .

VelCalcTimelntrvli;
velCalcTinelntrvl;
(

velCalcTinmelntrvl;
(

velCalcTimelntrvl

LX);
txl;
(43

(vencluinvellnVencllrdCwmna,

CrntvVencliotartnTrans~atrix, vehclLinvellntsrtnCraCrndg);

vehclangVelinvenclCrdCind LvehclXx) ==
-Crntvenclveliegufbframranfiartnra, RoOtat
vericlAngvellnyenhclCralmna tvenclY) =
CrntverclvelleqgufFramaxIELartnCrd, wxotat
VehcliargvVellnvenciCrocang LvenclZ) =
CrntvVenclvelDequfbramaritartnCrd, kotat

(R111;
{Pcnl;

(Yaw];




FOR Legldx := FtLt 10 KrRt DU
BEGLIN

LeglrajloxfFouna := talse;
LegsTrajlax [Legldxi := 0;

WnlLE (NOT LeglrajldxFouna) AND
(Legsirajidx [Legldxl) < N

bras4iComuOtntBufferPtrFromsrdiPtr, AnsAddr®, Absaddr*,

vencli,egsirals [Legldxl, #axLeglrajlaox) D¢
IF
(CurrntTime >=

Bros4liComrutptRuftferbPtrironBrdiPtr, Absador*, ApsAddr~,
vencliueysirals lLeglaxl,., vehcllLegiral)s [Legsirajlox [(Leglax)l. Cttiime)

THEH

Leasirajldx [Legldx) := Leuslrajlax [(Leglax] + 1
EuSey

LeglrajldxFound = irue;

l1F LeygsTrajldx LlLeaiox) >

brds4lComaOtptRufferftrFromprolPtr, ApsAddr*, Apsadgdr~,

VehcllLeyslraijs (Leglax], NMaxLeoTra)jlox
Trfi

Leasirajldx lueglax) := Norra)

ELSE :

I wnC1

((CurrntTime >=

Brdsd4lComnmiitptBuffterktrFromurdipPtr, AbsAdcer~, RApsadar”,
vehcllLeyslirajs [Legldx), Vencll.eylrals lLegsIrejldx (Leuldxl}i,

Lttiine)
AD
(CurrntTine <

krasdlComnltptBufterrtrFrompralPtr, ApsAddr®. Apsaddr*,

Vehcluegsirals [Leglaxl), vehcllegirajs tLegsIrajlcx
Cttrime))

ThEn

LegsTrajldx (Legldx) := Norsraj

EwDy

FOR Crdlndext := X 1C 2 DU
Fuk Crdlnaex?2 = X 1U 2 Du

~wlln CrntvenclToEartniransmMalrix vu

Outreal (Kotat [Crdlnuexi) turdingex2]):

FUR Crdindex := X TUL 2 vU
wlTn CrntvehclToEarthiransmarrix DO
Qutreal (Irans LCrdinaex));

FOR VehclCrulndex := venclx 10U VehclZ DO
Outrkeal (vencllLinvellnvenclCraCmna LvenclCralndexj);

FukR VehclCrdlndex := venclX 1 vehclz LU
Outreal (vehclAngvVellnvVenhclCrdaCmnd (vehclCrdincex));

Fuk Legidx = FtLt 10 Rrxt UuJ
BeGlN

1F
(Legysfraj)ldx [Legldxl] = Norraj) uR
(vehcllegsSptstts [Leylax) = ilrnsfer)

[Legladxl],




TuHE~N |
BLG1N

Outltyr (Ord (Nul True)):

Brdasl4ComuinpteufterbPtrironadrdiPtr, ApsnAndar®. Apsadar~®,
vehcliuegsCmnds (Legloxi, oSptStt = Suppcrt

Eai
ELSe
BoGik

Outltgr (urd (NUT False)s;

RrastqaCommlnptBufterPtrironpralPtr, AbsAddr®, ApsAddr~,
VenrclueysCmnds |ueqgldx). optStt = 1Qirnsfer

Eolg

le €T (LeagsTrajlax tLegldx) = wolraj)

TrE:

brdst4ComplInvtiufferPtrironsralPtr, Absdddr®. Aosaddr~*,
venclLeysCmnds lLeglaox), VencllLegCnndiraj :=
BrasdiComufitptBufterbtrFromnralPtr, Apsaddr*. Apsaaar”®,
venclleysirajs [(Legldx), Vencli.eglra)s tLegslrejlox (Leglaxi);

w114

grosd4iComnOtpt¥utterPtrfrorprdlpPtr, AvsAdor*®. Absaddr*,
verhclueygslirals [(Leqgldx), venclLegTra)s LLegsIrajlax (Leglax]]) LU
BrGin

Qutkeal (CttTirme);

(* Outkeal (LftTime);
¥) Cutreal (LEftHgt);
(* LUut~<eal (PlcTime);
*) Fuk venciCralnadex ¢= Vvenclx TU venclz D¢
Outkeal (PlcPosinvenclCru i(venhclCraindexl):;
(* Ctutxeal (CttTIime);
*) Cutreal (Ctthyt-iin);
Jutneal (CttHutrax);
(* FUR rarthCrdlndex := Earunx TJ tartnz DC
Jutxeal (axtbnolneartpnCra [eartnCrolnoex))
¥)
L"l [.J
Enb
[ SRV
ELSe
neGLN
grdalnCperationPtr, AbsAddr® := False
Ervu
E

Eib,




APPENDIX H

FORCES ON SPOOL




H-1

FORCES ON SPOOL

Moving Forces

Spring Force
F start
F finish

22 1bf
78 1bf

KAX = 88 1b/in (0.258 in)
kKAx = 88 1b/in (0.883 in)

Rod Area Differential d2 7(0.25 1n)2

F = PA A="T = Z = 0.05 in®

4000 psi (0.05 in%) = 220 1bf
)

F max

F min = 100 psi (0.05 in“) = 6 1bf

Opposing Forces

Seal Force (from two components)

F seal = F compression + F pressure = moving force on seal

F compression = 1.5 1b/in (0.25 in ) 7 = 1.2 1bf
70 1b/in (3500 B21)(0.375 in)2(.785) = 11.6 1bf

F pressure (4500)

(100)

0.25 1bf

Static Friction is approximately 3 times moving friction
1.5 1bf @ 100 psi
12.8 1bf @ 4500 psi

F seal moving

4.5 1bf @ 100 psi
38.4 1bf @ 4500 psi

F seal static

Hydraulic Drag Forces

F hyd. Drag = APA A= (1.0 in)2 (.785) - .785 in?



H-2

AP is a function of flow and hole size. For the spools there
are six 11/64-inch holes used for moving fluid. The flow is the volume
of fluid moved in the valve shift time.

Q = (0.785 in2)(0.625 in)/0.01 sec = 49 in3/sec

12.7 GPM

We can find the pfessure drop by looking at flow through ori-
fice charts
AP = 13 psi

F hyd. Drag = (13 psi)(0.785) = 10.2 1bf

Since this force is proportional to Q2 then this would be
the worst case because we assumed a 10 msec shift time instead of 50
msec, the actual force would be much lower.
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