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Thie paper describes a three phase project concerning the vieulng,
analyzing, and description of the motions of a cat running on a8 treadmill.
The first phase deale with the dynamic vision issues of finding and
tracking the key points of the cat from a 16mw film. Thie uas successfully
done with @ microecope attachment to a slou scan vidicon which viewsd the
film directly. The second phase was more a graphice problem of hou bast to
display the points of phase one in order to be most useful and sasily
understood. Graphs of angular positions, angular velocities, and angular
accelerations of all joints are available as uell as footfall diagrams and
both static and dynamic trajectories. The third phase is more in the realm
of kinematice and/or biophysice as it deals with the hows and uhys of
locomotion. For this reason, the analysis is not as deep as the data will
allow, A full and careful analysis can and should be undertaken, but that
le not the purpose of t.h'u paper, and hence the analysie will not be 2e

fully developed as 1e possible.

Tuo short 16mm flime of & cat running on 2 treadmill uere shown in
the HIT Al playroom in ..Imru; and afteruards, the guestion was raised, "I
wonder hod fong it will be befores a machine ;:nn run [lka that?™ To vhich
the response uwas, "How I:;ng Will It be until it understands that?" A final
remark was then heard, "How long wuntil a machine can watch that?"®

This paper answers the last of these gquestions, namely that now a
machina has "sesn" the films, and has maybe even begun to "understand” cat

locomotion, by graphically analyzing the data from the fiim. Whather or



not-cat locomotion will prove a suitable model for machine locomotion s an
open guastion.

Thie project e real iy the combination of thres distinct projects.
The first is extracting the positions of key points on the cat. Hhile this
may seom an unexciting low level task, 1t is actuglly an interesting vislon
project, one which employs both tracking and recognition ekille, It is by
no means a slmple task, because the cat's body at times obscured the key
points that uwere being tracked, the film occasional ly became alightiy
blurred or out of focus,some points wers moving quite rapidly, plue all the
usual problems aseociated with taking data from real world plctures. In
spite of these problems, the .Flrut phase of thie project |s able to reduce
the Information In the hundreds of frames of thousands of pixala of Z56
grey levels sach, to hundreds of ssts of key point positions, one set per
frame of flim viewsd. The positions of thess key points contain most 14
not all of the same information that the film contained, but 1= much easier
to use.

The second phase takes these sets of points leight points per set)
and plote them into motions and trajectories, as well as dieplaying an
animated cat that moves acrose .the screen. The differences betuaen
galloping, trotting, and ualking can usilg_r be seen in the graphs and
trajectories. Simpie curves on the graph contains all the information of
the many sets of points, and thus a further reduction of volume of
information and Increase in powse of the information Is obtalned.

The third phase assimilates all the motions and trajectories viesued

In phase 1l Into & compact theory of motion. The differences In the



various galts are understood and esplained, The graphe and trajectories
are analyzed and the reasons behind them are understood. At this atage can
“The Computer™ be sald to have watched and understood what the cat wae

doing?

Note: The term "run" or "running® uwill be lcosely used in thie
paper to mean moving in a walk, trot, or gallop. Eaduard Muybridge states’
that "in its refersnce to quadrupedal movements, "running’ can be applied
only as it is to a stream of water running down a hill, a locomotive

running along @ railroad, or an ivy plant running up a wall.”



PHASE 1 -- EXTRACTING PDINTS FROM ACTUAL FILM

In this section, the basic gray-level methods of finding the key
points are described. The imput to this section is the 16mm film, and the
output s a disk file of key-point positions.

The method of viewing the film should first be described. An old
l6mm movie projector was torn apart to obtain the hook and claw mechanism
that pulla the film exactly one frame forward. This mechaniem is placed on
a light table, and a elow scan vidicon with a8 microscope attachment is used

to vieu it from above. The resolution of thes mlcroscops lena le changable,
but only tuo lenses proved useful, since the higher tha ru:nlut!un* tha
endl ler the field of view, and the cat would soon drift out of range. The
movie camera must be manually advanced after sach frame, in order to wiew
the next frame. 5Ses figure 1. The vidicon interfaces to a POP L1/45 which
has a DEC GT4R (graphics display terminall as its primary output device.

All softuare ie written In POP 11 Assembly language.

The films used were prepared at the University of Arizona by Dr.
Mary C. Hetzel, to whom we are deeply thankful for a copy of the filma.
Gummed relnforcements (emall clircular items usually found on three ring
notebook paper) wera attached to the skin of the cat directly over the
front right shoulder, elbou, and urist; the back right hip, knee, and
ankle; and tuo more near the tail. Since the film can be viewed from
e@ither side, the cat ie aluays viewed so as to be traveling to the right of

tha vidicon. The aide facing the viewsr ie termed the “right® side, and
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FIGURE 1. Physical set-up.

the alde auay from the viewsr shall ba referred to es the "laft" side. The
pointa actually tracked are points on the skin which may move ralative to
the joints bensath thesm, but this relative motion s believed to be emall.
A treadmill uwas used to keep the cat relatively in one place In front of
the camera, Tha points found represent only the right front legs, right
rear legs, and rear end pesitions, and tell nothing of the left laga. Im
soma of the later films, tha rear end markers were not even tracked, as
their poeitions were ueed little in the final analysis. The unmarked laft
lege weres assumed to travel the same trajectories as tha right ones, only
with some phase lag. See phase 1 for further discussion of unmarked legs.
The gummed relnforcements [(hersafter referred to as markere]l were not
placed in the same position on the tuo differeant cats of the two films.

Thus the problem of finding the markers was one of finding a tarpet



that looke

done by Speckert for the human figure (MIT Herking Paper 118, January,
1376). and more general methods are applicable. The basic method employed
uas inspired by a method used by Kimme, Ballard, and Sklansky (1}, and has
no relationship to pattern matching. The contrast in the fllm was often
small betueen the cat, the target, and the background, especially near the
back of the cat, and thie did causs some problems,

The gradient (magnitude and direction) of the gray level picture is
computed at each call. The magnitude of the gradient is the maximum
di ffarence betueen one nelghbor of a call amd the "pppoaite” na i ghbor
{through the center cell). The direction is one of the eight possible
directions this can take (see figura 2}, [f the magnltude of the gradient
ie above a threshold, that cell s considered an edge point. In @ second,
initlally zero array, an arc Is "struck” about sach edge point in the
direction of the gradient at the known marker radiue (the larger radius) by
incrementing the cells that lie on tﬁl: arc, This arc les a8 quarter of a
circle in length. (Ses figure 3). Each cell in this array ends up as a
count of the mumber of edge pointe that are a given radius away and whose
gradient points touward that cell. The cell whose position e the same ae
the center of the marker should get incremented by all the marker edge
points, and thus would be the maximum. A second array uwas also used, but
with the inner radius of the target and reverse gradient directions used to
strike the arce (a8 gusmed reinforcement has an outer and an inner radius).

Both of these arrays are examined for local maxima, and & |ist of posalble



FIGURE Z. Eight possible directions of gradients.
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FIGURE 3. Arcs are struck from each edge point. Maximum is
near the centar of hypothesized circle.



target locations is prepared. The target position is chosen from these
possible locations based on other factora, such as predicted position (See
below). In practice, this method worked fairly well when the picture uas
reasonably sharp and clear, and better at higher resclutions than |lower
ones. See figure 4 for an example of how this method works when everything

ia in order.

However, often the markers were blurred, obscured, or distorted,
and this method did little good. Figure 5 shous a poor guality marker and
its associated arrays.

The position of the target is first predicted based on its past
higtory and if it s a "dependent” target, its position is also computed
based on a relative position to the target om which it is dependent. A
dependent target ie one that is more or less rigidly attached to another
target, for ewample, the elbow joint is dependent on the shoulder joint.
The shoulder/hip joints are independent as are the two on the rear end.
The elbow/knee and wriat/foot joints are dependent on the shoulder/hip and
elbou/knea joints respectively. The shoulders were chosen as the
independent targets rather than the feet due to their slower motion. Some
joints must be independent, in order that their position can be predicted
based only on their past histories, and not relative to other targets.
These independent targets are found first, in order to give a relative
position to their dependent targets., [f the pesition of a target predicted
from its past motions agrees with the prediction based on relative position

to another target., the search area la comatricted. [f they vary widely,
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FIGURE U4, Method warks well for sharp pictures.
't work as well for poor pictures.
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the area searched is widened. A picture is taken centered about the best
guess, and is handed to a routine along with a threshold for edge points,
and a radius within which to search. " This radius can be clearly seen in
figures & and 5. The ares outside of this radius is eliminated from
consideration. In figure 5, some pointe wers not aven read from the
vidicon, since even 1f they contained edge points, the arce struck would
not reach Inside this ridiul of consideration. A list of poesible target
locations s prepared based on the picture. The "best” choice is chosen
from this list based on the past history of thie target and relative
positions of other targets. [f the picture is of good quality, there will
be only one or tuo pictures In this Iist.. In figure 5 above, many possible
targets were returned. The information in the databass which s used to
pick the "best™ choice includes target type, the past eight positions, the
past thres scores, the initial search radiue, and if it ie a dependent
target, Also the past three angles to the parent target and the distance to
that target.

After all markers have been located, they are displayed while the
operator advances the film. The operator may decide to correct an-u target
location, by specifying the target number and scrolling It to the proper
position. Before starting the next frame, all the positions are written
out on disk to be used In phass 11.

Just to get an idea of what the film le like, figure B shous every
fifth frame of one stride of & cat trotting. The dynamic range has been
Fﬂtlﬁ enhanced, and thus the picture appears to have much higher contrast

than it actually does. Host of the sections of fiim viewed by Phase | were



tuo to eix etrides long. The time per frame required to locate tha targets
varies from 3@ to B@ seconds, depending om the number of targats (6 was B
and the amount of intermediate display to the user. Almost half of the
time im spent reading polnte from the vidicon.

For sase in discussion, the front shoulder joint shall henceforth
ba joint 8, tha front albou joint is joint 1,.thl front urist Is joint 2,
the back hip is joint 3, the back albou ls jolnt &, the back foot In joint
5, the hindwoat rear wmarker s joint B, the other rear marker is joint 8.

Mou that the cat films hava been reduced to disk files of points,

We are ready to begin to analyze them. This is the task of phase 11.
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PHASE I] Developing a graphics toal to view cat filma

Once the point files have been created, one nesda aome method of
viewing, examining, and analyzing them. For this purpose, a8 graphics
system was developed. The inputs to this system are the point flles from
phase [, and the output is a variety of grapha, trajectories, and other
"high-level" descriptiona of the cat's movements, to be used in phase 111
to develop a theory of cat locomotion.

The graphic terminal s a OEC GT4@ which has an 11/685 processor as
uell as a scope processor built into it. The 11785 was used to communicate
With the 11/65, perform minor computations, do bookkeeping, and modify the
sacope coda,

The graphica routine developed (called CATDIS for CAT DISplay)l has
the capability to plot the angle, angular velocity, and angular
acceleration at any joint or set of joints. The user apecifies an angle by
naming three joints. [f omly two different joints are specified lone joint
spacified twicel, the angle that the lime through these two joints makes
With the horizontal ie plotted. The angles which are examined in phase 111
include B-1-2, B-1-1, 1-2-2, 3-6-5, 3-6-4, and 4-5-5 (Ses end of phase |
deacription to revied joimt numbersl. The angular velocity is the
di fference in the last tuo positions, i.e. position [il-position(i-1).
Houwever if this is too noiey, the user can reguest that the welocity be
computed as position{il-position(i=Z), or even positionlil-positionii-31,
etc. This effectifely filters out some of the moise. Similarly, tha

acceleration can use a filter on the velocity, The file name is aluays



shoun as OFICAL.N 5:2 T:2, where the number after the 5 tells how many
times the data has been smoothed, and the rumber after the T tells the time
delay in points used to compute the velocity and acceleration, with Til
corresponding to the wvelocity shoun being positionlil-positionii-=10. A
value of 5:2 T:2 was used in phase |1 to minimize noise. Figure 7 shows a

plot of the rear knee joint angle for a trot.

RN D34 FILE BPICAL.T BIE TR

FIGURE 7. Rear Knee Joint. Position, Angular Yelocity, Amaular Accelera-
Lion {(trot).

An animated cat (built around the sets of pointal can also be seen
which will either run in place, or move across the screen as the asuccessive
sets of points arrive from the 11/45. Thie cat will disappear at the flick
of a switch to allow closer inspection of the points themselves. The
trajectories of the actual points can be made to stay in vied as ned sels

of points arrive, thus showing a history of that joint, either as tha cat



is moving across the screen, or as it ig rumning in place (on @ treadmilll.

Eaduard Muybridge (1BB7) did most of his anmalysie of motion by
watching the patterns of footfalls, i.e. studying the order in which each

leg hit and wae lifted from the ground. He wsed a simple diagram that

looked |ike rr) I?'" .

o b

A, . . \
Hhera P i the fromt laft foot, ‘ is the front right foot, i } is the

back left foot, and ) is the back right foot. 1f these sysbols are
present in the diagram, that foot s on the ground, and If abhsent., that
foot was nmot at that moment supporting the body. Thus the above diagram

depicts an animal standing on all fowr legs, and

F'\-

i -r"“
———— Mg .._._.._{ I l .

represent an animal with two feet on the ground and one that momentarily
has no feet on the ground, respectively. These Muybridge tupe footfall
diagrams can be sean in CATODIS, either dynamically as the cat moves, or as
a series of static diagrams, ahewing the sequence and duration of
footfalls, The solid symbola . and ‘ha\ru been replaced by e and
:': A foot |8 conaidersd as being on the grownd if it is below a waer
specified ¥ value AND if it Ia moving backwarda on the original film (where
the cat is on a treadmill that is moving backwards)l. The fromt and rear

ground levels can be set independentiy in the event that the markers are a

different helight above the ground on the cat. These diagrams area very
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FIGURE &. DOne complete stride of a walk.

usaful in classifying gaite., Figure 8 shous one complete stride of a walk.
The count below each diagram tellas heu many frames that "phase" lasted.
Each frame is approximately 1P milliseconds, since the film was taken at
18® frames per second. Figure 3 shows a cat galloping with a dynamic

diagram at the left (as the cat moves, the diagram changes).

2
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FIGURE 9. Cat galleping.

For more detailed informatiom on how to see what you want to see



from CATDIS, see Appendix 2, an operational guide te CATDIS.
Thus with all of thess high level descriptions of the motions of
the targets available, an understanding of cat locomotion is possible.

This is the purpose of phase [1].



Phaze [11 Underatanding Cat Locomotion

The input fo this section is the graphe, diagrams, trajectories,
and other high level information of phase I1 and the output is a theory of
cat locomotion. The rotary gallop, trot and walk are compared.

These cat filws are accurate encugh and frequent enough that some
underatanding of the motion is possible, wnlike earlier attempts of
watching human figures in motion. ([See Horking Paper 118 Knouledge Oriven
Recognition of the Human Body by Glen Speckert] The films were taken at a
rate of 180 frames per second, so each frame represents about 1B msec.

The walk is the slowest, most restful gait, and as can be seen by

figure 18, the cat is supported alternately on twuo or three legs. As a

i‘i‘i’»ﬂ“ffi

FIGURE 10. Walk.
general rule, whenever the animal is supported by tuo legs. if tha moving
legs are betuween the supporting ones, both are lateral pairs. 1f the

meving lege are outside the supporting legs, beth pairs are diagonals
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FIGURE 11, Complete set of graphs for walk.



(Huybridgel: Thua the walk seqguence consists of (refer to figure 18]
starting on three legs and lifting the front right, dropping the back
right, lifting the back left, dropping the fromt right, |ifting front left,
dropping the back laft, lifting the back right, dropping the fromt left and
recuraing. This ie a sumetric gait as the right legs are 188 degrees out
of phase with the left ones. The front leg seems to lag the back leg on
the same aide by 39 degreea. Figure 11 shouws the graphe of all the angles
for a walk. MNote the low sccelerations and hence low energy expended by
thia gait.

The trot is a alightly faater gait, and consiats basically of
diagaonal pairs working together (in phase)l to alternately support the body.
Muybridge gained great fame by ehouing that horses have a allight period af
non-support betusen charging of paira of supporting lege. This can be seen

in a wery short phase f(about 18 maec) inm figure 12, In all the trots (see

FILE OFTORLd Wk B
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FIGURE 12, Trot.
figure 13), the cat stayed a long time (1BB-128 msec) on its diagonals and

took about 4@ msec to change to the other pair. The four events of |ifting
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FIGURE 14. Complete set of graphs for trot.
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FIGURE T3. HMore Lrots.

the tuo supporting feet and aetting the two new supporting feet down happen
close together in time, and thelr precise order is not aluways the same,
However the fronmt leg in the diagonal pair always leaves the ground sooner
tharn ite diagonal partmner, and it alse alwaya lanmds alightly asooner.
Figure 14 shous a complete set of graphs for all joints and angles of the
trot. Note that the accelerations are higher than in the walk, but not as
high as for the gallep. Tha trot s 8 symetric gait with the right and
left legs 1BE degrees out of phase and also the front feet are 188 degrees
out of phase with the rear ones on the same side.

The rotary gallop is the fastest gait of the cat. Except for one
leng peried of unsupported tranmait, the cat alternates support on one or
tho legs. Starting in flight, the cat first touches down with its rear
left leg followed by the right rear. The right rear them stands alone as
the left rear shoves off and the cat astretchs out. The right front touches
doun just before the right rear leaves and it is soon joined by the left

front. The left front scom becomes the sole supporting leg of the bedy for
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FIGURE Th. Complete et of graphs for Rotary Gallop.



a fairly long period before contributing a atrong kick which sends the cat

back into ite long period of unsupported flight. Sea figure 15, UWhen the

FULE ST10E.E BiE T1I

FIGURE 15. Rotary Gallop.

cat is in flight, all feur of its legs are tucked beneath the body, and
thia phase laasta for alightly over one fourth of the stride. [t can be
easily seen why this gait is called the rotary gallop, as the footfalls
proceed in 8 counter clockuise circle arcund the cat. [f the roles of the
right front and left front are reveraed, this gait becomes the transverse
gallop. The graphs of figure LB can be seen to contain higher acceleration
peaks than in either the walk or the trot, and thus the energy required is
higher. This is not a sumetric gait, as the front laft leg lags the front
right one by E@ degrees and the back left leg leada the back right one by
B8 degrees.

The velocities of these gaite canm be found by finding the minimum
offast reeaded to add to each frame such that the fest never appear to move
backuards. This is done to produce the point trajectories of the cat as if

it wuere running on stationary ground. The speeds are 25, 13, and 1B for



the gallop, trot, and walk respectivaly. By setting thess veloclties In
CATDIS, the cat can be seen to move acrosa the screen. The fils length,
period, phase lags, and vllﬂﬁit]li for all the data files are tabulated in
Appendix 3. Again, further analysis is possible from the data, and Is
encour aged, h'.lt. that is not t{he purpoee of this research.

Thus it can be seen that a reasonable amount of kinematic analysis
can be done on pointe which wera visually located from an actual real world
film. Thie shous the reliability of the dynamic vision system which the
graphics system and kinematic analyeis are based upon.

"The Computer™ has seen the cat films, understood the basic
mechanics of ssveral types of motion, and ﬁnu It is up to the mechanical
engineers to enable it to imitate the cat, and someday be able to walk,

trot, or gallop.



APPENDIX 1 Operational Guide to Phaese |

This appendis describes hou to'use the firat phase of this project,
the phase concerned dith converting LEmm film to disk files of point

poaitions. To run the progrem, do @

1CATHI

Thia will ask then for @ terget radiue (E for 2 Plan scope probe, 9 for 3
Plan) and a threshold. The threshald is the value which determines whether
a point has enough spread acrose it to be an "edge” point. 7 is & good

valus to give. At this point it will respond with

ENTER COHMAND

There are many comsands avallable, and a Y<cr> uwill list them. Probably

though, you will want to do an

EP<ers» [entar picturs model

firat. This will load in PICTBY into the GT48. This le a display program
which will display one sector picturea. After loading in this display
progras, my program will ask you what you want to see displayed. You choaa

what you want to see, and indicate If 1t should wait for a cheracter beafore



proceeding (thus allouwing you to examine the picture at your lelsurel.
Items which you can view include the actual picture as it is taken from the
vidicon, the array SCRBUF which |s the array uith the large arcs drawn on
it the array SCRZBF, the array that locke for the swmaller center hole in
the target, and @ count of the number of "edge points”.

At this point It will again ask you for a command. Probably at
thie point, you will uwant to bulld 8 database, or read one off dek. RD

uill read one in from dek, but you probably will want to do a
BD<cr>» {bulld databasal

This will ask you 1f the target is independent, or dependent on another
target, If so, which one. Targets 8,3,6,7 are independent, and 1,2,4,5 are
dependent on B,1,3,4 respectively. [t will also ask you for a "center
distance max®. This is the 'Lﬂl-fﬂ'll:l from the projected position that ia
searched. For closaly epaced "w“-a B and 7, a small distance like B
should be used io avoid confusion betueen them. For the other targets,
this Ia not a very Important parameter, and anywhere from 18-38 is OK. MNow
wou must scroll to within a target radius of the target. UWhenever It wants
wou to scroll, the words "Please Scroll" are displayed. Use the arrow keys
on the |pft of the keyboard, and hit space whan you are done scrolling.
Hitting "S" will change the scroll mode to single pixel, i.e. sach time you
hit the key, the cursur moves one pixel. Hitting "N* returns to normal
scrolling mode. After you have scrolled, it will locate the target, and

ank you



ANY MORE TARGETS?

Rapiy ¥ for yas, then supply the above information for each target. Hhen
you have informed it of all targets, reply N to the last question, and it

will again ask you for a command. MNow advance the film one frame, and type
B2 (atap 2 in'building databasel
This will ask you to scroll te the ned position of each target from the
last position, as the taru-lt'u nay ba moving rapidliy, and it has no idea of
pach target's velocity. This gives it the velocities of all the targets.
Mow advance the film and type
B3 (step 3 in building a databasa)
This mill ask you to again scroll to the targets, thus giving it an idea of
the acceleration of sach target. After you have built thies database, you
may want to write it on disk. 1t will only be useful if you are at the
current frame in the film again, HD writes database on disk.

The normal sequesnce 18 to advance the film and type

NE (process naxt framel



This ulll scan for all the targets, showing you what you specified you
wanted to see on the GT4Q ecreen, find all the points, display them and ask
for your next command. Be sure to edvence the flim after sach ME command.
After 8 frames (including the firet 3 used to build the database) you can
do an

0o {open diek)

Thia opens a disk file, and each ME command then writes Ite points to disk

before procesaing the next frame. HWhen you are done you will want to do a

Cco lclosa diek)

This closes this point file.

Somatimes tha routine will incorectly find a target. Hhen this
happens, it beacomas necessary for the operator to scroll to the proper
position. For this reasocn, after sach ME command, all the points that are

found are displayed. If one le incorrect, you should do a

co leorrect onal

This will ask for the target number and allouw you to scroll to the proper
position of that target. Since the positions are uritten out at the
beginning of the NE command, 1t is this corected position that ie wuritten

out, when you do thes next NE command.
*



Other commands which are useful lnclude

oT

=

8

PA
Ti
EX

display current set of targets

displays last 8 positions of a tearget (it aske for terget H)
displays last & positions of all targets

add more targete to database

gnter plcture mode

leave picture mode

specify display options (uhat arraye to dieplay on GT48)
re=open long point file at end

change paramaters of radius and threshold

time of day

axit

display all commande



APPENDIN 2 Operational Guide to Phase II

This append|x describes the use of the graphice routines which
display the points found in phase I. To start the program, type

tCATDIS

This will load the display routine into the GT4@, and when 4t Is

done loading, there should be a sketch of a cat and the uords

ENTER FILE MAME
L]

to which you uh;uuid give the name of a file which Is a data file from phase
I. The data filea which | have nnlluutud-r- on my disk and are named
OFICAL.N where N is a decimal number. Since in general thers is a phase
difference betusen the first and last =set of points in the file, thers will
bes a discontinuous jump In motion at the "wrap-around” point, where the
first set of positions follous the last est. However, the files are in
ASCII, and thus can be edited to minimize this phase difference. | have
done this for most of the files, and the modified files (usually shorter)
are called DFICAL.1M, DFICAL.2H, with the 'H meaning that it is & modified
or matched flle. After recelving a file name, phase |l reads this file

into core, and displays the follouing message:



BIT 15 HALVES CAT BIT 11 TURNS OFF CAT

BIT 14 CLEARS PDINTS BIT 18 TURNS DFF TEXT

BIT 13 MIPES OLDEST POINT  BIT 9 T0 VIEM HIDDEN FEET

BIT 12 ADDS NEWEST POINT  BIT 8 CHANGES SCALE OF GRAPHS
BITS B-7 DISABLE JOINT DISPLAYS
7 TD DISPLAY 11/45 COMMANDS

There are three modes to CATDIS. These are normal, graph, and footfall
diagram mode. The user starts out in normal mode. The above message tells
what the GT48 bit sultches do. The sets of points are sent from the 11745
to tha GT48 to be displayed. Some of th|_~ bit sultchas only have meaning
when updating uith the next set of pointa. The suitches effective at this
time are bite 15, 13, and 12. 1f bit 12 is up, & point will be displayed
{in addition to any other pointe or pictures) at each joint position just
received. If bit 13 le up, the oldest suéh set of jeint position points
will be flushed. Thus having bits 12 and 13 up will cause the number of
pointes displaged to bs constant, i.e=. the last n positions will aluays be
visible. If bit 15 is wp, the cat will become half size (unless it already
is, In 1-|!l1l1:h casa it will stay small}l. UWhen changing mize, all points on
the screen are flushed. MWith all these points on the screen, it often
becomes confusing as to which points are in which joint traj.:tnru.‘ Thus
by flipping bits B-7 lanytinel, the set corresponding to that joint nbt be
displayed (it is not lost, and putting the bit down redisplays theml. BI1¢%

14 will flush all pointe currentiy on the screen, Bit 11 turne off the



sketch of the cat (in order to view the points better), and bit 18 turns
off the text. Bit 3 causes the left front and back feet to be viewed, The
left feet are the same as the right ones, only delayed by a phase lag (ses
P command below). Bit B changas the scale of the next graph's angular
velocity and angular acceleration. Scale goes in a cyclic 1-2-6-6-1 order,
With change of state of bit & advancing the scale one position. Thus in
this mode, the user can uatch the point trajectories and locomotion. To
get & set of points, the GT4@ must interact with the 11/45. there are many
other ways to Interact with the 11/45. The following is a liast of 11/45

commands aval labla.

SPACE  This sende over one set of pointe. Thus hitting the space

bar will look like vieuing succesive frames of the fiim.

"A" This uill send a set of points over every time the clock
ticks the n times. N Is initially & and can be set with the F command.

Thie auto-mode will show the cat in motion.

"F* This sets the frame rate for the A command, i.e.
determines hou long to wait betuesn succesive frmams. One clock tick ie

1/6@8 of a second.

*H* This sete the Move distance, or the offset to bes added
to sach frame. A nonzero value here will causs the cat to move across the

screen. A good value to use is the smallest one that dossn't allou any



point to move backuards. See appendix 3 for this speed for each file.

"R" Aska for new files name. Used te read another f11a.

P Set phase lag (in points] batueen the right fest and the
left feat., The left feat are simply the right positions delayed n points.

P sets n. Bit 3 must be up to ses left lege.

"G" Graph moda. This asks for thres joint nusbers, and

' computes the angle, angular velocity, and angular acceleration at each
frasma and plots this angle for 8l) frames in the disk file. The same joint
can be specifiesd as two of the thres joints, thus resulting In tha angle
from the horizontal. Catdis then goes into graph mode In which It displays
a8 graph showing the angle, angular veloclty, and angular acceleration of
that joint for entire point file. A dotted |ine showe where on the graph
the current position of the cat ie. The ueer must aleo specify a time
constant for computing the veloclty and acceleration. [f T=1, the velecity
is the difference in the last tuo positiona, If T2, the velocity
displaysd ia the difference of position | and i=2, ete. Only the A,L,5,
and SPACE commands can bs executed without returning to mormal mode.

Toggle bit & and do an "L" command to change scale.

"L" Revieu last graph vieswed. Useful in returning to graph



mg" Smooths data. The nunber of times data has been

smoothed Ie glven in Sin imediately after file name.

"C* Change scale of points. It asks for numerator and
dencminator. Needed becauss soms of point files were obtained using the 3
. plan microscope probe, and sows were obtained using the 2 plan plece. Use
1/1 fer the 3 plan files, a;ru:l 3/2 for the 2 plan files. (see appendinx 3

for llat of which ie whichl,

e Displays date, time, and current version number.
" Displays the bit suitch information above.
" Dieplays & |ist of these commands and & brisf

description.

"0 Diagram mode. This command first asks if the dynamic
Muybridge footfall diagram should be turned on, 1f so, It asks for 2 ¥
value for the front foot. Polints which are below thie value AND which are
moving backuards in the original film are considered as touching the
ground. By having blt 12 up, typing "A" to let . the cat run for a stride or
two, and then doing a "D", the user cen more accurately place the ground
line. The front and back are independentiy eettable in the event that the
front and rear merkers are a different height above the ground, After

having done thie, the user Is returned to normal mods, but a Huybridge



diagram |as vislble on the laft of the screen. As the cat moves (el ther
uith another "A", or successive "SPACE" commands), this diagram will show
which feat ara on thae ground. To turm off this diagram, type another "D"

and ansuer "N" to tha first guestion,

o~ Other Diagrasse. 0 doesn”t seem to atand for wultiple
footfall diagram mode, but most of the good letters were taken when this
foature uas Implemsnted. This command asks for a start frame and 8 count.
1f there is a phase lag of 17, use a starting frame of at least 18 to avoid
points from the end of the point file messing up the diagrame. [t dieplays
the Huybridge footfall diagram for the whole ssries, and under each diagram
gives a count of the numbar of framea in a rou that that diagram was valid.

28 diagrams are the most it can show (different from 28 frames).



Just to get one started, try using the file GALLOP. When the bit
sl tch Information 1s displayed, type an A. The cat will appsar to be
running on @ treadmill. Watch for a while, the put up bit 12, This will
cause the points to remaln In view. Flip bit 14 up and doun to clear the
points, and then put bit 13 up (the cat is running this uhole tima). Nou
It should appear as |f thers is almost @ string attached to the joints of
constant length. Playing with bite B-7 will cause pointe streaming from
each joint to not be displaged. Now turn on bit 15. The cat is half size,
and there s just one point on each joint. By turning bit 13 doun for a
second, then up, a history of arbltrary length cén be created. Set the
frame rate to & ticks, the move distance to 24 unite, and the phase lag to
B points. Put up bit 9 and 15, type A, and watch the cat run across the

screen. Type P to set the phase to 6 and -B respectivaly.



APPENDIX 3 Some uesful Information

The follosing chart tells some useful information to anyons using

or playging with CATOIS.

F*:IEIEE DESCRIPTION Lan[;: n'EFEal:Im tmg’:ﬁu SIZE SPEED
OFICAL.1  ROTARY 192 3 6,-B 3 plan 26 .
GALLOP
OFICAL. 2 BAD TROT &2 &2 28,21 3 plan 12
OFICAL.4  WALK 123 38 18,13 3 plan 18
OF ICAL.B TROT 213 32 16,16 2 plan 20
DFICAL.7 TROT © o 1b4 a5 17,18 2 plan 18
DFICAL.8  TROT = 198 - 33 16,17 2 plan 18
OFICAL.9 TROT Bé 13 17,18 2 plan 19
OFICAL.18  ROTARY B85 36 B.-B 2 plan 26
GALLOP
OFICAL.11  WALK 145 43 22,21 2 plan 11

# Cat's rear lege stop when tall hit back wall of treadmill, (about frame

78] but front ones keep going until cat was against back of treadmill wall.
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