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Rule-Based Motion Coordination
For The Adaptive Suspension Vehicle
On Ternary-Type Terrain
S.H, Kwak and R,B. McGhee

Naval Postgraduate School
Department of Computer Scierce (Code CS)
Monterey, CA 93943, US.A.

ABSTRACT

This study investigates the utility of rule-based coordination of motion for ternary-type terrain locomotion
by a hexapod walking machine., The ternary-type terrain considered is composed of permitted areas,
forbidden areas, and ditch areas. The logic for generating motion coordination is written in Prolog while the
simulation of the terrain and of the vehicle kinematics, as well as low-level on-board computer functions,
are written in extended Common Lisp and Flavors, It is found that this approach, which utilizes multiple
programming paradigms for programming motion coordination logic and simulation objects, results in code
that is much easier to understand and modify than previous motion coordination programs written in Pascal,
Thus, the code development effort and time are greatly reduced. The authors believe that both the
methodology and the motion coordination logic presented in this report possess sufficient meril to justify

full-scale physical testing in the Adaptive Suspension Vehicle at the Ohio State University.
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1. Introduction

The Adaptive Suspension Vehicle (ASV) is a large six-legged vehicle designed for outdoor
operation in rough terrain, Limb motion coordination for the ASV is accomplished by an on-board
computer network consisting of one PC-AT, eight Intel single-board computers, and two special purpose
computers [1,2], The software system is hierarchically organized with a clear distinction being made among
an individual leg control level, a leg motion coordination level, and a body motion planning level [2,3).
Except for the two special purpose computers, the application software for the ASV is currently written
almost entirely in Pascal, A custom designed real-time operating system, written mainly in PL/M,
coordinates the functioning of all processes running on the various processors of the vehicle computer. The
total ASV software system involves somewhat more than 150,000 lines of code [2,4).

An important feature of the ASYV is its omni-directional motion capability [1,2] which gives it the
general maneuverability characteristics of a helicopter. This behavior is achieved by providing the operator
with a joystick with three major motion axes for control of vehicle forward velocity, lateral velocity, and
wurning velocity respectively [2). The vehicle control computer accepts these commands and synthesizes a
sequence of leg movements to produce the desired body behavior, It is assisted in this task by information
from an optical terrain scanner which provides a map of terrain elevation in the immediate vicinity of the
vehicle [5), and by force and position feedback from each leg,

Until now, nearly all outdoor experiments with the ASY have made use of a tripod gait in which
legs are used in two sets of overlapping tripods [6,7). This gait was chosen both for its relative simplicity
and for its known optimality under high specd straight-line locomotion conditions [7,8,9]. However, the
.. tripod gait is not well suited to extreme terrain situations in which a significant fraction of the arca under a
given leg may be unsatisfactory for load bearing due to the presence of rocks, holes, obstacles, soft soils,
etc. In the latter case, simulation experiments [10,11], and initia! indoor testing [12], indicate that on-line
oplimization of leg sequencing should give better results,

Gaits involving real-time optimization of stability or mancuverability in the presence of terrain
constraints are oftcn called free gaits to distinguish them from the periodic gaits used by walking machincs

and animals in less difficult circumstances [13,14]. Until now, all free gait studics have been performed




based on a binary terrain model which includes two types of terrain objects; i.¢., obstacle and non-obstacle
[10,11,15,16] . The size of the individual obstacles is restricted to be comparable (o that of the feet of the
ASYV with the further assumption that the obstacles are randomly distributed on the terrain. In this study,
in addition to the above small obstacles, a ditch obstacle, which is a large and structured obstacle whose size
is comparable to that of ths vehicle, is introduced as a third type. Therefore, the terrain model is ternary
rather than binary, and contains both randomly distributed small obstacles and large ditch obstacles.
Though the free gait motion coordinator developed in [16) performs well 10r binary terrain, in ihis report, a
new motion coordinctor, called the "Ditch Crossing Motion Coordinator” is additionally introduced to
enhance ditch crossing capability. Thus, two motion coordinators coexist in the program, while, at one
instance, only one of them is allowed to control the vehicle depending on terrain conditions. If the
existence of a ditch is detected, the newly introduced motion coordinator takes over control of the vehicle
until the ASV has crossed the ditch, After crossing the ditch, vehicle control is automatically transferred
back to the Free Gait Motion Coordinator developed in [16) to handle small obstacles effectively.

Differing from all ASV experiments using an imperative language (Pascal) to encode stepping
algorithms, this study uses Prolog, Flavors [18], and Lisp as in [16,17] because of the authors' belief that
such a multiple programming paradigm is very well suited to the complex nature of the motion
coordination problem for the ASV, involving & constant interaction among the on-line optimization logic,
the vehicle and its internal objects, and the numerical routines. In what follows, Prolog is used to program
the first past, and Flavors and Lisp are introduced to program the second and the third parts. This division
of the motion coordination problem is suggested by the physiology of animals which utilize a brain, a

physical body, and muscles to move themselves. Moreover, like the hierarchical organization existing

among the these functional parts of animals, the program described in this report is also organized according

to same type of hicrarchy. Specifically, the top level of the program is the motion coordinator written in
Prolog, while the second level is the Flavor objects which simulate a body, legs, and sensory organs. The
numerical function routines written in Lisp perform all necessary calculations to move the legs and the
body analogous to the action of muscles, The resulting code is remarkably easy to understand and modify

because each programming language naturally provides the right programming paradigm for cach division of




the program. Moreover, the resulting code is at least an order of magnitude shorter than the corresponding
Pascal code for same reason. Consequently, this approach significantly reaces developinent time.

The remainder of this report first presents definitions used !n this rort. wid & @scussion of the
mathematical-model used to simulate terrain and the ASV vehicle. This .s icilowed by a description of the
ditch crossing motion coordination rule-set, and the use of Prolog to realize both ditch crossing motion
coordination and normal motion coordination. The report concludes with a discussion of the results of the

investigation and suggestions for future research,

2. Definitions

In this report, a number of definitions are used as follows:

Definition 1. A foothold is a point on a segment of terrain, and can be assigned to a leg while the
leg is in the air. When the foot of a leg is placed on the terrain, its assigned foothold becomes the suppor!
point of the leg. A foothold associated with a leg can be changed to a new one before the foothold becomes
a support point (10].

Definition 2: The support patiern associated with a given set of leg support points is the convex

hull of the vertical projections of all support points into a ho1 .ontal plane [13).

Definition 3: The magnitude of the stability margin at ime t for an arbitrary support pattern is
equal to the shortest distance from the vertical projection of the vehicle center of gravity 1o any point on the
boundary of the support pattern, If the paltern is statically stable, the stability margin is positive.
Otherwise, it is not defined [15].




Definition 4: A working volume is associated with each leg. This volume is a subset of three-
dimensional space defined relative to the body and consists of the collection of points which can be reached
by the foot of the given leg {11,19].

Definition 5: A temporal kinematic margin is associated with each foothold, At any instant, this
margin is the time remaining until the associated leg would reach the boundary of its working volume if the

foothold were used as a support point [15,19).

3. Vehicle and Terrain Model

While the vohicle model used in this study is based on the ASV, it represents only the major
vehicle dimensions and components. Specifically, the cabin and the terrain scanner are omitted from the
simulation model, while the geometries of the body and the legs are identical to thoss of the ASV.
Therefore, the simulation model is represented by a simple six-faced box with each leg drawn as two line
segments as shown in Figure 1, The exact vehicle dimensional data can be found in other literature [2,7).
Differing from the most previous simulation studies related to gaits and control of stepping
(10,11,15,16,19], which simply ignore the overlapped portions of adjacent working volumes, in this study,
the overlapped portions are taken into account during the foothold selection process in order to utilize the
full kinematic capability of the vehiclc,

The terrain adopted for this study is made up of terrain cells, and these individual cells are classified
into two types of cells, One type, called a permitied cell, is able to support the body load when a leg steps
on it. The other type, named a forbidden cell, is not usable because of unfavorable terrain conditions.
Though this classification is complete with respect to individual terrain cells, there is a chance that a group
of the forbidden cells can constitute a large structured obstacle instead of being randomly distributed. In this
study, one type of structured large obstacle, a ditch, is considered because of its special shape, a long length
and a relatively narrow width. Duc to its shape, the most effective way to overcome a ditch s, if possible,

crossing it instcad of avoiding it by going around it. However, avoidance may be a better choice for other




types of large obstacles, This possibility is not studied in this report. Rather, the simulation terrain is
ternary terrain which is composed of permitted cells, forbidden cells, and a ditch, A typical wrrain examplc
utilized in this study is shown in Figure 1. A cell with an "X" mark is a forbidden cell or a part of a ditch
area while unmarked cells are permitted. A ditch is shown in the middle of the simulation terrain,
Forbidden cells on uﬂs terrain can be.designated either manually by an operator or automatically by using a
random number generator with a threshold chosen to produce a specified ratio beiween permitted cells and
forbidden cells [11],

The dimensions of each cell are one foot by one fout, This size is comparable to that of the feet of
the ASY, and is larger than the resolution of the terrain scanner (5,12),

An overall block diagram of the program developed in this study is shown in Figure 2. This entire
program is wrilten for a Symbolics 3650 Lisp machine [11,20,21], Each box shown is an object that is an
instance of a Flavor [18] with the exception of the Free Gait Coordinator which is written in Symbolics
Prolog {22]. Like the physical ASV which has nine major parts, namely, a body, a vision sensor, a cab,
and six legs, the simulation object, "ASV" has correspondingly nine component objects, "Body", "Vislon
Sensor”, "Joystick”, and "Leg1" thiough "Leg6". These nine objects are linked to "ASV" through a part
relation [16,23). Each part hus its sub-parts, and again is linked to them with a part relation. Differing
from the nine major parts which have visible corresponding parts in the real ASV, the subparts of the
simulation are not physically tangible, but are introduced because of their functiomalitics for program
development. For example. the "Leg1" object, which is a part of the "ASV" object, has six subparts:
"Legl Plan Machine", "Leg! Control Machine", "Leg1 Executor”, "Leg!l Contact Sensor”, "Leg] Foothold
Finder", and "Leg] TKM Calculator”, Through the use of a make-instance function in an appropriatc
Flavor slot, the "Leg1" object binds all of these subparts into otie group with the part relation {18, In
order to show the above relations among the objects in Figure 2, the six subpart objects are drawn under the
"Legl" object.

Besides the part relation, Figure 2 also shows the hierarchical control structure linking the
simulciion objects. Specifically, communication is restricted between objects in two adjacent levels by an

assumption that upper levels have the right to access status information at lower levels, but the latter must




receive explicit commands from upper levels to update their internal states, For example, when "ASV", the
vehicle object, needs "Leg1" to support its body, it sends a “Place” decision to "Leg1" and continuously
monitors "Leg1" as to whether "Leg1" has begun 10 support the body or is in motion to try to reach a
foothold, On receiving a "Place” decision from "ASV", "Leg!" sends the "Place” decisions to "Leg1 Plan

~ Machine" while making observations of this machine. This type of message passing to and status
obsetrvation from subordinates continues until the "Place” decision is accomplished. That is, when the foot
of "Leg1" actually hits the ground, the contact sensor of "Leg1" detects the event and changes its internal
state. The state change of "Leg1 Contact Sensor" is observed by "Leg! Executor" and by "Legl Control
Machine". In this way, the state change in the lowest level is propagated to higher levels until the touch
down event arrives at "ASV", The detailed description of this control scheme can be found in other
litcrature [16), .

The joystick object simulates the physical three-axis joystick of the ASV through the use of six
keys on the simulation computer keyboard to increment or decrement each of the three rates controlled by
the joystick. These rates are forward velocity, lateral velocity, and turn rate, all in body coordinatcs. The
altitude of the vehicle above the terrain and its orientation in roll and pitch relative to the terrain are
automatically regulated using the algorithms described in [24].

While an clementary representation of the vision sensor is included in the program, as described in
the above discussion of terrain, it is assumed that all forbidden cells and ditches have already been identified
by prior terrain analysis. Of course this assumption does not represent a physical limitation of the ASV,
but as made merely to allow this simulation to be focused on vehicle control, rather than on vision,

In addition to simplification of vision, this simulation also ignores leg mass in order to avoid the
complexity of computing a center of gravity which moves with respect to the body. Moreover, 4ll inertial
forces are omitted from the simulation. That is, as in most previous simulation studies relating to gaits
and control of stepping [8,9,10,11,16,19,25,26], only static stability is considered in this study. Whilc
this simplification would be serious in high speed locomotion, frce gaits arc most appropriate to low speed
traversal of extremely difficult terrain, so the authors do not feel that this is a serious limitation on the

applicability of the results of this investigation.




4, Ditch Crossing Motion Coordination

When the vision system detects the existence of a ditch, the vehicle operation mode is switched
from the normal free gait mode [11,16] to the ditch crossing mode. In contrast to the normal free gait mode
which performs on-line optimization of leg stepping under an environment with randomly distributed small
obstacles [11,16), the coordinator in the ditch crossing mode controls the vehicle with a predetermined
motion sequence in order to et‘fédvely overcome a ditch; i.e., a structured large obstacle, The ditch |
crossing mode is composed of two phases, the preparation phase and the main phase, and these two phases
are sequentially executed. The preparation phase provides a transition period from the normal free gait mode

to the ditch crissing mode, and the main phase performs the actual ditch crossing action.

4.1 Preparation Phase

The preparation phase is composed of a sequence of nine states, and these nine states are grouped
into two cycles which are named Cycle 1 and Cycle 2. The first cycle, Cycle 1, consists of six states and
takes care of a transition from the normal mode to the ditch crossing mode. During the execution of the
first cycle, the body attitude is modified to be suitable to cross a ditch, The second cycle, Cycle 2, consists
of three statcs and causes the vehicle to have the correct leg configuration for the diich crossing operation in
the main phase. Thus, during the execution of Cycle 2, the body is not moved at all. The graphical
representalion of the preparation phase is shown in Figure 3.

The six states in Cycle | are Place Legs in the Air, Back Middle Legs, Forward Rear Legs,
Forward Middle Legs, Forward Front Legs, and Lift Middle Legs and Move. Body movement is involved
only in the last state. The first state, Place Legs in the Air, represents a simple action; i.e., leg placing,
but the rest of the siates represent at least two sequential actions. For example, during the Forward Middle
Legs siate, the middle legs are lifted from the ground and placed on the ground using onc of the closest
footholds to the front end of the working volumes of the middlc legs. Similarly, in the Back Middle Legs
state, the middlc legs are lificd and placed at one of the closest footholds to di back end of the working

volumes of the middle legs.




The first cycie of the preparation phase begins with the Place Legs in the Air state. During this
state, all the legs in the air are placed on the ground without any body movement. At most three legs will
be placed in this state because at least three legs must support the body at all times to maintain the stability
of the vehicle. When a leg is placed in this state, one of the closest footholds o the front end of the
working volume of each l¢g is selected as a stepping position on the ground. Thus, the newly placed legs
have larger temporal kinematic margins (TKMs) than the legs already on the ground,

At the end of the first state, all six legs are on the ground, Thus, the middle legs can be used for
any purpose because the front and the rear four legs are sufficient to make the vehicie stabie as long as these
four legs are within their kinematic limits, Thercfore, the middle legs are used to provide maximum TKMs
for the front and the rear legs in the following four states,

The Back Middle Legs state is the first state of the sequence to maximize TKMs of the front and
the rear legs. The middle legs are lifted and placed at the back ends of their working volumes. At the
completion of this state, the middle legs are placed behind the center of the gravity of the vehicle. Thus,
the vehicle can maintain its stability with the front and the middlg legs alone, and the rear legs can be lifted.

In the Forward Rear Legs state, the rear logs are lifted and placed at the front end of the working
volume of the rear legs. Thus, both rear legs will have maximum TKMs at the end of this state. Though
the rear leg lifting actions are inherently safe, before lifting one of the rear legs the vehicle stability is
checked 10 ensure that the vehicle is stable without the rear leg. If the vehicle is not stable, the leg is not
lifted from the ground, and the ditch crossing operation will be halted. If it is stable without the leg, the

leg is lifted. After the first rear leg is lifted safely, the saine test is performed on the other rear leg before it

is lifted. This type of test is always performed before lifting any leg from the ground during the ditch
crossing operation in order to ensure safc operation, At the end of the Forward Rear Legs stale, both of the
rear legs arc placed. Again, the middle legs become redundant for the vehicle stability,

In the Forward Middie Legs state, the middlie legs are lified and placed at the front end of the
working volumes of the middle legs. Because the new support points of the middle legs arc ahcad of the
center of the gravity of the vehicle, the vehicle now can be safely supported by the middle and the rear legs.

Thus, the front legs can be lifted from the ground without harming the stability of the vehicle.




In the Forward Front Legs siate, the front legs are lifled and placed at the edge of the vehicle side of
the diich. This has to be done becausc the new support points of the front legs will be the last ones on the
vehicle side of the ditch. This requirement is not hard to meet since, as long as the edge of the ditch is -
included in the working volume of the front legs, the front legs can always be put in the right position.
However, the oppasite side of the edge of the ditch should not be included in the working volume in order
to prevent its being used as possible footholds for the front legs, Therefore, there is a range of the vehicle
locations with respect to the near edge of the ditch so that the vehicle can select the right siepping positions

for ths front legs. This range is shown in the following equation:
1 1
P + TL- Dw < DCIR < P + 'i- L R T P YR YR TR T A Y (l)

where DCIR : Ditch Crossing Initiation Range i
with respect to gravity center of the vehicle '
P : Pitch between adjacent legs
L : Longitudinal lengts of ,_
working volume for each legs !
DW  : Diwch Width,

To understand this relationship, it should be recognized that the distance from the vehicle's center to the
front ends of the working volumes of the front legs is the sum of the pitch between the middle and the front
legs and half of the longitudinal length of the working volume of the front legs. Thus, the meaning of
Eq. (1) is that when the ditch crossing operation is initiated, the front ends of the working volumes of the
front legs should be positioned between the near edge and the far edge of the ¢.«ch. Evidently, if ditch
crossing is initiated anywhere in the above range, the ditch crossing operation will not be hampered since
the body attitude and the leg stepping positions arc corrected during the preparstion phase, It should be also
noted, however, that if DW is less than 3 ft, the vision system does not have to detect the existence of the
ditch at all. The normal plan developed in {16] is capable of handling such ditch width without any
problem,

At the completion of the Forward Front Legs siate, the front legs will be placed on the vehiclc

side edge of the ditch. Again, the middle legs become rednndant,
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In the Lift Middle Legs and Move state, the middle legs are lifted and the body is moved in‘to the
ditch area until at least one of the supporting legs (the front and the rear legs) reaches its kinematic limit. If
too many obstacles have not interfered with the operations of the previous four states, there will be a high
probability for the front legs to reach their kinematic limits first because footholds in the front most
portion of the working volumes of the front legs may be excluded by the location of the ditch. Thus, at the
end of this state, the vehicie body is fully pushed into the ditch area under the constraints of the current leg

‘configuration. and its movement is stopped. At this point, although the body position and the front leg
positions are right for the ditch crossing, the rear leg positions are not appropriate because they are already
near their kinematic limits, Thus, further body movement is very limited or impossible depending on the
kinematic margins of the rear legs, Even though the opposite side of the edge may not be reachable by the
front legs at the end of the Lift Middle Legs and Move state, the vehicle can cross the ditch if it moves
further into the ditch area by eliminating the kinematic problem of the rear legs and if the ditch width is
narrower than the vehicle ditch crossing capability, In the second cycle of the mpafation phase, the
kinematic limits of the rear legs are eliminated.

The second cycle of the preparation phase has three states and starts with the Back Middle Legs
state. No body movement is involved in the second cycle, but the stepping positions of the rear and the
middle legs are rearranged.

In the first stace, the middlc legs, which are redundant to make the vehicle stable, are lifted and
placed ncar the back end of their working volumes. Because the new support points of the middle legs arc
behind the center of the gravity of the vehicle, the rear legs can be lifted without harming the vehicle
stability.

In the Forward Rear Legs state, the rear legs arc lifted and placed near the front end of their working
volumes. Thus, the rear legs obtain maximum kinematic margins. At this point, though the rear legs
provide maximum body movement potential, the middle legs prohibit further body movement.

In the Forward Middle Legs stalc, the middle leg kinematic problem is eliminated. The middle

legs are lifted and placed at the front end of the working volume of the middlc legs. Therefore, both the

middle and the rear legs have their maximum kinematic margins, while the body is compleiely pushed into

11




the ditch area. In contrast to the middle and the rear legs, the front legs should be at their kinematic limits
because the front legs stepping positions have not changed since they were at their kinematic limits at the

end of Cycle 1. If the front legs are now lifted, vehicle body movement can be resumed. This will be the
first action of the following phase, the Main Phase.

.ln summary; at the end of the preparation phase, the body is fully moved into the ditch area within
the Limits of the stability of the vehicle and the kinematics of the legs. The middle legs and the rear legs
are fully forward to enhance the ditch crossing capability, and the front legs’m ready 1o be lifted from the
. ground, This proparation allows the vehicle to cross a wider ditch than the longitudinal length of the
vehicle legs' working volumes. Though the other side of the ditch is not included in the front legs' working
volumes at the end of the preparation phase, the body can move forward as long as the vehicle's stability is
maintained ind the leg kinematic limits are not reached. That is, if the other side of the ditch is included in
the front leg's working volume before the vehicle becomes unstable and before the other legs reach their
kinematic limits, the other side is reachable by the front legs. If the front legs can be placed on the other
side within the vehicle's kinematic and stability limitations, then the vehicle can cross the ditch because the
ASYV legs' working volumes are identical and because the pilches between the front legs and the middle legs
and between the middle legs and the rear legs are the same,

As a result of the above arguments, the maximum ditch width can be crossed by the ASV, which
has identical working volumes for all legs and the equal pitches between the front and the middle legs and
between the middle and the rear legs, is determined by both the pitch length and the length of the

longitudinal working volumes of the legs. Specifically, the maximum ditch width can be crossed by the

ASYV is given by:
MDW =P + —;—L-SM-SDE """"""""""""""""""""""""" ¥)]
where MDW : Maximum Ditch Width
P : Pitch between adjacent legs
L : Longitudinal length of

working volume
SM : Safety Margin
SDE : Search Digitization Effect.

12




As can be seen, the maximum ditch width (MDW) is calculated by adding the pitch between adjacent legs
and the half of the longitudinal length of the working volumes of the legs, and then by subtracting the
safety margin (SM) and the search digitization effect (SDE). The safety margin is a prescribed margin
ensﬁ'ring safe operation of the vehiclg. ‘The search digitization effect is an artifact of the foothold search
process resulting from a onc' foot by one foot grid search. Wiui the dimensions of the simulation model

discussed in [2,7], the MDW becomes 8.5 fl when the SM and the SDE are 0.5 ft, respectively.

4.2 Main Phase

The Main Phase is composed of three cycles The first and the third cycles are composed of three
states each, while the second cycle conmins only one state, The first cycle in the main phase in the
program is named Cycle 3 to sr;ow continuhtion from the preparation cycles. Consequently, Cycle I and
Cycle 2 belong to the Preparation Phase, and Cycle 3 through Cyble S belong to the Main Phase. A

graphicgl representation of the Main Phase is shown in Figure 4.

The firsi cycle, Cyele 3 is composed of three states, Move Forward Front Legs, Move Back Middle
Legs, and Move Forward Rear Legs. During this cycle, the front legs cross the ditch, and the rear legs are
prepared to replace the middle legs which will cross the ditch in the following cycle. In this cycle, the
vehicle body is allowed to move forward whenever possible. Therefore, all the stat¢ names are pre-fixed
with "Move", and each state is composed of three actions, leg lifting, body movement, and leg placement,

In the Move Forward Front Legs siate, first, the front legs are lifted while the body is not moved.
As soon as both front legs are lifted from the ground, the second action is performed, which is a forward
body movement. This body movement is sustained until the middle legs limit this movement because the
middle leg positions with respect to the center of the vehicle gravity determine the stability margin when
only the middle and the rcar legs support the body. Though the middle legs can kinematically move behind

the center of gravity, they should be stopped in front of the center of gravity to maintain the safety stability

margin,
When the body movement is stopped with the completion of the second action of the current state,

the opposite side of the ditch will be included in the working volumes of the front legs if the width of the
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ditch is narrower than MDW. Thus, the third action of the Move Forward Front Legs state follows, in
which the front legs are placed on the opposite side of the ditch, Thus, the middle legs become redundant
for the vehicle stability.

In the second siate of Cycle 3, the Move Back Middle Legs state, the middle legs are lifted from
the ground. The vehicle body movement is resumed because the movement is restricted by the middle legs
to maintain the vehicle Qlabﬂity margin. The body movement is cominu?d until any one of the supporting
legs meets its kinematic limit, specmcally. the body will be moved until one or both rear legs reuch is or
their kinematic limits because the kinematic margins of the rear legs have been used to move the body in
the previous state, but those of the frunt legs have been just maximized in the previous etate, the Move
Forward Front Legs state of Cycle 3. This effect can be easily seen in the second drewing of Cycle 3:State
2 in Figure 4, and "Rear Legs" written on the top of the second drawing shows the ténninmion condition of
the current body movement. When the kinematic limits of the rear legs stop the body movement, the third
action of the current state is performed, whichl is to place the middle legs at the back end of their working
volumes. Because the middle legs are placed behind the center of gravity, the rear legs can be lifted from the
ground while the front and the middle legs stably support the body.

In the Move Forward Rear Legs state, which is the third state of CycleJ, first, the rear legs arc
lifted from the ground. As soon as the rear legs are lifted, the body movement is vesumed. However, the
body movement is immediately blocked by the middle legs which have placed back in the previous state,
Thus, the third action of the current state, which places the rear legs at the front end of their working
volumes, is immediately started. Consequently, very little body movement is involved in this state, but
the rear legs gain large TKMSs so that the body can be moved further in the next cycle. Therefore, though
the other side of the ditch may not reachable by the middle legs under the current body position, the new
body movement, which will be performed in the next cycle, will make this possible.

The secound cycle of the main phase, Cycle 4, is composed of one state, the Move Forward Middle
Legs siate, In this cycle, the middie legs will be moved to the other side of the ditch. The first action is

lifting the middle legs so that the body movement can be resumed. This movement will last as long as the
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front legs have positive TKMs because the TKMs of the front legs have already been partially consumed in
the previous cycle. This is shown in the second drawing of Cycle 4:State ] in Figure 4.

When the body movement is stopped, the other side of the diich is reachable by the middle legs
because the geometries of the front and the middle legs are identical and because the working volumes of the
front and the middle legs overlap slightly at the rear end of the former volume and the front end of the latter
volume, As soon as the middle legs are positioned on the other side of the ditch, this cycle is terminated.

The last cycle, Cycle 5, which is the third cycle of the main phase, takes care of the ditch crossing
action of the rear legs. This cycle is composed of the three states, the Move Forward Front Legs siate, the
Move Back Middle Legs state, and the Move Forward Rear Legs state. These thres states m tho same that
of Cycle 3, This is not a coincidence, but an expected consequence of the geometrical symmetry of the
front and the rear legs.

In the Move Forward Front Legs states, the kinematic problems of the front legs which block
further body movement are relieved because the first action of this state is to lift the front legs from the
ground, Thus, the body movement, which is the second action of this state, is resumed, and is terminated
by the positions of the middle legs with respect to the body because the positions of the middle legs
determine the stability of the vehicle. When this state is terminated, the front legs are placed on the ground.

In the Move Back Middle Legs state, the body movement is resumed as soon as the middle legs are
lifted from the ground. This movement will last until the kinematic limits of the rear legs arc reached.
When this condition is met, the body movement Is stopped and the middle legs are placed as far backward as
possible so that the middle legs can support the body together with the front legs. Consequently, the
middle legs will be placed at the edge of the ditch because this edge is in the working volumes of the middle
legs.

The Move Forward Rear Legs state, which is the last state in the last cycle, causes the rear legs (o
cross the ditch. The first action is to lift the rear legs from the ground. Body movement is then resumed
and continued until the other side of the ditch is reachable by the rear legs. Again, this will be
accomplished because the working volumes of the middle and the rear legs slightly overlap. Finally, all the

legs are across the ditch. Thus, the ditch crossing operation has accomplished and the operational mode is
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switched back to the normal mode, and the Free Gait Motion Coordinator [16] regains control of the,

vehicle.

8. Program Implementation

The top level Ternary Terrain Motion Coordinator is written in Symbolics Prolog because of its
easy translation characteristics from natural language to a computer program, and bscause of its
straightforward interface to Symbolics Lisp language in which the rest of the program is written, The
Prolog program is listed in Figure 5, It is composed of three functional groups of preds-ates. The first
group controls the flow of the whole program, while the second does logic processing which generates
commands for the vehicle body and legs. The last group is responsible for bridging between the program
written in Prolog and the robot program in Flavor objects, This is accomplished through the Lisp function
call facility provided by Symbolics Prolog. Specifically, anything following the "is" predicate in a Prolog
clause may be either a Prolog arithmetic function or the name of a Lisp function [22]. If a Lisp function
name follows the "is" predicate, it is evaluated according to its definition inside the Lisp environment, In
the program of Figure 5, argumenis following "is" predicates are names of Lisp functions, and make
connections to the Lisp environment. A returned value resulting from a Lisp function call may be used to
instantiate a variable preceding the “is" Prolog predicate or test whether the returned value matches a valuc
preceding the "is" predicate. In the former case, the subgoal "is" always succeeds, but the latter case, only
when two values agree does the "is" subgoal succeed, In the program, only the former case is used. The
Lisp portion of the program ig listed in the appendix attached at the back of this report,

The Prolog program is started by typing "robnt" on the computer console. The robot clause is the
firsi line of the program, After the initialization process is done, it makes the loop clausc repeat. Thus, it
determines the flow of the wicle program.

The loop c’ause is composed of three subgoals, get_command, plan, and execute. This shows the

flow of the program execution for each loop. Based on the input command from the joystick, motion is




planned, and the planned motion is executed. Then, the executed motion is drawn on the screen by the
draw_robot clause which actually calls a corresponding Lisp function, graphical_display.

The plan subgoal of the loop clause has two altcrnatives, free_gaits_motion_coordination_plan and
ditch_crossing_motion_coordination_plan. In the Prolog prozram, the ditch_mode subgoal is tested first
because dirch_crossing_motion_coordination_plan deals with a more specific case than the other, If the
ditch_mode subgoal succeeds, then ditch _crossing_motion_coordination_plan is executed. If not, then

.ﬁ'ee _gaits_motion_coordination_plan is executed. The free_gaits_motion_coordination_plan clauss is
composed of update_robot_state, check_tkm_limit, leg_plan, body_plan, and generate_decision subgoals.
The first und the second subgoals update the state and the body position of the vehicle and check kinematic
problems of the legs. The third subgoal, leg_plan, performs on-lin§ optimization for leg coordination
using the frae gait strategy [11,16], Based on the leg plan, the fourth subgoal, body _plan, plans the body
movement to enhance the vehicle stability, Finally, the generate_decision, subgoal sends decisions to the
"ASV" robot flavor object. A detailed description of the free_gaits_motion_coordination_plan can be found
in other literature [11,16].

The ditch_crossing_motion_coordination_plan and the related clauses implement the ditch crossing
coordination discussed in the previous section, There are two ditch_crossing_motion_coordination_plan
clauses in the program, and the first clause checks the termination condition while the second clauss
performs the ditch crossing planning, If the ditch crossing activity is not completed, then the first clause
fails, and the second ditch_crossing_motion_coordination_plan clause is executed. Thus, the cycle_planner
clause is called into an action,

The cycle_planner clause and related clauses follow the above two ditch_plan clauses. ‘This group
of clauses is named "Cycle Planner", The first clause of the "Cycle Planner" group, ditch_plan_done,
checks the completion of the ditch crossing plan. The two cycle_planner clauses take care of ditch plan
cycle changes from cycle I to cycle 5 by increasing the cycle number whenever one cycle is completed.
Therefore, the ditch_plan_done clausc succeeds as soon as cycle 5 is finished because the cycle number

becomes 6 immediately after ¢ completion of Cycle 5. The last subgoal of ditch_plan_done, is
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idle_cycle, which is a dummy plan without any leg planning. It is introduced to fill the gap for the
transition between cycles,

The subgoals used in the cycle_planner clauses, one_cycle_done and plan_cycle, ar¢ grouped in the
following part of the program, which is called the "Plan Cycle Dispatcher" group. The one_cycle_done
clause checks the termination condition of one plan cycle, and the five plan_cycle clausss execute the
appropriate ditch plan cycles based on the plan cycle number which is given through the plan_cycle fact in
the Prolog data base.

The ditch_plan_cycle clauses, ditch_plan_cycle! through ditch_plan_cycieS, form another group
called "Cycles" in the program following the "Plan Cycle Dispatcher" group, The first subgroup,
ditch_plan_cyclel, has seven clauses. The first clause of this subgroup takes care of the initial state
transition, and the rest of them represent the six states in cycle I discussed in the previous section.
Specifically, the first clause retracts plan_state(start), which is a cycle starting fact, from the Prolog data base
and asserts a new fact, plan_state(place_legs_in_the_air), which is the name of the first state. After changing
the Prolog data bass, the first clause executes the place_legs_in_the_air subgoal, which performs the place
legs in the air siate in Cycle 1. When the place_legs_in_the_air subgoal s executed, the first clause
provides the next state information for the subgoal so that when the current subgoal is completad the correct
information about the succeeding state is asseried in the data base. The second clause through the seventh
clause sequentially represent six states in cycle 1. Thus, these ordered clauses represent the sequence of state
transitions among the six states. When the last clause calls the lift_middle_legs_and_move subgoal,
one_plan_cycle_done is given instead of the name of the next state to assert the cycle termination fact in the
data base. This structure is repeated for the rest subgroups of the "Cycles" group, ditch_plan_cycle2 through
ditch_plan_cycleS.

The following group called "States" is composed of 10 different subgroups, and each subgroup is
composed of two clauses. These clauses accept information about the next state so that the next state
information is asserted when the current state is completed. However, only the first clause, which takes

care of its state transition, utilizes the next state information. The second clause ignores the next state

information and ¢xecutes a subgoa! whose name is its clause head name pre-fixed with "do_". Additionally,




both clauses of each subgroup determine the body movement by executing either the stop or the move
subgoal depending on the needs of each state described in the previous section.

The "State Executors" clause group follows the "States" clause group. This clause group is
composed of 11 subgroups of clauses. Among them, 10 subgroups are responsible for execution of 10
_ stateé in the "States" group, while the eleventh subgroup takes care of the body movement, such as move,
stop, clear_move_memory, and move_done. Therefore, except for the last subgroup, each subgroup shows a
sequence of actions within a state, which are described in the previous section. For exampie, the
do_back_middle_legs clause subgroup, which is the first subgroup of the "State Executors" group, is started
with three major clauses. The first clause, back_middle_legs_done, tests the state termination condition, and
the second and the third clauses perform a sequence of actions, which are lifting the middle legs and then
placing them at the back side of.thelr reachable areas. The second clause tests whether both middle legs are
lifted by executing the subgoal, all_middle_legs_lifted. Initially, this test should fail. Thus, the third clause
is executed. After the third clause is executed twice, the both middle legs will have been lifted from the
ground because the /ift_middle_legs subgoal causes one middle leg to be lified from the ground at a time. In
the do_back_middle_legs subgroup, there are two lift_middle_legs clauses. The first clause performs the leg
lifting action by selecting one middle leg and then causing it to be lifted from the ground, while the second
clause performs a default action by always succeeding. Only when the both middle legs are lifted from the
ground, is the middle leg placement executed. Specifically, when the all_middle_legs iifted subgoal in the
second clause of this subgroup is satisfied, the place_middle_legs_back subgoal is executed. If the middle
legs are placed on the ground again, then the back_middle_legs_done clause, which is the first clause of the
current subgroup, succeeds because the all_middle_legs_lified subgoal has been satisfied by the
middle_legs(lified) fact which was asserted when middle legs were lifted from the ground, and because the
all_middle_legs_placed subgoal is now satisfied. Before completing the back_middle_legs_done clause, the
first clause of the current subgroup, the clcar_middle_lified_memory and the clear_move_memory subgoals
clear residual facts generated during execution of the do_back_middle_legs clauses in order not to interfere

with the execution of the following "State Executions" subgroup clauses.
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Rest of the subgroups in the "State Executors" group have the exactly same structure that of the
do_back_middle_legs clause subgroup. Specifically, onc state termination clause is followed by two state
execution clauscs which are pre-fixed with "do_" and related clauses which support these leading three
clauses. If the related clauses are alreedy available, they are not duplicated by adding them in the subgroup.

‘The only exception to the above structure is the fifth subgroup, the do_lift_middle_legs ¢lause
subgroup. This subgroup is composed of onc clause, and there is no clause to test the state termination
condition, The time required to complete the middle leg lifting action in the lift_middle_legs_and_move
state, which is the only state that utilizes the do_lift_middle_legs clause, is considerably shorter than that
needed to complete the body movement in the state, Thus, the leg lifting action is always guaranteed before
the current state is terminated.

The last group of clauses is named "Plan Libraries", These clauses are used by both
ditch_crossing_motion_coordination_plan and free_gaits_motion_coordination_plan. This group is
composed of two subgroups, body_plan and generate_decision. The latter subgroup sends planned leg
motions through decisions to the robot, "ASV", which is a flavor object. It sends them one by one until
all the decisions in the Prolog data base are exhausted. The former subgroup takes care of body movement
by executing speed_plan and trajectory_plan. The speed_plan clauses control the spsed of body movement
and the trajectory_plan clauses modify body movemcnt trajectory in order to increase the stability margin of
the vehicle using a "push” operation which causes the gravity center of the vehicle to move away from the

boundary of the current supporting pattern [16].

6. Discussion

Performance tests were carried out for various terrain conditions by making the ASV follow a
prescribed standard trajectory. The standard trajectory is a straight line across the model terrain from one
side to the other side while crossing a ditch oriented perpendicular to the direction of vehicle motion. No
failures 10 complete the standard trajectory were observed for any terrain containing up to a 8 ft width dich

if no randomly distributed forbidden cells were included in the terrain, However, when forbidden cells were
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added 1o the terrain with a 8 ft width ditch, the performance was severely degraded, If the randomly
distributed forbidden cells occupied 30 percent or more of the area of the non-ditch portion of the whole
simulation terrain, the ASV always failed 10 complete the standard trajectory. Specifically, the ditch
crossing opcration was halted because the random obstacles on the ground prevented the ASV from using
the most favorable stepping positions near the ditch, However, when the width of a ditch was reduced to
7 ft, no failures in ditch crossing operations were observed. Rather, the capability to overcome randomly
distributed forbidden cells became the boitle neck which determined whether the ASV could complets the
standard trajactory or tiot. Overall, when less than 70 percent of the total terrain cells were the forbidden
cells, the program made the ASV follow the standard trajectory without great difficulties,

One of the advantages of using object-oriented programniing for the ASY object und its subobjects
was the easy extension to a new ASV with additional functionality required for the ditch crossing
maneuvers, Specifically, this was accomplished by using the inheritance tnechanism provided by Flavors.
The original ASV was an instance of "robot" class, and the new extended ASV is an instance of "ditch-
robot" class. The latter class is defined as a subclass of the former class. Thus, the entire functionality of
the "robot" class became available to the "ditch-robot" class through the inheritance mechanism. The newly
required capabilities were added to the "ditch-robot” class using "defmethod" which defines the functionality
of a class in Flavors. The result was remarkable. The additional code written for the new "ditch-robot"
class was less than 10% of the size of the original "robot" class, and roughly more than 95% of the original
code was reused.

One of advantages of rule-based control of motion coordination is the case of extension of
coordination logic resulting from the fact that individual rules or a group of rules define an independent
piece of behavior. Instead of rewriting all the code related o motion coordination, the new ditch crossing
coordinator was simply added to the original Prolog code. In order to accept the new coordinator, the
original plan Prolog goal in [16] was subdivided into two plan subgoals, free_gaits_motion_coordi-
nation_plan and ditch_crossing_motion_coordination_plan. The old plan code in [16) was merely renancd
as free_gaits_motion_coordination_plan without any furthe: modification, and the new ditch_crossing_mo-

tion_coordination_plan code was simply added. If the original motion coordinator logic had been imbedded
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in the "ASV" robot code because only one programming paradigm, such as an imperative paradigm, had
been utilized to program the work in [15], the extension to a ditch crossing capability in the "ASV" robot
code would have been a very difficult and very time consuming task.

Overall, the development and coding of the new extended "ASV" and motion coordinator clearly
manifested the advantages of the use of multiple programming paradigms to program a complex robot
motion coordinatinn function which constantly performs on-line optimization like a human or an animal
coordinating his or its motion based on sensory information and leamed experiences. Rule-based
programming to express logic, object-oriented programming to simulate physical and functional objects,
and a numerical processing library written in a functional or imperative languags to imes ement mathematics
and physics needed for simulation are very naturally divided components to simulate a complex system,
such as that treated in this report,

Nne of major complains about programs using Artificial Intelligence techniques and languages is
slow execution speed in on-line computing applications, In this study reported here, the most promincnuly
visible candidate to be blamed for slow execution speed is Prolog code. However, the execution speed of
Symbolics Prolog on a Symbolics Lisp machine is not so slow as might be expected. It is only slightly
slower than that of Symbolics Lisp or Flavors, However, the execution speed of Prolog implementations
on other machines are usually considerably slower than those of non-Prolog implementations. One
solution for slow Prolog execution speed may be to use a special Prolog processor, such a Xenologic X-1
[27), tn execute Prolog code. The other solution is to convert the Prolog code to an other language, such as
Lisp. The lattcr approach was actually adupted to test the correctness of the program developed herein,
using a TI Explorcr machine because this solution is readily applicable without great modification to the
interface between Prolog and Lisp codes, and because a T1 Explorer machine was conveniently available 10
the authors in an office environment. Though the speed gain in program execution is little over that
expected with Symbolics Prolog, this approach potentially makes a much wider variety of computing
hardware suitable to execute the motion coordination program developed herc. Morcover, this approach may
provide another advantage in near future since advances in microprocessors based on RISC or CISC

architecture [28] will, with respect to Lisp execution speed, soon equal or outperform Lisp imachines [20).
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Already, with respect to execution speed alone, SPARC-based Sun workstations narrow the large gap
previously existing between a Lisp machine and a conventional machine running the Lisp language.
Therefore, rather than running a slow Prolog program on a conventional machine, automatic conversion
from Prolog to Lisp after a development phase could become an effective way to achieve markedly better

performance if the program were 1o be tested on the physical ASV walking machine,

7. Summary and Recommendation

The main purpose of this study was to demonstrate the value of a multiple programming paradigm
approach in the development of software for motion coordination for the ASV walking machine. An
important secondary goal was extending the work in [16] so that the ASV can cross a ditch without any
assistance from a human operator, Thus, the terrain handling capability of the ASV under program control
was extended from binary-type terrain to temary-type terrain for the first time, The third goal was to take
into consideration the overlapping working volumes of the legs of the ASV in order to utilize the full
kinematic capability that the vehicle geometry can give, This later factor made a direct contribution in
widening the maximum ditch width (MDW) that the vehicle can cross.

The approach adopting multiple programming paradigms for motion coordination, which was
proposed in [11] and implemented in [16], again exhibited its power. First of all, it forced a well-organized
and functionally clean abstraction hicrarchy for a complex and ill-defined problem, Secondly, it
considerably reduced development time and effort. The program development associated with this report
could have been a major undertaking if a single programming paradigm had becn utilized. Instead, as
described in the preceding text, with the approach taken here most of the program in [16] is reused, while
only small amoﬁm of code is additionally written,

‘The code translation from Prolog to Lisp was pnssible because the Prolog code used herein was
utilized as a simple rulc-based system. This success of this translation further justifies the usage of Prolog

as one of the languages in the multiple paradigm environment because it could allow much wider varietics
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of computing hardware to execute the motion coordination program developed. Moreover, this actually
made the program execution somewhat faster than that of the program with the untransiated Prolog code.
Among studies remaining to be conducted are inclusion of vehicle inertia in the simulation, effects
of leg motion on the location of the vehicle center of gravity, and a better simulation of the vision system,
Such a study would be appropriate to a later phase of this research along with an investigation of further
changes to the Prolog rule set to enable tl.2 ASV to climb over large obstacles or to go around them if this

is not possible.
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Figure 3: Continued ...
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11=*« Mode: PROL.OGPackage: robot-rulesBase; 10 -*-

rabot ;- ini_tialize. repest, my_loop, fail.

initialize :- inits, init_ditch_plan, .

init_dicth_plan :- retract(plan_cycle( )), retract(plan_state()), fail.

init_ditch_plan :- asserta(plan_cycle(1)),
asserta(plan_state(place_legs..in_the_air)),

my_loop :- get_command, plan, ¢xccute, !,

get_command :- X is read_joystick.

plan :- ditch_mode, ditch_crossing_motion_coordination_plan,

plan :- free_gaits_motion_coordination_plan.

ditch_mode :- ditch_mode(in). ;cleared by ditch_plan,

ditch_mode :- X is at_ditch_area, X »m t, asserta(ditch_mode(in)),

execute |- execute, motion, draw_robot, |,

éxecuts_motion !- X is execute_planned_motion,

draw_robot ;- X is graphical_dlisplay.

Figure 5: Prolog Program
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;;#*******#****************************#********************

:: Free Gaits Motion Coordination Plan

"
:;Vl..ll.**li'!*ﬂ‘*!l#*!**Wt#l*t***t#t'l‘!t#1#‘!“.0*‘*“‘#*

free_gaits_motion_coordination_plan :- update_robot_state, check_tkm_limit,
leg_plan, body_plan, generate_decision, !,

update_robot_state ;- X is update_robot_status.

check_tkm_iimit :- A_leg is at_tkm_limit, A_leg ‘= nil,
asserta(limit_leg(A_leg.lift)),
check_tkm_limit,

leg_plan :- lift_a_leg.
leg_plan :- exchange_legs.
leg_plan ;- stable,
leg_plan :- place_a_leg.
leg_plan :- wait_for_legs.

stable :- Condition is stable_p, Condition ww t,

lift_a_leg :- stable, A_leg is smallest_tkm_leg, A_leg \e= nil,
Condition is stable_without(A_leg), Condition == t,
asserta(decision(A_leg,_,lift)).

exchange_legs :- stable, LegA is smallest_tkm_leg, Leg A \um nil,
LegB is max_sm_leg(LegA), LogB \e= nil,
Condition is has_more_tkm(LegB,LegA),
Condition mm ¢,
assena(decision(LegA LegB,exchange)).

place_a_leg :- A_leg is max_sm_leg(_), A_leg \m= nil,
asserta(decision(A_leg,_,place)).

wail_for_legs :- try,_new_foothold.
wait_for_legs :- recovery, asserta(reduce_speed).
wait_for_legs :- asserta(reduce_speed), restore_limit_leg,

try_new_foothold :- A_leg is leg_with_new_foothold, A_leg \== nil,
nsserta(decision(A_leg,_,place)).

recovery - A_leg is do_recovery, A_leg \m= nil,
asserta(decision(A_leg, _,place)), restore_limit_leg.

restore_limit_leg :- retract(limit_leg(A_leg,lift)).
restore_limit_leg. ,

Figure S: Continued ...
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;;‘tlt"ti##ti‘*!l*“lﬁ#***************t#****#*******#***#**

i+ Ditch Crossing Motion Coordination Plan

"
;;*‘ltiiﬁll*ﬁtl*l*l#ﬁ!“llllvil'il#!‘#*"*l‘.“l‘h\#*‘.‘*#*l*‘!**

ditch_crossing_motion_coordination_plan :- ditch_plan_done, retract(ditch_mode(in)), idle_cycle.
. ditch_crossing_motion_coordination_plan :- cycle_planner,

*
'
1)

o0 o Cyc]° Plannﬂ' e o e o

ditch_plan_done :- plan_cycle(6), retract(plan_cycle(6)),
asserta(plan_cycle(1)),
prepare_next_ditch_plan,

prepare_next_ditch_plan ;- move,

cycle_planner :- one_cycle_done, plan_cycle(N), N1is N+1,
retract(plan_cycle(N)), asserta(plan_cycle(N1)),
idle_cycle,

cycle_planner :- plan_cycle.

"
;;***‘*“‘*‘ Plan Cyclc Dispatcher O 0 2 0 O

"

onc_cycle_done :- plan_state(one_plan_cycle_donc),
retract(plan_state(one_plan_cycle_done)),
initialize_plan_statc,

initialize_plan_statc :- asserta(plan_state(start)).

plan_cycle :- plan_cycle(1), update_roboi_state, ditch_plan_cycle_1,
body_plan, generate_decision,!.

plan_cycle ;- plan_cycle(2), update_robot_state, ditch_plan_cycle_2,
body_plan, generate_decision,!.

plan_cyele :- plan_cycle(3), update_robot_state, ditch_plan_cycle_3,
body_plan, generate_decision,!.

plan_cycle :- plan_cycle(4), update_robot_state, ditch_plan_cycle_4,
body_plan, generate_decision,!.

plan_cycle ;- plan_cycle(5), update_robot_state, ditch_plan_cycle_5,
body_plan, gencrate_decision,!,

idle_cycle :- update_robot_state, body_plan, gencrate_decision, !,

Figure 5: Continued ...
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"
;;.*.““*"* Cyc]es [ ZI1 T L] ]

ditch_plan_cycle_1 :- plan_state(start), reiract(plan_state(start)),
asserta(plan_state(place_legs_in_the_air)),
place_legs_in_the_air(back_middle_legs),
ditch_plan_cycle_1 :- place_legs_in_the_gir(back_middle_legs).
ditch_plan_cyvle_1 :- back_middle_legs(forward_rear_legs),
ditch_plan_cysle_1 :- forward_rear_legs(forward_middie_legs),
ditch_plan_cycle_1 :- forward_middle_legs(forward_front_legs).
ditch_plan_cycle_1 :- forward_front_legs(lifi_middle_legs_and_move).
ditch_plan_cycle_1 :- lift_middle_legs_and_move(one_plan_cycle_done).

ditch_plan_cycle_2 :- plan_state(start), retract(plan_state(start)),
asserta(plan_state(back_middle_legs)),
back_middle_legs(forward_rear_legs).
ditch_plan_cycle_2 :- back_middle_legs(forward_rear_logs).
ditch_plan_cycle_2 :- forward_rear_legs(forward_middle_legs).
- ditch_plan_cycle_2 :- forward_middle_legs(one_plan_cycle_done).

ditch_plan_cycle_3 :- plan_state(start), retract(plan_state(start)),
asserta(plan_state(move_forward_front_legs)),
move_forward_front _legs(move_forward_middle_legs),
ditch_plan_cycle_3 :- move_forward_front_legs(move_back_middle_legs),
ditch_plan_cycle_3 :- move_back_middle_legs(move_forward_rear_legs).
ditch_plan_cycle_3 ;- move_forward_rear_legs(one_plan_cycle_done).

ditch_plan_cycle_4 :- plan_state(start), retract(plan_state(start)),
asserta(plan_state(move_forward_middle_legs)),
move_forward_middle_legs(one_plan_cycle_done),

ditch_plan_cycle_4 :- move_forward_middle_legs(one_plan_cycle_done).

ditch_plan_cycle_S5 :- plan_state(start), retract(plan_statc(start)),
asserta(plan_state(move_forward_front_legs)),
move_forward_front_legs(move_forward_middle_legs).
ditch_plan_cycle_5 ;- move_forward_front_legs(move_back_middle_legs).
diwch_plan_cycle_5 :- move_back_middle_legs(move_forward_tear_legs).
ditch_plan_cycle_5 :« movu_forward_rcar_legs(one_plan_cycle_done).

Figure 5: Continued ...
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"
;;*‘*l*““‘&*** States Bkm i wok ok w

(1]
”"

i back_middle_legs subgroup

back_middle_legs(Next_State) :- plan_state(back_middle_legs),
back_middle_legs_done,
retract(plan_state(back_middle_legs)),
asserta(plan_state(Next_State)),
stop.
back_middle_legs(Next_State) :- plan_stats(back_middle_legs),
do_back_middle_legs,
stop,

s forward_front_legs subgroup

forward_front_legs(Next_State) :- plan_state(forward_front_legs)),
forward_front_icgs_done,
retract(plan_state(forward_front_legs),

+ asserta(plan_state(Next_State)),

stop.

forward_front_legs(Next_State) :- plan_stats(forward_front_legs)),
do_forward_front_legs,
stop.

i forward_middle_legs subgroup

forward_middle_legs(Next_State) :- plan_state(forward_middle_legs),
forward_middle_legs_done,
retract(plan_state(forward_imiddle_legs),
asserta(plan_state(Next_State)),
stop.

forward_middle_legs(Next_State) i plan_state(forward_middle_legs),
do_forward_middlc_logs,
stop.

s forward_rear_legs subgroup

forward_rear_legs(Next_State) :- plan_state(forward_rear_legs),
forward_rear_legs_done,
retract(plan_state(forward_rear_legs),
asserta(plan_state(Next_State)),
stop.

forward_rear_legs(Next_State) :- plan_state(forward_rear_legs),
do_forward_rear_legs,
stop.

lifi_middlc_legs_and_move(Next_State) :- plan_stato(lift_middle_legs_and_move),
move_done, stop,

Figure 5: Continued ...
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retraci(plan_si.ie(lift_middle_lcgs_and move)),

asserta(plan_state(Next_State)).
lift_middle_legs_and_move(Nex:_State) :- plan_state(lift_middle_legs_and_move),

do_lift_middle_legs, move,

move_back_middle_legs(Next_State) :- plan_state(move_back_middle_legs),
move_back_middle_legs_done,
retraci(plan_state(move_back_middle_legs)),
asserta(plan_state(Next_State)).

move_back_middle_legs(Next_State} :- plan_state(move_back_middle_legs),
do_move_back_micdie_legs.

45 move_forward_front_legs subgroup

move_forward_front_legs(Next_State) :- plan_state(move_forward_front_legs),
move_forward_front_legs_done,
retract(plan_state(move_forward_front_legs)),
asserta(plan_state(Next,_State)).

move_forward_front_legs(Nex1_State) :- plan_state(move_forward_front_legs),
do_move_forward_front_legs.

s move_forward_middle_logs subgroup

move_forward_middle_legs(Next_State) :- plan_state(move_forward_middle_legs),
move_forward_middle_legs_doe,
retract(plan_state(move_forward_{ront_legs)),
asserta(plan_state(Next_State)).

move,_forward_middle_lcgs(Next_State) ;- plan_siate(move_forward_middle_legs),
do_move_forward_middle_legs.

move_forward_rear_legs(Next_State) :- plan_state(move_forward_rear_legs),
move_forward_middle_legs_done,
retract(plan_state(move_forward_rear_legs)),
asserta(plan_staie(Next_State)),

move_forward_rear_legs(Next_State) :- plan_state(move_forward_rear_leg©),
do_move_forward_rear_legs.

place_legs_in_the_air(Next_State) :- plan_state(place_legs_in_the_air),
place_legs_in_the_air_dnne,
retraci(plan_state(place legs. in_the_gir)),
asserta(plan_state(Next_statc)),
stop.
place_legs_in_the_air(Next_State) :- plan_state(place_legs_in_the_air),
do_place_legs_in_the_air, slop.

Figure 5: Continued ...
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"
sREEEREERRRRRRR AR Siate EXECUIOLS W RIRRRERERERERRELY

(3
1 4]

back_middle_legs_done :- all_middle_legs_lifted, all_middle_legs_placed,

clear_middle_lifted_memory, clear_move_memory.
do_back_middle_legs :- all_middle_legs_lifted, place_middle_legs_back.
do_back_middle_legs :- lifi_middle_legs.

all_middle_legs_lifted :- middle_legs(lifted).
all_middle_legs_lifted :- X is both_middle_legs_lifted, X mm t,
asserta(middle_lega(lifted)).

all_middle_legs_placed :- X is both_middle_legs_placed, X == t,

clear_middle_lifted_memory :- retract(middle_legs(lifted)).

place_middle_legs_back :- A_leg is placable_middie_leg, A_leg \om nil,
asserta(decision(A_leg,_,place_back)).

place_middle_legs_back.

lift_middle_legs :- A_leg is liftable_middle_leg, A_lcg \m= nil,
asserta(decision(A_lsg,_lift)).
lift_middle_legs.

i do_forward_front_legs subgroup

forward_front_legs_done :- all_front_legs_lifted, all_front_legs_placed,
clear_front_lified_memory, clear_move_memory.

do_forward_front_legs :- all_front_legs_lifted, place_front_legs.
do_forward_gront_legs :- lift_front_legs.

all_front_legs_lified :- front_legs(lifted).
all_front_legs_lifted ;- X is both_front_legs_lified, X == t,
asserta(front_legs(lifted)).

all_front_legs_placed :- X is both_front_legs_placed, X == t.

clear_front_lifted_memory :- retraci(front_legs(lifted)).

place_front_legs :- A_leg is placable_front_leg, A_leg = nil,
asserta(decision(A_leg,_.,place)).

place_iront_legs.

lifi_front_legs :- A_leg is liftable_front_leg, A_lcg \m= nil,

asserta(decizion(A_leg._ift)).
lift_front_legs.

Figure 5: Continued ...
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forward_middle_legs_done :- all,_middle_legs_lifted, all_middie_legs_placed,
clear_middle_lifted_memory, clear_move_mencory,

do_forward_middle_legs :- all_middle_legs_lifted, place_middle_legs. .
do_forward_middle_legs :- lift_middle_legs.

place_middle_legs :- A_leg is placable_middle_leg, A_leg \w nil,
asserta(decision(A_leg,.place)).
place_middle_legs.

. i do_forward _rear_legs subgroup

forward_rear_legs_done :- all_rear legs Jified, all_rear_legs_placed,
clear_rear_lifled_memory, clear_move_memory,

do_forward_rear_legs :- all_front_legs_lifted, place_rear_legs,
do_forward_rear_legs :- lift_rear_logs.

- al}_rear_lags_lifted :- rear_legs(lifted).
all_rear_legs_lifted :- X is both_rear_legs_lifted, X sem ¢,
asserta(rear, legs(lified)),

all_rear_legs placed :- X is both_rcar_legs_placed, X mu t,
clear_rear_lifted_memory :- retract(rear: legs(lifiad)),

place_rear_legs :- A_leg is phcable_rear_lem_leg \mm i,
asserta(decision(A_leg,_,place)).
place_rear_legs,

lift_rear_legs :- A_leg is lifiable_rear_leg, A_leg \m= nil,
asserta(decision(A_leg._ lift)).
lift_rear_legs.

do_lift_middle_legs :- lift_middle_legs.

nis do_move_back_middie_legs subgroup

move_back_middle_legs_done :- all_middle_legs_lifted, all_middle_legs_placed,
clear_middle_lified_memory, clear_move_memory,
stop.
do_move_back_middle_legs :- all_middle_l=gs_lifted, move_done, stop,
place_middle_legs_back.
do_move_back_middle_legs :- all_middle_legs_lifted, move.
do_move_back_middie_legs :- lift_middle_legs, stop.

Figure §: Continued ...
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move_forward_front_legs_done :- all_front_legs_liftad, all_front_legs_placed,
clear_front_lifted_memory, clear_move_memory,

stop.

do_move_forward_front_legs :- all_froni_legs_lifted, move_done, stop,
place_front_legs.

do_move_forward_front_legs :- all_front_legs_lifted, move.

do_move_forward_front_legs :- lift_front_legs, stop,

s do_move_forward_middle_legs subgroup

"move_forward_middle_legs_done :- all_middle_legs_lifted,

: all_middle_legs, placed,
clear_middie_lifted_memory,
clear_move_memory, stop.

do_move_forward_middle_legs :- all_middle_legs_lifted, move_done, stop,
place_middle_legs.

do_move_forward_middle_lags :- all_middle_legs_lifted, move.

do_move_forward_middle_legs :- lift_middle_legs, stop.

s do_move_forward_rear_legs subgroup

move_forward_rear_legs_done :- all_rear_legs_lifted, all_rear_legs_placed,
clear_rear_lifted_memory, clear_move_memory,
stop.
do_move_forwnrd_rear_legs :- all_rear_legs_lifted, move_done, stop,
place_rear, legs.
do_move_forward_rear_legs :- all_rear_legs_lifted, move,
do_move_forward_rear_lags ;- lift_rear_legs, stop.

e place_legs_in_the_air subgroup
place_legs_in_the_sir_done :- X is all_legs_placed, X w= ¢,
place_legs_in_the_air ;- A_leg is placable_leg, A_leg \m= nil,

asserta(decision(A_leg,_,place)).
place_legs_in_the_air.

move :- asserta(resume_moveiaent),
stop :- asserta(stop_movement),

clear_move_memory :- retract(move(donc)).
clear_move_memiory.

move_done ;- move(done).
move_done :- X is at_tkm_limit, X \m= nil, asserta(move(done)).
movs_donc :- X is at_stability_limit, X ‘= nil, asserta(move(done)).

Figure 5: Continued ...
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ai"#ﬂi*#ﬁ“*t**#*ﬁ*tt*ttti*t#t‘*lt‘#ti***'**l!#*#*#**‘&*h*

:: Plan Libraries

"

"
“*it*i‘l"0*‘*#**#i‘*#“t*“***‘*ti*“*‘*.#!t*#!t-.l‘i“t**

iis body_plan subgroup
body_plan :- speed_plan, trajectory_plan.

speed._plan :- retract{reduce_spex.i), slow_down,
. speed_plap 1= speed_up.

speed_up :- X is speed_up_robot.
slow_down :- X is slow_down_robot,

trajectory_plan :- stable_m, restore_trajectory.
trajectory_plan :- modify_trajectory.

stable_m :- Condition is stabls_p_m, Condition mm t,
restore_trajectory :- X is restore_command.

modify_trajectory i~ X is modify_command.

i generate_decision subgroup

generate_decision ;- retract(decision(A_leg,B_leg,A_decision)),

X is send_decision(A_leg,B_leg,A_decision), fail,
genecate_decision :- retract(limit_leg(A_leg,A_decision)),

X is send, _decision(A_leg,_,A_decision), fail.
generate_decision.

Figure 5: Continued ...
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Lisp Code for ASV Simulation




body-controller-t,lisp Wad Nov 28 10:11:;54 1980 1

11! =%= Mode:Common-Lisp; Base:10 =%~

’**i*""I**#l**ii*!iiitit**iit*i*ii**#**wi*l*tﬁiiiiit**w**iw**i*i

1
+ body-contzoller definition

1
e e o ok e v o e s s e e e e e T e e e R R R Rk Rk Rk

. (defflavor body-controller(joystick=command=-regulator terzain-regulator
H~calculator
body-trans=-zatel body-rotate-ratel
body~trans~ratef body-rotate~rateé
body~trans-ratell body-rotate-rateld
H1l inveHl H6 inv«H6 H10 inv=H10
H inv-~H body=~t bedy=-r)

()
tinitable-instance-variables)

(defmethod (body-controller tinitti)
0
(setf joystick-¢command-zegulator (make-instance ‘Joystick-=command-regulator))
(satf cerrain-zegulator (make-instance ‘terrain-regulator))
(set? H-caloulator (make~-instance ’H-caloulator))
{send joystick-command~regulator :inited)
(send terrain-regulator :inittl)
(setf H (send H=-caloulator tinietl))
{send self :iinit=body-zates)
(send self 1init=H)
Hl
)

(defmethod (body-controller iinit-body-rates)
()

(setf body~trans-ratel (0 0 0))

(setf body~trans-catef '(0 0 0))

(setf body-trans-zatell (0 0 0))

(setf body-rotate-ratel (0 0 0))

(setf body=-rotate=-rateé ' (0 0 0))

(setf body-xotate-rateld (0 0 0))

)

(defmethod (body-controller :init-H)
)
; library fucntion : ident

isetf H)L H)
' (setf HE H)
(setf H10 H) '

(setf inv-H (matrixinv H))
(setf inv=-Hl inv-H)

(se@tf inv=-H6 inv-H)

(setf inv~-H10 inv-H))




body-controller-t.liap Wed Nov 28 10:11:54 1990 2

(defmethod (body-controller :control)
(Joystick-command decelazation-factor estimated-support-plane)
(setf H H1) '
(send self :update joystick-command dacsleration-factor estimated-support-plane)
(send self :save)
(dotimes (i 10)
(cond ((egual i 0)
(setf body-trans-ratel body=t)
(setf body=-rotute~ratal bedy-r)
(setf Hl H)
{set? inv=Hl fuv=H))
{(equal 1 8)
(setf bodv--rans-rateé body=~t)
(setf bucdy-rotate-rateé body-r)
(setf H6 H)
(setf inv=H6 inv-H))
{lequal i 9)
(setf body=-trans-ratell bedy-t)
(setf body=rotate-ratell body=r)
(setf H10 H)
(satf inv=H10 inv=H)))
{send self jupdate joystick-command deceleration-factor estimated-support-plane)

)
(send self irestore))

{defmethod (body=-contxoller tupdate)
{Joystick=command deceleration=-factor estimated-support-plane)
} inteznally uaed by control method
({let* ((t=command (send terrain=regulator :regulate
estimated=-support-plane H))
{j=command (send joystick-command-zegulator :rzegulate
joystick=command deceleration~-factor))

)
(setf body=-t (list (first j=command) (second j=command)
{third t-command)))
(setf body=-r (list (first t-command) (second t=-command)
{third Jj-command)))
(setf H (send H-calculator :new-H body-t body-r))
(setf inv-H (matrixinv H))))

(defmethod (body=-controller :restore)
0O
; internally used by control method
(send joystick-command-regulator :restore)
(send terrain-regulator :restore)
(send H-calculator :restore))

(defmethod (body-controllc& :save)
()

! internally used by control method
{send joystick«command-regulator :save)
(send terrain-regulator :save)

(send H-calculator :save))




body-controller~t.lisp

(defmethod (body~-controller
()
body=-trans~ratel)

(defmethed (body-controller
()
body=-zotate~ratel)

(defmethod (body=-contxoller

0
body=-trans-zatel0)

(defmethod (body=controller
(

)
body~zotate~xzatell)

(defmethed (boay-controllex

(
Hl)

(defmethod (body=gontzrolle:z
()

inv=H1)

(defmethod (body-controller
()

H6)

(defmethod (body=-controller
()

inv=HE)

(defmethod (body-controller
()

H10)
'

(body=-controller
O

(defmethod

inv=H10)

Wed Nov 28 10:11:54 1590

iget-body~-trans-ratel)

iget=body~rotata=-zatel)

tgat=body~trans~rateld)

tget=body~-rotate=-ratelld)

sget=Hl)

iget-inv=Hl)

tget=H6)

igat=inv=HE)

1get~H10)

tqet=inv=H10)




hody~-t.lisp Wed Nov 28 10:11:59 990 1

/i =*- Mode:Common-Lisp; Base:l0 -*-

3% % dk vk ok e o v e T sk st v v A ok e A ok ke o e e ke e v sk ke ek e ke g ko e ok e e e e ok e v ol o ok e e

’
! body flavor definition
!
!

LA AR IR SRS AR R R RS2l a2 XY]

(defflavor body(stablility-calculator support=-plane-sstimator
bndy-contzroller ownex
estimated-support=plane
decelaration-factor
support=plane=clock
modify=-vector
modify=vector=p
stop~mot lon=£flag

joy-command)
()

tinitable=instance=variables)

(defmethod (body 1slow=down)
()
(setf deceleration-factor (+ deceleration-factor 1))
(1f (> deceleration-factor 20)
(set? decelaration-factor 20)))

(defmathod (body (aspeed-up)
()
(setf deceleration-factor (-« deceleration~factor 1))
(12 (< deceleration=factor 0)
(setf cdeceleration=factor 0)))

(defmethod (body :istable-m)
(supporting-legs)
(send stabllity-calgulator :stabla-m
supporting-legs (send pody-controller ;get-H10)))

(defmethod (body istable=p-m)
(supporting-p=-legs a-leg)
(send stability=-calculator :stable-p-m
supperting-p-legs
(send body-controller iget=H1l)))

(defmethod (body :stop-p)
()
(let ((trans-rata (send self :get-body-trans-ratasl)))
(equal (list (first trans-rate)
. (second :rang-rate))
"(0.0 0.0))))

(defmethod (body :modify-commancy,
()
{setf modify-vector
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(send stabllity=-caleculator :get-recovery-vector)))

{defmethod (bedy imodify-command-p)
0
{setf modify~-vector-p
(send stability~calculator :get-recovery=vector=p)))

{defmethod (body :restore-command)
()

{setf modify-vector /(0 0 0)))

(defmethod (body trestoxe=-conmand-p)

()
(set? modify=-vector=p /(0 0 0)))

(defmathod (body tstop~motion)
(a-leg)
(satf stop-motion=£flag a-leg))

(defmethod (body irzastore~motion)
O
(setf stop-motion-flag nil))

(defmethod (body :initel)
()

(setf deceleration~factor 0)
(setf modify-vectoz-p ’'(0 0 0))
(setf modify=veator /(0 0 0))
(setf stop-motion-flag nil)
(setf support-plane-clock 10)
(satf stability-calculator

(make-instance ’stabllity-calgulator;)
(setf support-plane-eatimator

(make=-inatance ’‘support-plane~-estimator))
(seetf hody-controller

{make~inatance ’body~controller))
(oend stability-caloulator :initti)
{send support=plane-sstimator :inicti)
(send body-controller :iinitti)
)

(deafmethod (body :get-modify-vector)
()
(vectsub modify-vector
(dotprod modify-vector
(normal%:o-v.ato: joy=command))))

(defmethod (body :get-modify-vector=p)
()
modl.fy=vector=p)




body-t.lisp Wed Nov 28 10:11:59 1990

{defmethod (body icaloulate=-motion)
(joystick-command legs)

(setf joy-ccmmand joystick~command)
(cond ((equal nupport-plano-clock 10)

;27?7 bug 777
(setf estimated-support-plane
(send support~plane-sstimator :get-plane legs))

(setf support-plane-clock 0)))
(setf support~plane-clock (+ support-plane-cleck 1))

{cond
((or stop-motion-fliag (null modify-vector=p))

(send body=-sontroller :control

P00 0)
0 eatimated=support=plane))

{modify-vector-p
(send body=~controller :control
{(vectadd joy~command (send self iget-modify-vectozr=p))
decelezation-~factor estimatad-support-plane))
(¢

{eontrol body-controller
(vuccldd joy-command (send self iget-modify-vector))
deceleration~factor estimated-support-plane))))

(dufmethod (bedy iget-satimated-support-plane)

)
estimated-support~plane)

{defmethod (body :get=body=trans=-ratel)
§)
(send body=controller iget-body=-tzans=-ratel))

(defmethod (body iget=-body=rotate=-ratel)

()
(send body-controller iget-body=-rotate-zatel))

(dafmethod (body :get=-body-trang-ratel()

)
(send body=-controller iget-body-trans-ratel0))

{detmethod (body :get=-body=-rotate=-zatell)

0
(send body-controller :get-body=-rotate-ratell))

(defmethod (body tget=H1)

0
(send body-controller :get-Hl))

(defmethod (body i1get=-inv=-H1)
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9]
(send body-controller :get-inv=~Hl))

(defmethod (oody :get-HE)
()
(sand body-contrxoller :get=H6))

(defmathod (body :get-inv~H6)

9]
(sand body=controllexr :get=inv=H6))

(defmothod (body tget=HlN)
()
{send bedy-~cortroller iget=H10))

{defimethod (body :iget=inv=H10)
()

(send body=-controller iget-inv-H10))

(dofmethod (body tmore-stable)
(supporting=~legs legl leg2)
{aand stability=caloulater nnore-stable
supporting=legs (send body-controller :get-H10)
legl leg2))

(defmethod (body :stable)
(supporting-legs)
(send stability-caloulator :stable
supporting-legs (send body-contrecllar :get=-H10)))

(dafmetiiod (body i1stable=~p)
(supporting-p~legs)
(send stability~calculator :stable-p
supporting-p-legs (send body=-controller :get=-Hl)))
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pdy =%= Modei!Commen=-Lisp; Base:10 =*=-

o e vt e v v e ok e ok de s e v vk e ot e e o o i e TR o dle R vk e ole ol o e o ok ol e o e e ol e W W g e A Tk W ok o

H
{ regulator flavor definition
:
!

e v e o v ot s v ok ok ok e ol e ole ol ol ol ot ol e o W ole s ot o vl e o ol vle T e o o o e okt o O T o o ok oy e v ol v ok o o R o

{defflavor regulator((max-a 3,2174) (time-conat 0.5) (sampling-time 0.1))

()
sinitable~instance~variables)

j (defmethod (xregulator :filter)
{desired-x presant-x)
} fizst order regulation
(let ((del=vel (/ (=~ desired~-x present=-x) timea=const)))
(+ (* (send sel? :g=limitor del-vel) sampling-time)
present-x)))

(definethod (regulator :g=limitox)
(del-val)
} limit accelezation to 3.2174 £t/ (sec*sec) or 0.1 G.
(cond ((> del=vel max-a) max~a)
((< del=val (=~ max-a)) (- max=a))
(T del=vel)))

)**ti**i***iﬂi***i*ikit*'i*tﬁ**tﬁh&**i&ii*ittiiitiii***t***
:

;! Joystick-command-regulator flavor definition

!
,***t*&tﬁiﬁ***tﬁt*w**itﬁtt***ﬁ*li**hiiiﬁiii***iitt*t**i*i*t

{defflavor joyatick-command-regulator (body-trans=-rate-x
body-trans~zate=~y
bedy-rotate-rate-z
old-body-trans~rate-x
old-body«“trans-rate-y
old-=body-rotate-rate=-z)

(regulator)
tinitable~instance-variablaa)

(defmethod (joyatiok-commupd-raqula:or sinieed)
()
(setf body~trans-rate-x 0.0)
(setf body=-trans-rate-y 0.0)
(set# body-=rotate-rate-z 0.0)
(list body-trans-rate-x body-trans-rate-y body-rotate-rate-z))
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(deftmathod (joystick-command-regulator :regulats)
(joystick~-command deceleration-factor)
(1f (<= deceleration-factor 0)
(setf deceleration-factor 0.5)) ; remove effect of deceleration-factus.
{let* ((d-const 0.5)
(x (* (first Joystick-command) (/ d-const deceleration-factor)))
(y (* (second joystick-command) (/ d~const deceleration-factor)))
(r (* (third Joystick-command) (/ d=const deceleration-factor)))
(setf body-trans-rate~-x (send self :filter x body~tzrans-rate-x))
(netf body~-trans-rate-y (send self :filter y body~trans-rate-y))
{setf body-rotate-rate=-z (send self :filter r body-rotats-rate-z)))
(1f (< (abs body~trans—rate~x) 0.02) (setf body=-trans-rate=x 0.0))
(if (< (abs body-trans-rate-y) 0,02) (setf body-trans-zate-y 0.C))
(i (< (abs body-rotate-zate-z) 0,005, (setf body-zotate-rate-z 0,0))
{l1ist body=-trans~rate-x body-trans-rate-y body=-rotate-rate-z))

)

(defmethod (joystick-command-regulator :restore)
()
(setf body~trans-rate=-x old-body~-trans-ra*n=x)
(setf body=trans=zate-y old-hody -t rans=rate=-y)
{(setf body-rotate-rate-z old-becdy~-rotate-zate-z)
(list body~-trans-rate«x body-trans-rats-y body~rotate-rate-z))

(defmethod (joystick-command-regulator :save)
()
(setf old-body~-trans-zate-x body~tzane- zate-x)
(setf old=body=-trans-rate-y body=-trans-rate-y)
(setf old-body-rotate~rate=-z body-rotate-rate=-z)
(list body-trans-rate-x body~trans-rate-y body-:otnco-rltcuz))
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1) =%= Mecde:Common=Lisp; Base:l( =»=-

)*iﬁti**it*it*ttwi#i**i**ttiitl***ti*w*iww**w*wit*wtit*i**ilﬁiw
!
; state flavor definition

!
]i****i**i*t**iil*ii*itti*'tttii'**t*w*tl**t****ﬁ*****ﬁ*****.**

(defflavor state(name riext-: .ate)
()
tinitable-instance~variables)

(defmethod (state :state-name)

| ]
name)

{cefmathod (state :set-next-state)
(a=atate)
(setf next-state a-stute))

,*******w**iw*w***t*a*w***a***t**wnt*--tn***wt*w***t*wnw*wwww ’ oy i
: .
; sync-state flavor definition '

!
3 e ooy o e o o e ke o ot o o ol Ao e e e e o e el o e o o ok

{defflaver sync-state((time 0) (del-t 0.l1) time-out)
(state)
tinitable-instance~variables)

(defmethod (sync-state :change)
()
(setf time (+ time del-t))
{(cond ((>= time time-out)
(setf time 0)
next-state)
(t self)))

(defmethod (sync-state :get-timae)
{)
time)

,-ii**i*t*iﬁt**ﬁi*ﬁ*ﬁtt‘iitw*tiiitii***ttitﬁ*iiﬁt*ﬁ**i*****ti

M
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-~

async~state flavor definition

e e we

R L R T L T P SR T T R AL R P

(defflavor async-state( (conmand nil) (obao:vaticn nil))
‘(atate)
:initnblo-inucanco-variublaa)

(dofmcthod (async-state ichange)
. - (given~command obsesved-avent) .
- . (cond (l(and (not obsexvation).
- {equal given-command command))
next-state)
((and (not command)
(equal obseyved-event cbuo:vntion))
: next~etate) :
. ' (t self)))

;**w**I***it************‘***#i*****l**ﬁ*******l***i**ﬂ**i

/ oy
4 -state-machine flavor definition
K ;ﬁ**itw**w*t***twwt****iﬁt*i**&t***ﬂ*****&*ii*****t**t***

(defZlavor state-machine{state owner)

()
tinitablae~instance-variables)

(defmethod (state-machine ‘state-name)
()
(send state :state-nama))

)**Qttti*-*itﬁttt!tti**i**tt****i*i*it*ikttw*ﬁ*ltttt*t*l
H
1 control-state-machine flavor definition

'
JRRRRR AR RN R R RN RN AR AR T ARRR AR SRR R R AR RN SR whw

(detflavor control-state-machine((command nil) (obsurvation nil)

. contact-sensor executor)
{statu-machine) .
tinitable-instance~variables)
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(defmethod (controlestate-machine :initel)
(leg-name)
(if (member leg~name ' (legl leg4 legh))
(send self :init-control-machine ’support)
(send self :init-control-machine ’ready))
(setf contact-sensor (send owner :contact-sansor))
(setf executor (send owner :iexecutor)))

" (defmethod (eontrol-state-machine :init-contrel-machine)
(a=state=-name)
¢ internally used by init method
{let (return lift support oontnot descent advance ready)
(setf retu:cn
{make-instance ’sync-state
tname ’return :time-out 0, 6))
(setf lifc
(make~instance ‘sync-state ,
tname ’life stime-out 0.4
inext-state return))
(setf aupport
(make-instance ’async-state : ‘
tname ‘support :command ':cccvc:-cemmand
thext-state 1ift))
. (satf contact . .
{make=-instance ’sync-state L L ;
iname ’‘contact :time-out 1,0 :
inext-state nupport))
(setf descent :
(make-instance ’async-state
‘name ’cdescent :chservation 'cantuct~confirm
inext-state contact))
(setf advance
(make-instance ’sync-state
tname ‘advaace :time-out 0.8
tnext-state descont))
(setf ready
(make-inscance ’async-state
iname ’ready :!command ’deploy~command
inext-state advance))

(send return :set-next-state ready)

(setf state (cond ((equal a-state-name (send ready :state-name))

ready)

((equal a-sctate-nzme (send advance :state-name)!
. advance)
v, ((equal a-state-name (sond descent :state-name))
descent)
((equal a~state-name (send contact :state-name))
ccntact)
((equal a-state-name (send support :state-nams))
supporu}
((c;:al a-state-name (a.nd lift :state-name))

((equal a~statg-name (send return :state-nama))
return)) )
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! (defmethod (control-state-machine :change :bafore)
()
(cond ((typep state 'async-state)
(if (contact-sensor :sensing)
(setf observation ’contact-confirm)
(setf cbservation nil))
IND]

~ e e e e “e

(dtfmothod (control-state-machi/ne :change)
: ()
(cond ((typep state ‘async-state)
(if (send contact-sensor :sensing)
. (setf observation /contact~confirm)
. ' (setf observation nil))
)

(cund ((typep state ’‘sync-state)
(sat? state (send state :change)))
(t (setf state (send state :change command observation))))

} (defmethod (control-stute-machine :change jafter)
!
7 send command to executor with sync-state=time
(send executor :send-command (send state :state-name))
(12 (typep state ‘sync-atate)
(send sxecutor isat-time (send state :get-time))
(send executor tsat=time nil)))

(defmethod (control=-state-machine tsend-command)
(a=command)
(satf command a-command))
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11 =%~ Mode:Common=-Lisp; Base:l0 =¥

;*i**i**ﬁ'ti**i*t**itit**'*'*ﬁﬁ*ﬂ*****t***************it***

} display.glebals

,tilﬁ‘i*.ﬁ"ﬂﬂ*i*w**ﬁtil*l***&*ﬂiw*ﬂwiti***ttwﬁ****i**iti‘!

{cdefvar eye-space nil)
(defvar middle-cf-scraen nil)

(defvar terrain-joystick)
{defvar graph=tarrain)
{defvar graph=-asv)

3 e o ol ok e ol e ol ool okl ol ot e R e o e oo o e W

¢ display.libzary

290k e e oA ook ol OO OO e e o o o o o o e o o o e o o o o o o

(defun draw-to-sarth (a=point)
(let ((draw=pt (make=-diaplayable
middle-of~scraen
(transform eye=space a=point))))
(druw=to
(list (truncate (first draw-pt))
(truncate (second draw=pt)))
*robot=-window*)))

(defun draw-to-garth-d (a=point)
(let ((draw=-pt (make-displayable
middle-of-screen
(tzansform eyo=-space a-point))))
(dzaw-to=d
(list (truncate (first drawe-pt))
{tzuncate (second draw-pt)))
*robot=window®)))

(defun erase-to=-earth (a-point)
(let ((dzaw-pt (make-displayable
middle-of=screen
(tzansform eye=-space a-point))))
(ezase~to
(list (truncate (first draw-pt))
(truncate (second draw-pt)))
*robot=window*)))

(defun eye-trans (eye-pt)
; eye-pt (radius alpha beta)
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; eye:= orlent*trans(0,0,-r)*zot (%, =beta)*rot(y,-alpha)*trans(~x,~y,~z)
{ returns eye-space
7 library : ident, transmat,zotate,matrzixmult
(let* ((oxient (ident))
(xot nil) (trans nil) (eye nil)
(radius (fixst eye-pt)) (alpha (second eye~pt)! (beta (third eye-pt))
(center-of-intezest (list (/ (send graph-terzain imax=-x) 2)
(/ (send graph=tezraln imax=y) 2) 0)))
(set? (aref orient 2 2) -1.0)
(setf trans (transmat 0 0 (= radius)))
(satf eye (matrixmult orient trans))
(satf rot (rotatemat ’‘y-axis (- alpha)))
(setf eye (matrixmult eye rot))
i (setf rot (rotatemat ’x-axis (- beta)))
{set? eye (matriwxmult eye xot))
(setf tzans (tranamat (-« (first center-of-interest))
(~ (second center-of=-intezest))
(= (third centar=of=interest))))
(matzixmult eye trans)))

(defun make=displayable (middle pt)

(let ((scals 5000.,0) .
(x {first pt)) (y (second pt)) iz (chird pt)})
{list (+ (* scale (/ = z)) (fizst middle))

(+ (* scale (/ ¥y 2)) (second middle)))))

(defun move=-to~sarth (a=point)
{let ((draw=pt (make=displayablas
middle=of=soreen
(czansform eye=-space a-point))))
{move=to
(list (truncate (first draw=pt))
(txuncate (sscond draw-pt))))})

IAAAARAL AR AR LSRR Rl Rl Rl Rlg s s)

!
: joyatick flavor definition

H
RAAAALLAAL AL LA AL AL LA A AR A A AR ARl s llls)

(defflavor joystick((joy-x 0) (Joy-y 0) {(joy=-r 0))
)

(
tinitable~instance~variables)

{(defmethod (joystick :get=joy~value)
0
{let* ((kay=-value)
(delta~-x 0.2) (delta-y 0.1) (delta-r 0.01))
(setf key=-value (my~read-char-no-hang))
{cond {(equal key-valua '#\f) (setf joy-x (+ Joy-x delta=-x)))
{ (aqual key-value ’#\b) (setf joy=-x (- joy-x delta-x)))
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{(equal key=-value ’#\r) (setf joy-y (- joy-y delta-y)))
( (equal key=value /#\l) (setf joy=-y (+ joy-y delta-y)))
{(equal key=value ’#\m) (setf joy-r (- joy~r delta-z))
. {(equal key-value ’'#\=) (setf joy-r (+ joy=-r delta-r))
(cond ((>= jJoy=x 2} (setf joy-x 2))
{{<m Joy=x =2) (setf jJoy=an =2)))
L (cond ((>= joy=-y 1} (set? joy-y 1))
LN {(<w Joy=y =1) (setf jJoy=-y =1)))
sy (cond ((>» joy=zr 0.1) (setf joy=-r 0.1))
{{<m Joy=r =0.1) (setf joy=-r =0.1)))
P {cond ((equal key=-value ‘#\q) (setf joy=-x 0)
0 . (setl Joy=y 0) (setf joy«r 0)))
(list joy=x joy=y joy=zr (equal key=value ’#\x))))

)
3]

{defmethod (doystick ixeset)
()

(setf joy=x 0)
(setf jJoy=y 0)
(setf joy=-zr 0))

(setf terrain-joystick (make=-instance ’joystick))

2000 ool o o ol ol okl ol o oo O o o ol e e ol ke o o ok

}
; terraln flavor definition

1
3PN el ol e Sl e o e e o Rl e o o o o ol A o O e

(defflavor terrain((terrxain-data (make-array ’ (4% 49) :initial~element 0))
terrain-height-array terrain-height=-list Joystick
(oursor=x) (cursor=-y) (max-x) (max-y)
(radius 300) (alpha 0) (beta 0))
¥
iinitable=instance-variables
igettable~instance=variables)

{defmethod (terrain :create)
()
(send self :inittl)
(send self imodify)
(my=print "Now use joystick to control the robut."))

(defmethod (terrain :kill)

()
{kill-robot~terrain-windows)
{restore-lisp-listener))

(defmethod (terrain :initti)
()
/ globals : middle-of-screen, eye-space
(move-and-shape~lisp-listener)
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(let ((arzay-dims (array-dimensions tezrain=-data)))
(setf radius 500 alpha 0 beta 0)
(setf max~x (first arzay=-dimas))
(set? max-y (second azzay-dims)) .
{setf cuzsor=x (floor (/ max=x 2)))
(setf cuzsor=-y (floox (/ max=y 2))))
(setf terzain-height-array (make-azray (+ max-x 1)))
{make=zobot=-window) .
(setf middle~of-screen
(middle-of~robot=window))
(setf eye-space (eye-trans (list 500 0 0)))
(send self iinput~terzain-parameters)
(my=-print "Please use joystick to transform the terrain.")
< (my=-print "waic.")
(make=visible)
(send self ierase~cbatacles)
{my=print "Now you can translate the terrain."))

(defmethod (texzain imodify)
{ ()
: } external : eye-space
(do ((delta 0.0001)
(Joystick=value nil)
(end=flag nil))
(end-£flag (my=pzrint "Wait.")
(sena jovetick treset)
{send self i1save-terrain eye-space)
(send self :draw-cbstacles))
{(make~visible)
(setf joystick=value (send joystick iget-joy=value))
(let ((x (first joystick~value))
(y (second joystick=value))
(z (third joystick=value))
(fire (fourth joystick-value)))
(send solf i1erase-terrain)
(cond
; (f#ire (cond ((user=ok)
| {eond ((user-save)
| (send self :save-terrain-to-disk (usar-file-name))))
(sotf end-flag t))
{t
(send joystick :reset)
(setf joystick=-value (send joyastick iget-joy-value)))))

SR

{((> % delta) (setf alpha (+ alpha 0.08)))
((< % (- delta)) (setf alpha (= alpha 0.0%)))
((> y dalta) (setf beta (+ beta 0.08)))
((< y (- delta)) (setf beta (- beta 0.085)))
((> r delta) (setf zadius (+ radius 10)))
((< ¢ (- delta)) (setf radius (- radius 10))))

(setf eye-space (eye-trans (list radius alpha bata)))
(send self :draw-~texrainl eye-space))))

!

(defmethod (terrain :in-side-of-whole=terrain)
(a-pos)
(let ((dimension-terrain (array-dimensions terrain-data))
(i-% (flooxr (fivat « pos)))
(i-y f1floor (second a-pos))))
(cond ((< i-x 0) nil)
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({< i~y 0) nil)

({> lex {~ (first dimension-~terzain) 1)) nil)
{(> i=y (= (second dimension-terrain) 1)) nil)
(m)

V)

(defmethod (terralin :permitted-cell)
(carrain-pos)
(let ((i=x (floor (Zirst terzain-pos))) ; find terzaln index
(ivy (floor (sscond terzrain-pos))))
(Lf (send self i1in~side=of-whole~terzain terrain-pos)
(12 (equal (aref terrainwdata i=x i=-y) 0) ; purmitted

t
nil))

{defmethod (terraln tterrain~point)
(a=pos~wrt=-earth)
{lat* ((x (2irst a~pos-wrt=earth))
(y (second a=pos~wrt=earth))
(2 (send sel? iget=lhalght (liast % ¥))))
(List %y 2)))

(defmethed (tezzaln iget-height)

{(a=pos~wrt=gasth)
! range 0 wm< x <m (firxst dimension-terraln-helght), (0 < x <39)
! 0 =< y <= (sgecond dimension~-tezrain).

(let* ((dimension~terrain-height (array-dimenaions terrain-haight-arzay))
(x=min 0) (x-max (First dimension-texrain-haight))
{(x (first a-poa-wrt-earth)))
(L2 (or (< x x-min) (> x x=-max))
=1000
{lot* ((i-x (floor %)) ! gat terrain x-index
(2l (1f (< (= x d=x) 0.8) (= i-x 1) i~x))
(%2 (if (< (= % 1=x) 0.5) Ll=x (+ i=-x 1)}))
(1 (if (< x1 x-min) 0 x1l))
(k2 (if (Pw x2 x=-max) (= x-max 1) x2))
(z1 (aref terrain=-height-array xl))
(r2 (aref terrain-height-array x2))
(slopa (~ 22 £l))
(del=x (-~ x x1)))
{(+ 21 (* slope del=x))))))

(setf grapli-terrain (make-instance ‘tecrain
tjoystick terrain~joystick))

,it*iiﬂi.\**t********iit**ii***ﬁ*itt*i*****t*i*#t*t**t**tttw

: terrain.input=-terrain-parameters

e i Ans mmisied M i LMARE: S icme mac o e ..
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’*i'*ﬂi**‘**itwhﬁ***Wtﬁit***ﬁii**i*iii‘*w*wiw*i***ﬁ*ﬁ&***wi

(defmethod (terxrain :input-~tezrain-parametexs)

{)
(initialize~menu=variables)
{cond ((setf *old=torrain-file~name* (q.t-cld-to::ainatiha-hamo))
{send graph-terrain ;:cad-to::ain-!:om-dilk *old~terzain=-2{le-name*))
(¢
(send sel? iget-new-tezrain))))

(cefmethod ttcrrlin'tqnt-ncw-tc::ain>
, ()

(send self iget=new=-tarrain-height) SN
(send self :draw-terrain eye-space) :

(send self (set-new-terraln-obstacles)

(send Aulf :set-naew=-diteoh)) .

(defmethod (terrain iget=new=-terrain-height)

()
(let ((slope~type (get~-texrain-slope-type))
(angle nll) (data nil))
(eond ((equal slope-type ’single-angle)
(satf angle (ccr-tcr:nin-alopo-mnqlo)))
{((equal elope=type 'manual) S
(set? data (get-terrain-slepe-data)))) - - . !
(my=print "wWait.") : .
(oend self i1read~terrain-~height slope~type angle data)))

(defmethoed (terzain i1sec-new-terrain~obatacles)
()
(let ((terrain=-type (get-terrain-obstacle-type))
{(values nil)
{obstacle~ratio nil) (rundom=-sewed nil))
(cond ((equal terzrzain~type ’yvandom)
(setf values (get=tarrain-randum=data))
{setf obstacle-ratio (first values))
(setf random-seed (second values))
{(my=peint "Wait.")
(send self irandom-terzain obstacla-ratio random-seed))
(t
(send sel? :display=-cursoz)))))

(defmethod (terrain iset-new-ditsh)
()
(let ((ditch-type (get=-ditch-type))
(width-location nil))
(cond ((equal ditch-type ’add-diteh)
{setf width-location (get-ditch-width-~location))
{my=print "“Wait,")
(sencd self :add-ditch (first width-location)
(second width-location))
(sand self :draw-obstacles)
(make-visible))
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tonil))))

;**t*'*l*w*&*i*****************w***ﬁ*iiii**i*i*w**t***t****

! terzain.display=tetrain

,**i*ii***it*t****i*i*i**t**i*ﬂtihti*ﬂ**i***t**************

(defmathod (terrzain i1displuy~surasor)
| 0
(send self imake=alle~permitted)
{do ((joy~data nil) (x nil) (y nil) (r nil) (2ire nil)
(exdt-£lag nil))
(exit=-flag (send self :erase-cursor (list cursor=x cursor=y)))
(makewvigible)
(sotf Joy-data (mend joyatick iget=joy=-value))
(setf % (= (second joy=data))) (setf y (first Joy-data))
(eotf x (third joy-=data)) (set? fire (fourth jey~-data))
gn.mg self iezase~curscr (list sursox=x cursor-y))
eon
(fire (setf exit=flag t))
v . {(> % 0) (setf cursox~x (+ oursor=x 1)) (if (> cursor=x max=x)
(set? cursor=~x max~x)))
({(€ % 0) (setf cursor=x (= cursor=x 1)) (if (< surascr=x 0)
(satf oursor=x 0)))
((> ¥ 0) (setf gursor-y (+ curser=y 1)) (if (> cursor-y max-y)
(aatf cursor«y max-y)))
((< y 0) (set? cursox~y (= cursor=y 1)) (if (< sursox=-y 0)
(setf cursor=y 0)))
((< £ 0) (setf (aref terrain-~clata cursor-x cursor-y) 1))
((> 2 0) (setf (aref terrain-data curscr-x cursor-y) 1}))
(send self idraw-cuzsor (list cucsor-x oursor-y))
(aqnd self :1draw-obstacles)
(send joystick :reset)))

(defmathod (terrain idraw-terzain)
{eye=apace)
! external funotion: \display.library\move-to=sarth, draw~to-warth
(dotimes (x (+ max=x 1))
(move~to~earth (list x 0 (aref terraln-height-array x)))
(draw-to~earth (list x max-x (saref terrain-height-arzay x))))
(dotimes (y (+ max-y 1))
(move~te-aarth (list 0 y 0))
(dotimes (x (+ max=x 1))
. (draw=to-earth (list x v (aref terrain-height-array x))))))

(defmethod (terrain tdruw~terrainl)
{eye~space)
+ extezrnal function: \display.library\move-to-sarth, draw<to-earth
(do ((xs (list 0 max-x) (cdr xs))
(x nil))
({null xs))
(a@tf x (car x8))
(move-to-earth (list x 0 (aref terrain-height-array x)))
(draw-teo-eurth (list: x max-x (aref terrain-height-array x))))
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{do ((ys (list 0 max-y) (cdr ys))
(v nil))
{ (null ye))
(setf y (car ys))
{move-to~earth (list O vy 0))
(dotimes (x (+ max=-x 1))

(draw~to~earth (list X y (aref tesrain-height-array x))))))

(defmethod (terrain tezase-obstacles)
()
} externals : terrain
1 external function: \display.librazy\move=-to-earth, draw-to=-earth
(dotimes (i (first (array-dimensions terrain-data)))
(dotimes (J (second (array-dimensions terrain=data)))
(cond ((equal 1 (aref terrain-data i jJ))
(move-to-eaxth (list i J))
{(erase=to~earth (list (+ 4 1) (+ 3 1))
(move~to-aarth (list (+ L 1) 3))
(erase-to-earth (list 4 (+ 34 1)) N))

(defmethod (terrain terase-terzain)

()
(claar~robot=window))

(defmethod (tezrain imake=all=pezmitted)

0
(dotimes (i max=-x)
(dotimes (3 max-y)
(setf (aref terzaln=data i j) 0))))

(defmeathod (terrain :read-terrain-height)
(terzain-slope=-type terrain-slope-angle terrain-slope-data)
(cond ((equal terrain=-slope-type ‘default)

(setf terrain-height=-list ' ((19 0) (25 1) (35 1.5))))
{(mqual terrain-slope-type 'single-angle)

(let* ((angle (* pl (/ terrain-slope-angle 180)))

(max (* 20 (tan anglae))))
(setf terrain-heilght-list
(list * (20 0)
(list 40 max)
1RO
(t (amtf terzain-helght-list terrzain-slope-data)))
(let.* ((x1 0) (z1 0) (a=-pair) (zz 0)

(x2 (first (car terrain-height=-list)))

{e2 (sscond (car terrain-height-list)))

(slope (/ (- z2 z1) (~ x2 x1))))

(satf terrain-~height-list {(cdr terrain-height-list))
(dotimes (i (+ max=x» 1))
(setf zz (+ (* slope (- i x1)) zi))
(cond ((equal x2 1)
(satf %l x2)

(cond ((setf a-palr (car terrain-height-list))
(setf terrain-height-list (cdr terrain-height-list))
(setf x2 (first a~-pair))
(setf z2 (second a-pair))
(setf zl zz)
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(setf slope (/ (- 22 21) (- x2 x1))))
(T (setf slope 0) (setf zl zz)))))
{setf (aref terrain-height-azray i) zz))))

' (defmethod (terrain :save-terrain)
{eye=space)
(send self :draw-obstaclaes)
(send self :draw=-terraln eye=-space)
(save~terrain~to-tyrrain«buffer))

(dafmethod (terrain isave-terrain-to-disk)
(£ile~name)
{with-opan=-tile
{out=£file
(merge~-pathnames flle-name "robot:kwak.robot.terxain-data data") :direction ioutp

(setf *print=azray* t)

(print terrain-data out=file) "
(print terxain-height-array ocut-file) .
(print radius out=file)

(prinL alpha out-file)

(print beta out=-file)

(setf wprint-—array* nil)))

{defmathod (terxain :read-terrain-from=disk)
(£ile~=name)
{with=open~file
(input=£ile
{mezge~pathnames flle-name "robotikwak.robot.terrain-data;") :directien iinput)
(setf ¥wprint—array* t)
(setf terrain-data (read inpuat-fila))
(setf terrain=height-array (read input-file))
(setf radius (read input-file))
(setf alphu (read input-file))
(setf beta (read input-file))
(satf *print=-array* nil)))

IRAAA AR AR R RARRRALERRRARR AR R R AR Rl R Rl ]l

; terrain.display=-cursor

’*tth**iﬁ*#**i**i*ti**.t*i*ﬁi*#**I*t*hi*ﬁ#ﬁiiﬂt**ﬁiii*t**i'

(defmethod (terrain .draw-cursor)
{ position )
(let* ((x (first positich))
. (y .(second position))
(pl (list (+ % 0.2) (+ y 0.2)
(p2 (list (+ x 0.8) (+ y 0.2)
(p3 (list (+ % 0.8) (+ y 0.8)
(pd (list (+ x 0.2) (+ y 0.8)
(points (list p2 p3 pd pl)))
(move-to~aarth pl)
(do ({(points points (cdr points)))
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((null points) ’done-draw-cursor)
(draw~to-earth (car points)))))

(defmechod ‘texrain :draw=-obstazles)
9 .
{dotimes (i max-x) '
{dotimes (3j max~-y)
(cond ((equal 1 (aref terrain-data i J§))
(mova-to-earzth 1
(list 1 J (aref terrain-height-array i))) !
(draw-to=earth
(list (+ 1 1) (+ § 1) (aref terrain-height-array (+ i 1))))
{move-to-earth
(list (+ 1 1) 3 (aref terzain=-height=-azyay (+ i 1))))
(draw-tc—-earth
{list & (+ 3§ 1) (aref terrain-height-arzczay i))))})))

(defmethod (terrain tezase~-cursox)
{ poaition )
(lot* ((x (fizst position))
(y (second position))

(pl (list (+ % 0.2) (+y 0.2) 0)) i
(P2 (list (+ x 0.8) (+ y 0.2) 0), '-
(P3 (list (+ x 0.8) (+ y 0.8) 0))

(pd (list (+ x 0,2) (+y 0.8) 0))

{points (list p2 p3 pd pl)))

(move=-tc-eurth pl)
(do ((nmoints points (cdr points)))
{(null points) ’done-eavase-cursor)
(erase-to-earth (car points)))))

(defmethod (terrain :random=-terrain)
(obstacle~ratio random-seed)
(let ((a 43411) (b 17) (e 640001) (percent nil) (seed nil) (x nil))
(setf percent obstacle~ratio)
(setf seud random-ssed)
(setf :x sead)
(dotimes (i max-x)
(dotimes (j nax-y)
(12 (< (/ {(setf x (mod (+ (* a x) b) ¢)) ¢) (/ percent 100))
(setf (aref terrvain-data i 3) 1)))))
(send self :draw-obstacles))

(defmethod (terrain :add-ditch) .
{width location)
(astimes (i widch)
(dotimes (3 max-y) !
(setf (aref terrain-data (+ i location) J) 1))))

g W sk g v e e e e ok U A o s ol o v ol o o o oo v o A P o o o e ok o e vk e o ok o b e sk ok ek e e e ok ok

graph-vehicle flavor definition

l
]
’
.
’
.
+
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’***i***'ﬂ************ﬁ*t*ii*i**w*tu*i#**t***i*iﬁ***i**i**h

(defflavor graph-vehicle((vehicle-points (make-srray 28))
{body-points (make-array 10))
(polygens (make-arxay 13))
(numgolys nil)
(vertices (make=-arxay 100)))
() S
tinitable-instance-variables) '

(defmethod (graph-vehicle tinit=~data)
!

\)
(send sel? iread-vehiclo~data)) / vead data fzom disk

(defmethod (graph-vahicle :display)
(awH foot-positions)
(clear=wobot=window) : : . : ,
(send salf :body-pento-wrt~eaxth a~§ foot-positiuns) C i
(send self :draw-vehicle vehicle-points) '
(copy-tarrain=-to=robot-windew)
(make=-visible))

(defmethod (graph-vehicle :read-vehicle-dat:)
()
; global variables ; vehicle~points, polygons, numpolys, veztices
; format of file : num-.f=-pointa num-=of~polygons
} { num a=vehisle-point} ....
F { num-of-vertices vertices-number-of-a-polygon)...
(let* ((vehicle-file (open "exp3:kwak,rcbot;vehicle.data")!
(numpes (rsad vehicle-filae))
(numvtces 0) (a=polygon nil))
(setf numpolys (read vehicle-file})
(dotimes (i numpts)
(setf (aref vehicle-points i) (cdr (read vehicle-file))))
(dotimes (i 10)
(setf (aref body-points L) (aref vehicle-points i)))
(dotimes (i numpolys)
(oetf a-polygon (read vehicle-filse))
(setf (aref polygons i) (list numvtces (car a-polygon),)
(de ! (a-polygon=-vertices (cdr a-polygon) (cdr a-polygon-vertices!))
(30 (+3 1))
((null a=-polygon-vertices))
(setf (aref vertices (+ numvtces j))
(~ (firzst a-polygon-vertices) 1)))
(satf numvtces (+ numvtces (car a-polygon))))
(cluse vehicle-file)))

!

(seat” gzaph-hsv (make~iastance ’'graph~vehiclae))

;i*“iii*l"**ii*t**ﬁ**tit**tii-ﬁt**ﬁ*ii**w*ﬁt;‘i*#*it*t**ﬂi**ﬁ

.
1

; gqraph-vehicle.dispiay
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!
,*****ii****************** (2323322 222 2222222 2R R 222 YRl

(defmethod (graph=-vehicle :body-pento-wrt~sartn)
{ a~H toccupo-itiona )
¢ library : transform o
(let ((s1 0.6616) (e2 O. 945) (83 3.3%508) (1 0.8133) (m 1. 0467) ' ) S L
! (hipx-1list ' (5.1667 5.1667 0.0 0.0 =4, 9167 »$,9167)) , :
(hipx-1ist ’ (€.0 6.0 0.0 0.0 =6.0 ~6.0))
(hipy-list .’ (1.62 -1.62 1.62 ~1,62 1.62 ~1.62))
(signi~-list. (1 =1 1 =) 1 =1))
(sdgn2-list (1 1 .3..1 =1 =1})) :
(send self :ﬁ:unuzc:m—body-pointa a-H body-pcintb)
(do ((positions foot=positidne (cdr positions))
(hipx-list hipx-list (cdr hipx=1list))
(hipy=-l4ist hipy=list (ecdr hipy-list))
(signi=list signl-list (cdr signi-list))
(sign2=list signi~list (cdr oian-liah))
(1 0 (+ 4 1)))
((null positions) nil)"
. (let* ((foot=pos (car poaitions)) :
(hipx (cadr hipx=list)) (hipy (car hipy-liae))
(aign) (car signl-list)) (eiqnz (car aignz list))
{px (= (£irst foot=-pos) hipx))
(py (- (second foot-pos) hipy))
(pe (third foot=-pes))
{theta (velhilicle-thett py pz m signl))
{dm (vehicle=-dm px sign2)) .
(dl (vehicle~dl py pz m 1))
(top-pas nil) (knee-os nil))
(satf top-~pos :
(transforn a=H
(vehicle-top-pos hipx hipy m 1l dl theta signl)))
(setf knee-pos
(trangform a~-H
(vehicle=knee~-pos hipx hipy m 1 sl 82 33
dl dm theta signl sign2)))
(setf foot-pos (trenmform a-H foot-pos))
(setf (aref vehicle-points (+ 10 (* 3 1))}
top-pos)
(setf (aref vehlcle-points (+ 11 (* 3 1)))
knee=pos)
(setf (aref vehicle-points (+ 12 (* 3 1)))
foot=-pos)))))

(defmethod (graph-vehicle idraw-vehicle)
( vehicle-points )
! global variables : polygons, numpolys, vertices
{dotimes (i numpolys)

(let ((start (first (aref polygons i)}) '
(nun~vertices (second (aref polygons 1))))
{move-to=-earth (aref vehicle-points

(aref vertikbes start)))
(dotimes (J num-vertices)
(draw-to-earth-d (aref vehicle-points
(axef vertices (+ start 3)))))
)))
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'***i**w*iiﬁ***l*******ﬁ*‘“‘lﬁ*k*****ﬂh**fi*****ﬁ***ﬂ******it
: .

t graph-vehicla.display.body-petitomwrt=earth

’ . ‘ h .

’

L R I L N e LA A R T e ]

(detmethod (q:uph-vehicle :t:aﬁ:!orm~body~po;nte)n -
{a=H body-pointa) L Lo
¢ glebals : vehiule-polnty: - ‘ R
¢ library t transfoem
(dotimes (i 10) :
(set? (aref vehicle-points i) T
(t anafo:m u-H (Arof bodynna,ncs i)))))

(dafun vchi&ic-di'(py pu'ﬁ';f . Sl o
v (-)(nq:t (+ (" py py) (% pz pz) (= (*mm)))) 1)
i) B . :

(defun vehicle-dm (pleiqni)
(* slgn2 (/ px %))

{defun vehicle-knee-pas (hipx hipy m 1 sl 82 al
al am theta algnl sign2)

(let* ((numexr (+ (» sl #l) (= (7 82 52)) (* &)l dl) (* dm dm)))
{denom (* 2 »1 (mget {(+ (* dl Jd1) (* dm dm)))))
(bata (acos (/ numex denom)))

(alpha (= (/ pi 2) (atan am 4l) heta))
(sina (cin alpha)) (cosa (cos alpha))
(sint (sin theta)) (cost (cos theta))
(cemp (- (* 83 eina) (- dl 1)))
(kk (+ !* sign2 s3 cosy; hipx))
(vk (+ (* signl (+ (* temp nint) (* m cost))) hipy))
(zk (= (+ (* tamp cost! (* am sinti))))
(list xk yk zk)))

(defun vehicle-theta (py P2 m signl)
(let* ((anglel (atan (* signi pv) (¥ =1 pz)))
(angle2 (atan m (sqzt (+ (* py py)
{(* pz pz)
(= (*am)))))))
(- anglel anglel)))

(defun vehicle-top-pos (hipx hipy m 1 dl theta siy.:l)
(let* ((xt hipx)

(l-dl (- 1 dl))
(sina (sin theta))
(cosa (cos tlheta))
(yt (+ (* signl (+ (* m cosa) (* 1l-dl sina))) hipy))
(zt (= (* m sina) (* l-dl cosa))))

(list xt yt zt)))
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;11 =*= Mode:Common=Lisp; Base:l( =*-

.)*iﬁ*ﬂw***ﬁih'l&-*"'*ﬁﬂ#ﬁiﬁ*it*iﬁi*ii'ﬁﬂlﬁﬂ****#**ﬁﬂittl*liii**ﬁﬁtﬁ

!
; ditch-robot definiticn

!
J**i********wti**i**ﬁ*****i***t*i*wi*i*l*ﬂiti****nﬁ***i*t**ﬁ*iit**it

(dcffluvo: d&tch-:cbot()
"7 (test~overlap-rcbot)
) ,

(defmethod (diteh-zrobot :inittdl)

()
(land graph-asv tinit-data)
(setf vision-systom (make~instance 'ditch~viaion-ayatom townez self))
{send vision=-syatem :inited)
(satf joyatiok (make-instance 'joyntick))
(sond Joystick :reset)
(empty«gueue lift~queue)
(setf lifc-flag t)
(let ((H))
(setf body (make-instance ’stop-body towner sell))
(setf H (send body :initel))
(setf legs (list
(make=instance 'test-overlap-leg :name ’‘legl. towner sel?)
{make=-instance ’‘test-overlap-leg :name ’‘'leg2 towner self)
(make~instance 'test-ovarlap~leg :name ’'leg3 :owner self)
(mako=inatanée ‘test-ovevlap«leg iname ‘legd :iowner self)
{make~instance ’‘tast~overlap-leg i1name 'legs iowner self)
(make=-instance ‘test-overlap-leg :name 'legé :owuer self)
)) . _
(mapcar #' (lambda (a-leg) (send a-leg :initti H)) legs))

(defmethod (ditch-zobot :at-stability-limit)
()
(nut (esend self :atable)))

(defmethod (ditch-robot :stop-motion)
9]
(sond bedy :atop-body=-motion))

(defmethod (ditch-xobot :resume-motion)
{)
(senc body :zestore-body-motion)
t)
{
’*t*ﬁi***'t*ﬁ***iﬁ*******t**tt***tti**iiiti*ii**ti*tiin*

(defun at_stability limit ()
(send asv tat-stability-limit))
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(defun stop_motion ()
(send asv istop-motion)) .

(defun zesume_motion ()
(send asv iresume-motion)) .
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111 =%= ModeiCommon=-Lisp/ Base:l0 =w-

,*ttwtt**twn*«*w*w*wuwww-w*ttuw*wnmuwww-wtw\mnnnwuwuwwu***nw*w**n*
!

! ditch-vision-system definition

!
,ntnnnwnwnwnnnn*nunnnuuntnnn**unuuunn*n

(defflavor ditch-vision-system ()
(vision-syatem)
)

(defmethod (ditch-vision=-system :on=ditch-area)
(body=H10)
(let ((x (aref body=H10 Q 3)))
(sond (({and (>= x (= 21 7))
(<m x (+ 21 *dicoh=width®)))

t)
{t all))))

(setf *diteh-width* €)
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111 =%- Mode:Common-lisp; Base:1l0 =-w=-

’ititit*w*******ﬁ&***iitwit*\i**w*****n****t*w**t*tit**w** (A2 2R 222X ]
'

! executor flaver definition

; .
'********w*w*********tt*i*hii*itﬁ*w*iw**tttii*i*****t****iiitii***

(dofflavor axecutor
(Leg=pos~wrt=-body desired-foothold-pos-wrt-earth
time command owner sensor (lift-height 1.4)
(?1 0.6) (T2 1.0) (T3 0.4) (T4 0.6)
(planned=contact~tima 0,4) self-time
(sampling-time 0.l) ready~pos
H1 inv-Hl body-trans-zatel body-totato-ratcl)

O
tinitable~instance~variables)

(defmethod (executor tset=desired=-pos)
(a~pos)
(setf desired-foothold=pos-wrt-eazth a-pos))

(defmethod (executor i1get-desired-pos)

)
deslred=foothold=pos~wrt-garth)

{defmethod (executor :send=command)
{a=command)
(setf command a=command))

(defmechod (executor :set-time)
(a=time)
(setf time a-time))

(defmethod (executor :leg-pos-wrt=-body)
0
leg=pos-~wrt-=body)

- (defmathod (executor :move)

(H inv-H body-trans-rate body-rotate-rate)
(setf Hl H)
(setf inv=Hl inv-H) !
(setf body-trans-ratel body-trans-rate)
(setf body-rotate=~ratel body~-rotate-rate)
(cond ((equal command ’ready)
(send self :move-in-ready))
((equal command 'advance)
(send self :move-in-advance))
((equal command ’daescent)
(send self :move-in-descent))
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{(equal command ‘contact)
(send self imove-in-gontact))
{ (equal commund !support)
(ssnd self imove~-in-support)) _
{(equal commnand ‘Life) .
(sund self :move-in=-1ift)) .
((egual command ’raturn) .o
(send self imove=-ii-vaturn)) : -
) Lo ' . e

{defmethod (executor :movo-in-aontaat)

() ‘ o
(dot {(leg-veleoity-wrt~body (send self :1nd~vosouity-w:t-body))).,5:5”‘ L
(set? leg-pus~wrt-hody e :
(vectadd (magvmect sampling-tine Lng-volucity-wrt-hody)
loq-pos-wzt-hady\)))

(defmethod (oxoeuto: :tindhvolocity-w:n-body)
¢ , ‘ , . , . X
returns foot-velocity-wrt=body | S ' - ¥ e
velogity = =« ( -body-truns~rate + body-roncte*:nto x loq-pos ) .
globals v : bedy-trans=ratel, body-rotqto-zatc‘ o ' K . Con
lib i vectsub, vectsdd, crorsprod ‘ ‘ L .
(vectaub ’ (0 0 0)
{ventadd body-t:an--ratcl
(c:ollpzvd body~rotate-zatel 109~pcn-w:t-body)))> .

. we e wa

[
\

{defmethod (executor imove~in-advance)

()
{let ((desirec~pos (send 2elf :do:irod-cdvanoo-po--wrt-body))
{dt (= T1 time)))
(send self imove-del desized-pns leg-pos~vrt=body dt))
(setf self=-time¢ 0.0))

(defmethod (executor :detired-advance-pos-wrt=-body)
()
} a-pos is desired-stepping-pos=-wrti-earth
; reaturns desired-pos-wrt-Lndy in deploy state
! global variable : H1, iuv=H1
;! global function : to~earth-transaform, tn-body-transtorm, find-terrain-hegiht
(let* ((desired-pos-wrt=-earth desired-foothold-pos-wrt-varth)
(terrain-height (third (send owner :terrain~poiut desired~pos-wrt-earth)))
(desired-pos-haight=-wrt-eurth (+ terrain-height lift-height))
(pos~-wrt-earth (list (firsc desired-pos-wrt-earth)
{second degired-pos=-wrt~earth)
deaired-pos-height-wrt-sarth)))
(to=-body=tranaform inv-Hl pos-wrt-earth)))

(defmathod (exscutor :move-in-descent)
{)
! global function : to=-body-transform
! global variables : inv=-H1l
(let ((dt (- planned-contact-time self-time)))
(if (< dt 0.05)
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(st leag-pos~wrt-body (to=-body-transform
inv-Hl desired~foothold-pos~wrt-earth))
(send salf imove-del
(eo-body=transform inv-Hl desired-foothold-pos-wrt-aarth)
leg-pos~wrtebody dt)))

! (defnethod (executor imove=in-descent jafter)
! ()
(1atf self-time (+ self-time sampling-time)))

(definathod (executor :imove-del)
(desired-pos present-pos dt)
} set new leg-pos depending on the azguments
) lib 1 vectadd, magveot
112 (< dt 0,08)
(setf leg~pos-wrt-body desired-pos)
{let¥ ((invetime=dliff (/ 1 dt))
(del (vectsub dusired-pos present-puvs))
(veloolty (magvect inv=time=diff del)))
{setf leg=pos~wrt~body
(vestadd present-pos (magvect sampling-time velooity))))))

- (defmethod (executor imove-in-lift)

0
(let¥ ((dt (= T3 time))
(deslzed-pos (send self :litt-po--doni:od\)
(2 (third desired-pus)))
(send self imove=del desirzed-pcs leg-pos=-wrt-body dt)
(net ¢ ready-pos
(list (first ready-pos) (second zeady=pos) ))))

(defmethod (executor :lift-pos-cdesirzed)
} zaturens position=-wrt-body which will be at the end of 1lift state.
!} global £ : to-body-transform,
) global v : inv=-H1
()
(let* ((leg-pos-wrt-earth (to-sarth=transform Hl leg-poas=-wrt-~body))
(desirzed-height (+ lift-height (third (send owner :terrain-point leg-pos-wrt-ea

h) )

(to=body=~transform inv=Hl (list (first leg-pos-wrt-sarth)
(sacond leg-pos-wrt-sarth)
des! red-height))))

(defmethod (executor zmovo-in =ready)
()
(set.f leg-pos-wrt-body roady pos))

(defimethod (executor :move-in-return)
()
} Modifying leg-pos-z ls redundent but it can correct disturbance by itself,
(let ((dt (= T4 time))
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(desirad-pss ready=-pos))
{send self :move-del desired-pos leg-pos-wrt=-pody dt)))

(defmethod (executor :move-in-support) i
() Co
: globals i body-txans~ratel, body-zotate-rats
7 1ib : vectadd, magvect ' _
; In general terrain, leg-pos-z should be updated by real terrain height.
(let ((leg=velocity-wrt=body (send sel# :find-velocity-wrt-body))) :
(set? lag=pos=wrt-body , :
(vactadd (magvect sampling-time leg-veloolty=-wrt-body)
: lag=pos=wrt=body))))

{defmethod (executor :inisti)
(leg=name init=H)
(setf sensor (send owner :oontact-sensor)) , h . : Y
(Lot {((% (aref initeH 0 3)) o :
{y (aref init-H 1 3)) : . N
(2 (aref init=H 2 3))) B
(eond ((equal leg=name ’legl) C ’ S
(setf zeady-pos '({ 5§ 3 =4)) o : ‘
(set? leg=pos=wrt-body (list 6 3 (- x))) .
(setf desired-foosthold-poswwri~sarth (list (+ 2 6) (+ y 3) 0)))
((equal leg-nare 'leg2) '
(setZ ready-pos '( 8§ =3 =4)) , : :
(setf leg-pos~wrt=body (liet 5 -3 (- =))) g
(setf desired-foothold=-pos~wrt~earth (list (+ x 8) (- y 3) 0))) '
{{equal leg-name ’'leg3)
(setf ready-pos '( 0 3 «4))
(sotf leg=pos=wrt=body (list 0 3 (- 2))) )
(set? desired-footheld-pos~wrt~earth (liast (+ x 0) {(+ y 3) 0)))
{(equal leg=name ’lag4d)
(setf ready-pos '( 0 =3 =4))
(setf lag-pos-wrt-body (list 0 -3 (- z)))
(setf desired-foothold-pos-wrt-earth (lizt (+ %2 0) (= y 3) 0)))
((egual leg-name ’‘leg$)
(setf ready-pos '(=5 3 -4))
(setf leg-pos-wrt-body (list =5 3 (- 2)))
(setf desired-foothold=pos=wrt-earth (list (- x 5) (+ y 3) 0)))
((equal leg=name ’legé)
{setf roady-pos ' (-5 ~3 =4))
(secf lag-pos-wrt-body (list =5 =3 (- 2)))
(setf desired-foothold=-pos=wrt~earth (limt (= x 5) (= y 3) 0)))))
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111 =*= Mode:Cormon=Lisp; Base:l( =%«

i
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(loud
C{load

{load
{load
“(load
(Loed
{(load
{load
(load
(load
(lead
(load
(load

{(load
(load
(load
(load
(load
(load
(load
(load

{(load
(load
(load
(load
(load
(load

(setf

AN R AR RN AR T RRARR R AR R RAR AN RAR AR R AR N ERARR RN R RN AW AR AR R RI RN R AR RN

load file (f«load-t-444,)lisp)

e Ve o T Ve O U o R it o o e 3 o o e o o e e U o ol o e o ok e o o o O e e ok

giaph-tcrrﬁin~iq usad‘in.nqysor and vision

Ovarlapped wozking volume (1 foot)
Froit and rear are not extendad,

logic change

":obotékwak.xobot;math—c")

"pobot tkwak, vobot user-interface=t2")
Mrobotikwak, zobot;graph=tl")
“robot i kwak, robat;display=-t2")

“rohot tkwak, robutl;vislon=t")
"zobot ikwak, zobotSrditch-~vialion-t")

Y“robot i kwak, robot tkm=t")

"robot ikwak, robotdoverlap-thm-t")
"robot tkwak, robotl; foothold=t")

"robot i kwak, robotd;overlap=Loothold-t")
hrobot tRwak, robot; sengor=t")

"xobot tkwak,. xobotl;executezr-t")
“robot:kwak,zobot;control~machine=t")
“robot:kwak, robot;plan-machine=-t")
Yrobot i kwak,xoootlsleg-t")
“robot:kwak,robotd4soverlap-leg=-t")
“robot :kwak, robot5;test-overlap~leg~t-441")

“robot:kwak.robot;stabllity-t2")
"robotikwak.robot;support=plane-t")
"robot:kwak.robot;h~caleculator-t")
"robot :kwak, robot;command-regulator~t")
"robot:kwak.robot tercain-regulator-t")
"robot tkwak, robot ;body=-controllezr=-t")
“robot:kwak,robotlsbody-t")
“"robot:kwak,robot6;stop-pody=-t")

“"robot tkwak, xobotl;robot-t1")

Yrobot :kwak.zobotdoverlap-robot=t")
"robot:kwal:, robotS:test~overlap~robot-t=-442")
"robot tkwak,robot6/ditch=robot-t")
"rokhot:kwak.=obot6;robot444")

"robot :kwak.robot;add-to~aystam~menu")

asv (make-instance ’'ditch-robot))
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)21 =%« Mode:Common-lLisp; Base:ll -*-
’Jiiit&#**iw****wtwi*ttw**ti*it!i*itﬁnti*t**aiit#uﬂiw'l!**'ih*iti***

: foothold=findar definition
}
,*t***ii*ttti-‘#i*tttﬁiit*iiﬁitttitt*‘*i**t#*ii***iiti*i*iii**ti***t*

(defflavor foothold=finder (sixteen~footholds
four~lines tkm=-calculator
(no=cell-avallable~flag nil)
(TKM=margin 0.4) ownar)

()
tinitable~instance-variables)

(defmethod (foothold=finder :initti)
(leg=name)
(cond ((equal leg~name ’legl)

(setf sixteen-footholds
(7.3 4.3) (7.3 3,3 (7.3 2.3 (7.3 1.3)
{ 6.3 4.3) (6.3 3.3) (6.3 2.,3) ( 6.3 1.3)
{ 8.3 4,3) (5.3 3.8) (853 2,3) (5.3 1.3)
( 4.3 4.3) (4.3 3.3) (4.3 2.3) (4.3 1.3))
(setf four=-lines
({0 0.3420 -0,9397) ( B,0832 2,733% 0O))
((0 =-0,3420 ~0,9397) ( 8,0832 12,7339 0))
((0 =0.,3420 =0.9397) ( 3.4167 2,7338 0))
{(0 0,3420 ~-0,9397) ( 3.,4167 2.7339 0)))))
( (equal leg-name ’leg2)
{setf sixteen-footholds
P00 7.3 =4.3) (7.3 =3.3) (7.3 =2,3) (7.3 ~1.3)
( 6.3 -4,3) (6.3 -3,3) ' 6.3 =-2,3) ( 6,3 =1.3)
( 5,3 =4.3) (¢ 8.3 -3.3) { 5.3 =2,3) { 5.3 =-1.3)
( 4.3 =4.3) (4.3 =3.3) (4.3 =2,3) { 4.3 -1.3)))
(satf four-lines
f{((0 0.,3420 =-0.9397) ( 8.0832 =2.,7339 0))
((0 =0.3420 =0,9397) ( 8.0832 =2.7339 0))
((0 =0.,3420 -0,9397) { 3.4167 -2,733% 0))
((0 0.3420 =-0.9397) ( 3.4167 -2.7332 0)))))
( (aqual leg=-name ’leg3)
(setf aixteen~footholcs
P(¢1.% 4.3) (1.5 3.3) (1.5 2.3) (1.5 1.3)
(0.5 4.3) (0.5 3.3) (0.5 2.3) (0.5 1.3)
(-0‘5 4.3, (-005 3:3) (-015 2;3) (-015 1-3)
(=1.5 4.3) (-1.5 3.3) (-1.5 2.3) (=1.5% 1.3)))
(setf four=-lines
f(((0 0,3420 -0.9397) ( 2.291% 2,7339 0))
((0 =-0.3420 ~0,9397) ( 2,2915 2.7339 0))
((0 -0.3420 =-0,9397) (-2.2918 12,7335 0))
((0 0,3420 =-0,9397) (=-2.291% 2,7339 0)))))
((equal leg=namo ’leg4)
(set.f sixteen-footholds
(1.5 =4.3) (1.5 =3.3) (1.5 -2.3) (1.5 -1.3)
(0.5 -4.3) (0,5 ~3.3) (0.5 -2.3) (0.5 -1.3)
(-0.5 -4.3) (-0.5 =3.3) (=-0.5 =2.3) (-0.5 -1.3)
{(=1.5 -4.3) (~-1.5 =-3.3) (=1.% =2.3) (-1.5 =1.3)))
(setf four-lines
PV 0.3420 -0,9397) ({ 2.2915 =2.7339 0))
((0 ~0.3420 -0.9397) ( 2.2915 --2.7339 0))
((0 -0.3420 =-0,9397) (-2.2915 =2,7339 0))
((0 0.3420 -0,9397) (=2,2915 =-2.7339 O))) )N
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{(equal leg-name ’legb)
(setf sixteen-~footholds

P((=4.0 4.3) (4.0 3.3) (=4.0 2.3) (~-4.0 1.3
(-5.0 4.3) (=5,0 3,3) (=5.0 2.3) (=5.0 1.3 .
('6.0 4»3) ("6-0 3-3) ("5.0 2.3) ("5-0 J~|3)
(=7.0 4.3) (=7.0 3.3) (=7.0 2.3) (=7.0 1.3)))
(setf four-lines
P((({0 0.3420 =0.9397) (=3.3332 2.7339 0)) .
((0 =0.3420 =-0.9397) (=3,3332 2.7339 0))

({0 -0,3420 ~0,9397) (-7.8332 2.7339 0))
({0 0.3420 =0.5397) (=~7.8332 2.7339 0)))))
((aqual leg=name ’/legé)
(setf sixteen-footholds

"((=4.0 =«4.,3) (=4,0 =3,3) («4,0 =2,3) (=4,0 =1,3)
(-8.0 =4.3) (~5.0 ~3.3) (=5.0 =2.3) (~5.0 =-1.3)
(-G.O "13) (-6-0 -343) ("‘.0 "'2t3’ ('6-0 '1.3)
(~7.0 -4.3) (=7.0 -3.3) (-7.0 =2.3) (-7.0 -1.3)))
(setf four=-lines
0 0.3420 =0,9397) (-3.3332 -2,7339 0))

((0 ~0,3420 «0.9397) (-3.3332 -2,7339 0))
((0 -0,3420 =~0,9397) (=7.,8332 =2,7339 0))
((0 0.3420 =0.9397) (=7.8332 =2.7339 0)))))

)
(setf tkm-caloulator (send owner itkm-calculator))

{defmethod (foothold=-finder :Zind-foothold)
{H6 inv-H€é body-trans-zatell body-zotate-ratell
estimated=-support=-plane)
! returng ((max-foothold max-tkm) (foothold=-list) (tkm=list))
; all points are wpt body coordinate system.
(lat* ((estimated=-support~plane-wrt=body
(plane=-transform estimated-support.-plane H6))
(four=-points (send self
tfour~points-on-support-plane
four-lines estimated-support~plane-wrt=body))
(possible~footholds (send self
iget-possible~footholds
(send self
restimata=footholda
four-points estimated-support-plane-wrt-body)
H6 inv=-HE}))
(send selt
iget-foothold-with-max-TKM
posaible-tootholds H¢
body-trans-ratell Lody=-zotate-ratell)))

!
,"**t**tti'tii**t*Qlﬁt't*iiii*tﬁiitiiii'ittitt*it*titiii"

; foothold-finder.find-foothold

AL AAARRE SRR AR SRR SRRl R el g ssizeslsllyl
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(defmethod (foothold-finder :estimate-focthsolds)
{four-points—-wrt-body estimated-support-plane~-wrt-body)

returns estimate-footholds~wrt~body
(do* ((footholds sixtein-footholds (cdr footholds))
(out~-fontholds nil)
. (a=foothold nil))
((null footholds)
(get~points-on«support~plane cut-footholds estimated-support-plane-wrt-bedy))

{setf a-foothold (car footholds))
(i (in-side-or-polygon a=foothold
(plck~two-dimensions four~points-wrt-body))

(setf out-footholds (cons a~foothold out-footholds)))))

(defmethod (foothold-finder :four-po.ints-on-support=plane)
{four=-lines estimated-support-plane~-wrt-body)
; returns four points which are intersected by four-lines on

; astimated-support~plane-wrt=-body
: math lib: plans-intersection
(do* (({lines four-lines (cdr lines))
{points nil))
({null lines) points)
(setf points (cons (plane-intersection (car linea)
estimated=-support=plane~wrt=body)

points))))

(defmethoa (foothold-finder :get-foothold-with-max-TKM)

{possible-footholds H
body-trans~rate body-rotate-rate)

retuzns {(max-foothold max-tkm) (focthold-list) (tim-list))

;! sets no-cell-avallable-~tlag

; real=-footholds is really possible footholds

(do ((foothclcs possible~footholds (cdr footholds))

(max-foothold nil) (a-foothold nil) (TKM-list nil) (a-TKM nil)
(real-ftootholds nil) (max-TKM -100.0))

((null footholds)
(setf no-cell-available-flag (< max-TKHM TKM-margin))
(if (>« max-TKM TKM=-margin)

(make-cutput-form
max-foothold max~-TKM real-footholds TKM-~list H)
nii))
{(setf sa-foothold (car footholds))

(setf a-TKM (send tkri-calculator :find-tkm
#-foothold body~trans-rate body-rotate-rate))

.
’

(I1f a=-TKM
(progn (setf TKM-list (cons a-TKM TKM-list))
(setf real-footlolds (cons a-foothold real-fuotholds))
.

(if (» u-TKM max-TI'M)
* (progn (setf max-TKM a-TKM)
{uetf max-foothold a-foothold)))))))

(defmothod (foothold-finder :get-pnssiile-foctholds)
(estimated-foctholds H inv-H)
returns possible-footholds wrt boay
(co-body~-transform inv=H
(send self :find-possible-fcotholds
(to-earth-transform H estimated-footho.ds))
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:"'iil‘iﬁﬁi*ﬁt*ii**********l*tkkﬁ***ﬁ***i*ﬁ*i*ﬁ*iititﬁ**"

! footholid-finder.estimate-foothold

’"**t************i***it**ii****i**i**it*itt*iiﬁtiﬁ*i#h**"

(defun check-polarity (pointl point2 point3)
(let* ((vectl (vactsub point? pointl))
(vect2 (vectsub point3 pointl)))
(1f (not (third vectl))
{(progn (satf vestl (revarse (cons 0 (reverse vectl))))
(setf vect2 (reverse (cons 0 (roverae vectl))))
(crosaprod veotl vect2)))

»

(defun get=-points-on=-support-plane (points estimated-suppnrt-plane=-wrt-body)
{ returna intessection points with support plane in z=-body direction.
; math lib: plane-intersection
(do* ((points points (ocdr points))
(out=-points nil))
{(null points) out=~points)
(setf out-points (cons (plane=-intersection
{make=-line-to-get-point-on-support-plane
(car points))
estimated-support=-plane=~wrt=hody) out=-points))))

(defun in-side-of-polygon (a~-point polygon-points)
; polygon=-points must be convext-polygon and in order & two dimensional points.
(do* ((first-points polygon=-points (cdr first=-points))
(second=-points (reverse (cons (car first-points)
(reverse (cdr firxst-points))})
(cdx second-points))
(signs nil) (first-point nil) (second-point nil))
((null firat=-points) (same-polarity signs))
(setf first-point (car first-points))
(setf second-pcint (ecax second-pointas))
(setf asignas (cons (checxk-polarity first-point second-point a=-point)
signa))))

(defun make-line-to-get~point-on-support-plane (a-point)
; a-point is twvo dimensional point.
; raturns a-linu ((z-direction) (a-point -100))
(liat * (0 0 1) (list (first a-point; (second a-point) =-100))})

(defun pick-two-dimensions (points)
(if (listp (first points))
(do* ((poiants* points (cdr points)) ; more than one point case
(a-point nil)
(out-points nil)}
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((null points) out-points)
(set? a=point (car points))
(setf cut-points (cons (list (first a-point) (second a-point))
out-points)))
{list (first points) (second points)))) ; one point case

{defun same-polarity (signs)
(do ((signs (cdr signs) (cdr signs))
(first-sign (plusp (thizd (car aigns))))
(same T))
((null signs) same)
(1f (not (equal first-aign (plusp (third (car signs)))))
(setf same nil))))

,"iﬁ**#*ﬁ*ﬁiii**liiii!l****ii**i!'*i*i*i*t*****i*i**ii****"

; foothold=finder.find-foothold.get~-foothold-~with=MAX-tkm

,"ﬁ*iti**l*'i*'l.****'i**t*****ﬂ***t**h***i'*******i*i*i**"

{(defun make-output=form
(max-foothold max-TKM possible-fcotholds TKM=-list H)

¢ output=florm : ((foothold=-with-=max~tkm tkm)
} {leg-projected~permitted=fovtholds)
? (leg-proiected-TRM=-11ist) )
) output footholds are in earth coordinate.
; math lib : to-earth-transform

(list (list (to-sarth=-transform H max-foothold) max-TKM)

(to-earth-transform H poasible~-foothoids)
TKM=1ist))

,o"itiiltttttiﬁhi!iiﬁt'*ihﬁittiiitt'iiﬁitiii.iﬁt&*ilﬁﬂ'*ﬁ"

: tfoothold-finder.select-foothold.get-possible-foothold

;"tt‘tﬁiii.it.ttﬂi‘ti'.*tiiiiﬁ"ii*'t.lt't‘tt"ﬁﬁintiiw!"

(defmethnd (foothold-finder :find-possible~footholds)
(estimated-footholds~-wrt-earth)
; returns possible-footholds-wrt-earth
! graph~terrain is object.
(do* ((footholds estimated-footholds-wrt-earth (cdr footholds))
(a~foothold nil) (t-cell nil) {(out-fnotholds nil))
{{nu.ll footholds) (unique-footholds=-only out=-tootholds))
(setf a-foothold (car footholds))
(setf t-cell (get-center-of-digitized-terrain-cell a-focthold))
(setf out-footholds
; (cons (list (+ (first t-cell) 0.5)
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H (+ (second t-cell) 0.5}
H _ 0.0) out-footholds))))

(if (send owner :permittad-cell t-cell) .
(setf out-footholds :
(cons (s-nd owner :iterrain-point t-cell)
- out=fcotholds)))))

(defun get-center-of-digitived-terrain-cell (a=-footheld)
; cell resolution is 1 foot by 1 foot
(lList (+ (floor (first a-foothold)) 0.5)
{+ (floor (second a~foothold)) 0.5)))

{defun unique-footholds-only (mixed-footholds)
(do* ((footholds mixed=footholds (cdr footholds))
(cut=footholds nil)
(a=2ootheld nil)) .
{(null footholds), out~footholds)
(setf a-foothold (car footholds))
(i1f (not (member a~footheld out-footholds itest ’equal))
(set? out-footholds (cons a=foothold cut=footholds)))))
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}it =*= Mode:Common-Lisp; Package:USER; Base:l(Q =-*-

R IAEEE SRS ELERRRR AR R AR R R R2YE]

[

!

: low level graph routines

!
’*ﬁﬁtiwntttwtti!'ﬂlﬁt**'w*i*wtii*tti**ikti*#*t*ith*#**t**it

(defvar *robot=diasplay-window* nil)

. (defvar *robot-display-window-azzay* nil)

(defvar *"robot-window* nil)
(defvar *robote-window=-array* nil)
(defvar *robot=window-width* nil)
{defvar *zcbot-window-height* nil)
{defvar *terrzaln=bufferw nil)
{defvar *terzaln=buffer-array* nil)
(defvar *max-y* nil)

{defvar *start-point* nil)

tTL

{defvar *xs* (make-arzay 2))
{defvax *ys* (make=-array 2))

(defun copy~terzain-to-robot-window ()
(tvisheet-£force~access (*robot=-window*)
(send *robot-window® :bitblt
" tvialu~ior *robot=-window-width* *robot-window-height*
*cerzain-buffer-arzray* 2 2 0 0)))

(defun draw=-to (a=-point a-window)
! global variables : *atart-point*
{tvisheet-fozce~access (a-window)
(eend a-window ’:draw-line (fizst *start-point*)
(= *max-y* (second *start-point*))
(first a-point)
(- *max-y* (second a-point)) tv:alu=-ior))
(setg *start~-point* a=point))

(defun draw-to=-d (a-point a-window)
! global variables : *start-point*
(tv:aheet~force-access (a-window)
(setf (aref wxa* 0) (+ 4 (first *start-point*)))
(setf (aref *xs* 1) (+ 4 (first a-point)))
(setf (aref *ys* 0) (+ 4 (- *max~y* (second *atart-point*))))
(setf (azef *ys* 1) (+ 4 (- *max-y* (second a-point))))
(send a-window :draw-wide-curve *xa* *ys* 2))
(setq *start-point* a-point))

{defun erase-to (a-point a-window)
; global variables : *start-point*
(tv:sheet-forco-access (a-window)
(send a-window ’ :draw-’ine (first *start~-point*)
(= *max-y* (second *start-pointt))
(£irst a-point)
(-~ *max-y* (second a-point)) tv:alu-andca))
(setq *start~-point* a-polint))
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(defun get-kesyboard=-input ()

i This is not for the graphics, but this function uses Zsta LISP,

4 This is the reason why this function is in Zeta graphic package.
(send *tearminal=ioe* styi-no=hang))

{defun make-robot=-window ()
(setgq *robot=display-window* (tvimake=~window
'tviwindow
tblinker-p nil
tposition ¢ (0 0)
iwidth *screen-width*
theight (truncate (* 0.8 “screen=height™))
tborders 2
1label “robot-display-window"
iname “robot-display-window"
isave-bits ¢
iexpose~p t))
(let* {(r~w (send *robot=-display-window* :width))
(zr~h (send *robot=display-window* :height))
{z=x nil) (rey nil))
{(multipie~-value (r-x r-y) (send *robot-display-windew* :position))
(setq *robot-window* (tvimake-window '’
tviwindow
iposition (llst r=-x x-y)
twidth r-w
theight z~h
tblinkez=-p nil
tborders 2
tlabel "robot=-window"
iname “"rzobot-window"
tsave-bits ¢
texpose~p nil))
(setg *terrain=buffer* (Lv:make-window
‘tv:window
iposition (list z-x r~-y)
twidth z-w
theight r=h
iblinker=p nil
tbordexs 2
tlabel “"terrain~buffer"
iname "texzaln-buffer"
'save=bits ¢
texpose~p nil))
(setq *max=-y* (send *robot-window* :inside-height}))
(setqg *"robot-display-window-array” (send *robot-display-window* :bit=-azray))
(setq *robot-window-array* (send *robot=window* :bit-array))
(setq *robot-window-width* (send *robot=window* :inside-width))
(setq *robot~window-height* (send *robot~windowr :inside-height))
(setq *terrain-buffer-array* (send *terrain-buffer* :bit-array)))

(defun make-visible ()
(send *robot~display-window* :bitblt
. “v:alu-seta *robot-window-width* *robot-window-heightt
*robot-window-array* 2 2 0 0))
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{defun move~to (a=-point)

! global variables : “start-point*

; This function Jjust changes *start-point»,
(setq *atart-point* a=point))

(defun save~terrain-to-terrain~-buffer()
(tvisheet-force-access (*terrain-bufferw)
(send *terrain=buffez* :bitblt
tvialu-seta *robot=window=widthw *robot-window~haight*
*robot~wincdow~-array* 2 2 0 0)))

(defun clear~zobot-window ()
(tvisheet~force~access (*robot-windowt)
(send *robot=window* iclear-window)))

(defun middle~-of-robot-windew ()
(list (/ (send *robot=-window* :inside-width) 2)
{/ (send *robot=window* :inside-height) 2)))

(defun kill=robot-terrain-windows{)
(send *robot-display-window* :kill)
(send *robot~-window* :kill)

{send *terrzain-buffer* :kill))
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p11d =%~ Mode:Common-Lisp; Base;l0 =*-
;**i***iﬁ*i********ﬁ****ﬂi**t****iii*itt*t*t*******l**************i*

.
’
{ H-calculator definition

7
,**i**iiii*i**i**t******i*i**wt**ii***t*t**tttui****#****iii*tﬁ*t***

(defflavor H-caleculator((sampling=time 0.1) H
old-H)
{)

tinitable-instance~variables)

(defmethod (H=-caleoulator :initti)
()
¢ library fucntion : ident
(satf H (ident))
(setf (aref H 0 3) €.85)
. (setf (aref H 1 3) 19.5)
(setf (aref H 2 3) 5.4)
H)

(defmethod (H-=caloulator :new=H)

(body~trans~-zate bedy~rotate-rate)
(setf H

(oxrthogonalization
(get=new=H
H
(get-del=H
R

{(get-delta body-trans=rate bhody~rotate-rate sampling-time))))))

(defmethod (H-calculator :save)

0
(setf old-H H))

(defmethod (H-calculator ;restove)

()
(setf H old=H))

,"tiiti.ttt*&**ﬁiitiittti**tt&tliﬁiii!iiutw*tttli'tl"ii"
{ H-ocalculator.new-H

IR AAAASARARARARASAAS A ARIANAR AR RARARER ARl RS R Al

(defun get-delta (body-trans-rate body-rotate-rate sampling-time)
(let* ((del-trans-x (* (first body-trans-rate) sampling-time))
(del-trans-y (' (second body-trans-rate) sampling~time))
{del-trans-z (* (third body-tcans-rate) sampling-time))
(del-rotate-x (* (first body-rotate-rate) sampling-time))
(del-rotate-y (* (second body-rotate-crate) sampling-time))
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(del-rotate-z (* (third body~-rotato-rate) sampling=time)))
(list (list del-trans-x del-trans-y del-trans-z)
(list del-rotate-x del-rctate-y del-rotate=-z))))

(defun get=-del-H (H delta-trans-rotate)
t math lib : ident
(let* ((H-del (ident)) } initialze identity matirix
(delta=trans (first delta-trans-rotate))
(delta-zotate (second delta-trans—zotate)))
(setf (aref H-del 0y 0)
(setf (aref H-del 1 0) (third delta-rotate))
(set? (aref H=del 2 0) (= (second delta=rotate)))
(setf (maref H-del 1) (= (thizd delta-xotate)))
(setf (aref H-del 1) 0
(setf (aref He~del 1) (first delta=~rotata))
(setf (aref H-del 0 2) (second delta-rotate))
(setf (aref H-del 2) (= (first delta-rotate)))
(set? (aref H-del 2) 0)
(setf (aref H-del 3) (first delta=-trans))
(set? (aref H-deal 3) (second delta~tranas))
(setf (aref H~del 2 3) (third delta-trans))
(setf (aref M-del 3 3) 0)
(matrixmult H H-del)))

NHEONPFPFOMNMDHEOMDMPO

(defun get-new=H (H del-H)
(matrixadd H del=H))




leg=t.lisp . Wad Now 28 1N:11:09 1890 1
t1p =*- Mode:Common=-Lisp; Base:10 ~*-
;**li****tk*i**t*i*****it'hiti*hﬁ*ﬁw e e e e o e e o B ot v e e e v o g O Y o o e o ok
, .

o t leg flavor definition
? .
'w***til&**l'i***t*ﬁ*!*liﬂttﬂﬁ**#ittt***u*ti*tw*t**i*i*w****#****

(defflavor leg (name owner plan-machine control=-machine
executor contact-sensor tkm-calculator
fosthold-finder exchanged-leg
foothold tkm footholed=list tkm=list tkm-p
reserved=-foothold reserved=tkm)

O
tinitable-instance~variables
tgettabla=instance=variables)

(defmethod (leg :indinti)
(R)

(set? contact-sensor (make=-instance ’contact=sensor iowner self))

(setf executor (make=instance ’executor towner self))
(smtf control-machine (make-instance ’control-state-mashine :owne:r self))
(setf plan=machine (make~instance ’'plan~-state-machine towner self))

(setf tkm-caloulator (make~-instance ’tkm=calculator :ownar sel?))
(setf foothold-finder (make-instance ’foothold-finder :ownar self))
(set? foothold (send executor :initti name H))

(send contact=-senscr tinittl name)

(send control=machine iinitti name)

(send plan-machine :initti name)

(send tkm-caloulator :inittli name)

(send footholdwfinder :initti name))

(defmethod (leg :contact-confirm)
()
(send contact-sensor :contact-p))

(defmethod (leg :do=-planned=motion)
()
(send plan-machine :change)
(send cuntrol-machine ichange)
(send executor :move (send owner :get=-Hli) (send owner :tget-inv-H1)
(send owner :get-body-trans-ratel)
(send owner :get-body-rotate-ratel))
(send contact-sensor :sensing))

(defmethod (leg :get=-H1)
()
(cend owner :get=-Kl))

(defmethod (leg :has-fcothuld-p)
()
foothold)
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(defmethod (leg :interlock-confirm)
(
; may add stable-without-p self
(Lf (send sxchanged~leg :contact=confirm)

t
nil))

(defmethod (leg :leg-pos=-wrt-body) co Do O
{) e "
(sand exacutor :leg-pos-wrt=body))

(dafmethod (leg :tlift-able)

()
(1f (equal (send plan-machine :state-name) ‘eligible-to-lift)
self
nil))

{defmethod {leg :lift-ok)

)
(send owner :lift-ock name))

(dafmethod (lag :lifted)
()

{(send owner :lifted namae))

(defmethod (leg :new-focothold)
()
(cond ((car foothold-list)
(send self :set-max)
t)
(t
nil)))

(defmethod (leg :permitted-cell)
(t-cell)
(send owner ipermitted-cell t-cell))

(defmethod (leg :place-able)
()
! check plan state as wall,as foothold for the lag
(1f (equal (sund plan-machine :state-name) ’‘available-leq)
self
nil))

{defmathod (leg :projected-pos)
()

Coas i cams
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(seni executor :get-desired~-pos))

(defmethod (leg :select-foothold)
.. R ¢
W ot outwlist: ((max-foothold max-tkm) (foothold-list) (tkm-list))
A A (lot* ((H (send owner :get=-HE)) .
L . (inv-H (send ownaxr tget-inv-HE))
e (body=trans-rate (send owner :get-body=-trans-rxatell))
o ‘ {body~-rotate~ratc (send owner :get-body-rotate-ratell))
‘(estimated~support~plane
-~ (send owner :get-estimated-support-plane))
© (dut-list
(send foothold~finder :find-foothold
H inv-H body-trans-rate body-rotate-rate
: estimated=support~plane)))
(setf Aoothold (firat (first cut~list)))
(setf resarved-foothold footheld)
(setf tkm (second (first out=list)))
N (setf resarved-tkm tkm)
: (set? foothold~list (second out=list))
(setf tkm-1list (third ocut-list))))

{defmethod (leg :sand-decision)
{a=cecision)
(send plan-machine tsend-decision a-decision)
P )

t (defmethod (leg tsend-decision :after)
! {(a=daciaion)
(12 (equal a-decision ’‘place)
(send executor :set-~dasired-pos footheld)))

(defmethod (leg :send-exchange)
(a=leg)
(setf exchanged-leg a-leg))

(defmethod (leg :set-max)
0
(do ((footholds (cdr foothold-list) (cdr footholds!)
(tkms (cdr tkm-list) (cdr tkms))
(max-foothold (car foothold-list))
(max-tkm (car tkm-list))
(out=footholds) (out=tkma))
, ({null footholds)
(setf foothold max=-foothold)
(setf{ tkm max-tkm)
(setf f£nothold-list out-footholds)
(setf tkm-list out-tkms))
(cond ((> (car tkms) max-tkm)
(setf max~foothold (car fcotholds))
(setf max~tkm (car tkms)))
(t
(setf out~footholds
(cons (car footholds) out-footholds))
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(setf out~tkms
(cons (car tkms) out-tkms))))))

(defmethod (ley :stable-without~p)

()
{send owner tstable-without=-p self))

(defmethod (leg :supporting)
)

, (cond ((equal (send plan-machine istate-name) ’‘planned-contact)
self)
((equal (send plan-machine !state-name) ’eligible-to-lift)
self)
(t nil))

(defmethod (leg :supporting-p)
()

(cond ({equal (send control-machine :state-name) ’'contact)
self)
((agual (send sontrzol-machine :state=-name) ’support)
sulf)
{t nil))

(defmethod (leg :terrain=-point)
ft=cell)
{send owner :terrain-point t=cell))

(defmethod (leg :TKM=limit)
0
(cond ((null tkm)

aelZ;

{(< thkm 0.1)

self)

(t

nil)))

(defmethod (leg :TKM=limite-p)
()
(cond ((null tkm=-p)
self) '
((< tkm-p 0.5)
self)
(t nil)))

(detmsthod (lag :update-tkm)
()
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(let ((body-trana-rate (send owner iget-body-trans-ratell))
{bcdy-rotate-rate (send owner :get~body=-rotate-ratell))
(inv-H (send owner :get-inv=H10)))

(set? thm (send tkm-calculator :find-tkm
(to~body~transform inv=H foothold)
body-tzrans=-rate body-rotate-rate)))

(defmethod (leg :updata-tkm-p)
()

(let ((body=trans-rate-p (send ownar :get=-body-trans-~ratel))
(body=rotate~-rate-p (send owner :iget-body-rotate-ratel))
{inv-H=p (send owner :get=inv-Hl)))

(setf tkm-p (send tkm~calculator :find=-tkm
{te=body=transform inv=-H-p foothold)
body=trans=-rate=p body=rotate~rate«p)))

(defimethod (leg iwith~foothold)
(O
(cond {reserved=-foothold
(setf foothold reserved-foothold)
(setf tkm reserved-tkm)'
aelt)
{t nil)))




math-t.lisp Thu Nov 23 11:32:16 1850 1

pit =*- Mode:Common=-Lisp; Package:USER; Base:l) ~¥%~
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;
; robot math librazy
;
;

I AASEESSERSS AR R L2 R R R R Rt R R 222222222 3R]

(defun arc-cos (s)
(acos s))

(defun col-mul (mat coll cel2)
(let ((sum 0))
(dotimes (i 4)
(setf sum (+ sum (* (aref mat i coll) (aref mat i col2)))))
sum) )

(defun counting(a=-list)
(do ((a=list a-list (cdr a-list))
(L 0 (+ 4 1))
((null a=liast) 1))

(defun crossprod (vectl vect2)

(let* ((xl (first wvectl)) (x2 (firxst vectZ))
(vl (second vectl)) (y2 (second vectl))
(zl (thizrd veotl)) (22 (third vect2))
{x (= (% yl z2) (* y2 z1)))
(y (= (* x2 zl) (* x1 22)))
(z (= (* x1 y2) (* %2 yl1)})))

(list x ¥ 2)))

(defun delete-list (a~list b-list) : delete a-list from b-list
(do ((deleting-list a-list (cdr deleting-list))
(deleted~list b-list))
((null deleting-list) deleted-list)
(setf deleted-list (remove (car deleting-list)
dsleted-list :test 'equal))))

(defmacro dequeue (queue)
‘(progl (car ,queue)
{setf ,queve (cdr ,queue))))

§
(defun dotprod (vectl vect2)
; No dimension limitation !!!
(apply '+ (mapcar ’'* vectl vect2)))

(defmacro enqueue (queaue-nama element)
; globals : queue-name
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; value of recover field of command is a list.

; Two recover command is possible for one sampling-time,

; structure of QUEUE : (first second third ... last)
‘(setq ,queue-name (nconc ,queue-name {(list ,element))))

(defmacro empty-gueue (queue) ’
‘({setq ,queue ’()))

(defun ident ()
{make~array ‘(4 4):initial-contents
(1000
(0100)
(001 0)
(000 1))

(defun magnitude (a=-vector)
(sqrt (dotprod a-vector a-vector)))

(defun magvect (const vact)
; magvest = conat * vect
{mapcar #’ (lamkda (a~element)
(* const a~elament))
vect))

(defun matrixadd (mtl mt2)
{let ((mt3 (ident)))
(dotimus (i 4)
{dotimes (3 4)
(setf (aref m%3 1 J) (+ (aref mtl 1 J) (aref mt2 i 3)))))
mt3))

{defun matrixinv (mat)
(let ((px (= (col=-mul mat 0 3)))
(py (= (col=mul mat 1 3)))
(pz (= (col-mul mat 2 3)))
(matrix (transpose mat)))
{(setf (aref matrix 3 0) 0) (setf (aref matrix 3 1) 0)
(setf (aref matrix 3 2) 0) (setf (arof matrix 3 3) 1)
(setf (aref matrix 0 3) px) (setf (azef matrix 1 3) py)
(setf (aref matrix 2 3) pz)
matrix))

(defun matrixmult (mtl mt2)
(lat ((mat (make-array ’'(4 4)))) :it defines 0 through 3. (4 is not included)

(dotimas (i 4) : will repeat i=0, 1, 2, and 3. {(not 4)
(dotimes (3 4)
(setf (aref mat i 3} 0) ; initialize to zero

(dotimes (k 4)
(setr (aref mat i 4) (+ (aref mat i 3j) (* (aref mtl i k)
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(aref mt2 k 3)3)))))
mat))

(defun nil-liot (a~list)
(do ((a=list a-list (cdr a-list))
(not=nil nil))
((nall a=list) (not not-nil))
(i1f (saxr a=list)
(setf not=-nil £))))

{defun normalize-vector (a=-vector)
(lat (im (magnitude a-vector)))
{12 (< m 0,0000002)
(list 0 0 0)
(magvest {/ 1.0 mj a-vestor))))

(defun orthogonalization (mt)
: t Gzam=Schimit orthogenallization process
(let* ((mx (ident)) .
(tx (axef mt 0 3)) (ty (axef mt 1 3)) (tz (aref mt 2 3))

(1 (azref mt 0 0)) (%2 (aref mt O 1)) (x3 (aref mt 0 2))
{yl (azeZ mt 1 0)) (y2 (axef mt 1 1)) (y3 (aref mt 1 2))
(zl (aref m& 2 0)) (22 (aref mt 2 1)) (23 (aref mt 2 2))
{ml (magnitude (list =1 yl z1)))

(%1 (/ =1 ml))

{(yl ¢/ yl ml))

(z1 (/ 21 ml))

(a (dotprod (liet x1 yl zl) (list x2 y2 22)))

(x2 (= %2 (* a x1)))

(y2 (= y2 (* a yl)))

(22 (= 22 (*» a 21)))

(m2 (magnitude (list x2 y2 z2)))

(x2 (/ %2 m2))

{y2 (/ y2 m2))

(22 {/ 22 m2)))
(setf (axef mx 0 0) x1) (setf (aref mx 0 1) xX2) (setf (sref mx 0 2) x3)
(setf (aref mx 1 0) yl) (retf (aref mx 1 1) y2) (setf (aref mx 1 2) y3)
(setf (aref mx 2 0) 21) (setf (aref mx 2 1) z2) (setf (aref mx 2 2) z3)
(setf (aref mx 0 3) tx) (setf (aref mx 1 3) ty) (setf (aref mx 2 3) tz)

mx))

{defun plane-transform ( plane matrix )
t Tyvansformed~Plane = Plane * Matrix
¢ plane is defined as ((a b ¢) d)., (a b c) is unit normal. d is ~(distance).
. (let* ((new=a nil)
(new=b nil)
{new=¢ ndil} (
(new-d nil)
(old-unit-normal (¢ar plane))
{old-d (cadr plane))
(old~a (first old-unit-normal))
{old~-b (second old-unit-normalj)
{s1d=c third old=unit-normal))
(mag nil))
(sotf new-a (+ (* old-a (aref matrix 0 0)) (* old-b (aref matrix 1l 0))
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(* old=-c (aref matrix
(setf new-b (+ (* old-a (aref matrix
(* old-¢ (arel matrix
(setf new-c (+ (* old-a (aref matrix
(* old=-¢c (aref matrix
(setf new-d (+ (* old-a (aref matrix
(* old-c (aref matrix
{setf mag (magnitude (list new=a new-

(L2 (< (abs mag) 0.0000001)
{print “Exror in PlaneTransform")
(list (list (/ new-a mag) (/ new-b

{/ new-d mag)))))

OUONvOMONON

(defun plane-distance (plane velocity posi

0 4

on

1)) (* old-b (aref matxzix 1 1))
AR D]

2)) (* old~b (aref matrix 1 2))
2))))

3)) (* old-b (aref matrix 1 3))
3)) old=d))

new=c)))

mag) (/ new=c mag))

tion)

; Plane (X =~ Q)N = 0 , pstraight line X = P + tA,

;twm (Q=P )N/ (AN) 4if A is normali
+ 42 t s infinitive then plane-distance
¢ plane-distance returns t,.
{let* ((A (normalize-vector velocity))
(N (first plane))
(dis (- (second plane)))

zad then t is signed distance.
returnes nil,

(Q (magvact dis N)) ; magvect = gonst * vector

(P position)
(QP (vectsub Q P))
(AN (dutprod A N))
(numerator (dotproed Q. P N)))
(12 (< (abs AN) 0.0000001) ; ne eroses
nil ; returns
(/ numerator AN))))

(defun plane-intersection (a-line a=plane)

ing
nil

: a-line ((direction) (point)) X = P + tA.

: a~plane ((unit-normal) -dist) (X - Q)N
(leat* ((velocity (normalize~-vector (firas
(position (secend a-lins))

= 0,
t a~line)))

(t=value (plane-distance a-plane velocity position)))

(1f t-value
(vectadd position (magvect t-valus
nil))) ; no intexsection

velocity))

(defun plane~normal~distance (a-plane n-point)

} vector=type-plane (a b ¢ d)
! paul-type-point transpose(x y z 1)
(let* ((unit-normal (first a-plane))
(dis (second a=-plane))
(vector-type-plang (reverse (cons
(paul=-type-point {reverse (cons

dis (reverse unit-normal))))
1 {raverse a-point)))))

(dotprod’ vector-type~plane paul-type-point)))

(defun rotatamat (axis angle) ; array index

starts from 0 not 1.

} return rotatematrix angle :radian axis : x yor z
(let. ((mat (ident))
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(cosa (cos angle))
(sina (sin angle)))

(case axis
(x-axis
(setf (aref mat 1 1) cosa) (satf (aref mat 1 2) (= sina))
(setf (aref mat 2 1) sina) (setf (aref mat 2 2) cosa))
(y-axis
(setf (aref mat 0 0) cosa) (setf (aref mat 0 2) asina)
(setf (aref mat 2 0) (-~ sina)) (setf (aref mat 2 2) cosa))
(z-axis
(setf (aref mat 0 Q) cosa) (setf (aref mat 0 1) (= sina))
(satf (aref mat 1 0) sina) (setf (aref mat 1 1) cosa)))
mat)) ; returns this value,

(defun to-body~transform (inv=H points-wrt-sarth)
; returns points-wrt=body
(if (listp (first points-wrt-earth)) } test multi-points
(do ((points points-wrt-earth (c¢dr points)) ; multi-points case
(out=points nil))
{({null points) (reverse out=points))
(setf out=points (cons (transform inv~H (car points)) out-points)))
(transform inv-H points-wrt-eazth))) ¢ single point cass

(defun to-earth-tranaform (H points~wrt-body)
} zeturns pointa~wrt-earth
(1f (listp (first points-wrt=-body)) { test multi-points
(do ((pointm points-wrt-body (edr points)) ; multi-points case
{out=points nil))
({null points) (reverse cut-points))
(setf out-points (cons (tranaform H (car points)) out-points)))

(tzansform H points-wrt-body))) t single point case

(defun transform(mat point) ; arzray index starts from 0 not 1,
{let (({x (car point))
(y (cadr point))
(z (if (caddr point) (caddr point) 0)))
(list (+ (* x (aref mat 0 0)) (% y (aref mat 0 1)) (* z (arxef mat 0 2))
(axef mat 0 3))
(+ (* x (aref mat 1 0)) (* y (aref mat 1 1)) (* z (aref mat 1 2))
(axef mat 1 3))
(+ (* x (araf mat 2 0)) {(* y (aref mat 2 1)) (* z (aref mat 2 2))
(azef mat 2 3)))))

(defun transmat (x y z)
; returns ctranslational marix
(let {((matrix (ident)))
(setf (aref matrix 0 3) %)
(serf (aref matrix 1 3) y)
(setf (aref matris 2 3) 2)
matrix))

(defun transpose (mat)
(let ((matrix (make-array (4 4))))
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(detimes (i 4)
(dotimes (J 4)
(setf (aref matrix i 4) (aref mat 3 1))))
matzix))

(defun unit-crossprod (vectl vect2)
; ganarate unitnormal vector of vectl X vect2
{let* ((x1 (first wvectl)) (x2 (first wvect2))
(yl (second vestl)) (y2 (second vect2))
(zl (thizd wvectl)) (22 (third wvectl))
(x (= (* yl z2) (» y2 z1)))
{y (= (* x2 z1) (% x1 22))) : .
{z (= (* x1 y2) (* x2 y1)))
(m (aqut (+ (" 2 x) (*y¥y) (* 2 2)))))
(lisc (/ xm) (/ ym (/ zm))))

(defun vectadd (vectl vect2)

; vectsub = vectl + vectl

; no limit in dimension -
{mapoar '+ vegtl vesot2))

{defun vectsub (vectl vect2)

} veactsub = vectl =« vect2

; no limit in dimension
(mapcar ‘= vectl vect2)) ' .
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131 =w= Mede:Common-Lisp: Base:l0 ~%-
,***i***iﬁﬁ****t*i*****k*'ht*ﬁ******i*i*i******i************t****'k*l*

;
; overlap-foothold=-tfinder definition

[} .
’

’****ﬁ*i*l‘ii*ti*t*i***ii*wl**i*'***ﬂﬁtw*iiti'i“'ﬂ*tti***it**‘iﬁk*' LR,

(defflavor overlap=-foothold-finder (adjacent-leg~numbers)
! (foothold=finder)
tinitable~instance~-variables)

(defmethod (overlap-foothold=finder tinitti)
(leg~name)
(cond ((equal leg=name 'legl)
(setf adjacent-lag-numbers ' (3))
(setf sixteun-fontholds

t(( 9.0 4.3) (9.0 3.3 (9.0 2.3) (9.0 1.3}
(8.0 4.3) (8.0 3.3) (8.0 2.3) (8.0 1.3)
(7.0 4.3) (7.0 3.3) (7.0 2.3) (7.0 1.3)
( 6.0 4.3) ( 6.0 3.3) (6.0 2,3) (6.0 1.3)
(5.0 4.3) ( 5.0 3.3) (8.0 2.3) (8.0 1,3
( 4.0 4.3) (4.0 3.3) (4.0 2.3) ( 4.0 1.3)
( 3.0 4.3) (3,9 3.3) (3.0 2.3) (3.0 1.3)))
(setf four=-lines
P ({0 0.3420 =0.9397) ( 9.5 2.733% 0))
((0 =-0.3420 -0.,93987) ( 9.5 2,733% 0))
((0 =0,3420 =-0,9397) ( 2.% 2,733% 0))
((0 0,3420 =~0.93987) ( 2.5 2.7339 0)))))
((aqual leg-name ’leg2)
{setf adjacent~-leg-numbers ’ (4))
(setf sixteen-footholus
r({ 9.0 =4,3) ( 9.0 -3.3) (9.0 =2,3) (9.0 =-1.3)
( 3.0 "403) ( a.) "3.3) ( 8.0 -203) ‘ 3.0 -1-3’
( 7.0 -403) ( 7.0 "'3.3) ( 7!0 "'2.3) ( 7-0 '103)
{ 6.0 -4.3) ( 6.0 =3.3) ( 6.0 =2.3) ( 6.0 -1,3)
(5.0 -4.3) ( 5.0 -3.3) (5.0 =2.3) ( 5.0 =-1.3)
( 4.0 -4.3) ( 4.0 «3.3) { 4.0 =2.3) ( 4.0 =1,3)
( 3.0 -4.3) (3.0 =3.3) (3.0=2.3) (3.0 =1.3)))
(setf four-lines
*{((0 0.3420 =-0.9397) ( 9.5 -2,7339 0))
((0 -0.,3420 =0,9397) ({ 9.5 =2.7339 0))
((0 =0.3420 ~0.9387) { 2.5 =2.7339 0))
((0 0.3420 =0.9397) ( 2.5 =2.7339 0)))))
((equal leg-name ’legl)
(setf adjacent=leg-numbers ' (1 5))
(setf sixteen-fuotholds
"¢( 3.0 4.3) (3,0 3.3) (3.0 2.3) (3.0 1.3
(2.0 4.3) (2,0 3.3) (2.0 2.3) (2.0 1.,3)
(1.0 4.3) (1.0 3.3 /1.0 2.3) (1.0 1.,3)
(0.0 4.3) (0.0 3.3) (0.0 2.3) (0,0 1.3)
(-1.0 4.3) (-1,0 3,3) (-1.0 2.3) (-1.0 1.3)
. (-2.0 4.3) (=2.0 3.3) (=2.0 2.3) (-2.0 1.3)
(-3.0 4.3) (-3.0 3.3) (=3.0 2.3) (=3.0 1.3)))
(s.tf four=lines ,
f(({0 0.3420 =0.9397) ( 3.5 2.7339 0))
({0 -0.3420 -0.9337) ( 3.5 2.7339 0))
({0 -~0.3420 ~0,9397) (=-3.% 2.7339 0))
((0 0.3420 =-0.9397) (=3.5 2.7339 0)))))

((equal leg-name ’‘legid)
(setf adjacent-leg~numbers ' (2 6))
(setf sixteen-footholds
*(¢ 3.0 -4.3) (3.0 =-3.3) (3.0 =2.3) (3.0 =1.3)
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(2.0 =4.3) (2,0 =3.3) (2.0 =-2.3) (2.0 =1.3
(1.0 =-4.3) (1.0 =-3.3) (1.0 =-2.3) (1.0 -1.3)
(0.0 ~-4.3) (0,0 =3.3) (0.0 =2.3) (0.0 =~1.3)
(-1.¢ =~4.3) (-1.0 =-3.3) (-1.0 =-2.3) (-1.0 ~-1.3) ,
(-2.0 =-4,3) (-2.0 =3.3) (-2,0 =-2.3) (-2.0 ~-1.3)
(=3.0 <«4.3) (=3.0 =3.3) (=3.0 =-2.3) (=3.0 ~-1.3)))
(setf four~lines
P{{(0 0.3420 -0.9397) ( 3.5 =2.733% 0)) .
((0 ~0.3420 =-0,9397) ( 3.5 =-2,733% 0))
((0 -0.,3420 ~0,9387) (~-3.5 =2.7339 O))
((0 0.3420 ~0.9397) (=3.5 =2,7339 0)))))
( (equal leg-name ’leg5)
(setf adjacent-leg-numbers ’ (3))
(setf sixteen-footholds
f((~3.0 4.3) (-3,0 3.3) (-3.0 2.3) (-3.0 1.3)
{(=4.0 4.3) (-4.0 3.3) (=-4.0 2.3) (-4.0 1.3)
{(-5.0 4.3) (=5.0 3.3) (-5,0 2,3) (5.0 1.3)
(-6.0 4.3) (=6.0 3.3) (-6.0 2.3) (-6.0 1.3)
(=7.0 4.3) (=7.0 3.3) (=7.0 2.3) (=7.0 1.3)
(-86.0 4.,3) (-8,0 3.3) (-8.0 2.3) (~8.0 1.3)
(=9.0 4.3) (~9.0 3.3) (=9.0 2.3) (=5.0 1.3)))
(setf four-~lines
*(((0 0.3420 =-0.9397) (=2.5 2.7339 0))
((0 -0.3420 -0.9397) (=-2.% 2,7339% 0))
((0 -0.3420 -0.5397) (-9.5 2,7339 0))
((0 0.3420 =0.9397) (=9.3 2.7339 0)))))
({equal leg=name ’legé)
(setf adjacent=leg=-numbers '’ (4))
(setf sixteen=-footholds
{((=3.0 ~4.3) (=3.0 =3.3) (=3.0 =2,3) (=3.0 =1.3)
(=4.0 =4.,3) (=4.0 =3.3) (~4.0 =2.3) (=4.0 =1.3)
("5-0 -443) ("510 -303) ("550 "2.3) <"'51° “1«3)
(=6.0 =4.3) (~6.0 =3.3) (=6.0 =2,3) (~6.0 =1.3)
(=7.0 =4.3) (=7.0 =3.3) (=7.0 =2.3) (=7.0 =1.3)
(-8.0 -4.,3) (-8.0 -3.3) (-8.,0 =2,3) (=-8.0 =-1.3)
{(=9.0 =4,3) (~5,0 =3.3) (=9.0 =2,3) (=~9.0 ~1.3)))
(setf four-lines
P(((0 0.3420 -0.9397) (=2.5 =2.,7339 0))
((0 -0.3420 -0.9397) (-2.5 =-2,7339 0))
((0 =0.3420 =0.9397) (=9.5 =2,7339 0))
((0 0.3420 -0.9397) (~9.5 =2.7339 0)))))
)
(setf tkm=-calculator (send owner :tkm-calculator))
)
(defmethod (overlap-foothold-finder :get-possible-footholds)
(estimated~footholds H inv-H)
; returns possible-footholds wrt body
i find~possible-footholda function tests obstaclas '
(to-body-transform
inv-H

(send self :get- rid-of -overlap
(sand self :find-possible-footholds
(to=-earth-transform H estimated-footholds)))))

(defmethod (overlap-footheld-finder :get-rid-of-overlap)
(footholds-wrt~earth)
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(let* ((ajacent-legs
(mapcar
4’ (lambda (leg-num)
(send owner :nth-leg leg=-num))
adjacent-leg-numbers))
(adjacent-legs~in-possible-interaction
(remove
nil
(mapcar #/ (lambda (leg)
(1f (send leg :placa-able) ;no interaction
nil
leg))
ajacent-legs))))
{(send self :remove-overlapped-foothold
footholds~wrt~eaxzth
adjacent-legs-in-possible-interaction)))

(defmethod (overlap=-foothold-finder :remove-overlapped-foothold
(footholds-wrt-earth legs-in-possible-interaction)
{do ((legs legs-in-possible-interaction (cdr legs))
(out-£footholds footholds-wrt~garth)
(overlap~=foothold))
({null legs) out=-footholds)
(setf overlap-foothold (send (car legs) :foothold))
(setf out-footholds
(remove overlap=~foothold
out=-footholds
itest #/ (lambda (x1 x2)
(send self :overlap-p x1 x2))
Ny

(defmethod (overlap~foothold-finder :overlap-p)
(x1 x2)
(let ((xl-integer (mapcar #’truncate x1))
(x2-integer (mapcar #’truncate x2)))
(equal xl-integer x2-integer)))
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i1 =*= Mode:Common-Lisp:; Base:l0 =-*~
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!
!
; overlap-leg definition
;
!

ey v e ot v o ot e v ot o o o e ol ol ol e ol e e o e e e o o 0 e e Yl vl ole o o v e e ole e v e ol TR o o ol A o A W e e e e o e o e e ok ke K
(defflavor overlap~leg ()

{(leg)
)

{(defmathod (overlap=log :initti)

(H)
(set? contact-sensor (make-instance ‘contact-sensor :owner self))
(setf executor (make=instance 'executor towner selt))
(setf control-machine (make-instance ’‘control-state-machine :owner self))
(setf plan-machine (make-instance ‘plan=-state-machine iowner self))

{setf tkm=calculator (make=-instance ‘overlap~tkm-calculator :cwner self))
(setf foothold=finder (make-instance ’'overlap-foothold-finder iownar self))
{setf foothold (send executor tinittl name H))

(send contact=sensor :initti name)

(send control-machine :initti name)

(send plan=-machine :initti name)

{send tkm~-caloculator :inittli name)

{send foothold-finder :initti name))

(defmethod (overlap-leg :nth-leg)
(leg=-num)
(send owner :nth-leg leg-num))

(defmathod (overlap-leg :foothold)

()
foothold)
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it =*= Mode:Common=-Lisp; Base;l( =*-
't**tt*****************i***t*ii*************t*wti****ii*************i

'
’
; overlap-robot definition

H

IRARAAR AL AR AL RS R AR SRRl RE ARl Rt Rl

(defflavor overlap=robot ()
(zobot)
tinjtable-instance-variables
igettable-instance-variablas)

(defmethod (overlap~robot :initti)
()
(send graph-asv :init-cata)
(setf vision=system (make=-instance 'vision-system :owner self))
(send vision-system :initt‘')
(setf joystick (make-instance ’‘joystick))
(send joystick treset)
(empty=queue lift-queue)
(setf lift~Lflag t)

(let ((H))
(setf body (make-instance ’‘body :owner sall))

{setf H (send body :initti)) }.
(setf legs (list ;
(make=instance ’‘overlap-leg :name ’'legl iowner self)
(make~instance ’'overlap~leg :name ’leg2 :iowner self)
(make-instance ‘ovezlap-leg :name 'leg3 :owner self)
(make=instance ’'overlap~leg :name ’'legd :owner aslf)
(make=instance ‘overlap-leg :name ’leg5 :owner self)
(make-instance ‘overlap-leq :name ’legé :owner salf)
))
(mapcar #’ (lambda (a=lag) (send a-leg :initti H)) legs))
)

(defmethod (overlap-robot :nth=-laeg)
(leg~num)
; nth starts counting from zero.
; leg-num starts from one.
(nth (= leg-num 1) legs))
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13 =*= Mode:Common-Lisp; Base:10 =-*=-
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overlap~tkm-calculator definition

.
;
FAAARELLEEEL B2 IEES S ARERN RS AR RS RS RSARS RS RRRRRRllAE R Rl Rl l

(defflavor overlap~tkm-calculator()
(tkm~calculator)
tinitable~instance-variables)

(defmethod (overlap-tkm-calculator sinitti)
(leg~-name)
(cond ((equal lag-name ’laegl)
(setf working=-volume
POQC(0 0 1) 3,316) ({1 0 0) =9.8) ((0 0.9397 0 1420)
(((0 0 1) 5.7313) ((1 0 0) =2.5) ((0 0.9397 =0..420)
((equal leg-name '’leg?)
(setf workiang=volume
POQQ(0 0 1) 3.316) |
(((0 0 1) 8,7313) (
({equal leg-name ’leg3l)
{aetf working-volume
fO0(0 0 1) 3.318) (1
{((0 0 1) 5,7313) (
({equal leg~name ’leg4d)
(setf working~volume
PLCC(0 0 1) 3.316) (
(((0 0 1) 8.7313) (
(lequal leg-name ’legh)
(setf working=volume
FCC((0 0 1) 3.316) ((
(((0 0 1) 5.7313) (¢
((equal leg-name 'legé)
(setf working=-volume
FLC((0 0 1) 3.316)  ((1
((¢(0 0 1) 5.7313) (:1

0) =9.5) (
0) =2.5)

[
[~ =)

(0 0.9397 0.3420)
(0 0.9397 =0.3420)

0 0) -3.9%

( ((0 0.9337 0.3420)
(1 00) 3.%

0 0.9397 -0.3420)

(1 0 0) =3.5) ((0 0.9387 0,3420)
(1 00) 3.5 ((0 0.,9397 ~0.3420)

0) 2.8) ((0 0.9397 0.3420)
0) 9.5) ((0 0.9397 =0.,3420)

[RR
oo

0y 2.9%5)
o) 9.5)

0.83%7 0.3420)
0.9397 =0,3420!

[= =]
—~
———
[=Ne]

-2.569))
=-2.569)))))

2,569))
2,569)))))

-2,569))
=-2.569)))))

2.569))
2.5691))))

~-2.563))
~2,569)))))

2.569))
2.569)))))
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{4t =*= Mode:Common-lLisp; Base:10 =~*-

[ ZEE XSRS SRR SRR R R RS2SR Rl Rl AN

e v

plan-state flavor dafinition

.
‘
,*Qi*#ﬁ**tﬁ*ti***ti*tt***ii**iii*i*ﬁttiﬁ*iﬁ*i***iii*h*ﬂl*

(defflavor plan-state ((decision nil) (oksarvation nil) (command nil)
(condition nil))
(state)
tinitallle~instance-variables)

(defmethod (plan-state :generate-command)
()

¢ommand)

{defmethod (plan-state :change)
(given~decision observed-state given=condition)
(cond ((and decision (liatp decision))
(cond ((equal given-decision (first decision))
{(£irst next=state))
({equal given~decision (second decision))
(second next-state))
(t self)))
(condition
(L{f (and (equal given~condition condition)
{(equal observed-state observation))
next-state
self))
(t
(cond ((equal observed-state obaervation)
next-state)
((equal given-decision decision)
next-state)
(¢ self)))))

I2AA A2 AR R NSRS Rl d iR R R 2Rl R0 sss

;
; plan-state-machinie flavor definition

AL RER R R AR 22 R R a2 2222222222 S 2]

(defflavor plan-state-machine ({(decision nil) {(observation nil)
(condition nil) (lift-ready-flag nil)
. control-machine) :
(state-machine)
:initable-instance-variables)

(delmethod (plan-state-machine :initti)
(leg-name)
(lf (member leg-rame ' (legl leg4 leg5))
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(send self :init-plan-machine ‘eligible-to=-lift)
(send self :init-plan-machine ‘available-leg))
(setf control-machine (send owner :contxcl-machine)))

(defmathod (plan-state-machine :init-plan-machine)
(a=state-name)
(let (available-lag planned-contict eligible-to-lift
plarned-lift actual-lift planned-exchiange)
(setf actual=-lift
(makea-instance ’‘plan-state
tnars ‘actual-lift
iobuarvation ’‘ready
tcommand ’recover~command))
(setf planned-lift
(make-instance ’‘plan-state
iname ’‘planned-lift :condition ’stable~without
tchbservation ’/support
tnext-state actual-1lifg))
(setf planned-exchange
(make-instance ‘plan-state
tname ’‘planned-exchange :condition ’interlock-confirm
+ jobservation ’support
tnext~state actual-lift))
(setf eligible-to-lift
{make-instance ’'plan-state
itname ‘eligible-to=-lift
tdecinion ! (1i£ft exchange)
tnext-state (list planned-1ift planned-exchange)))
(saetf planned-~contact
(make-instance ‘plan-state
tname ‘planned-contact :observation ’contact
tcommand ’'deploy=-command
tnext-state eligible=to=-lift))
(setf available-leg
{make-instance ‘plan=-state
tname ‘avallable-leg :decision ’‘place
tnext~state planned=-contact))
(yend actual-lift :set-next-state available-leg)

(setf state (cond ({equal a-state-name (send avallable-leg :state-nane))
available«leg)
({equal a-state-name (send planned-contact :state-name})
planned-contact)
((¢qual a-state-name (send eligible~to-lift :state-name))
eligible=-to-1ift)
((equal a-state-name (send planned-lift :state-name))
planned-1lift)
((equal a-state-r.ame (send planned-exchangs :state-name))
planned-exchange)
((equul a-state-name (send actual-lift :state-name))
actual-=1lift)))

: (defmethod (plan-state-machine :change :sefore)
()
(setf observation (send control-machine :state-name))
{cond ({and (equal (send state :state-nama) ’‘planned-exchange)
(send owner :interlock-confirm)
(send ownar :stable~without-p)

~. v . w.
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(sernd owner :;lift=~ok))
(setf lifc-ready~flag t)
(setf condition 'interlock~-confirm))
{(and (equal (mend state :state-name) ‘planned-1.ft)
(send cwner :stable-without=-p)
{send owner :lift-ok))
(setf lift-ready-flag t)
(setf condition ‘stable-without))
(t
(setf condition nil)
(setf lift-ready-flag nil)))

L N A

- e %e W s S

(defmethed (plan=state-machine :2hange)
0 : i
(setf observation (send control-machine :state-name))
(cond ((and (equal (send state :state-name) ’‘planned-exchange)
(send owner iinterlock-confizm)
{send owner istable-without-p)
(send owner 1lift-ok))
(setf lift-ready=£lag t)
(setf condition ’‘interlock=~confizm))
((and (equal (send state :state-name) ’‘planned-lift)
(send owner tstable-without-p)
(send owner :;lift-ok))
(setf lift-rzeady-flag t)
(setf condition ’stable=-without))
(¢
(setf condition nil)
(setf lift-ready=-flag nil)))
(:-:z state (send state :change decision obsezvation condition))
:

! (defmethod (plan~state~-machine :change :after)
! ()
(send contzol-machine :send-command
(send state :generate-command))
(if (and lift=ready-flag
(equal (send self :state-name) ’actual=-1ift))
(sand owner :lifted)))

(defmethod (plan-state-machine :send-decision)
(a-decision)
(setf dacision a-decision))




robot-tl.lisp Wed Nov 28 10:12:11 1990 1

}ry =*= Mode:Common-Lisp; Bas2a:10 =-»-
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; robot flavor definition
}

IZ R R SRR RN RS RS R0 R R Rt dd]

{defflavor rovot (legs body vision-system joystick
(l1ift-able~lags nil)
‘(place~able~legs nil) (supporting-legs nil)
{supporting-p-legs nil)
(joy-command (0 0 0)) lift-queue lift=-flag)
()
tinitable-instance~-variables
igettable~instance-variables)

{defmethod (zobot :inittd)
()

(send graph-asvy :initc-data)

(setf vislon~system (make-instance ’'vision-system towner self))

(send vision=-system :inictd)

(sat? joystick (make=-instance 'joystick)) !

(send djoys-ick :reset)

(empty=-quoue lift-queua)

(setf lift-flag t)

{lat ((H)) !
(setf body (make-instance 'body :owner self)) !
(setf H (send body :initei)) :
{setf legs (liast

(make-instance ’leg :name ’'legl :owner sel?f)
(make=instance ‘leg :name ’'leg2 :owner salf)
{make-instance ’‘leg :namne ’‘leg3d :owner self)
{make-instance ’‘leg :name ’‘legd :owner self)
(make-instance ‘leg :name ’leg5S :owner solf)
(make~instance ’leg :name ’legé ;owner self)
))
(mapcar #' (lambda (a-leg) (send a-leg :initti H)) legs))
)

(defmethod (robot :find-lift-able-legs)
0
(delete nil (mapcar #' (lambda (a-leg) (send a-leg :lift-~-able)) legs)))

(defmethod (robot :find-place-able-legs)
()
. (delete nil (mapcar #’(lambda (a-leg) (send a-leg :place-able)) legs)))

(defmethod (robot :find-supporting-legs)
0
(delete nil (mapcar 4’ (lambda (a-leg) (send a-leg :supporting)) legs)))
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(difﬁcthod (robot :find-supporting-p-legs!

()
(delate nil (mapcar #’ (lambda (a-leg) (send a-leg :supporting-p)) legs)))

(deZmethod (robot :get-budy-rotate-ratael)
0 .
(send body :get-body~-rctate-ratel))

(defmethod (robot :get~body=rotate-ratell)

()
{send body :get-body-zotate~-zatell))

(defmethod (robot :get-body-trzans-ratel)
0
(send body tget-body-trans-ratel))

(defmethod (fcbot iget~body=trans~ratelo)
{
(send body :get-body-trans-ratelld))

(defmethod (robot :get-estimated=-support-plane)
()
(send body :get-estimated=support=plane))

(defmethod (robot :get-H1l)
()
(send body :get=-H1))

(dafmethod (robnt :get=-HE)
3]
(send body :get=-H6))

(defmathod (robot :get=H10)
]
(send body :get=-H10))

(defmethod (robot :get-inv-Hl)
() t
(send body :get=-inv-H1l))

(defmethod (robot :get=-inv-HE)
()
(send body :get-inv-HE))
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(dmfmethod (robot :get=-inv=H10) _ : -
(send body iget=-inv=H10)) wo C a

{defmethed (robot i1lift-ok) . \ . o
; (leg=nanie) o N
(cond (lift-flag : o ‘
(sond ({equal leg-name (send (first lift-queue) :name))
(serf lift-Zflag nil)
t) .

o ; : (¢ :
v nil)}))
' (t nid)))

(defmethod (robot tlifted)
(leg-name)
(12 (equal leg-name (send (first lift-gqueue) iname))
(dequeue lift-queue)
(print (list "“erxor in lifting" leg-name))))

(defmethod (robot :permitted~cell)
(t~0ell)
{(send vision=systam :permitted-cell t~-cell))

{defmethod (robot :scanning)

{)
(send vision-system !acanning))

(defmethod (robot :stabla-without-p)
(a=-leg)
(send body istaible-p
(remove a-leg supporting=-p=legs)))

(defmethod (robot iterrain-point)
(t-cell)
(send vision-system :terrain-point t=-cell))

’w*t*ii*thiﬁii****iiii"l'1"“‘**i*i‘iﬁii*ti*l*ti*ﬁi*'tti*t*

I3
’

; prolog interface robot methods
) ;
’t*#ﬁ**i'*\?ﬁi***i'ﬁ*ﬁti*ii#*iti***tﬁi**t***itit****i**tt*tt*
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(defmethod (robot iate=tkm-limit)

(let ((limit-ley
(car (delete nil
(mapoar #' (lambda (a-leg) (send a-leg :TKM-limit)) lift-able-legs))))) J
(setf supporting-legs (remove limit-laeg
supporting-legs))

AT (setf lift-able-legs (zemove limit-leg
R Lift~able-laegs))
L limit=leg))

(defmethod (robot icheck=stability=p)

{)
(send body :stable-p-m supporting-p-legs (first lift-queue)))

(defmethod (robot ichieck-tkm=limit~p)

()
(delete nil
(mapcaz #’ (lambda (a-leg) (send a=leg 1TKM=limit=-p)) supporting-p-legs)))

(defmethed (rebot :do-recovery)

()
(caz
(delete nil
(mapcar #' (larbda (a=-leg) (send a-ley :with-foothold)) place-able-legs))))

{defmethod (robot i1execute-planned-metion)
()
(mapsar #' (lambda (a-leg) (send a=leg :do-planned-metion)) legs))

(defmethod (robot igraphical=display)
0
(send graph-asv :dlisplay (send body :get-H1)
(mapcar #’ (lambda (a~leg) (send a-leg ileg-pos-wrt=body)) lags))
)

(defmethod (robot :has-more=-tkm)
{legl leg2)
(> (send legl i1tkm;
(send leg2 :tkm)))

(defmethod (robot :1cg-witﬁ-now-£oothold)
()

} return a-leg with new-foothold.

{do ((new-foothold-flags (mapcar #' (lambda (a~leg) (send a-leg :new-foothold)) place-a!
e-legs)

(mapcar #' (lambda (a-leg) (send a-leg inaw-foothold)) place-al
e-laga))
(a=leg nil))

B I ———E————————————————
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{{or (nil-list new-foothold-flags)
a-leg)
(1f a-leg a-leg nil))
(setf a-leg (send self :max-sm=leg nil))))

(defmethod (robot :max-sm-leg)
(a=leg)
; max-sm-leg without supporting a~leg
(let (legs=with=foothold)
{cond (place~able~legs
(setf legs-with-foothold
(remove nil (mapcar #/ (lambda (leg)
(12 (send leg thas=-foothold-p)
leg
nil))
place-able-legs)))
{cond (legs=with=foothold
{(do ({legs (ocdr legs-with-foothold) (odr lege))
(lazgest~-leg i(car lags-with=-foothold) largest-lag)
(temp=aupport~legs (remove a~leg supporting-legs)))
{{null legs)
(12 (send body i1stable (cons largest=-lag temp-support-legs))
largest-leg
nil))
(if (send body imore~stable temp-support-legs
(car legs) largeat=-leg)
(setf lazgest=ley (car legs)))))
{t nil)))
(¢t ndili)))

(defmethod (robot imodify~command)
]
(send body :modify-command))

(defmethod (robot iwait-for=lift)

0
(delete nil
(mapoar #' (lambda (a~leg) (send a-leg :lift-not-done)) asupporting=-p-legs)))

(defmethod (robot :iread-joystick)
)
{lat ((joy-value (send joystick :get=joy-value)))
(setf joy-command
(reversa (odr (reverse (send joystick iget=-joy=valua)))))

(1€ (fourth joy=value) <

nil

t))

(defmethod (zobot :restore-command)
! ()
(send body :restore=-command))

(dafmethod (robot :before :send~decision)
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{legl leg2 a-decision)
{cond ((egqual a-declsion ’exchange)
{enqueue lift-queue legl})
{{equal a-decision ’1ift)
(enqueues lift-queue legl))))

(defmethod (robot :send-decisirn) .
{legl leg2 a-declision)
(cond {(equal a=decision 'exchange)
(send legl isend-decision a-decision)

(send leg2 :send-decision ‘place)

(send legl :send-axchange leg2)) "

(t
(send legl taend-dacision a=decision))))

(defmethod (robot tsmallest=tkm=lag)
()
! select smallest=TKM=leg
} tkm is nil or positive
{do {(leges (cdr lift-~able-legs) (cdr legs))
(smallest~leg (caz lift-able-lugs))
(smalleat=tkm nil) (tkm nil))
({null legs) smalleat-leg)
(setf smallest~=tkm (if (send wmallest-~leg :tkm)
(send smallest-leg ttkm) =1000))
(macf tkm (if (mend (car legs) itkm)
{(send (car legs) itkm) =1000))
(12 (> smallest-tkm tkm) (setf smallest=leg (car legs)))
{1f (and (equal smalleat=-tkm =1000) (aqual tkm -1000))
"Error t more than one legs are ocut of kinematic limie")))

(defmethod (robot i1aslow-down=-robot)

()
(send body :alow=down))

(defmethod (robot :speed-up-robot)
()
(send body tspeed=-up))

(defmethod (robot :stable)
8]
(send body :stable supporting-legs))

(defmethod (zobot isztable_m) )
()
(send body :stable-m aupéorting-lnga))

(defmethod (robot :stable-without)
(a=lag)
(send body :stable (remove a-leg supporting-legs)))
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(defmethod (robot :update-robot-status)
()

(setf lift-flag't)
(set? lift-able-legs (send self :find-lift-able-legs))
(setf place-able-legs (send s¢lf :find-place~able~lags))
(setf supporting-legs (send self :find-supporting-legs))
(setf supporting-p-legs (send self :find-supporting=-p~legs))
(mapcar #' (lambda (a-=leg) (sand a-leg iupdate-tkm-p)) supporting-p-legs)
(Lf (send self :check-tkm-limit=-p)

(send body :stop-motion (send self :check-tkm=limit-p))

{send body :restore-motion))
(L2 (not (send aself :check=-stability-p))

{send body imodify-command-p)

{send body :restore-command-p))
(send body icalculate~motion joy-command legs)
(mapcaz #' (lambda (s=-leg) (send a=-leg :select~foothold)) place-able-legs)
(mapcar #' (lambda (a=leg) (send a-leg¢ i1update-tkm)) supporting=-legs))

(defun create-terrain ()
(send graph-terrain :create))

(defun kill-terrain()
(send graph=terrain :kill))

2ol ot kel e e o o o e ok o ok ol o ok o e o e O o o ok e o ok

’
¢

! prolog interface functions

,iii*iiﬁﬂ*iiiti*ii*iii***ﬁitﬂ*ii*li*t**i'iﬂt!*u*ﬂ*tit**t*

(defun at_tkm limit{()
(send asv ;at-tkm-limit))

(defun do_racovery()
(send aav :(do-recovery))

(defun exwcute_planned_motion()
(ssnd asv :execute-planned-motion);

(defun graphical_display(),
(send asv :graphical=-display))

(defun has_more_tkm(legl leg2)
(send asv thas-more~tkm lagl lag2))
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{defun inits()
(send asv tinitti))

(defun leg_with_new_foothold()
(send asv :leg-with-new-foothold))

(defun max_sm_leg(a-leg)
(send asv imax-sm-leg a-leg))

(defun modify command()
{send asv :modify-command))

(defun read_joystick()
(send asv :iread-joystick))

(defun restore_command()
(send asv :restore=command))

(defun send_decision(legl leg2 a-decisien)
(send asv :send-decision legl leg2 a~decision))

(defun smallest_tkm_leg!()
(send asv :smallest=-tkm=-leg))

(defun slow_down_robot ()
(send asv :slow=down=-robot))

(defun speed_up_roboct ()
(send asv :spesd-up~-robot))

(defun mtable_p()
(send asv :stable))

(defun stable_p m{)
{send asv “:stable_m))

(defun stable_without (a-leg)
(send asv :stable-without a-leg))
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(defun update_robot_status()
(send asv iupdate=zobot-status))
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(fsiadd~logical~pathname~host "robot" "roots"
' (("kwak" “supermac:kwak:")))
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i+ ~*= Mode:Common-Lisp; Package:USER; Base:ly —*~
Ve e v wr o ol o o o ot Ve e e g U e e v v e o 9 0 e o e ok e T o e N e o o O v W e e e e e R e e Tl e ok e o o e e v e o

i

; top level motion planning coordinator
; .

!

90 o 0 e ool e o e o o e e e v o ol o o o o o ok e e o e Ve o o A e e e o o e e e e o o e e e e ok e R R e e ok A e e ok ek e e ok

(defun my~-monitor (&rest args)
{let ((x (mapcar #'my-output args)))
(1f (remove nil x)
(my=print x)))
t)

(defun my-output (arg)
(cond ((typep arg ‘leg) (send ary :name))
({typep arg ’'atom) arg)
({typep arg ‘list) (cons (my-output (car ary))

(my=-output (cdr arg))))
(t 'exror)))

1
!

(defmaczo retract (predicate soptional (argument t))
‘({oond ((not (boundp (quote ,predicate)))
nll)
((and ,predicate (egqual ,argument ’?))
(setf ,predisate (odr ,predicate))
£)
((member ,argument ,predicate :test ’‘equal)

(setf ,pradicats (remove ,argument ,predicate :aoount 1))
t)
(t nil)))

(defmacro assurta(predicate &optional (argument t))
‘(cond ((not (boundp (quote ,predicate)))
(smtf ,predicate nil)
(setf ,predicate (cons ,argument ,predicate)))
(t (setf ,predicate (cons ,argument ,predicata)))))

(defmacro asanriz(predicate Goptional (argument t))
‘{conc. ((not (boundp (quote ,predicate)})
(setf ,predicate nil)
(setf ,predicate (append ,predicate (list ,argument))))
(t (setf ,predicate (append ,predicatas (list ,argument))))))

(defmacro match(predic .te &optional (argument t))
‘(cond ((not (boundp (quote ,predicate)))
nil)
( (member ,azgument ,predicate :test ’aqual
t)
(t nil)}))

(defmacro unify(predicate argument)
‘(cond ((not (buundp {(quote ,predicate)))
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nil)
(t (setf ,argumernt (car ,psedicate)))))

: robot :- initialize, repeat, my_loop, fail.
¢ initialize :~ inits, init_ditech_plan,

+ indt_dioth_plan :- retract(plan_cycle(_)), zatract(plan_state(_)), fail.
¢ init_ditch_plan :- asserta(plan_cycle(l)), auserta(plan_state(place_legs in the_air)).

:‘my_loop t= get_command, plan, execute, !,

: get_command :~ X is read joystick.

: plan :- ditch_mode, ditch_plan.

} plan :- normal_pian.

: ditch_mode := ditch_mode(in). /1 cleared by ditch_plan.

; ditch _mede :- X is at_ditch area, X == t, asserta(ditch mode(in)),
; execute :- execute_mction, draw_robot, !.

7 exscute_moticn := X is execute_planned_motion.

: draw_robot := X is graphical_display.

(defun robot ()
(create~-terrain)
{robotl)
{kill~terrain))

(defun cobotl ()
(initialize)
(do ()
((not (my_loop)))))

(defun initialize()
{(cond ((and (inits)
{init_ditch_planj)
t) .
(t nil)))

{defun init_ditch_plan{()

tcond ((and (not (setf ditch mode nil))
(not (setf plan_cycle nil})
(rot (setf plan_state nil))
(not (setf limit_leg nil))
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{not (setf reduce_speed nil))

(not (setf front_legs nll))

(not (setf middle_legs nil))

(not (setf rear_legs nil))

(not (setf decision nil))

{asserta plan_cycle 1)

(asserta plan_state ’'place_legs_in_the_air))
t)
(¢ nil)))

{defun my _loop()
(process~-allow~-gzhedule)
(cond ((and (get_command)

(plan)
(axecuts))
t)
(t nil)))

(defun get_command ()
{cond (t (rzead_joystick))
(¢ ail)))

{defun plan ()
{cond ({and (ditch_mode)
(ditch_plan))
t)
((normal_plan)

t)
(¢ nil)))

(defun ditch_mode ()
(cond ((match ditch_mode ’in)
t)
((and (at_ditch_area)
(asserta ditch_mode ’in})
t)
(¢ nil)))

(defun exscute ()
(cord ((and (exwcute_motion)
(draw_robot))
t)
tt nil)))

(defun execute_motion ()
(cond (t (execute_planned motion) ¢t)
(t nil)))

(defun draw_robot ()
(cond (t (graphical_display: t)
(t nil)))
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,o,ﬁwntt**i*ﬁ**!*Ii!*ii-t*l'ht.tt'til#*ilit*w""ﬁt*ﬂﬁw'ﬁt**t*
1
1t Normal Plan

i
;,-i*ﬂiti***it**tti**t*ﬁi*ti**i*****&****ii***ii*'ﬁﬂi**titi**w

' no:maliplnn 1= update_robot_state, check_tkm limit,
eg_plan, body_plan, generate_decision, !.

! update_robot_state :=- X is update_robot_status.

; check_tkm limit :~ A_leg ls at_tkm limit, A _leg \== nil,

' aszserta(limit_leg(A_leg, life)).

t check_tkm_limit. -
} leg_plan :- lift_a_leg.

! leg_plan i~ exchange_legs,

! leg_plan :- stable,

t leg_plan :~ place_a_leg.

1 leg_plan :=~ wale for_ legs.

! stable i~ Condition is stable p, Condition == t.
t life_a_leg t- stable, A_leg is smallest_tkm _leg, A_leg \ww nil,

' Condition is stable_without (A_leg), Condition == t,
asserta (deuision(A_leg,_,Llift)),

-~

exchange_legs :- astable, LegA is smallest_tkm_leg, LegA \== nil,
LegB is max_sm leg(LegA), LeyB \m= nil,
Condition is has_more_tkm(LegB, Legi),
Condition == ¢,
asserta(decision(LegA, LegRE, exchange)) .

- e e e ™

t piace _a_leg i- A_lag is max_sm_leg(_), A_leg \== nil,
assexta (decisiun(A_leg,_,place)).

-~

walt_for_ legs :~- try new_foothold.
valt_for_legs :- recovery, asserta(reduce_speed).
wait_for legs :- asserta(reduce_spead), restore_limit_leg.

~— we we

; try_new_foothold :- A_leg is leg_with_new foothold, A_leg \=~ ni},
! asserta{decision(A_leq, ,place)).

; recovery :- A_leg is do_recovery, A_leg \== nil,
; asserta(decision(A_leg,_,place)), restore_limit_ley.

+ vestore_limit_leg :- retract(limit_leg(A_leg, lifc)).
i restore_limit_leg.

(defun normal_plen ()
(cond ((and (update_robot_state)
(check_txm_limit)




robotd44,lisp Thu Nov 29 11:34:42 1980 s

(leg_plan)
(body_plan)
(my-monitor limit_leg decision reduce_speed)
{generate_decislion))
t)
(t ail)))

(defun update_robot_state()
(cond ((update_rubot_status)
t)
{t nil)))

(defun check_tkm_ limit ()
(let ((leg))
(cond ((setf leg (at_tkm limit))
(asserta limit_leg (list ‘lift leg))
t)
{t &)
(t nid))))

(defun leg_plan()
! OR tree becomus regular “cond" statement,
(cond ((lifc_a_leg) t)
{(exchange_leg) t)
((stable) ¢)
({place_a_leg) t)
((walt_for_legs) t)
(t nil)))

(defun stable()
(cond ((stable_p) t)
(t nil)))

{(defun lift_a_leg{()
(let ((leg))
(cond ((and (atable)

(vatf leg (smallest_tkm_leg))
(stable_without leg)
(assexta decision (list '1ift leg)))

t)

(t nil))))

(defun exchanga_leg ()
{let ((lega) (legk))
{cond ((and (stable)
(satf lega (=mallest_tkm leg))
(setf legh (mux_sm leg lega))
(has_more_tkm legb lega)
(asserta decision (list 'exchange lega legb)))
t)
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{¢ nil))))

{defun place_a_leg{)
(let ((leg))
{cond ((and (setf leg (max_sm_leg nil))
. (asserta cdacision (list ’‘place leg)))
t) : :
(€ qil))))

{(defun wait !or lcqn()
} OR N :
{eond ((txy_new_footholds) ) . : ;
' ((récuvery) (asseita rZeducs_speed) 't} - S
{ (asserta zeduce_speed) (:éstoro Llimitl lag) t)
(¢ nil))) '

{defun try new_footholds ()
: (Lot ((leg)) ™
(eond ((And (setf leg (leg_with_new_goothold))
; (agsmrta ducilIon (1ist 'plleu-luq))) e

t)
(£ ndl)))) .,

(dafun recovery!)
(let ((leg))
{cond ((setf leg (do_recovery))
(ssserta decision (list 'plucn leg))
(reacore_limit_leg)

t)
{t nil))))

(defun restoze _limit_leg()
! OR
{cond ((and (unify limit_leg leg)
(retract limit leg leg))
£}
(t v)
(t nil)))

’,iiwatti'hl**ﬂﬁ**iiﬂ**lt**iﬁh*it*tiﬂ*t*tiﬂi*it*t'*tttltﬁi**
1!
N Ditch Plan

ri
’,ﬂ"*"t""'.R*ﬁ'ﬂi"ﬁi*i"'i*t*"'tt't*!Illhi'i.i"ii'*l'

+ ditch_plan :- ditch_plan_done, retract (ditch_mode(ir)), idle_cycle,
+ ditch_plan :~- cycle_planner,

!
IAAAALEE L S]] cYcle planner Wk koo o o ok R

.
’
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! diteh_plan_done :- plan_cycle(6), retract(plan_cycle(6)), asserta(plan_cycle(l)),
! prepare_next_ditch_plan,

| prepare_next_ditch_plan :~ move.

! cycle_planner (- one_oycle_cone, plan_cycle(N), N1 is N+1, retract (plan_cycle(N)), ass
ta(plan_cycle(N1)),
: ldle_cycle.
! cyele planner :- plan_cycle.

!
pRAkkkddknr  Dlgn cy@l. digp.gch.z LA
!

t one_cycle done :- plan_state(one_plan_cycle_done), retract(plan_stato(one_plan_cycle ¢
e))
! ' initialize_plan_state,

_:~p;nnrdyelovz~ plan_ocycle (1), update_zobot_state, ditch_plan_cycle_l, body _plan, genera
Tﬁ;ffﬂzggéiS te élan_cyclo(z), update_robot_state, diteh_plan_cyale_ 2, body plan, gensra
?sgii: g;&i; 1= plan_cycle(3), update_robot_state, ditech_plan_cycle_3, body plan, genera
I7d;§t:I:;éi; t= plan_cycle(4), update_robot_state, ditch_plan_cycle_4, body_plan, genera
Z:gg;g?gg%%é 1= plan_cycle(8), update_robot_ state, ditch_plan_cycle_5, body_plan, genera

) idle_cycle 1= update_rohot_state, body_plan, generate_decision, !,

(defun ditech_plan ()
(cond ((and (diech_plan_done)

{retract ditch_mode ’in)
(idle_cycle))

£)

((cyele_plannerz)

t)

(¢ nil)))

!
IRAAA A2 L1 CYQL. pl‘nn.r LA RS2 EET 2R
!

(defun ditch_plan_done ()
(cond ((and (match plan_gycle 6)
(retract plan_cycle 6)
(asserta plan_cycle 1)
(prepare_next_ditch_plan))
t)
(t all)))

{defun prepare_next_ditch_plan ()
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(econd ((move)
t)
(t nil)))

(defun cycle_planner ()
(cond ((and (one_cycle_done)

(unify plan_cycle N)
{retract plan_cycle N)
(asporta plan cycle (+ N 1))
(idle_oycle))

t)

((plan_oynle)

t)

(¢ nil)))

!
pRRkkkndkw  Plan Cyel. Digp.tgh.: Ve e Wl e ok ol e

!

(defun one_sycle_done ()

(cond ((and (matoh plan_state ’one_plan_cycle_done)
(retrzact plan_state ’one_plan_sycle_done)
(initialize_plan_state))

t)
{¢ adl) ))

{defun plan_ocycle ()
(cond ((and (match plan_cycle 1)

(update_robot_state)
(ditoh_plan_cycle_1)
(body_plan)
(my=monitor plan_cycle plan_state decision reduce_spesd)
(genorate_deciaion))

t)

{(and (match plan_cycle 2)
(update_robot_state)
(ditch_plan_cycle_2)
(body_plan)
(my=monitoz plan_oycle plan_state decision reduce_speed)
(generate_decisien))

t)

((and (matoch plan_cycle 3)
{update_robot_state)
(ditch_plan_cycle_3)
(body_plan)
(my-monitor plan_cycle plan_state decision reduce_spesd)
(genezate_decision))

t)

{(and (match plan_gycle 4)
(update_robot_state)
(ditch_plan_ocycle_4) .
(body_plan)
(ny=monitor plan_cycle plan_state decision reduce_spead)
(generate_decision))

t)
((and (match plan_uycle 5)
(update_robot_state)
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(diteh_plun_cycle_%)

(body_plan)

(my=moaitor plan_cycle plan_state declsion reduce_speed)
(generate_decisien))

t)
(e ndl)))

(defun idle_oyole ()
{cond ((and (update_robot_state)
(body_plan)
(my=monitor plan_cycle plan_state declsion reduce_speed)
(¢enerzate_decision))

)
{t adl)))

!
pRARERRERNR Y aualen  WWRRWRARW
!

¢t inltialize_plan_state i~ asserta(plan_state (stazt)),

;) ditoh _plan_cycle L i~ plan_state(stazt), retract(plan_state(starzt)), ssserta(plan_stat
place_legs_in_the_air)),

! place_legs_in_the_aiz(back_middle_legs).

ditoh _plan_cycle_1 1~ place_legs_in_the_air(back_middlie_legs).

diteh _plan_cycle_l i1~ back_middle_legs(forward_rear_legs).

alteh_plan_cycle_l i~ forward_rear_legs(forward middle_legs).

ditoh plan_oyele 1l 1= forward_middle_legs(forwurd front_legs).

ditoch plan_aycle_l 1~ forward front_legs(lift_middle_legs_and_move),
ditch_plan_cycle_1 i= lift_inicdle_legs_and_move (one_plan_cycle_dona) .

— e R e e e

t+ ditch_plan_oycle 2 :~ plan_state(start), retract(plan_state(start)), asserta(plan_stat
back_middle_legs)),
; back_middle_legs (forward_rear_legs).
+ ditch_plan_cycle_2 :- back_middle_legs (forward_rear_legs).

t diech_plan_cycle 2 :- forward rear_legs (forward_middle_legs).

¢ ditch_plan_oycle_2 :- forward middle_legs (one_plan_cycle_done) .

! ditoh_plan_cycla_3 :1- plan_state(start), retract (plan_state(start)), asserta(plan_stat
move_forward_front_legs)),

! move_forward_front_legs (move_forward_middle_legs).

+ diteh_plan_cycle_3 := move_forward front_legs (move_back_middle legs).

¢ diteh_plan_cycle_3 :=- move_back_middle_legs(move_forward _rear_legs).

t ditech_plan_cycle_3 :- move_forward_rear_legs(one_plan_cycle_donas) .

| .
¢ ditch_plan_cycle 4 :- plan_state(scart), retract(plan_state(start)), asserta(plan_stat
move_forward middle_legsa)),

! move_forward_middle_legs (one_plan_cycle_done) .

¢ ditch_plan_cycle_4 ;- move_forward middle_legs (one_plan_cycle_done) .

t ditch_plan_cycle_5 :- plan_state(start), retract(plan_state(start)), asserta(plan_stat
move_forward front_legs)),
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! move_forward_ironc_legs (move_forward_middle legs).
) ditch_plan_cycle_$ :- move_forward_front_lags(move back middle_legs).

) ditch_plan_cycle_5 :- move_back_middle_legs (wove_forward rear_legs).

1 ditch_plan_cycle 5 i~ movc_to:ward_:onr_logs(ono_plan_cycle“done).

¢
JRERRRRRARRRARR R Cycl‘g (23120202 2022 Y

H -

(dafun initialize_plan_state ()
(cond ((asserxta plan_state ’start)
t)
(¢ nil)))

(deflun ditch_plan_sycle_l ()
(cond ((and (matoh plan_state ’‘staxt)

(retzact plan state ’‘start)
(asserta plan state ’‘place_legs_in_the_air)
(place_legs_ in the_aiz 'back middl. loqa))

€)

{(place_legs_in_the_air ’'back _middle_legs)

t)

((back_middle_legs ’forward rear_ lags)

t)

((forward_rear_legs ‘forward middle_legs)
£)

((foxrvard middle_legs ‘forwazd_front_legs)

£)
((forward_front_legs ’lift_middle_legs_and move)

&)

((1ife_middle_legs_and_move ‘one_plan_cycle_done)
t)

(¢ adl)))

(defun ditch_plan_cycle_2()
(cond ((and (match plan_state 'start)

{retract plan_state ‘start)
(asserta plan_state ’'back_middle_legs)
{back_middle_legs 'foxward _zear legs))

t)

{ (buck_middle_legs 'forward_rear_legs)

t)

{(forward_rear_legs ’forward middle_legs)

t)

((forward_middle_legs 'one_plan_cycle_done)

t)

(¢ nil)))

(defun ditoh_plan_cycle_3 ()
(cond ((and (match plan_state 'start)
(retract plan_state ’start)
(asserta plan_state 'move_forward_front loqs)
* (move_forward_front_lags Tmove back middlo _legs) )

t)

(({move_foxward_front_legs 'move_back_middle_legs)
t)

{ (move_back_middle_legs ’'move_forward_rear_legs)
t)

((move_forward_rear_legs ’'one_plan_cycle_done)
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t)
(t nil)))

(defun diteh_plan_cycla_4 ()
{cond ((and (match plan_state 'start)

(retract plan_state ’start)
(asserta plan_state 'move_forward middle legs)
(move_forward middle_legs ’one_plan_cycle_done))

t)

((move_forward middle_legs ‘one_plan_cycle_done)

£)

(¢ nid)))

(defun ditch_plan_sycle_ 5 ()
{cond ((and (match plan_state ’start)

(retract plan_state ’stari)
(asserta plan_state ’move_forward front_legs)
(move_forward_front_laeags 'move_back_middle_legs))

t)

{ (move_forxward front_legs ‘move_back micddle_legs)

t)

{ (move_back_middle_lags ’‘move_fozwazd_rear_legs)

t)

({move foxward rear_ legs 'one_plan_cycle_dons)

t)

(¢ nil)))

!
PRWRIRINUR IR NN S atgm *RRRRERRRER R RN

H

+ back_middle_lags(Next_State) :- plan_state(back_middle_legs), back_middle_legs_done,

' retract (plan_state (back_middle legs)), asserta(plan_st
e (Next_State)),
! stop.

! back_middle_legs (Next_State) :- plan_state(back_middle_legs), do_back_middle_legs,
' stop.

!} forward front_legs (Next_State) :- plan_state(forward_front_legs)), forward_front_legs_

ne,

! retract (plan_state(forward front_legs), asserta(plan

tate (Next_State)),

: ' atop.

forward front_legs (Next_State) :- plan_stata(forward front_legs)), do_forward front_le
stop.

!
1
¢
i

1 forward middle_legs(Next_State) :- plan_state(forward_middle_legs), forward_middle_leg
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done,

! retzact (plan_state(forward middle_legs), asserta(p:
_state(Next_state)),

H stop.

¢t forward_middle_legs(Next_State) :- plan_state(forward middle_legs), do_forward middle_
g3, '
: stop.

} forward _rear_legs (Next State) 1= plan_state(forward_ rear legs), forward_rear_legs done
; retract (plan_state(forward_rear_legs), asserta{plan_:
te(Naxt_State)),

' atop.

t foxwaxd_rear_legs (Next_State) i1- plan_state(forward_rear_legs), do_foxward reax_legs,
! stop.

} life_middle_legs_and _move (Naxt_State) :~ plan_state(lift_middle_ legs_and move), move_c

e, stop,

: retract (plan_state (lift _middle_lags_and_move)
assarta(plan_stato(Naxt_State)).

} life_middle_lega_and move (Next_State) t= plan_state(lift _middle_legs and move), do_lif

middle_lags, move.

;

: move_back_middle_legs (Next_State) := plan_state (move_back_middle_legs), move_back_midc
_legs_done,

i retract (plan_state(move_back_middle legs)), asse:x
(plan_state (Next_State)).

flmovo_blok_middlc_lcqn(Nixt_ﬁtntc) t= plan_state itove_back middle_legs), do_move_back_m
dle_legs.

+ move_forward front_legs (Next Srate;, :- plan_state(move_forward_front_legs), move_forwa
front_legsa_done,

! retract (plan_state(move_forward_front_legs)), &
ezta(plan_state (Next_State)).

: move_forward front_legs (Next_State) i=- plan_state(move_forward front_legs), do_move_fc
ard front_lego.

! move_forward middle_legs (Next_State) :- plan_state(move_forward middle_legs), move_fo:
rd_middle_legs_done,

! retract (plan_state (move_forward_front_legs)),
serta(plan_state (Next_State)).

t move_forward middle_legs (Next_State) :- plan_state(move_forward middle_legs), do_mova_
rward_middle_legs.

§

; move_forward rear legs (Next_State) :- plan_state(move forward rear_legs), movue_forwazc
iddle_lags_done,

! retract (plan_state(move_forward_rear_leqgs)), ass
ta(plan_state(Next_State)).

1 move_forward_rear_legs (Next_State) :- plan_state(move_forward_roar legs), do_move_forw
d_rear_legs.
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! place_legs_in_the_air(Next_State) :- plan_state(place_legs_in_the_air), place_legs_in_
e_uir_done,
; retract (plan_state(place_legs_in_the_air)), asse:
(plan_state (Next_state)),
! stop.

! place_legs_in_the_ulz (Next_State) :~ plan_state(place_legs_in_the air), do_place_ lags_
. the _air, scop.

l
FRARANRRNNNRARE Shatas THRNXNRRARERNRR

!

(defun back_middle_legs (next _state)
(cond ((and (match plan_state 'back_middle_legs)
(back_middle_legas_done)
(retract plan_state ’'back_middle_legs)
(assazta plan_state next_state)
(stop))
£)
((and (match plan_state ’'back_middla_legs)
(do_back_middle_legs)
(stop))
t)
(¢ nil}))

(defun fozward _front_legs (next_state)
(cond ((and (matoh plan_state 'forward_front_legs)
(Zozward _front_legs_done)
(retract plan_state 'forward_front_legs)
(asserta plan_state next_state)
(stop))
t)
((and (mateh plan_state ’forwazd_front_legs)
(do_forward front_legs)
(stop))
t)
(¢ nid)))

(defun forward _middle_legs (next_state)
(cond ((and (match plan_state 'forward_middle_legs)
' {forward middle_legs_done)
(retzract plap_state 'forward middle_legs) .
(asserta plan_state naxt_statae)
- (stop))
t)
((and (match plan_state /forward middle_legs)
(do_forward_mlddle_legs)
(stop))

t)
(t nil)))
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(defun forward_rear_legs (next state)
(cond ({and (match plan_state ’'forward reaxr_legs)
(forward_rear_legs_dons)
(retract plan_state 'forward_rear_legs)
{asserta plan_state next_state)

(stop))

t)

((and (match plan_state ’'forward_rear_legs)
(do_forward_reaz_legs)
{stop})

t)

(¢t nil)))

(defun lift_middle_legs_and_move (next_state)
{cond ((and (match plan_state ‘lift_middle_legs_and_move)
(move_done)
(stop)
(vetract plan_state ‘lift_middle_legs and move)
(asserta plan_state next _state))
£)
((and (matoh plan_state 'lift_middle_legs_and_move)
(1ift_middle_legs)
(move) )

t)
{(t nil)))

(defun move_back_middle_legs (next_state)
{(cond ((and (mutch plan_state 'move_back_middle_lags)
(move_back_middle_legs_done)
(retzract plan_state 'move_back middle_legs)
(asserta plan_state next_state))
t)
{(and (match plan_state 'move_back_middle_legs)
(de_move_back_middle_lag)})

t)
(t nil)))

(defun move_forward_front_legs (next_state)
(cond ((and (match plan_gstate 'move_forward front_legs)
(move_forwar._front_legs_done)
(retract plan_state ‘move_forward front_legs)
(asserta plan_state next_state))
t)
((and (match plan_state 'move_forward_front_legs)
(do_move_forward front_lags))
t)
(t nil)))
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{defun move_forward_middle legs (next_state)
{cond ((and (match plan_state ’‘move_forward middle_legs)
{move_forward middle_legs_done)
(retract plan_state 'move_forward middle_legs)
. (asserta plan_state next_state))

t)

((and (match plan_state ‘move_forward_middle_legs)
(do_move_forward_micddle_leys))

t)

(¢ ail)))

{defun move_forward_reax_legs (next_state)
(cond ((and (match plan_state 'move_forward rear _legs)

(move_forward rear_legs_done)
(retract plan_state ’'move_forward reaxr legs)
(asserta plan_state next_state))

t)

{(and (matech plan_state 'move_forward_rear laegs)
(do_move_forward_rear_ legs))

t)

(¢ ndil)))

(defun place_legs _in_the air (next_state)
(cond ((and (match plan_state ’‘place_legs_in_the_alir)
(place_legs_in_the_aix_done)
(retract plan_state ‘place_legs_in_the_air)
(aaserta plan_state next_stale)
(stop))
t)
((and (match plan_state ‘place_lega_in_the_aiv)
{do_place_legs_in_the_air)
(stop))
t)

(¢t nil)))

1 .
;*iﬁit***ii*iﬁ**i state Executors RERWRE RN RN R R A NN NN

]
’

; move_back_middle_legs_done :- all_middle legs_lifted, all_middle legs_placed,
! clea: middle_lifted memory, clear_move_memor., Stop.

; do_move_back_middle_legs :- all middle_legs_lifted, move_done, stop, place_middle_leg
ack.

1 do_move_back_middle_legs :~ all_middle_legs_lifted, move.

; do_move_bank_middle_legs :- lift_middle_legs, stop.
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move_forward_front_legs_done :- all front_legs lifted, all_front_legs_placed,
clear_front_lifted memory, clear_move_memory, stop. .

~e

-~

do_move_forward_front_legs :- all front legs lifted, move_done, stop, place_front_legs
do_move_forward front_legs t- all front_legs lifted, move.
7 do_move_forward_front_legs :-~ lift_front_legs, stop. .

~ W

: move forward middle_legs done :- all middle_legs_lifted, all_middle_legs placed,
: clear_middle_lifted memory, ciear_move_memory, Btop.

; do_move_foxward middle_legs :- all_middle_legs_lifted, move_done, stop, place_middle_ 1
s.

! do_move_forward middle_legs :- all _middle_legs_lifted, move.

; do_move_forwaxd middle_legs :- lift_middle_legs, stop.

i move_forward rear legs done i~ all_rear_logs liited, all_rear_legs placed,
H clear_rear_ lifted memory, slear_ move_memory, Stop.

; do_move_forward_rear_legs :- all_rear_.egs_lifted, move_done, stop, place_rear_legs.
} do_move_forward ruar_legs :- all rear_legs_lifited, move.
: do_move_forward_rear_legs :- lift rear_legs, stop.

! move i« asserta(resume_movement).
! stop := asserta(stop_movement).

! clear_move_memory :- retract(move(done)).
; Clear_move_memory.

; move_done :~ ove (done).
; move_done :~ X is at_tkm_limit, X \== nil, assezta(move (done)).
; move_done := X is at_stability limit, X \== nil, asserta(move(done;}.

! back middle_legs_dorno :- all middle_legs_lifted, all_middle_legs_placed, clear_middle_
fted_memory, clesr_move_memory.

do_back_mlddle_legs :- all middle_legs_lifted, place _middle_legs_back.
; do_back_middle_legs :- lilft_middle_legs.

all_middle_legs_lifted .- middie_legs(lifted).

:
'
; all_middle_legs_lifted :- X is both middle_legs_lifted, X == t, asserta(middle_legs(li
ed)). '

; all _middle_legs_placed :- X is both_middle_legs placed, X == t,

clear middle_lifted_memory :- retract (middle_lags(lifted)).

; place_middls_legs_back :- A_leg is placable_middle_leg, A_leg \== nil, asserta{decisic
A_lrg, _,place_back)).
; place_middle_legs_back.
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!

; lift_middle_legs := A _leg ia liftable_middle_leg, A_leg \== nil, asserta{decision(A_le
_rlife)),

; iift_middle_legs.

;

+ foxward front legs_done :~ all front_legs_lifted, all_front_legs_placed, clear_front 1
tad_memory, cleaz_move _memory.

do_forward front_legs :- all front_legs_lifted, place_front_legs.
do_forward_front_legs :- lift_frxont_legs,

all_front_legs_lifted X is both_front_legs lifted, X == t, asserta(fron._lags(lifte

’

:

:

¢

t all_front_legs_lifted :- front legs(lifted;.

! i-

)

H

; all_front_lega_placed :~ X is both_front_legs_placed, X == ¢,

t clear_front_lifted memory :- retract(front_legs(lifted)).

; :

+ place_front_ legs :- A _leg is placable_front_leg, A_leg \== nil, asserta(decision(A_leg
'place)).

: place_front_ legs.

’ .

¢+ lift_front_legs :~ A_leg is liftable_fzont_leg, A_leg \== nil, assarta (dacision(A_leg,.

1ite)) .,
} lift_front_legs.

! forward middle_legs_done :~ all middle_legs_lifted, all_middle_lags_placed, clear _midd

lifted_memory, clear_move_memory.

T

1 do_forward middle_legs :- 4ll micdle_legs_litted, place_middle_legs.
} do_tforward middle_legs :- lift_middle_legs.
:

;

’

place _middle_legs :- A_leg is placable_middle_leg, A_leg \=w nil, assarta(decision(A_l

. rplace)) .
place_middle_lags.

; forward zoar legs_done :- all rear_legs_lifted, all_rear_legs_pluced, clear_rear_lifte
memory, Clear_move memory.

i do_forward rear_legs :- all_front_legs_lifted, place_rear_legs.

i do forward_rear legs :- liff_rear_legs.

5 all vear_ legs_lifted :- rear_legs(lifted),

i all_rear_legs_iifted :- X is both_rear_legs_lifted, X == t, asserta(rear_legs(lifted))
'

+ ail_rear_legs_placed :- X is both_rear_legs_placed, X == ¢,

clear_rear_lifted memory :- vetract(rear_legs(lifted)).

place_rear legs :- A_leg is placable_rear_leg, A_leg \== nil, asserta(decision(A_leg,_
lace)).
! place_rear_ lags.

} lift_rear legs :- A_leg is liftable_rear_leg, A_leg \== nil, asserta(dscision(A_leg,_,
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£e)).
; life_rear_ legs.
}

do_lift_middle_legs :- lift middle_legs.

t place_legs_in_the_air_done :- X is all_legs_placed, X -t

¢t place_legs :- A_leg is placable_leg, A_leg \== nil,
asserta(decision(A_leg,_,place)).
} place_legs.

!
pRi kR kRt Seate EXGCULOZS WRWWRIURRIN IR NNk NN R
?

(defun move_back_middla_legs _dons ()
(eond ((and (all_middle_legs_lifted)
(all_middle _lega_placed)
{clear_micdle_lifted memorzy)

(clear move_memory)
(stop))

t)

(¢ ndid)))

(defun do_move_back_middle_legs ()
(cond ((and (all_middle_legs_lifted)

{move_done)
(place_middle_legs_back)
(stop))

t)

((and (all_middle_legs_lifted)
{move))

t)

((and (lift_middle_legs)
(stop))

t)

{t nil)))

(defun move_forward front_legs_done ()
{cond ((and (all_front_legs_liftad)
(ell_front_legs_placed)
{clear_front_lifted memory)
(clear_move_memory)
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(stop))
t)
(t nil)))

(defun do_move_forward front_legs ()
{cond ((and (all_front_legs_lifted)

(move_done)
(place_front_legs)
(ston))

t)

((and (all_front_lege_lifted)
(move) )

t)

((and (lift_f£ront_legs)
{stop))

t)

{t nil)))

(defun move_forward middle legs_done ()
{cond ((and (all_middle_legs_lifted)
(all_middle_legs_placed)
(clear_middle_lifted memory)
(clear_move memory)
(stop) )

t)
(¢ ndil)))

{defun de_move_forvard middle_legs ()
(cond ((and (all_middle_lags_lifted)
(mo're_done)

{place_middle_legs)
{stop))

t)

((and (all_middle_legs_lifted)
(move) )

t)

{(and (1ift_middle_legs)
(stop))

t)

(t ndl)))

(defun move_forward rear legs_done ()
(cond ((and (all_reazr_legs_lifted)
(all_rear_legs_placad)
(clear_rear_lifted_memorxy)
(clear_move_memory)
(stop))

t)
{t nil)))

19
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(defun do_move_fozward reaxz_legs ()
(cond ((and (all_rear_ legs_lifted)

(move_done)
(place_rear_ legs)
{stop))

t)

{(and (al)l_rear_legs lifted)
{mcve) ) '

t)

((and (lift_rear_ legs)
(stop) )

t)

. (¢ nil)))

(defun move ()
(cond ((asserts resume_movement)

t
{(t ail)))

(defun step. ()
{cond ({(asserta stop_movement)
t)
(¢ all))).

(defun clear_move_memory ()
{cond ((xetract move ’'done)
t)
(¢ t)
(¢ ndl)))

(defun move_done ()
{cond ((match move ’‘cdone)
t)
((and (at_tkm_limit)
(asserta move ’done))
t)
((and (at_stability_ limit)
(asserxts move ’done))

t)
(e ndl)))

(defun back_middle_lags_done ()

{cond ((and (all_middle_legs_lifted)
(all_middle_legs placed)
(clear_middle_lifted_memory)
(clear_move_memory))
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t)
(t nil)))

(defun do_back_middle_legs ()
(cond ((and (all_middle_legs_lifted)
(place_middle_legs_back))

%)
((life_micddle_lags)
t) :

(¢ ndl)))

(defun all middle_legs_lifted ()
{cond ((match middle_legs 'lifted)
)
((and (both middle_legs_lifted)
' (asaexta middle_legs 'lifted))

t)
(t nil)})

(defun all_middie_legs_placed ()
(cond ((both_middle_legs_placed)
£)
{t nil)))

(defun cleaz_middle_ lifted_memezy ()
(cond ((retract middle_legs ’lifted)

t)
(t ndl)))

(defun place_middla_legs_back ()
(let (leg)
(cond ((and (setf lag (placable_middle_leg))
(asserta declaion (list ’'place_back leg)))
t)
{t &)
(¢ ndl))))

(defun lift_middle_lags ()
(let (leg)
(cond ((and (eetf leg (liftable middle_leg))
(asserta uecision (Iist '1Ift leg)))
t)
(¢ €)
(t nil))))

{

(defun forward_tront_ legs_done ()
{cond ((and (all_front_legs_liftad)
(all_front_legs_placed)
(clear _front_lifted_memory)
{clear_move_memory))

t)
(¢t ndl)))
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(defun do_fozward tfront_legs ()
(cond ((and (all_front_legs_lifted)
(place_£front_legs))

t)
((life_front_legs)
t)

(¢ nil)))

(defun all_front legs_lifted ()
{cond ((match front_legs ’lifted)
t)
((and (both_front_legs_lifted)
(asserta front_legs ‘lifted))

t)
(¢ nid)}))

(defun all_tront_legs_placed ()
(aond ((beth_front_legas_placed)
L)
(¢ ndl))) )

{defun cleax_front_lifted memozy (}
(cond ((retract front_legs ’‘lifted)
t)
(¢ nild)))

{defun place_fzont_legs ()
(lot (leg)
(eond ((and (setf leg (placable_front_leg))
{asserta decision (list ’'pluce leg)))
t)

(¢ &)
(¢ nil))))

{defun lift_front_legs ()
(let (leg)
(cond ((and (setf leg (liftable_front_leg))
(asserta decision (list '1ift leg)))
t)
{t t)
(¢ nil))))

1
(defun forward_middle_legs_done ()

{cond ((and (all_middle_legs_lifted)
(all_middle_legs_placed)
(clear_middle_lifted memory)
(clear_move_memozy))

L)
(¢ nil)))
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(defun do_forward middle_legs ()
{cond ((and (all_middle_legs_lifted)
(place_middle_legs))
t)
((1ift_middle_lags)

t)
(t ndl)))

{defun place_middle_legs ()
{let (leg¢)
(cond ((and (setf leg (placakle_middle_leg))
(asserta declsion (list ’‘place leg)))
t)
{t t)
{e ndl))))

{defun forward rear_legs_done ()

(oond ((and (all_rear_legs_lifted)
(all_vear_lega_placed)
(clear_reaxr_lifted_memory)
(oleayr_move_memory))

t)
(t nil)))

(defun do_forward_rear_legs ()
{cond ((and (all_rear_legs_lifted)
(place_rear_legs))
t)
{(lift_rear_legs)
t)
(t nil)))

(defun all_vear_ legs_lified ()
{cond ((match rear_legs ‘lifted)
t)
((and (both_rear_ legs_lifced)
(asserta rear_legs 'lifted))
t)
(£ nil)))

(defun all_reaxr_legs_placed ()
(cond ((both_rear_legs_placed)
{

t)
(¢ ail)))

{defun clear_rear_lifted memory ()
{cond ((retract rear_legs 'lifted)
t)
(t nil)))

23
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(defun place_reax_legs ()
{let (leg)
(cond ((and (setf leg (placable_rear_leg))
(asserta decision (list ’'place leg)))
t) '
(¢ &)
(t nil))))

(defun lift_xeaxz_legs ()
(let (leg)
(cond ({and (setf leg (liftable_rear_leg))
(asserta decision (list ’1lift leg)))
t)
(t t)
(¢ nil))))

(defun do_lift_middle_lega ()
(eond ((lift_middle_legs)
t)
(t nil)))

{defun place_legs_in_the_sir_done ()
(cond ((all_legs_placed)
t)
{t nil)))

{defun do_place_legs_in_the_aiz()
(let (leg) :
(cond ((and (setf leg (placable_leg)
(asserte declsion (list ’'place leqg)))
t)
(t t)
(t ail))))
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:
¢+ Plan Libraries'
?
}

(2 A2 AR RR AR R R 2R 2222 2R X2 202 2]

! body_plan :- speed_plan, trajectory_plan.

t speed _plan :~ xetract (reduce_speed), slow_down.
t spoed plan :- speed_up.

! speaad _up :- X is speed_up_robot.
t slow down 1= X is slow_down_xobot.

! trajectory _plan := stable_m, restora_trajectory.
t trajectory_plan :- modify trajestozy.

t stable_m :- Condition is stable_p_m, Condition == ¢,
! restore_trzajectory i~ X is restoze_command,
! modify trajectory := X ls modlfy command.
genarate_desision := retract (decision(A_le¢,B_leg,A _deciaion)),
X is send _deciaion(A_leg,B_leq,A_decisioen), fall.

genexate_decision i1~ zetract(limit leg(A_leg,A_decision)),
X iLs zend_decision(A_leg,_,A_decision), fail.

— e e e e

generzate_decision.

(defun bady_plan()
(cond ((and (speed_plan)
(trajectory_plan))
t)
(t nil)))

(dafun spesd plan()
(cond ((and (retract reduce_speed)
{slow_down))
t)
((and (retract stop_movement)
(stop_motion))
t)
((and (retract resume_movement) .
(resume_motion)
(speed_up) )
t)
{ (speed_up) t)
(t nil)))

(defun speed_up()
(cond (v (speed_up_robot) t)
it nil)))

(defun slow_down ()
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{cond (t (slow_down_robot) t)
(t nil)))

{defun trajectory_plan()

y OR
(cond ({and (stable_m)
(restore_trajactory))
t)
{(medify trajectozy) t)
(t nil)))

(defun stable_m ()
, {oond ((stable_p_m) t)
(¢ nil)))

(defun restore_trajeutory()
(cond (¢t (restore_command) t)
(t nil)))

(defun modify txajectozyl)
{cond (¢t (modify_command) t)
(¢t ndild)))

! (defun genezate_ceclsion|)

! (eend (inet {unify decision a-declision))

! nil)

! ({and (unify decision a=decision)

! (retract decislion a-decision)

! (peint (llst (secund a-decision) (third decision) (first deciasion)))

I (send_decision (second avdecision) (thirdd declsion) (first decision))
[ (generate_deciaion))

! €)))

{defun generata_decisioen()
(cond (({and deaision
{not
(dolist (a=decision decision) (amend-one-decision a-decision)))
; dolist returns nil
(not (setf dacision nil))
nil) 1 this simulates fall
t)
((and limit_leg
(unify limit_lag deciaionl)
(send-cne-decinicon declaionl)
(reczact limit_leg ’?)

nil)
t)
{t t)
(t nil)))

(defun send-one-decision (decision)
{ formet (decision legl leg2)
! lisp function
(cond ((equal (first decision) 'exchange)
(send_decision (second decision) (third decision) (£irst decision)))
(€
{send_declslon (second decision) nil (first declsion))))

t)




robot444.1isp Thu Nov 29 11:34:42 1990 27
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1t =*- Mode:Cemmon-Lisp: Bas@:l1(0 =*-

l*iﬁii***i**ii*ltﬁit*it***iii*iiii**i*iiﬂ*tt***i*tii#ilt**

/
; sensor flavor definition

]

’
;ﬂ***ii*i*ii**ﬁ*t'**i**ﬁﬁ*ﬁ**ii***ﬂ*******'*****ﬁ*i**tt***

(defflavor sensor(state owner)

()
tinitable-instance~variables)

,tiiitwiﬂtiiii*i*iit*i*ttitt***tt*********w********t****ww
!
! contact=sensor flavor definition

}
,****l******ihiii*lii**ﬁﬁﬁ*iiib*iithii*ii*iiiiﬁti**ii**wil

(defflavor contact-pensor!)
(sensor)
tinitable~instance=variables)

(defmethod (contact=sernsor tiniectl)
{leg=name)
(netf stutea {(send self isensing)))

(defmethod (sanaor icontaoct=p)
{)
state)

(defmethod (sensor :sensing)
()
¢} simulation purposs
; graph~terraln is object.
(setf state
{let* ((leg-pos=-wrt=-body (send (send owner !executor)
1leg-pos-wrt~=body) )
(leg=~pos=wrt-earth
(to-earth-tranaform (send owner iget=-Hl) leg-pos-wrt-body))
{x=y=-pos (list (first leg-pos-wrt-eazth)
(second leg-pos=-wrt=earth)))
(leg=height (third leg-pos-wrt-earth)))
(1f (< leg-height (+ 0.07 (send graph-terzain iget-height x-y-pos)))
t
nil))))
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111 =*= Mode:Common~-Lisp; Base:l( =*=-

Yo v v e O o e o e e ok Yo o e e o U e e e e e e ol ol v ode o ok o e ok e e o e ol o o ot T o o s o e e e e o e

!
¢ stability-calculator flavor definition
?
/

e e o e o e v ot e o o e vl e i o ot ok v e e e e v o ok ol e o ok ok e A o o o e e T N X W W o o

(defflavor stability-calculator (safety-margin
safety-mazgin=~p
larga~safety-mazgin
large~safety-margin-p
recovery-vector
recovery-vector=p
owner)

{)
tinitable~instance=variablas)

(defmethed (stabllity=caloulator :ilnittd)
0
(set? safety-margin 0.4)
(setf safety-margin~p 0,2)
(setf lazge-safevy-margin 0.5)
(setf large=-safety-margin=-p 0.4)
(sutf zecovary~-vector (0 0 0))
(setf recovery-vectozr=p (0 0 0)))

(defmethod (stabllity=~caleulatozr iget-recoveary-vector)
)

recovery-vector)

(defmethod (stability=-caloulater :(get-recovery-vector-p)
)
recovery-vector-p)

(defmethod (stability~calculator :convert-to-racovery-vector)
(stability=-vector)
(let ((sm (firat stabllity-vectox))
(vect (second stability-vector)))
(cond ((< sm 0)

nil)

((< sam 0.1)

(magvent (/ 1 sm) veot))

(t

(magvect (/ 0.1 (* am sm)) vact)))))

(defmethod (stability-calculator imore-stable)
(supporting-legs H legl leg2)
(let ((stabilityl (uond|aol£ tcalculate-stability

(cons legl supporting-legs) H})
(stability2 (send self :calculate-stability

(cons leg2 supporting-legs) H)))

(1f (> stabilityl stability2)
t
nil)))
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(defmathny (stability=-celculator :stable-m)
: predict H <= H10
x (supporting=~legs H)
c.et ((stabllity-vector
(send self :get-stability supporting-legs H)))
(cond ((>w= (first stabllity-vector)
large~-safety-margin)
%) . ‘
(¢ .
(if (>= (first stabllity-vector) safety-mazgin)
(setf recovery-vector
(send self :convert~to-recovery-vector stability-vector))
(setf recovery-vector /(0 0 0)))
nil)yn

(cmfmathad (sfabilttyucalculator ;stable~p-m)
; present H <= Hl
(supporting-p~lags k)
(lat* ((stacllity-vector
(send solf :jat-stnbllity supporting~p~legs H))
{(st-mazgin (first stability-vccto:)))
(cond ((>= st-margin
large~safety«margin=p)
t) : :
{t
(setf :ocovery-vgrta:-p
{(senc self :convert-to-~recovery~vector stab.lity-vecton))
(12 (< stemazgin safety-margin-p)
(my~print {list ’st~p st-maxgin)}))
nil)) )

(defmathod (stabllity~calculator :stable)
(supporting-lugs H10)
(it (>= (send self :calculate-stability
supporting--legs H10)
safety-margin)
t
nil))

(defmethod (stability-calculator :stable=p)
{supporting-p-legs H1)
(if (>= (send self :calculate-stability
svpporting-p-legs Hl)

" satavy-margin--o)
- t
- nil))
: t
A (defmethod (stability-caiculator :calculate-stability)
. (eupporting-legs H) .

(first (send self :get-stabllity supporting-legs H)))

(defraathod (stability~calculntor :get=-stability)
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(supporting-legs H)
(Lf (>w (counting supporting-legs) 3)
(measure~-distance (center-of-gravity H)
{convex=-hull
{supporting-points
egupporting-legs)))
f(=100.0 (0 C 0))))

tdefun convex-hull (pointy)
; zeturns clockwise-ordered : .
; point list of coavex hull
(reverse
{convexl (car points) points
(0 0 0) nil)))

(defun cor-axl (current-point points previous-pt visited-pte) - -
(let* ((min=out-pt (min-out current=-point previcus=pt pcinte)) .
(pos (position min=out=pt visitad-pts i1test #-aqual)))
(eond (pos o )
{subseq visited-pts 0 (+ pos 1)))
(t (convexl min=out=pt
puirnts
current-point
(cone min~out-pt visited-pts))))))

(defun min=-out (current=-pt pv-pt pts)
(let* ((mine-pt uil)
(min-angle 100)
(angle 0))
(dolist (a=-pt pts!
(cond ((not (equal a-pt curreat-pt))
(setf angle (turning-angle (vectsub current=pt pv-pt)
(vectsub a~-pt current-pt)})
(cond ((< angle min-angle)
(setf min=-pt a-pt)
(satf min-angle angle))))))
min-pt))

(defun turning=-angle(vect new-vect)
1 2 D space clock-wise turning angle
¢ Neither vect should not be zero vector.

(let* ((vectl-0 (list (firat vect) (second vect) 0))
(vect2=0 (list (first new-vect) (second new-vect) 0)})
(normal-vact (crossprod vectl-0 vect2-0))

{polarity (> (thitd normal-vect) 0))
(valua (/ (dotprod vectl-0 vect2-0)
{* (magnitude vectl-0)
(magnitude vect2=0))))

(angle 0))
(if (>= value 1)
(setf value 1))
(if (<= value =1)
(setf value =1))
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(setf angle (aaos value))
. (Lf polarivy
(- (* 2 pi) angle)
angla)))

v (defun ccnhc:-u!-graviﬁy (K}
© 1 center-of=-body is represented wrt .n:th coo:dinnte.

(let ((x (axef H 0 3))
{y . (uref H.1 3)))

. (list x ¥))) -
' contoz-os-body oen be enlnqod in futu:r. o

(defun find-slope (first=-point second=peint) )
. (det (ldelex (= (caz second-point) (cax fiisi-point)))
(del=y (= {cadr locond-point) léadr Zirst~point))))
(45 (> !(ap#. del=x) 0. 0000001) s
(/'del=y dal-~x) .~ ' o ; .
nil))) o :

{dufun intin;to-élso <x a-Line). o
(lioe x s
(+ (* (en: a-lino) x) (cedz a-linc))))

(defun intersection-point (a-line b-line)
; Retucns list (x y). Line is list (slope crosaing-point-of-axis).

(cond ((null (car a-line)) (infinite-case {cadr a-line) b=~line))
((null (cer b=line)) (infinito-case (cadr b-=line) a=line))
{t (normal-cuse a=-line b=line))))

(defun in-side-of-convex=-hull (center~point first-points second=-points)
(do* ((first-points £irst-points (cdr first-points))
(secona-points ssconc--points (cdr second=-points))
{in-side=flag 7))

((null tirst-points) in-side-flag)
(Lf (test~out=-side (car first-points) center-point (ca= second-points))

(setf in-side=£lag nil))))

(defun line (slops point)

(1€ slope '
(list slope (- (sooond peint) (* slope (tfirst peoint))))

(list slope (firat point))))
When alope 1s infinitive, return with x-axis crussing point insteacd of

:
; y-axis crossing point.

convex-points)

(dafun measure-distance (center-point
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; convex~points i1s a list of points
; point 1s a list (x y z).
(let* ((first-points convex~points)
(second=points (append (cdr convex=points)
{list (car flrst-points)))))
(i¢ (in-side-~of=convex-hull center=-point first=-points second=-points)
(start-measure center-point first-points second-points)
1 (=10.0 (0 0 0}))))

; center-of-gravity is out-side of support pattern

(defun normal-case (a~line b=line)

(let* ((al (car a=-line))
(bl (cadr a-line))
(a2 (car b=line))
(b2 (cadr b=line))
{2 (/ (-~ bl b2) (- a2 al)))
(y (+ (* al x) b))

(list x y)))

(defun point-distance (center-point first-point second~point)
! returns distance and vector betwesh ¢ross-pt and center=pt
(let* ((slopel (find-slope firstepoint second point))
(slope2 (right-angle slopel))
(cxoss=pt (intn:onction-poinn {line slopel first-point)
{line alope2 center-point)))
{del~vect (vectaub center~point cxosg=pt )) )
(distance (magnitude del=vect)))
(list distance (list (Zirst del-vact) (second dal~veot) 0.0))))

(defun right-angle (slopa)
(cond ((null slope) 0.0) t infinitive input slope

((< (abs slope) 0.0000001) nil) ; zerop slope
(¢ (/ (= 1) slope))))

(defun start-measure (center-point first-points senond-points)
(do* ((first-points first-points (cdr first-poinis))
(second=-points second-points (adr second-points))
(min-distance 10000.0 min-distance) ! infinte dummy nuwnber 10000.0
{min-dizection nil) (dis=-dir nil))
((null first-points) (list min-distance min-direction))
(setf dis-dir (point-distence center=point
(car first-points) (car secoud-points)))
(cond ((< (2irst dis-dir) min-distance)
(setf min-distance (first dis=-dlr))
(setf min~direction (second dis-diz)}))))

1
(defun supporting-points (logs)
(mapcar #’ (lambda (ley)

(send leyg :foothold))
legs))
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(defun test-out-side (first-point second-point third-point)
(let* ((a (= (cadr first-point) (cadr thirde-pnintg))})
(b (= (car thivd=po...:) (car firste-point)))
{e¢ (- (+ (* a (car third-point)) (* b (cadr third-point)))))
(decision (+ (* a .(car second-point))
(* b (cadr second~-point))
c)))
(if (>= decision 0.0)
T
nil)))
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p1: =%= Mode:Common=Lisp; Base:l0 =#-
;*atit*****t***********w*i********w**i*wii*tit**tt*t**t*tw*iti***awt

} stop-body definition

4
;****ﬂ**tt**i*i***ﬂ***l**i*l**i*W*******w*-*t***iﬂ**i**li**it***it*t

. - (defflavor stop-body (stop-body-motion-flag)
(body)
tinitable~instance-variables)

v

(defmethod (stop=body :after tinittl)

()
(setf stop-body=motion-flag nil))

(defmethod (stop=body istope=body-motion)
{)
(satf stop=body~motion=Llag t))

(defmethod (stop~bocly irzestore-body-motion)
0
(setf stop-body-motion=flag nil))

(deZmaethod (stop=body tualculate~motion)
(Joyatick=command legs)
(set? joy=command joystiok=command)
(cond ((equal support-plane=-clock 10)
(setf estimated-support-plane
(sand support-plane-astimato: :get-plane legs))
(setf suppo.t-plane-clock 0)))
(setf support-plane~clock (+ support-plane-clock 1))
(cond
((or stop-motion-flag stop-body~-motion-flag (null modify-vestor-p))
(send body-contzollez :control
(0 0 0)
0 estimated-support=planu))
(modify-vector-p
(send body~controller icontroel
{(vectadd joy=command (send self :get-modify-veotor-p))
deceleration~factor estimated-support=-plane))

(t
(control body=-controller
(vectadd joy-command (send self :get-modify-vector))
deceleration~factor estimated-support-plana))))
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11 =*= Mode:Common~Liap; Base:l() =%«
,*iii*ii**iti*iii*i*iit*iii*it*ht*ii*n***i********i**w****
!

; support-plane-~estimator flavor definition

’ti*t*iiti*iit*wiﬁ*iiii*i*i**t*ﬁ****tti*******i*h*iiiiilit

(defflaver support-plane-estimator (owner)
0
)

(defmethod (support-plane=-estimator tinited)
)
)

(defmathod (support=-plana-estimator :get-plane)
{lags)
{lat* ((footholds-for-estimation (get=footholds legs))
{constants (get-constants footholds-for-estimation)))
(make=plane~from=coefficient constants)))

,t**ttatw**tutwwtwtwwwm*twt*utwwwmtw-ttﬁw*wtuw*wuw*w**wwww
’
t support-plane=-eatimator.geat=plane

Ve 0t e e e e e ot ol ok e e e e o R R e e R e

{defun add-points (pointe)
¢ returns a list (number-of-pointa sum-of-points).
(do ((points points (cdr points))
(1 0 (+ 4 1))
(sum=-vaect ‘(0 0 0}))
({null points) (list 1 sum-vect))
(setf sum-~vect (vectadd (car points) sum-vect))))

(defun average-point (points)
(let* ((num=-i=-sum-vect (add=-points points))
(number-of~points (first num-é=-sum=-vect))
(sum~vect (second num~i~sum=vect)))
(1f (> number-of=points 0)
{(magvect (/ 1 number-of-points) sum-vect)
(print "Error in finding average-point of estimate plane"))))

(defun get-a0 (bar-point al)
{let.* ((x-bar (first bar-point))
(z=bar (third bar-point)))

(- z=-bar (* al x=-bar))))
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(defun get-al (points bar-point common-dencminatoxr)
) returns al which is sum in this function,
(do* ((peints points (ecdr points)) .
(sum 0)
{(x nll) (x=-bar (fizst bar-point))
(z nil) (z-bar (third baz-point)))
({null pointe) (/ sum common=-dencminator))
{setf x (fizst (cax points)))
(setf ¢ (third (car points)))
(sotf sum (+ sum (* (= x x-bar) (- z z=baz))))))

“(defun get=-a2 (points bar-point common=-dencminatox)
; returns a2 which is sum in this functien.
{do* ((points pointa (ecdrz points))
{sum 0)
(x nil) (x-bar (first bar-point))
(y nil) (y=bar (second bar=point)))
((null points) (/ sum common=denominater))
(sat? % (first (ocaz pointe)))
(setf y (second (car points)))
(s@t® sunm (+ sum (% (= X x~bax) (= y y=baz))))))

(defun get-ald (bar-point a2)
(let* ((x~baxr (fixst bazr-point))
(y=baz (second bar-point)))
{= y=bar (% a2 x=bar))))

(defun get=-a4 (points a0 al a2 ald)
(let* ((number-of-points (counting peints))
(yr (get=-yr points a2 ad))
(er (get=sr points al al))
(yr-bar (get-yr-bar yr number-of-points))
(zr-bar (get-zr-bar ar nLumber-of-points)))
(do ((yr yr (edr yz))
(zz zr {cdr zr))
{(numezator 0) (a=-yz 0) (a=-zz 0Q)
{denominator 0))
{{(null yr) (/ numerator denominator))
(oetf a=yr (first yr))
(setf a-zr (firat zr))
(setf numerator (+ numerator (* (= a=yr yr-bar) (- a=-zr zr-bar))))
(setf denominator (+ denominator (* (- a=-yr yr-baz) (- a-yr yr-bar)))))))

(defun get=-common~-denominator (points bar-point)
(do* ((points points (cdr points))

{sum 0) !
(x nil)
(x=bar (first bar=-point)))
((null points) sum)

(aetf x (first (car points)))

(setf sum (+ sum (% {= x x-bar) (- x x-bar))))))
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(defun get-conatants (points)
(let* ((bar-point (average-point points))
(common-denominator (get-gommon-denominator points bar-point))
(al (get=al points bar-point common=~dencminator))
(a2 (get=-a2 points bar-point common-denominator))
(a0 (get-ald bar-point al))
(a3 (get=-ald bar-point a2))
(a4 (get-a4 points al al a2 ald)))
(list a0 al a2 a3 a4)))

(defun get=footholds (legs)
(do* ((legs lage (cdr legs))
(footholds nil)
{a=leg nil))
((null legs) footholds)
(setf a=-leg (car legs))
(1f (send a=-leg :foothold)
(setf footholds (cons (send a=leg i1foothold) foeotholds)))))

(defun get-yxz (points a2 ald)
(do* ((points points {(edr points))
{yr nil)
(x ndl)
{y nil))
{(null points) (zeverse yr))
{setf x (first (car points)))
(setf y (second (ocar pointas)))
(setf yx (cons (= y a2 (% a3 x)) y2))))

(defun get-ys=-bar (yr number-of-points)
(do ((yr yz (odr yr))
(yx=har 0})
((null yz) (/ yr-bar number-of-points))
(setf yr=-Lar (+ yr-bar (first yr)))))

(defun get-zr (points a0 al)
(do* ((points pointc (cdr points))

(zx nil)
(x nil)
(z nil))

((null points) (reverse zr))
(setf x (first (car points)))
(setf z (third (car points))) )
(setf zz (cons (- z a0 (* al x}) =x)})))

{defun get-zr-bar (zr number-of-points)
(do ((zr zr (ecdr zr))
(zxr-bar 0))
{(null zr) (/ zr-bar number-of-points))
(satf zr~bar (+ rr-bar (first zz)))))
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(defun make=plane~from=-coefficlient (constants)
(let* ((a0 (first constanta))
‘(al (second constants))
(a2 (third constants))
(a3 (fourth oonstants))
{ad (f24ifth constants))
(a (= (* a4 ad) al))
(b . (=~ ad))
(¢ 1)
(d (= (* a2 ad) a0))
(unit=normal (normalize-vector (list a b &)))
(dis (/ d (magnitude (list a b @)))))
{list unit-normal dis)))
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111 o=*e Modo:Common~-Lisp; Base:l0 ~wn=-
I**tii**tii!W***li*ti**tﬁ*t*#ﬁ&****it*#****tittﬁi********
(]

’

; terrain=regulator flavor definition

!
;itit'i*ii**ﬁt**********tit*ttt*n'***'i*lt#*'***'*ﬁ***l**

(defflavor terrain-regulator (body-rotate=-rate=-x body-rotata~rate-y
body=trans=zate=2 old-body-ritate~zate=x
old-bedy~rotate~rate~y old-body=trans~rate~z
gain nmin-height max~height
etal etal min-eta max-eta)

(regulator)
tinitable=instance-vaziables)

(defmethod (terrain=regulator i1inithl)
{)
{set? gain B§)

(setf min-eta 0.0000001) 1 0 degzee
(set? mox~-eta 0,4363) 1 28 degrees
(setf min~height 4.4) !} 4.4 feet
(setf max~height 8.4) ? 5.4 feet
(setf atal min-sta) ! 0 degzees
(setf eta2 0.5236) ! 30 degres

(setf body=rotate=zate~x 0,0)
(setf body-rotate-rate-~y 0,0)
(setf body=-trana=-zate~z 0.0)
(list body~rotate=rate=x body=rotate=rate~y body=trans-rate=g))

(defmethod (terrain=regulator i1do-terxain-zugulation)
(k-gamma~delta-height)
} k-gamma-delta-height is ((k.x k.y k.z) gamma cdelta-height).
(let* ((k (first k-gamma~delta-height))
(gamma (second k-gamma=-delta=height))
(delta-height (third k-gamma=delta-height))
(body=rotate-rate=x-n (* gain (first k) gamma))
(body=-rotate-zate~-y=-n (* gain (second k) gamma))
(body-trans~zate=z-n (* gain delta-height)))
(sotf body=-rotate-rate-x
(sand snlf :limiter
él;nd self :filter body-rotate-rate=-x-n body=-rotate-rate=x)
d))
(setf body-zotate-rate~y
(send self :limitor '
(send self :filter body-rotate-rate=-y-n body-rotate-rate=-y)
0.1))
(setf body~trans-rate-z
(send self :limitor
{aond self :filter body-trans-rate-z-n body-trans-rate=-z)
BB
(list body-rotate-rate-x body-rotate-rate=-y body-trans-rate-z))

(defmethod (terrain-regulator :eta-function)
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(eta)
{let ((slope (/ (- max-eta min-eta) (- eta2 etal))))
(+ min-eta (v slope (- eta atal)))))

(defmethed (terrain-regulator iget=ik-gamma-bhy=slope)
(plane H)
(let* ((plane=rzpte«body (plane=txansfozm plane H))
(height (cadr plane~rpt=body))
(eta (arc-cos (third (caz plane))))
(k=gamma=~-desired-height nil))
- {setf k-gamma~desired-height
' (cond ((< eta etal) (send self ilow=-slops plane))
((< eta eta2) (send salf imid-slope ata plane H))
{? (send self thigh=slope plane H))))
{list (first k-gamma=cdesired=height)
(second k=gamma~desirec~height)
(» {chird k=gamma-desired-height) height))))

(defmathod (terzaln-zegulator theight=functien)
{eta)
{let ((slope (/ (- max=height min=height) (= eta2 etal))))
(= mag=height (* slope (= eta etal)))))

(defmethod (tezrain-regulator thigh=slopu)
(plane H)
{let* ((plane=-unit~-nozmal (first piane))
(a (firet plane-unit-normal})
(b (second plane~unit=pnormal))
(m (aget (+ (* a a) (* b b))))
(desized-eta max-eta)
(desired-height min=helght)
(desized=-body-plane (list (list (* (/ a m) (sin cdesired-eta)!
(* (/ bm (sin desized-eta))
(cos desired-eta)) 0.,0))
(desired-body-plane~in=-body (plane=-trarsform desired-body=plane H))
(unit-normal-bedy-plane (flrzst desired-body-plane-in-bedy))
(a1 (firet unlit=normal=body-plane))
(bl (second unit=nornal=-body-plane))
(el (thizd wunit=-normal-body-plane))
(ml (sqrt (+ {(* al al) (* bl bl))))
(k (i (= m1 0)
{list 0 0 0)
(list (/ (= BL) ml) {/ ai ml) 0)))
(gamma (arc-coa cl)))
(l1ist k gamma desired-height)))

(dafmethod (terrzain-regulator :limitor)
(vel max-vael)
(i1f (>= (abs val) max-vel)
(12 (> vel O)
max-vel
(- max-vel))
val))
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(defmethod (terrain-regulator :;low=-slope)
(plane)
. (let* ((unit-normal (first plane))
(a (first unit-normal))
(b (second unit-normal))
{¢ (third unit-normal))
. (m (aget (+ (* a a) (*b b))))
()Gol n.'l.l)
(x,b nil)
(gamma (azc-cos ¢))
(desiznd=helght max=height))
(i (= m 0,0)
(set? k.a 0.0 k.b 0,0)
(setf koo (/ (= b)) m} kb (/ am))
(list (list k.a k,b 0,0) gamma desired=-height)))

(defmethod (terrain-regulator imid-slope)
(ets plane H)
(let* ((plane-unit-normal (fizst plans))
{a (first plane=unit=-noxmal))
(b (second plane-unit=normal))
(m (eget (+ (* a a) (* b b))))
(desized~ata (senc self jeta=function eta))
(desired-height (send self theight-funcotion eta))
(desired-body=plane (list (list (* \/ a m) (sin desired-eta))
{(* {(/ bm (sin desired-eta))
(cos desired=eta)) 0.0))
(desired-body-plane=-in=body (plane-transform cdesired-body-plane H))
(unis=normal-body=~plane (fizst desized=body=-plane=in-=body))
(al (first unitenormal=body=-plane))
(bl (second unit-normal=body=-plane))
(el (third unit-normal-body-piane))
(ml (sqxt (+ (* al al) (* bl bl))))
(k (L2 (= ml 0)
(list 0 0 O)
(list (/ (= bl) ml) (/ al ml) 0)))
(gamma (aro=-cos cl)))
{list k gamma desived-height)))

(defmethod (terrain~zegulator iregulatae)
(estimated-support=-plane H)
(let ((k-gamma (send self iget-k=gamma-by=-slope estimated-support-plane H}))
(send self :do-terrzain-regulation k-gamma)))

(defmethod (terrain-regulator :restore)
()
(setf body-rotato~rate=-x old-body-rotate-rate-x)
(setf body-rotate~rate-y 'old-budy=rotate-rate-y)
(setf body~-trans-rate~z old-body-trans-rate-z)
{list body~rotate-rate-x body-rotate-rate-y body-trans-rate-z))

(defmathod (terrain-regulator :save)
()
(setf old=-hody~rotate-rate~x boedy-rotate-rate-x)
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(setf cld-body-rotate-rate-y body-rotate-rate-y)
(setf old-body-tzans~-rate-z body-trans-rate-z)
)
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121 =%*=- Mode:Common-Lisp; Ease:10 =~»-
;***t**t*ttﬁ*i**ni*ttwttwi***i*******ttt**t******tttti***iiitit**i**

test-pverlap~lag definition

~- e wa
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(dafflavor test-ovaerlap-leg ()
(overlap-leg)
)

(defmethod (test-overlap~leg :chenge-to=-bavk=foothold)
()
(setf foothold (first foothold-list))
(setf tkm [firat tkm-list)))
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=*= Mode:Common=lisp; Basse:l0 =%~

| ]
!
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!
}
: test~-overlap-robot definitien
;
?

Ve o ot o o e e v o ol v e e e o ol o T e 0 N TR O o TR o kW W T O ol o gl e i e e o Yok vk e ok ke ok e e e ok o W e e ke W

(dafflavoxr teat-overlap-robot ()
(overlap=-robot)
)

(defmathod (test=ovezlap~robot :initeld)
()
{send g¢graph-asv :init~data)

(satf vislon=-system (make-instance ’ditch-~vision-system :owner self))

(send vision-system :inittl)

(set? Joystick (make-instance '’ Jjoystick))

(send joystick ;reset)

(empty=~cqueus lift-queus)

(setf lift~-flag t)

(let ((H)) _ v
(setf body (nuke~instance ‘body :owner gelf))
(setf 1 (send body :inittl))

{set? legs (list
. {make=-instance 'test~overlap-lay
{makew~instance ’test-overlap-leg
(make=instance ’test-overlap-leg
(make=instunce ‘tesv=-ovarlap«~le¢
(make=inscance ’test-overlap=-leg
(make=-instance ’'test-overlap-leg

) .
(mapcar #' (lanbda (a-leg) (send a=~leg :inictd
)

(defmethod (tast-overlap-robot :send-daclsion)
(legl leg2 a-decisicn)
(cond ((equal a-decision !exchange)

(send legl :send-decision a-decision)
{send leg2 :send-decision 'place)
(send legl :senc-axchange legl))
((ecual a-decision 'place_back)
(send legl :change=-to=~back-foothcld)
(send legl :send-decision ’'place))

(t
(send legl :send-decision a~decision))))

(defmathod (test-overlap-robot :has-more-tkm)
(logl leg2)
{let ((tkml (send legl :tkm))
(tkm2 (send leg2 :tkm)))
{cond ((null tkm2)
t)
((null tkml)
nil)
({> tkml
tkm2)) ) ))

iname ’legl
tname ‘leg2
tname ’leg3
tname 'legd
tname ‘legh
tname ‘legé

H)) legs))

townez
townex
towner
townerx
iowner
iowner

sel?)
selft)
seif)
sell)
self)
self)
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{¢efmethod (t¢st-ovaerlap-robot :liftable-leg)
(leg)
{cond ((mamber leg lift~-able-legs :test #’'equal)
leg)
(t nil)))

.(defmethod (t-st-cvarlap-:bb°t iplécable=leg)
: (leg) N
{aond ((and (member leg placs-able-legs :test #'equal)
' (sand leg :thas~-foothold-p))
leg). ,
(£ nil)))

' 1(d0£mothod'(tcat-ovorinﬁ-robot iliftable~front=leg)
() ‘
(cond ((sand salf tliftable~leg (first legs)))
((send self :liftahle~leg (second legs)))
(€ nil)))

{defmethod (test=-ovexlap-robot :placable=-front=-leg)
()
{cond ((send self :placable~leg (first legs)))
((send sel:t :placable~leg (second legs)))
(t nil)))

{defmethod {(test=-overlap-robot :both-front=legs-placed)
()
; I# one of front legs has not foothold, then this will fail!
(cond ((and (member (first legs) supporting-p-legs :test #’'equal)
(member (second legs) supporting=-p~legs :test #'equal))
t)
(t nil)))

(defmethod (test-overlep-robot :both-front-legs~-lifted)
{)
(cond ((and (not (member (first legs) supporting-p-legs :teust #’equal))
(not (membar (sscond legs) supporting-p-legs :test #'equal)))
L)
(t nil)))

(defmethod (test-overlap-robot :liftable-rear-leg)
()
(cond ((send self :liftable-leg (fifth legs)))
((sand self :liftablae-leg (nixth legs)))
(t nil)))
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(defmethod (cest-~cverlap~robot iplacable~rear-leg)
() :
(cond ((send self :placable-leg (fifth legs)))
((send self iplacable-leg (sixth legs)))
(¢t nil))) :

fdo:mcthod (test=ovarlap~robot iboth-rear-lags-placed)
. 0 - ‘
;- I2 one of rear legs has not foothold, then this will Zail!
(cond ((and (membezr (fifth legy) supporting-p-legs :itest #'aqual)
(momber (sixth legs) support.ng-p-laga :test #’'equal))
£y ’ . .
{v n%l)))_

{defmethod (tost_ovoélnp-:obot tboth~zeaz-legs=-lifted)

O
(ocorid ((and (not (membur (fi2th legs) suppouting-p-~legs ttest 4’ermual))
(noﬂ.fmambo:.(lixth lags) supporiing-p=legs :test #’equal)))

£
{t ndl)))

. /defaethod (tust~ovexrlap=vobot :1liftable-middle-leg)
' ()
{cond ((zend self :liftable-leg (third legs)))
((send self :liftable~leg (fourth legs))) -
{t rndil)))

(defmethod (test-ovexrlap-rokot iplacable=middle-leg)
()
{cond ((send self :placable-leg (third legs)))
((seana sell :placable-ley (fourth legs)))
(t nid)))

(defmathod (test=overlap~robot :both=-middle~legs-placed)
()
! If one of middle legs has not fonthold, then this will fall!
(cond ((and (member (third legs) supporzting-p-~legs :test #’equal)
tmembex (£, 1rth legs) supporting-p-legs :test #’equal))
L)
it ndl)y)

(defmethed (test-overlap-robot :both-middle-legs-lif-ed)
)
(cond {(and (not (member' (third legs) supporting=-p-legs :test #'equal))
. (not (member (fourth legs) supporting-p-legs :test F equal))?
t)
{t nil)))

(defmethod (test-overlap-robot :ona~piacable-leg)
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()

{cond ((send self iplacable-front-ley')
{(send self :placable-middle-leg))
{(send sel? :placable-rear-leg)!
(¢ ndl)))

(defmethod (test-ovarlap-robot ialle-legs-placed)
(O
(cond {(and (send self both-front-legs-placed)
"{send self :both-middle-lags-placed)
(send self :both-rear~legs-placed))

%)
{t nil))).

(defmethod (test-overlap~robot tat-ditch=-area)

()
(sand vision~system :on=-ditch-area
{sand self :qct-ﬂlO)))

#9090l ol ko ol ko ol e o o o o e o oo ok o oo o o o

!

’ .

} Prolog Interface Functions
!

!

!

(SX SRR RN 2R R 2222202 a0t R R R R 2 2] )
(defun liftable_front_leg ()
(send asv :liftable=front-leq))

(defun placahle_front_leg ()
(send asv :placable-«front-leg))

(defun both_front_legs_ placad ()
(send asv :both=-front-legs=-placed))

(defun both_front_legs _lifted ()
(send asv :both-front-legs-lifted):}

(defun liftable_rear_leg ()
(send asv :liftable-rear-~leg))

(defun placable_rxear_lag {()
(send asv :placable-rear-lag))

(dafun both_rear legs_placed ()
(send asv :buth-rear-legs-placed))
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(defun both_rear_legs_lifted ()
(send asv :both-rear-legs-lifted))

(defun liftable middle_leg ()
(send asv :liftable-middle-leg))

(defun placable middle_leg ()'
(send aav :placable-middle~lag)) |

(defun both_middle_legs_placed ()
(send asv iboth-middle~legs~placed))

(defun both_middle_legs_lifted ()
(send asv :both-middle-legs-lifted))

(defun placable_leg ()
(send asv :one-placable-leg))

(defun all_legs_placed ()
(send sav talle-legs-placed))

(defun at_ditch_azea ()
{send asv :st=-ditch-area))
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111 =*= Mode:Common-Lisp; Base:l0 =%~
,h***tit*wttt*i**i***ﬁ***i**w*i**ti*******i**lii*iitit*i
}

; tkm=calculater flavor definition

!
’****ﬁﬁtﬂ*t**t****'li't*'*l*ﬁ***I***ﬁi********i********w

. (defflavor tkm~caleulator({working-volume ownex)
{)
tinitable~instance=variables)

{defmethod (tkm=caleculator :initel)
(leg-name)
(cond ({equal leg=-name ’legl)
(setf working=-volume
FOEEeo 0 ) 3.316) o
((¢(0 0 1) 5,7313) ((1
{(equal leg=name 'legl)
(setf working=volume
PLLIC0 0 1) 3.316)
(((0 0 1) 5.7313)
((equal leg-name 'leg3l)
(setf working=volume
POC(C0 0 1) 3,316) ((1 0 Q) =2.2915) ((0 0.,9397 0,3420) =2.569))
(((Q0 0 1) 5.7313) ((1 0 0) 2.2918) ((0 0.5397 ~-0.3420) =2.569)))))
((equal leg=name 'leg4d)
(setf wozking~volume
£(C(¢0 0 1) 3.316) ({{
(((0 0 1) 5.,7313) ((
((equal leg=-name ’legl)
(setf working=volume
7LC((0 0 1) 3.316) ((2
({(0 0 1) 8,7313) ({1
{(equal leg-name ’legf)
(set.f working=volume
LU0 0 1) 3.316)
{((0 0 1) 5.7313)

0 0.9397 0.,3420) =2,566))
0 0,9397 =0.3420) =-2,869)))))

e
0 oO-
[/
-~

-8,0832) ({(
0) =3.4167) ({(

(1 0 0) -8,0832) ((0 0.9397 0.3420) 2,869))
(1 0 0) =3,4167) ((0 0,9397 =0,2420) 2.869)))))

0) «2.,2815) ((0 0,9397 0.3420) 2.%69))
2.2918) ((0 0.9397 -0.3420) 2.869)))))

[= R =]
o
-~

3.3332) ((0 0,9397 0.3420) =-2.569))
0) 7.8332) ((0 0.9397 =0.3420) ~-2.569)))))

[o Nea
o
-~

oo

0) 3.3332) ((0 0.9397 0.3420) 2,569))
0) 7.8332) ((0 0.9397 -0.3420) 2.569)))))

(defmethod (tkm-calculator :find-tkm)

(a=foothold body-trans-rate body-zotate-rate)
} a=foothold is based on body coordinate
} returns tkm
{let* ((leg-vel-rpt-body

(get-leg=-velocity
a=foothold body=-trans-rate body-rotate~rate)))
(get-tkm a-foothold leg-vel-rpt-body working=volume)))

t
(defun get-distance (planes velocity leg-position)
! global function : plane=diatance
} beforo start, make one plane list
(do ((planes (append (first planes) (second planes)) (cdr planes))
(a~tkm nil)
{(min=tkm 10000)})
((null planes) min-tkm)
(setf a-tkm (plane-distance (car planes) velocity leg-position))
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(if a-tkm
(if (and (> a-tkm 0) (> min=tkm a~tkm))
(setf min=tkm a=tkm)))))

(defun get=-lag~velocity (pos-rpt-body body-trans~-rate body-rotate-rate)
} returns leg-velocity=wrt=body
} = - ( body=trans-rate + body-rotate-rate X pos-rpt-body ) ’
(vectsub ' (0 0 0)
(vectadd body-trana-zate
(crossprod body~-rotata~rate pas-rpt=body))))

{defun get=tkm (leg-pos-rpt-body velocity working-velume)
; global function ! magnitude
; outside w.v retuzna nil. If spesd is near 0, then retuzns 1000.0,
{if (in-side-volume leg-pos-rpt-body working-voluma)
{let ((speed (magnitude velocity)))
(1f (< speed 1/1000)
1000.0

(/ (get=distance working=volume velosity leg=pos=-rpt-body) speed)))
nil)) !

{defun in-side-volume (position planes)
! planes ((up front left) (back right bottom))
(let* ((positive-planes (fitst planes))
(negative=planes (second planes))
(inside~flag ™)
(dolist (a~plane positive-plenes)
{d2 (>= (plane-normal-distance a=-plane position) 0)
{setf inside-flag nil)))
(dolist (a=plane negative-planes)
(if (<= (plane-normal-distance a-plane position) 0)
{setf inside-flag nil)))
inside-flag))
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111 =%= Mode:Commen=Lisp; Base:;lQ =*-
’ttnﬁ'*i*wii!t**!**i*l!'kﬂiﬂtii'ﬁ'tt**i't*i*‘*'***i*i***w****ﬁ*t**int
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} user interface routines

’iﬂ!'**Wwﬂitl**’ﬁ**iii***t*iti'ﬁ*iitﬁ***ti'i'hlliht*ttiiiﬁ**'*w****#*

. (defvar "old«terrain-file~-name?*)
(defvar *new=terraln-file-name+)
(defvar *tarrain-slope~-tyre*)
(defvar “terrain-slope-datar)
(defvar *tarzain-slopea-angle¥*)
(defvar *terzain-typew)

(cefvar *obstacle~ratiov)
(defvar *random-seed*)
(defvar “ok-flag®)

(defvar *screen*)

(defvar *screasn~width¥)
(defvar *acreen-haight?)
(defvar *new=lisp=-listener*)
(defvazr *ditch~width*)
(defvar rditch~location®)
(defvar *ditch-type*)

(defun initialize-menu~variables ()
{setf “old=terrain~file~name* nil)
(setf *new-terrain-file-name* nil)
(setf *terrain-slope-type* ’default)
(set? *terzain-slope=-data* nil)
(setf “terrain-slope-angle* 0)
(set? weerrain-type* /random)
(setf *obstacle-ratio* ’28%)

(setf *rzandom-seed* ’123)
(satf *ok-flag*® t)

(setf *ditch-width* 6)

(setf *ditch~location* 21)
(setf *ditch~type* 'no-ditch))

(dafun get-old-terrain-file-name()
(let ((file-names
(mapcar #’' (lambda (file)
(list (file=-namestring file) ’:documentation "Use an old terrain")
(directory "robot:kwak.robot.terrain--data;*.w"))))
(if file-names
(w:menu=choose (cons ’ ("new=-terrain” :value nil :documentation "Create a new ter
inu)
file-names)
:label "Select terrzain"
tsuperior *naew-lisp-listener*)
(w:menu=-choose ' (("new~terrain" :value nil :documentation "Create a new terrain”
. :label "Select terzain"

1superior *new-lisp-listaner*))))
3 s

(defun get-terrain-slope-type ()
(wichoose-variable~-values
" {(*tarrain-slope-type* :menu=-alist (("Default" :value default)
("Single Angle" :value single-~angle)
("Manual" :value manual))))
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1label "Choose terzaln slope profile"
tsuperior *new-lisp-listenerv)
*terxzain~slope~type*)

(defun get=-terrain-slope-angle()
(wichoose=var.able~values
"{(rterrain-slope~angle* idocumentation "Input terzain slope angle"
iconstraint (lambda (dl d2 d3 value)
{oond ((> (abs value) 30) "Too steep angle")
(t nil)))))
tlabel "Input terrain slope angle"
isuperior *new-lisp-listenecrv)
*terrain=slope=-angle*)

{defun get-tezrrain-slope-data()
{set? *terrain=alope=cdatca* ’ ({15 0) (30 2)))
(wichoose=variable=values
' {("terrain=glope~data¥ idocwnentation "Input format {(xl hl) (x2 h2) ... }"
tconstzaint (lambda (dl d2 d3 value)
{eond ((null value) "Pleasa input slope")
(t nil)))))
tlabel "Input slope data"
tsuperior *new-lisp-listener*)
*terrain=slope=data*)

(defun get=terrain~cbstacle~type ()
(wichoose-vazriable~values
f((*tezzain=type* imenu-alist (("Random" :value random)
("Manual" :value manual))))
tlabel "Choose type of terrain"
tsuperior *new=-lisp-listener*)
*terrain-type*)

(defun get-terrain-random-data()
{wichoose~variable-values
! ((vobatacie~ratio* 1constraint (lambda (dl d2 43 value)
(cond (({> wvalue 90) "Too Big")
((< value 0} "Errorz")
{t nil))))
(*random-seed* :fixnum))
isuperior *new-lispe-listensrv)
(list *obstacle-ratio* *random-seed¥))

{
(defun get-ditch~type ()
(wichoose~-variable~-values
' ((*ditch=type* :menu-alist (("Add Ditch" :value add-ditch)
("No Ditch" :value no=ditch))))
tlabel "Choose ditch cption"
tsupsrior *new-lisp-listenerv)
*ditch-type~*)
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(defun get-ditch-width-location{)
(wichoose=variable-values
r{(*ditch-wideh* :constraint (lambda (dl d2 d3 value)
{cond ((> value 7) "Too Big")
((< value 3) "Too Small")
(c nil))))
{*diteh~location* iconstrzaint (lambda (dl d2 &3 valus)
(cond {(> value 3Z) "Too Big")
({(< value 15) "Too Small")
(c ndid)))))
tsuperioz *new=lisp-listenerv)
(list wditch=width* *ditche=location?))

(defun user=ok()
(setf *ok=flag* t)
{wichocose=variable~valuss
! ((*ok=2lag* iboolean))
:label "Do you like this terrain?"
tsuparior *new-lisp-listencr¥)
wok~Eflag*)

{defun usexr-file=-name()
{wichoose=variasble=values
! ((*new~terrain=file=name* :string))
t1label "Please provide the output f£ile name,"
isupezior *new=lisp-listenerv)
*nevw~terrain-file-name+)

(defun user-save()
(metf *ok=-flag* nil)
(wichoose=-varisble~values
' ((*ok-flag* "Save-p" :boolean))
:label "Do you want to save this terrain?"
tsuperior *new-lisp-listener*)
rok~flag®)

(defun move-and~-shape-lisp-listener ()
(setf *scraen* (send *termminal-~io* :superior))
(setf *screen-width* (send *screen* :width))
(setf *screen-height* (send *screen* :height))
{setf *new=-lisp-listerer* (make-instance 'w:lisp- liatcno:))
(send *new=lisp-listener} :refresh)
(send *new-lisp-listener* :sat-size
(truncate (* 1.0 *screen-width*)) (tszuncate (* 0.2 *screen-height*)))
(send #*new-lisp-listener* :set-position
0 (truncate (* 0.8 *screen~height*)))
(send *new-lisp-listener* :sat-more-p nil)
(send *new-lisp-listener* :select))
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(defun restore-lisp-listener ()
(send *new=-lisp-listener* :kill))

(defun my-print (x)
(print x *new=lisp=listenec*))

(defun my-zead-chsr-no~hang ()
. (read=char=-no~hang *new=-lisp~listenerv))
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tit =~*= Mode:Common-lLisp; Base:l0 -¥-
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!
: visien-system definition

.
’

’i**t****ii****ttii*#tt*#iiiiiwwvi*i‘t*'t*'ii*tl'*lﬁﬂ*i*iiﬁiiﬁﬁﬁ**i*

(defflavor vision-system (owner)
()
iinitable-instance~-variables)

(defmethod (vislon-system :inittl)
()
)

(defmethod (vision-system :scanning)
0O
)

(defmathod (visilon-system ipermitted-cell)
(t~cell)
(send graph~terrain :permitted-cell t-cell))

{defmethod (vision~system :terrair-point)
{t~cell)
(send graph-terrain iterrain=-point t=cell))
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