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This paper describes a three phase project concerning the watching.
analyzing, and describing of motions of a cat In various gaits. A l l  data
Is based on two 16 mm f lime of an actual cat moving on a treadmill. In
phase I, the low l evel i ssues of track i ng key pOints on the cat from frame
to frame are discussed. Phase II deals with building and using a graphics
tool to analyze the data of phase I. Phase III is a high leve l discussion

• of cat locomotion based on the trajectorie, and movements explored by phase
II. V

1’
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. This paper describes • three phase project concernlng the viewing.

ana lyzing, and description of the motions of a cat running on a treadm Ill.

The first phase deals uith the dynamic vision Issues of find i ng and

V tracking the key points of the cat from a 16mm film. This was successfully

done with a microscope attachment to a slow scan vidicon which viewed the
V 

film directly. Th. second phase was more a graphics prob l em of how best to

disp l ay the po ints of phase one in order to be most useful and easily

understood. Graphs of angular positions, angular velocities , and angul ar

accelerations of al l joints are available as well as footfall diagrams and

( both static and dynamic trajectories. The third phase is more in the realm

of kinematics and/or biophysics as It deals with the hows and whys. of

l ocomotion. For this reason, the analysis Is not as deep as the data will

allow . A ful l and careful analysis can and should be undertaken, but that

is not the purpose of this paper, and hence the anal ysis will not be as

fully deve’oped as ie possIble.

Two short 16mm fIlms of a cat running on a treadm ill were shown in

the MIT Al playroom in January, and afterwards, the question was raised, 1

wonder how long it will be before a machine can run like that?’ To which

th. response was, ‘How l ong g ill it be until it understands that?’ A fina l

remark was then heard, ‘How long until a machine can watch that?’

This paper answers the last of these questions, namely that now a

machine has ‘seen’ the films, and has maybe even begun to ‘understand’ cat

locomotion, by graphics lly analyzing the data from the film. Whether or

0
V V
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not cat l ocomotion wil l prove a suitable model for machine locomotion Is an

open question.

- 
This project Is really the combination of three dletlnc t projects.

The first is extracting the positions of key points on the cat. W hile this

• may seem an unexciting low level task, it is actuall y an Interesting vision

pro ject , one which employs both tracking and recognition skills. It is by

no means a simple task, because the cat’s body at times obscured the key

points that were be i ng tracked, the film occasionall y became slight l y

• blurred or out of focus,eome points were moving quite rapidly, plus all the

usual problems associated with taking data from real world pictures. In

spite of these probl ems, the first phase of this project is able to reduce

the information in the hundreds of frames of thousands of pixels of 256

grey l evels each, to hundreds of •StVS of key point positions, one set per

frame of film viewed. The positions of these key points contain most If

not aIF of the same information that the film contained, but ~s much easier

to use.

The second phase takes these sets of points (eigh t points per set)

and plots them into motions and trajectories , as well as disp l aying an

an i mated cat that moves across VthO screen. The differences between

gallop i ng, t r o t t i n g, and walking can easily be seen in the graphs and

trajectories. Simple curves on the graph contains al l the information of
V 

• 
the many sets of points , and thus a further reduction of vo’ume of

informat ion and increase in power of ~the Information Is obtained.

c The third phase assimilates al l the motions and trajectories viewed
V 

in phase I! into a compact theory of motion. The differences in the • .

( VV
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0
varioue gaits are understood and explained. The graphs and trajectories

are analyzed end the reasons behind them are understood. At this stage can

• ‘Th. Computer ’ be said to have watched and understood what the cat was

do i ng?

Note: The term ‘run’ or ‘running’ w ill be loosely used In t h i s

paper to mean moving In a watk , trot, or gallop. Eadward tluybridge states

that ‘In Its reference to quadrupedal movements, ‘running’ can be applied

only as it is to a stream of water runn i ng down a h i l l , a l ocomotive

running along a railroad, or an Ivy plant running up a wa il. ’

0

0
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~ L_) PHASE I -- EXTRACTING POINTS FROM ACTUAL FILM

V 

In this section, the basic gray-leve l methods of finding the key

points are described. The input to this section Is the 16mm f lie , and the

output is a disk file of key-point positions. 
V

The method of view i ng the film shou’d first be described. An old

16mm movie projector was torn apart to obtain the hook and claw mechanism

• • that pulls the film exactly one frame forward. This mechanism is placed on

a ligh t table, and a slow scan vidicon with a microscope attachment is used

to view it from above. The resolution of the microscope lens Is changeble,

but only two l enses proved useful , s i nce the higher the resolution, the

~ c
i smaller the f Ield of view , and the cat would soon drift out of range: The

V movie camera must be manuall y advanced after each frame, in order to view

th. next frame. See figure 1. The vidicon interfaces to a POP 11/45 which

has a DEC GT4Ø (graphics disp l ay terminal ) as its pr imary outpu t device.

All software Is written in PUP 11 Aseembl!j language.

• The f lies used were prepared at the University of Ar i zona by Or.

Mary C. Jstze l , to whom we are deeply thankful for a copy of the films.

Gummed reinforcefsents (small circular items usually found on three ring

• notebook pap.r) were attached to the skin of the cat directly over the

front ri ght shou l der , el bow, and wrist: the back right hip , knee, and

ankle; and two more near the tail. Since the film can be viewed from

either side, the cat Is always viewed eo as to be traveling to the right of

the vidlcon. The side faci ng the viewer Is termed the ‘right’ side, and

• C)
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SLOW
SCAN
V I D I C O N  V

:1
MICROSCOPE PROBE

F I L M  HOLDER

~~~~~~~~~~~~~~~~ I T  TABLE

FIGURE 1. Phys ica l set~up;

the side away from the viewer shall be referred to as the ‘left’ side . The Q
points actually tracked are points on the skin which may move relative to

the joints beneath them, but this relative motion is believed to be small.

A treadm ill •was used to keep the cat relativel y in one place in front of

the • camera, The points found represent only the right front legs, right

• rear legs, and rear end positIons, and tell nothing of the left legs. In

• some of the later films , the rear end markers’ were not even tracked, as

the r positions were used little in the final analysis. The unmarked le ft

legs were assumed to travel the same trajectories as the right ones, onl y

with some phase lag. See phase II for further discussion of unmarked legs.

The gummed reinforcements (hereafter referred to as markers) were not

placed in th, same position on the two different cats of the two fHms.

Thus the problem of find ing the markers was one of finding a target

• 0~
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tha t l ooks like a basicall y dark but splotchy cat. This is a

’

vastly simpler task than find ing the joints withou t special markers, as was

done by Speckert f or the human f i gure (MIT Working Paper 118, January,
• 

‘ 1976) , and more general methods are applicable. The basic method employed

was inspired by a method used by Kimme, Ballard , and Sklansky (1), and has

no relationship to pattern matching. The contrast in  the film was often

small between the cat, the target, and the background, especially near the

back of the cat, and this did cause some problems. 
V

The gradient (magn i tude and direction ) of the gray l evel picture le

• computed at each cell. The magnitude of the gradient is the max i mum

difference between one ne i ghbor of a cell and the ‘Qp~,site’ ne i ghbor

( (through the center cell). The direction is one of the eight possib le

directions this can take (see fIgure 2). If the magn i tude of the grad i ent

(3 is above a threshold, that cell is considered an edge point. In a second,

r 
• i n i ti a l  ly zero array, an arc 1. ‘struck ’ about each edge point in the

direction of the gradient at the known marker radius (the larger radius) by

i ncrementing the cells that lie on this arc. This arc is a quarter of a

circle in length. (See figure 3). Each cell in this array ends up as a

• count of the number of edge point, that are a given radius away and whose
I-, •

gradi ent points toward that cell. The cell whose position is the 5O~ C ~~5

the center of the marker should get incremented by all the marker edge

points, and thus would be the maximum. A second array was also used, but

with the i nner radius of the target and reverse gradient directions used to

str i ke the arcs (a gummed reinforcement has an outer and an Inner radius).

Both of these arrays are exam ined for local max i ma, and a l ist of possible

I(‘j )
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FIGURE 2. Eight possible directions of grad ients.
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I•J

• target l ocations is prepared. The target position is chosen from these

possible locations based on other factors, such as predicted position (See

below). In practice, this method worked fairly well when the picture was

reasonably sharp and clear , and better at higher resolutions th~n lower

ones. See figure 6 for an example of how this method works when everything

is in order.

However , often the markers were blurred, obscured, or distorted .

and this method did little good. Figure 5 shows a poor quality marker and

• its associated arrays.

• 
• 

The position of the target is first predicted based on Its past

history and if i t  Is  a ‘dependent’ targe t , its position is also computed

0 based on a relative position to the target on which it is dependent. A

V dependent target is one that is more or less rigidly attached to another

targe t , for example , 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 wrist/foot joints are dependent on the shoulder/hip and

elbow/knee joints respectively. The shoulders were chosen as the

i ndependent 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.

V 
These i ndependent targets are found first , in order to give a relative

position to their dependent targets. If the position of a target predicted

from Its past motions agrees with the prediction based on relative position

to another target, the search area is constricted. If they vary widely,

______ 
( )

_ _ _ _
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the area searched is widened, A picture I s  taken centered about the best

guess, and is handed to a routine along with a threshold for edge points .

and a radi us wi thin wh i ch to search. This radius can be clearly seen In

V 

- figures 4 and 5. The area outeide of this radius is eliminated from

cons i deration. In fi gure 5, some points were not even read from the

• vidicon , since even if they contained edge points, the arcs struck would

not reach inside this radius of consideration. A li st of possible targe t

locations is prepared based on the picture. The “best” choice is chosen

/ 
V 

• from this li e t based on the past history of thi s targe t and re lative

- - 
- 

positions of other targets. If the picture is of good quality, there wi l l

- be only one or two pictures in this list. . In figure 5 above, many possible V

targets were returned. The Information in the database wh i ch is used to

pick the ‘best’ choice inc ludes target type, the past eight positions , the

• past three scores, the initial search radius , and if it is  a dependent

target, also the past three angles to the parent target and the distance to
I 

that target.

Aft er all markers have been located , they are disp l ayed while the

- V operator advances the film, The operator may dec i de to correct any .tat-get

l ocat i on, by specifying the target number and scrolling i t  to the proper

position. Before starting the next frame, al l the positions are wr i t ten

out on disk to be used In phase 11.

Just to get an idea of what the f i lm  Is like , figure 6 shows every

fifth frame of one str i de of a cat trotting. The dynamic range has been

greatly enhanced, and thus the picture appears to have much higher contrast -

V

than it actuall y does. Most of the sections of fil m viewed by Phase I were 
V

V 
VV

V
~~~~~~~~~~~~ _ èS_V~~~~~ V V V  V ~~~~~~~ V V V •. 

—
~~ 

—
~
-— --——--- - ~~~~~~~~~ - — -~• ———

~~ ~~~~
—

~~~~~~~~~~~~ -—



‘‘~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---,r.~rc ~~~~~~~~~~~~~~~~~~~~~~~~~~~ V 5~~~~~~~~~V • VVVV ~~~~~~~~ ~~~ V V V ~~VV~~~~

F’- Vj Cat Locomotion page 12

V 

two to six stri des long. The time per frame required to l ocate the targets

varies from 38 to 68 seconds, depending on the number of targets (6 vs 8)

and the amount of Intermediate disp l ay to the user. Almost half of the

time Is spent reading points from the vidicon.

For ease In discussion, the fron t shoulder joint shal l henceforth

be JoInt 8, the front elbow joint ’ is joint 1, the front wrist Is joint 2,

the back hip Is joint 3, the back elbow is joint 4, the back foot is joint

5~ the hindmost rear marker is joInt 6, the other rear marker is joInt 8.

VI Now that the cat films have been reduced to diek files of points,

we are ready to begin to analyze thés. This Is the task of phase II.

0

. 0
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PHASE II Developing a graphics tool to view cat films

V 

Once the point files have been created, one needs some method of

viewing, examining, and ana l yzi ng them. For this purpose, a graphics

system was deve loped. The Inputs to this system are the point files from

phase I , and the output is a variety of graphs, trajectories, and other

“high— l evel’ descriptions of the cat’s movements , to be used in phase III

to develop a theory of cat l ocomotion.

V The graphic terminal Is a DEC GT4B which has an 11/85 processor as

well as a scope processor built into it. The 11/05 was used to communi cate
V w ith the 11/4S, perform minor computations, do bookkeeping, and modify the

scope code.

(j The graphics routine developed (called CATOIS f or CAT DiSp lay) has

the capability to plot the angle , angu l ar velocity, and angular

accel eration at any joint or set of joints. The user specifies an angle by

naming three joints. If onl y two different joints are specified (one joint

specified twice), the angle that the line through these two joints makes

with the hori zontal is plotted. The angles which are examined In phase III
V

VS
~~~~~ include 0-1—2, 0-1-1, 1-2-2, 3-4-5, 3-4-4, and 4-5-5 (See end of phase I

descr iption to review joint numbers). The angu l ar ve l ocity Is the

difference in the last two positions , l,e, position (iJ—position (i-- 1P.

However if this is too noisy, the user can request that the ve l oc i ty be

computed as poeition (i)—poeltion(i—2), or even position (i)—position (I—3),

etc. This effectifel y filter e out some of the noi se. Similar l y, the

acce l eration can use a filter on the velocity. The file name is always

I
V,;~ ~~~

- 

V - 

V _ _ _ _ _ _ _ _ _ _ _
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0
shown as OFICAL.N S:2 T:2 , where the number a-f ter the S tells how many

times the data has been smoothed, and the number after the T tel ls the time

de lay In points used to compute the veloc i ty and accel eration, w i t h T:1
V 

corresponding to the velocity shown being position (i)—position (i—1). A

va lue of S:2 1:2 was used in phase III to minimize noise. Figure 7 shows a

V 
plot of the rear knee joint angle for a trot.

(

FIGURE 7. Rear Knee Joint. Position , Angular Ve l ocity, Angular Accelera-
tion (trot).

V An animated cat (built around the sets of points) can also be seen

which will either run in place, or move across the screen as the successive

V . sets of points arrive from the 11/45. This cat will disappear at the flick

of a sw i tch to allow closer inspection of the points themse l ves. The

trajectories of the actual points can be made to stay in view as new sets

V 
of points arr i vs, thus showing a history of that joint, either as the cat

-~ 

(T) 0
4
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U
is moving across the screen, or as it is running in place (on a treadmill ). 

V

Eadward Muybr i dge (1887) did  most of his anaiys is of motion by V

watching the patterns of footfal ls , i.•. study ing the order in which each V

leg hit and was l i f t ed  from the ground. He used a simple diagram that

V l ooked l i k e

where \~is the front left foo t, A Is the front right foot, C) is the

back lef t  foot , and is the back rIght foot. If thes, symbols are V

present In the diagram, that foo t is on the ground, and if absent, that

foot was not at that moment supporting the body. Thus the above diagram

depicts an anima l standing on all four legs, and 0

O S  
V

V represent an anima l with two feet on the ground and one that momentarily

has no feet on the ground, respectively. These Muybrldge type footfall

-
~~~ diagrams can be seen in CATOIS, either dynamicall y as the cat moves, or as

j  a series of static diagrams , show i ng the sequence and duration of V

footfalls. The solid symbols • and &have been replaced by 0 and
A foot is consi dered as bei ng on the ground i f  i t  is below a user

specified V value AND if It Is moving backwards on th. original film (where

the cat is on a treadmill that Is moving backwards). The front and rear

ground l evels can be set independently in the even t that the markers are ~ 
V

— 
V V different hei ght above the ground on the cat. These diag rams are very

_ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _  

V
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FIGURE 8. One complete stride of a walk.

~~VJ useful in classify ing gaits. Fi gure 8 shows one complete stride of a walk.

The count be low each diagram tel ls how many frames that ‘phase’ lasted.

Each frame is approx i mately 10 milliseconds , since the f i lm  was taken at

180 frames per second. Figure 9 shows a cat galloping with a dynamic

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

- V

Vt
iLi. ~,1iu~

.7 
_
-j-

r’

FIGURE 9. Cat gallop ing.

V For more detailed information on how to see what you want to see

0
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0 0
from CATOIS, see Appendix 2, an operational guide to CATOIS.

- Thus with al l of these hi gh l evel descriptions of the motions of

the targets avai lable , an understanding of cat locomotion is possible.

This Is the purpose of phase III.

I .
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.

V V~~~
V

Phase III Understanding Cat Locomotion V

- - - The input to this section is the graphs, diagrams, trajectories.

and other high l evel information of phase II and the output Is a theory of

cat locomotion. The rotary gallop, trot and walk are compared.

These cat films are accurate enough and frequent enough that some

V understanding of the motion is possible , unlike earlier attempts of

watching human figures in motion. (See Working Paper 118 Knowledge Driven

Recognition of the Human Body by Glen Speckert) The f i lms were taken at a

- 
rate of 180 frames per second, so each frame represents about 10 msec.

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

( )  fi gure 18, the cat is supported alternately on two or three legs. As a

V1~V~ V 1~~(T PS~~Z LMG IS IS
PS~~ X 1MG IS  II

r~~ .y ~~O(V IS .5V 
~~~ S Ml 1.51

V 5 V T55 5 !MG r~~~ MJ~IU I S  ~~
V s&e,t, ~~ rwis IS  .5

FI L E  OFILMI a S S I

V

~~~~

V

~

FIGURE 10. Walk.

- 

general rule, whenever the anima l is supported by two legs, if the moving

legs are betueen the supporting ones, both are lateral pairs. If the

mov i ng legs are outside the supporting legs, both pairs are diagonals

C) 0

V V - - V 
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~V j
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~ V 

(Muybr i dge). Thus the walk sequence consists of (refer to f i gure 10)

I starting on three legs and l i f t ing the front right , dropp ing the back

right , lifting the back left , dropping the front right , lifting front 1sf t,

dropp i ng the back left , lifting the back right , dropping the front left and

recursing. This is a symetr lc gait as the right legs are 180 degrees out

of phase with the left ones. The front leg seems to lag the back leg on

the same side by 98 degrees. Figure 11 shows the graphs of all the angles

• - f or a walk. Note the low acce lerations and hence low energy expended by

V~~V
V this gait. -

The trot is a slightly faster gait , and consists basically of

diagona l pairs working together (in phase) to alternately suppor t the body.

Iluybr i dge gained great fame by showing that horses have a s l li ght per i od of

non—support between changing of pairs of supporting legs. This can be seen

In a very short phase (about 18 meec) in figure 12. In all the trots (see

V 
r~~~n P~~~ E LM l~ Is

P51SZ LVSG IS  II
?VMGSET 

~~~~~~ ~ T IN
Ml

L 4 MG ~~~~ .1u i t- 
V5 SIV~~~~J ~~ rW~~S 5 ~1

FIL E OPICM. S S V E  III

~~~~~~~~~~~~~~~~~ 
4~~~~~~~~~~

°
~~~

4fl4
FIGURE 12 . Trot.

figure 13), the cat stayed a long time (100-120 meec) on its diagonals and

took about 40 meec to change to the other pair. The four events of liftIng

0 0 -!
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FIGURE 13. More trots.

the two supporting feet and setting the two new supporting feet down happen

- -( close together in time , and their prec i se order is not always the same.

However the front leg in the diagona l pair always l eaves the ground sooner

V ( than its diagona l partner , and it also always lands s l ight ly  sooner. V

V 
- Figure 14 shows a complete set of graphs for all joints and angles of the

trot. Note that the acce l erations are higher than in the walk , but not as

high as for the gallop. The trot is a symetric gait with the righ t and 
V

left legs 180 degrees out of phase and also the front feet are 188 degrees

out of phase wi th  the rear ones on the same side.

The rotary gallop is the fastest gait of the cat. Except for one

1 l ong per i od of unsupported transit , the cat alternates support on one or

two legs. Starting in f l i ght , the cat f i r s t  touches down with its rear

left leg followed by the ri ght rear. The right rear then stands alone as

the left rear shoves of f and the cat etretchs out. The righ t front touches
• down just before the right rear l eaves and it is soon joined by the left

- front. The left front soon becomes the sole supporting leg of the body for

U 0

L
l 
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a fairly l ong per i od before contr i buting a strong kick which sends the cat

back Into its l ong per i od of unsupported flight. See figure 15. When the

n S f ? PI~~~Z LII 1 I
V ~SSfZ LII I S  ~FlOSS? ~~~US II 5.1$

SIIJS 51 515
V 

$•555V~~ p~5 f~~~~ SISU II El- 1550 Of ?~~~~S T $ IN

V 
TILE O?ICS.V I *It T I

1:1
I ~5 SM N K IS II N N N

FIGURE 15 . Rotary Gallop .

cat is in f l ight , al l  four of its legs are tucked beneath the body, and

( )  this phase lasts for sl ight ly over one fourth of the stride. It can be

easil y seen why this gait is called the rotary gallop, as the footfalls
V 

proceed in a counter clockwi se circle around the cat. If the roles of the

right front and left front are reversed, thi s gait becomes the transverse

-~ gallop. The graphs of figure 16 can be seen to contain hi gher acce l eration

peaks than in either the walk or the trot , and thus the energy required is

• - higher . This is not a symetric gait , as the front left leg lags the front

right one by 60 degrees and the back left leg l eads the back ri ght one by

60 degrees.

The veloc i t ies of these gaits can be found by finding the minimum

offset needed to add to each frame such that the feet never appear to move

backwards. This is done to produce the point trajectories of the cat as if

it were runn i ng on stationary ground. The speeds are 25, 19, and 18 for

(
~ )
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V 

VthC gallop, trot , and walk respective l y. 8y setting these ve l ocities in

CATOIS, the cat can be seen to move across the screen. The f i l e  length,
V 

per iod, phase lags , and ve locities for all the data files are tabulated in

Appendix 3. Again, further analysis is possible from the data, and Is

encouraged, but that is not the purpose of this research.

Thus it can be seen that a reasonable amount of kinematic ana l ysis

can be done on points wh i ch were visually located from an actua l real world

I film. This shows the reliability of the dynamic vision system which the

graphics system and kinematic anal ysis are based upon.

“The Computer ” has seen the cat films, understood the basic

j mechanics of several types of motion , and now it is up to the mechanical

eng i neers to enable it to imitate the cat, and someday be able to walk ,

trot , or gallop.
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V APPENOIX 1 OperatIonal Guide to Phase I
~5 •

This appendix describes hgw to~use the f irst phase of this project,

the phase concerned with converting 16mm film to disk files of point
V 

positions To run the program, do a

V 

:CATH I

This will ask then for a target radius (6 for 2 Plan scope probe, 9 for 3

Plan) and a threshold. The threshold is the value which determines whether

a point has enough spread across it to be an “edge” point. 7 is a good

va lue to give. At this point it w i l l  respond with 0
ENTER COIIIIAND

There are many commands available , and a ?-ccr> will lis t them. Probabl y

though, you will want to do an

EPccr, (enter picture mode)

-V

fir-st. This will l oad in PICTB7 into the GT4O. This is a display program

- 
wh i ch wilt disp l ay one sector pictures. After loading in this disp l ay

fr program, my program ii i ll ask you what you want to see displayed. You chose

1- what you want to see, and indicate if it should wait for a character before

Vi 
S

f r 4  
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C) proceeding (thus allow ing you to examine the picture at your leisure).
V 

- 
Items wh ich you can view inc lude the actua l picture as it is taken from the

vldlcori, the array SCRB&JF which Is the array wi th  the large arcs drawn on
- it , the array SCR2BF, the array that l ooks f or the smaller center hole in

the target, and a count of the number of “edge points ”.
V At this point It w i l l  again ask you for a command. Probab l y at

• this point , you will want to build a database, or rsad one of f dsk. RD

w i l l  read one in from dek, but you probably w i l l  want to do a 
V

BDccr> (build database)

( This will ask you if the target is independent, or dependent on another

targe t , If so, which one. Targets 0.3,6,7 are independent , and 1.2,4 ,5 are

dependent on 0,1,3,4 respectively. It w i l l  also ask you for a “center

distance max ”. This is the distance from the projected position that I.

searched. For close ly spaced targets 6 and 7, a small dIstance like 6

should be used to avoid confus ion between them. For the other targets,

> 1  this ie not a very importan t parameter , and anywhere from 10-30 ie OK. Now

you must scroll to within a target radius of the target. Whenever it wants V

you to scroll , the words “Please Scroll” are displayed. Use the arrow keys

on the lpft of the keyboard, and hit space when you are done scrolling .
- I - 1

Hitting “9” wi ll change the scroll mode to sing le pixe l I.e. each time you V

hit the key, the cureur moves one pixel. Hitting “N” returns to norma l

scrolling mode. After you have scrolled , it will locate the target, and 
V

ask you V

.4
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V ANY flORE TARGETS?

V 

Reply V for yes, then supply the above information for each target. When

you have informed It of all targets, reply N to the last question, and it

will again ask you for a command. Now advance the film one frame, and type
- 

V

82 (step 2 in -b u i l d I n g database) V

This will ask you to scroll to the new position of each target from the 
V

last position , as the targets may be moving rapidly, and It has no idea of 
V

* 

V~~ each target’s velocity. This gives it the velocities of alt the targets.

Now advance the film and type 0
B3 (step 3 in building a database)

V 

. 

S 
-

This wil l  ask you to again scroll to the targets, thus giving It an idea of V

~ the acce leration of each target. After you have built this database, you V

V 5VS V~~~ may want to write It on disk. It wi l t onl y be useful if you are at the
C

current frame in the film again. WO wr i tes database on disk.

The normal sequence is to advance the film and type

NE (proces, next frame)

V .
k. -

- V 
-

V 
-
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() This w i l l  scan for all the targets, showing you what you specified you V

V wanted to see on the 6T40 screen, find all the point., display them and ask

for your next command. Be sure to advance the film after each NE command.

V 
After 8 frames (including the first 3 used to build the database) you can

do an

00 (open disk)
- -

V-i
This opens a disk fil e, and each NE command then writes Its points to disk

V before processing the next frame. When you are done you wil l want to do a V

- / CD (close disk) -
V This closes this point file.

U

Sometimes the routine will Incorectly find a target. When this

happens, it becomes necessary for the operator to scroll to the proper

position. For this reason, after each PE command , all the point, that are

found are disp l ayed, If one is incorrect, you should do a

Co (correct one)

This w i ll ask for the target number and allow you to scroll to the proper

V) position of that target. Since the positions are written out at the 
V

- 
beginning of the NE command, i t  Is this corected position that is wr it ten

out , when you do the next NE command. V
S
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I

.
Other commands which are useful inc l ude

.é I V V

V V 
V

V 01 display current set of targets

OH displays last 8 posit-ions of a target (it asks for target N)

- 
OA displays last 4 positions of all targets

AD add more targets to database

EP enter picture mode

LP leave picture mode

V 00 spec i fy display options (wha t arrays to disp l ay on GT4B)

RL re-open l ong point file at end V
V PA change parameters of radius and threshold

TI time of day

EX exit

disp lay all commands
s - V

—! 
-~~

U
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L. -

V 3 
V 

V

APPENDIX 2 Operational Guide to Phase II

— This appendix describes the use of the graphics routines which

display the points found in phase I. To star t the program , type

sCATD IS

This will l oad the disp lay routine into the 6T40, and when It is

done l oading, there should be a sketch of a cat and the worde

ENTER FILE NAIIE

H

0 •  - 

V

to which you should give the name of a file wh ich is a data file from phase

V I. The data files which I have collected are on my disk and are named

OFICAL.N where N is a decima l number. Slnce
’
\n general there is a phase

V~1 difference between the f irst and last set of points in the file , there wi l l -  V

be a discontinuous jump in motion at the “wrap-around” point , where the

first set of positions follow, the last set. However, the fi les are In
I4~. - V

L. 
-
~~ ASCII , and thus can be edited to minimize this phase difference. I have

done th is for most of the fi les, and the modified files (usually shorter)

are called OFICAL.1I1, OFICAL.2t1, with the ‘II meani ng that it is a modified

or matched file. After receiving a file name, phase II reads this file

into core, and displays the following messages 
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. 

. 

.

V BIT 15 HALVES CAT BIT 11 TURNS OFF CAT

BIT 14 CLEARS POINTS BIT 10 TURNS OFF TEXT

BIT 13 WIPES OLDEST POINT BIT 9 TO VIEW HIDDEN FEET

BIT 12 ACOS NEWEST POINT BIT 8 CHANGES SCALE OF GRAPHS
BITS 0-7 DISABLE JOINT DISPLAYS

? TO DISPLAY 11/45 COIIIIANOS

There are three modes to CATDIS. These are normal , graph, and footfall

diagram mode. Th. user starts out in normal mode. The above message tells

what the GT4B bit switches do. The sets of points are sent from the 11/45

to the GT4B to be disp l ayed. Some of the bit switches onl y have meaning

when updating with th. next set of points. The switches effective at this

time are bi ts 15, 13, and 12. If bit 12 is up, a point will be disp layed

V (in addition to any other points or pictures) at each joint position just

rece i ved. If bit 13 Is up, the oldest euth set of joint position points

will be flushed. Thus hav i ng bits 12 and 13 up will cause the number of

points disp l ayed to be constant, i.e. the last n positions will always be

~~ 1 vIsible. If bit 15 is up, the cat will become half size (unless It already

is, in which case it will stay small ). When changing size, all points on

V the screen are flushed. With al l  these points on the screen, it often

- becomes confusing as to which points are in wh i ch joint trajectory. Thus

by f I.ipping bits 8—7 (anytime) , the set corresponding to that joint nbt be

disp layed (it is not lost , and putting the bit down redisp l ays them). Bit

14 will flush a l l  po i nts current l y ~~i the screen. Bit 11 turns off the

- S
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sketch of the cat (In order to view the points better ), and bit 18 turns

of f th, text. Bit 9 causes the lift front as-,c~ back f..t to be viewed. The

left feet are the same as the right ones, onl y delayed by a phase lag (see

P command bel ow). Bit 8 changes the scale of the next graph’s angul ar V

ve l oc i ty and angul ar accel eration. Scale goes in a cyclic 1-2-4-6-1 order ,
S with change of state of bit 8 advanci ng the scale one position . Thus in

r . this mode, the user can watch the point trajector i es and locomotion. To

get a set of points, the 0140 must interact with the 11/45. there are many V

other ways to interact with the 11145. The following is a list of 11I45

commands available.

( SPACE This send, over one set of points. Thus hitting the space

bar will look like view ing eucceelve frames of the film.

0
- - - “A” This will send a set of poin~s over every time the ciock

t i cks the n times. N is initIally 6 and can be set with the F command.

This auto—mode will show the cat in motion.

“F” This .ets. the frame rate for the A command, I.e.
V 

determ ines how l ong to wait between euccesive frmaes. One clock tick is

1/68 of a second.

This sets the h ove distance, or the offset to be added
V 

to each frame. A nonzero value here will cause the cat to move across the

screen. A good va l ue to use is the smallest one that doesn’t allow any

Lo .

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

“R” Asks for new fil e name. Used to read another file.

- “P” Set phase lag (in points) between the ri ght feet and the
I lift feet. The left feet arc simply the right positions del ayed n points.

I P sits n. Bit 9 must be up to see left legs.

“C” Graph mode. This asks for three joint numbers, and

H computes the angle, angular veloc ity, and angul ar acceleration at each

~

. j  frame and plots this angle for all frames In the disk fil e. The same joint

can be spsc%f led as two of the three joints-, thus result ing in the angle

from the hor izontal. Catdis then goes into graph mode in which it displays

a graph showi ng the angle, angular velocity, and angular acce l eration of

that joint f or entire point file. A dotted line shows where on the graph

- the current posit ion of the cat Is. The user must also speci fy a time

constant for computing the veloc i ty and accel eration. If 1—1, the vel ocI ty

I’! is the difference in the t.,t two positions. If T.2, the ve l ocity

.1 dIsplayed Is the difference of posit ion I and 1-2, etc. Only the A ,L,S,

and SPACE commands can be executed withou t returning to normal mode.

Toggle bit 8 and do an “L” command to change scale.
~‘1

V “L” Rev i ew last graph viewed. Useful in returning to graph

mode.
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3 “S” Smooths data. The number of t imes data has been

smoothed is given in S:n imed lately after -file name.

NCN Change scale of points. It asks for numerator and

denom i nator. Needed because some of point file e were obtained using the 3

plan microscope probe, and some were obtained using the 2 plan piece. Use

1/1 for the 3 plan files , and 3/2 for the 2 plan files. (see appendix 3

for list of which is which).

Displays date, time , and current version number.

“I” Disp lays the bit switch Information above.

V 3 DIsp l ays a list of these commands and a brief

description.

“0” Diagram mode. This command first asks if the dynamic

lluybr i dge footfall diagram should be turned on. If so, ; - t asks for a V

va l ue for the front foot. Points wh i ch are below this value AND whi ch are

mov i ng backwards in the origina l film are considered as touching the
V 

ground. By having bit 12 up, typing “A” to let the cat run f or a str i de or

two, and then doing a “0” , the user can more accurately place the ground

V line. The front and back are independentl y settable in the event that the

front and rear markers are a different height above the ground. After

having done this ,  the user Is returned to normal mode, but a flugbr idge

j I °
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S
V diagram is visible on the left of the screen. As the cat moves (either

- uj,tbjnother “A” , or successive “SPACE” commands), this diagram w i l l  show

which feet are on the ground. To turn of f this diagram, type another “0”

and answer “N” to the first question.

V “0” Other Diagrams. 0 doesn’t seem to stand for mul tiple

-~ footfa ll diagram mode, but *oet of the good letters were taken when this

V
_ V - feature was imp l emented. This command asks for a start frame and a count,

-~~ V 
If 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 diagram. It dIsplays

~ / 
the Muybr i dge footfall diagram for the whole series, and under each diagram

gives a count of the number of frames in a row that that diagram was valid.

-- 

- 

20 diagrams are the most it can show (different from 28 frames).
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Just to get one started, try usi ng the file GALLOP. When the bit

switch information ie displayed, type an A. The cat w ill appear to be

runn i ng on a treadmill. Watch for a while, the put up bit 12. This will 
V

cause the points to remain In view. Flip bit 14 up and down to clear the

points, and then put b it 13 up (the cat is running this whole time ). Now

it should appear as if there is almost a string attached to the joints of

constant l ength. Playing with bIts 0-7 will cause points streaming from

each joint to not be disp l ayed. Now turn on bit 15. The cat is half size.

- - and there is just one point on each joint. By turning bit 13 down for a

second, then up, a history of arbitrary length can be created. Set the

frame rate to 4 ticks, the move distance to 24 units , and the phase lag to

6 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 -6 1-espective l y..

I,
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H
APPENDIX 3 Some useful information

— The follow i ng chart tells some useful information to anyone using

or play ing wi th CAIDIS. V

FILE DESCRIPTION LENGTH PERIOD PHASE LAG SIZE SPEED
V NAME (FRAMES) (FR,BACK)

OFICAL.1 ROTARY 192 35 6,-S 3 plan 24
V 

GALLOP

- V OFICAL.2 BAD TROT 82 42 28,21 3 plan 12
-
~ OFICAL.4 WALK 123 38 19,19 3 plan 10

- 

OFICAL.6 TROT 213 32 16,16 2 plan 20

- 
OFICAL.7 TROT 144 35 17,18 2 plan 18 $
OFICAL.8 TROT a 100 33 16,17 2 plan 18

- OFICAL.9 TROT 84 33 17,16 2 plan 19

OFICAL.18 ROTARY 66 36 6,-6 2 plan 26
GALLOP

V OFICAL.11 WALK 145 43 22,21 2 plan 11

I * Cat’s rear legs stop when tail hit back wail of treadmill , (about frame

V 78) but front ones keep going until cat was against back of treadmilF wall.
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