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This paper is a report in two parts. The first proposes
extensions to Jason's relational model in order to enable Jason to
cope with a larger class of real world environments.

The second part dealswith the application of cluster anaiysis
to grid map pre-processing. This work was undertaken in an effort
to incorvorate groups of closely spaced objects into single "pseudo-
objectii; therebv simplifying subsequent navigation and path
computation, TIn addition, @bject clustering has the vpotential
to reduce the number of turns needed in calculated robot traiectories,
these turns being the major source of accumulated error.

While not implemented in Fortran, all clustering routines
were written and fully debugged in API., (The programs were written
however, with an eve towards subsequent conversion to Fortran).

.

Test runs were made or. actual Cery ii2ll rocm data, which was

1

painstakingly collected.
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PART T, ENVIRONMENT MODELING AND DATA COLLECTION




INTRODUCTION

Detailed measurements of the third floor of Cory Hall were
collected so that JASON, the Berkeley robot, would have accurate
information on the environment of the +third floor . It soon

became obvious that the current relational and grid models for

M

JASON were inadequate for accurately modeling Cory Hall . Hence,

the first part of this section deals with the mecdifications and
extensions tc the relational model that are needed to more
anccurately model the real environment . The second part of this
section deals with the actual collection of data , including
information collected which was used as input to the cluster analysis

program described in detail in part II of this report .




EXTENSION
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Each node of type OPENING would then have the following fields @

OPN NAME - name of the opening

=

OPN WIDTH - width of the opening
OPN HALL1l - pointer to the node of area 1 that the opening connects
OPN HALL2 - pointer to the ncde of area 2 that the opening connects
OPN1 LOC X - x-coordinzate cf the center of the opening in area 1

OPN1 LOC Y - y-coordinate of the center of the opening

o

areza 1

[t

area 2

)d.
o

OPN2 LOC X - x-coordinate of the center of the opening

OPN2 ICc Y - y-cccrdinate of the center of the opening in area 2
REL ANGL - relative angle of area 2's x-axis based on the x-axis

OPN NEXT - pointer to the next node of the same type

Next, T nropose another node type for walls. A wall in this
context refers to a stationary object that fills up a room or hall
along its perimeter, where the perimeter of +the room or hall is
what has been previously called "the maximum enclosing rectangle",
Hence, rooms or halls are now represented as rectangular, where

the "maximum enclosing rectangle " is ianct. the rectangular room
or hall, A room or hall then contains two types of objects:

(1) normal objects as defined in the current model and (2) objects
of type WALL, which ecsentially fill the room to give the room or
hall its arpparent contours. Note that if desired, it is possible

to utilize the new node type qj&all to handle any immcvable

object Whether or not the "object" is on the perimeter of the room,
(such as fixed pcdiums ) In addition, so that corners that do not

form right nngles can be represented, it is desirable to allow

objects of type wall to be non-rectangular. Thus each wall node




will have a field that points to a list of vertices that represent
the "wall". Each vertex corresponds to a (x,y) pair. It should
also be pointed out that = separate node type for rscesses is no
longer necessary if nodes of type wall are used. Also, the fields
RM X LEN, RM Y LEq)and RCES PTR may be deleted from room and hall
nodes. A new field ca2lled WALL PTR chould be added to room and
hall nodes. WALL PTR would point tc list of type wall which are
the "walls" of the room,

The wall nodes would have the following fields
WALL NAME - name of the wall

WALL AREA - pointer to the node of the area (rcom or hall) which

VERT PTR - pointer to a list of vertices for this wall

WALL NEXT - pointer to the next wall in this room or hzll




DATA COLLECTION

Two types of measurements were collected on Cory Hall 3 the
first type consisted of measurements of various classrooms and their
contents for use by the clustering program discussed in the second
part of this report. The cecond set of measurements consists of
additional meaczurements »f the third floor of Cory Hall which
are necessary for = relatively accurate description of the "real"
environment,

Three classrooms were measured extensively in order to
present realistic data to the clustering program. Since there

two additional eclascsrooms on the second floor were measured.

is only cne clzssroom on the third floor of Cory Hall (room 395)

293 and 237 ). For each room, the measurements collected included

wWalegsper

placement cf do e Cans,’

e, walls, tables, chairs, desks

podiume ard any other objects such as pipes that appeared in the
room, The mearurements were transformed to coordinates with the

south-western corner of the rcom chosen as (0,0). Each object

was represented by a lict of its vertices. See Appendix I for

The addition2l me~surements that werevmade but not used by
the clustering nrogram consist of detailed measurements of the
hallways of the third floor of Cory Hall, Besides the measurements
of the contours and orientation of the hallways, information was

collected on 211 objects both movable and immovable that appeared

in the relevant hzallse. The raw data appears in Appendix IV.




CCONCLUSICN

Some future work must be done before the déta can be

y Jason in building his environment mcdel. In particular,

the relational model must be modified so that the changes and
extensions proposed in the preceding pages are actually operational .
Also, the raw d=ta presented in Appendix IV will hazve to be trans-
formed slightly (ecalculation of coordinates and such) to a form

that Jason can handle.




PART IT. GRID MAP PRE-PRCCESSING




Je Introduction

The purpose of this project was to experiment . with the poscsi-
bility (and rracticability) of improving Jasor’s overall navigational
performance and accuracy through grid-map pre-processing. In
the performance of successive GO TO LGC type directives, error
in the robof@ conception of its relative location accumulates in
the form of wheel count inaccuracy. This type of hardware generated
error tends to place limitations on Jasorls usefulness in applications
requiring continuous operation. JM4JJ*;

A major source of this type of error is inherent in the perfor-
mance of turns, due to the fact that turning requires a series of
non-orthogonal movements;l with the rear wheel clutch released.

Since turns need only be performed when obstacles in a computed’

path are encountered, (aside from a possible initial turn), it would
be desirable to minimize the number of obstacles which are "apparent®
to the robot. In order to accomplish this, existing obstacles in

the environment (and apparent to the robot through the grid-map which
is built up by the relational model) must be somehow "clustered”
tosether to form bseudo-objects)

This paper describes the details of a pseudo-object generation
system, which has been implemented in APL. The system uses the gﬁaph£f_
theoretic concept of 2 finimal spanning treg‘to perform the object
clustering, and the concept of the *convex hull® of a set of planar

points to generate the vseudo-object corresponding to a group of

objects,



o]

-

11, Object Clustering =— _—
—— .L‘\,.. B O S

Tn order to deccribe the method used to cluster object -
grours into pseudo-objects, a few concepts must be introduced.

Def, = A tree T is.gaid to be a svanning tree of a connected graph

G if T is a cubgraph of G and T contains all vertices of G.
(This may be thought of as a set of edges in a connected graph,

whereby any point can be reached from any other point),

Def. - If a connected graph G is weighted (a real number is associateqd

with each edge in G), then the weight of. a spanning tree T of G, is

the sum of the weights of the edges of T.

Def. = A spanning tree T of a weighted connected graph G is a m

fre

n

fe

mal

spanning tree of G if and only if there exists no other spanning

tree of G whose weight is less than the weight of T.

-
/7
/

The procedure which is vsed to cluster objects into groups

treats each object as a node in a completely connected graph. For
Ly define’
implicity in computation, each object may be viewed as consisting

n

of only a single point, which is the mean of all its points. The
weisht of an edege joining two points is defined as the guclidean
distance between the two points. (This may lead to some problems, which
will be digcussed in the conclusion of this paver.) A minimal

spanning tree ig then generated, which connects all object midpointe
torether., Each edee in the spanning tree is then compared with some
threshold criterion (typically average edge weight), and edges which
curpacs thiag +threshold are demejF;“CﬁﬂPigtonf" and are deleted from
the tree, Fy deletinzg n edees in this manner, n+l strongly connected
components o fhe spannitioe tree will be formed. The set of abjects

acsoeiated with the voints whienh comprise earcrh of these compronents

(>

Torme a cinater cot, (i ,w,) ennh ctroncly ronnected component 1o a




cluster set. <(sea=fisyrT) The ' G

WS 1 allen 1 Fanm P ¢

Minim=al Sparning Tree Alsorithm (from Deo rj] )

Compute the midnaints of the n objects ard label these V1, Vg'..shw
Compute Dij, the eucltjdeéan distance between Vi and Vj (i#j)
for all i and j<n.

Initialize subtree S as vertex V1,

Connect S to its nearest neighboring vertex (where all distances

between vertices in S and all other unconnected vertices are consideref)

and define this new subtree as S.
If all n vertices have been connected by n-1 edges then halt, these

edges form a minimal spanning tree. Otherwise, go to sten 4,

Once the minimal spanning tree has been generated, inconsistent

edges must be detected and deleted. Zahn [3] considers this problem

for a variety of clustering applications, but experimentally, I found

that one standard deviation from the average edge weight formed a good

threshold.

Having deleted inconsistent edges, the strongly connected

vertices remaining (which form the clusters) must be separated from

)

one another. Warshalls well known transitive closure algorithm {;]

i M g .. .
was used to construct the reachability matrix for the set of object

midpoints. A simple recursive search procedure was then implemented

to scan this matrix for the points belonging to each cluster.

Assuming that Warshallg»algorithm for transitive closure has

generated the matrix M, where WMij=1 if and only if Vi is stronzly

connected to Vj.) he following algorithm will separate the vertices

into cluester sets:
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conatruet a 1ist Y, where Li= 1 if and only if Vi has not been
put intn A nluetor.éﬁj, and 0 otherwise, ~Initialize I to a list
of n zggﬂig, where W i;\an n x n matrix. |

Set i=1,

For all j, such that Mij=1 (dehote these indies J1, J2, «..Jk),
set Lj=0, and Li=o0.

Vi, VJ1, VJ2,.¢¢,VIJk form a cluster.,

If all entries in L are marked zero, halt, all clusters have been

formed., Otherwise set i= the index of the first 1 entry in L, and

return to step 3.
/’
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ITT. Pseudo-obiect generation ——— =

Once the objects in a cluster set have been determined, it remains
only to generate a pseudo-object based on the objects in the cluster set,
This in iteelf is a very difficult problem. Ideally, tﬁe pseudo=-object
should not occuny a great deal more space than the objects wﬁich it
encompasses. An edge=tracing type approach will give good space
reduction characteristics, but can not guarantee inclusion of all
objects, A convex=hull approach will guarantee inclusion of all

Lawhy?

objectm?}n a cluster, but may have the unfortunate side effect of

large reductions in free spaée. v
I decided to go the convex~hull routeehend experiment with various

hull-segment generation algorithmsg&}n an attémpt to overcome the

space reduction problem. I used the convex hull algorithm given in

TO HAVE
Graham[§] (which I found had—a—serious error, and corrected it).

Algorithm for determining the convex hull
of a set of points in two dimensions

1. Compute a peg?t ¥0 which must lie inside the hull (take avg. of all U€
2. Translate all\ﬁﬁinﬁs rectilinearly so that x0 lies at (0,0).
3. Convert all points fé\polar coordinates, where the angle of each
point is measured from the kalf line emanating from x0 in the
positive direction.
L, Order 311 points with respect to increase in angle. If two or
more points have equal angular displacements, retain only that
point wi+th the greatest magnitude., Call this cet Of points S,
5, Start with three ﬂn“secufivn points in S, Pi, Pj, and Pk.

where &14£2483. (see fig.2)
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6. (Refrr to fig, 3) Vith resrert to Pj, two cases exist:
(i)d +ﬁ7'ﬂ'= Clearly Pj cannot lie on the convex hull,
(ia) Mark Pj a= deleted from S,
(ib) Renlace Pj with Pi.
(ic) Replace Pi with Fi-1) (where P0=Pn)
(id) If Pi has been marked deleted, go back to (ic) =-(@Graham
omitted
(ie) Co back to beginning of 6. this)
(ii)g, +B8 &IV Pj lies potentially on the convex hull,
(iia) Mark Pj as having been considered.
(iib) Replace Pi with Pj
(iic) Replace Pj with Pk
(iid) Replace Pk with Hic+1) (where Ph+1¥FP1)
(iie) If all points have been marked either deleted or
consideredjjzglt, 211 points marked considered

are on the convex hull., Otherwise, go back to

beginning of 6.

In order to generaté a pseudo-object ‘for the grid,map, the
extremal points of the objects in a cluster set (obviously no other
vpoints need be considered) are taken as input to the convex hull
algorithm, The points on the hull are then joined pairwise in order
by line segments, thus creating an enclosing polygon for the objects

in the cluster set. This polygon is considered to be the pseudo-object.

Since the grid map for Jason is discretized, a point on a line

may be represented only by some ordered pair (in,ip)s where i and j
Nesolution ie , The
are arbitrary integers, andfj is thqkminimal unit of discretization,

Tn drawines lines between grid points, this needs to be taken into

account, (b{‘t\" useusu . m :'4")

Dogs NoT Expraw How OBIECTH v J9SCoky [ ConcAve !
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In order to con~truct line segments whose points lie on lattice

points of the grid, T used the following algorithm (my own):

Alrorithm for generating the voints on the line
serment Pj,Pj in diseretized space

1. Consider Pi = (Xi,Yi), Pj = (¥Xj,Y])

2. If XiKXj set dx =4, else if Xi»Xj set dx ==A, else set dx = 0.
3. Tf YiLYj set dy =L, else if Yid>Yj set dy =-4, else set dy = 0.
L, Set Pk = Pi

5. Pk is the next point on the liﬁe segment.

6. If Pk = Pj, halt, all points (iess Pj) have been generated

7. If Xk # Xj, set Xk=Xk+dX, else -set Xk = O,

8. If Yk # Yj, set Yk=Yk+dy, else 'set Yk O

9. Go to step 5.

This algorithm may break the line segment into two line segments,

(cnnnectéd), unless all line segment points lie on lattice points.

¢ ige U4
(see glg )

J A

K-

- {
|

|

|

|

P

Fige 4 - Line Segment Generation in Disecrete Space
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' IV, Program Structure

The program as it exists now is designed to generate pseudo-objects
in rooms up to 30' x 30' (this can be easily adjusted). Objects
in the rooms may be of any shape and assume any orientation, as long
as their extremal coordinates lie on lattice points defined by the
reSalufion
Junamal_désece%iﬁa¢+cn increment., (The value used for all test runs

wasA= .25'). The hierarchy of program subroutines is rather straight-

forward and is outlined in the flowchart of Fig. Se

While the program was written and debugged in APL, the fu]

avon h&

range of APL special operators and functions was purposely -ros—made—
wse—0f, in an effort to constrain algorithm implementation to a more
Fortran—like style. I chose to write in APL rather than Fortran
because of its interactive natureCLEPd interactive debugging facilities,
I wanted to be able to alter parameters at various steps in sthe
programekﬁhile the program was runningahiﬁiorder to.enhance e .
program performance., In addition, the gystem is a falrlv oinlex one,
and I felt that T\Egzigiffffffzgélet have gotten itq&emplegal¥_
woerding. in time, had T used Fortran from scratch.

I feel that the documentation which this paper and the program
listings will provide, will enable a fairly simple comversion %o

Fortran, and subsequent incorporation into routines for Jason.
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Vs -Conélusion

The test runs made with the prosram on the three Cory Hall rooms
(see Appendix IT) were illustrative in pointing up the succescses and
fanlts R the avproach used, Room 395 was a particularly cond
recult, and the combination of the convex hull and the line drawings
algorithm worked to advantase, However, in Room 293, pseudo-object dl
covers far more area than the objects which it encompasses. Hore
investirsation needs to be made of methods for object enclosure, once
cluster sets have been determined. (I plan to add a feature to the
program which will calculate free space in the room before and after
clusteringy

The use of the minimal spanning tree concept was quite successful,
but two significant difficulties arbse. - In the test run for Room
237 Cory, the fixed podium (object #35) and a desk (object #33) are
not clustered together, despite the fact that they are vhysically
quite cloée. This is due to the fact that distance is measured between ,
midpoints, rather than extremal points. Performance would. no doubt
be improved by considering all extremal points of all objects in V//
the generation of the spanning tree, but in addition to greatly
increasing the amount of computation necessary, cluster set conflicts
might very well arise, and would have to be dealt with.‘q"

The second difficulty with the method is in my opinion more
significant, and has to do with the threshold chosen for inconsistent
edge determination. The methed as implemented is a one-shot clustering

method, and performs no secondary clustering. (An example of sequential

secondary clustering is given in Appendix IT, using the Varied Objiect Roon

This would not be very difficult to implement given the existing prosram,

and is probably a good startine point for future work.
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ROCM 237 CORY HALL
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(e25,405)(2:5,445)(2e5,245)(425,245)
(42542425)(245,2425)(245,425)(425,425)
(349)(5425,9)(5+25,7)(3,7)
(3:6475)(5425,6.75)(5.25,4475)(3,4475)
(3,4:5)(5425,445)(5425,2.5)(3,2.5)

c

-1

13.75)
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26. Desk (5.75,6.75)(2,6.75)(8,4.75)(5.75,4.75)
27. Desk (5.75,4¢5)(8,8.5)(8,2.5)(5.75,2.5)

-
O
D
7}
3
T
n
(0)

2.25)(8,2.25)(8,:25)45:75,52%5)

29. Desk (8.5,9475)(1047549:75)(10475,7475)(845,7.75)
30. Desk (R45,7.25)(10475,7¢25)(10475,5425)(8.5,54

33, Desk (15,8)(17.25,8)(17
35. Fixed podium (14.5,9)(17.

10.75,5)(10.75,3)(8.5,3)

5)(10.75,+5)(B.5,.5)
«25,6)(15,6)
2)(19,45)(17.5,.5)

25,9)(17.25,17)(14.5,1

25)

o
{7
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' ROOM 293 CORY HALL

Vertices of room ¢t (0,0)(20,5,0)(20.5,23)(0,23)

Beor 293 3 (2.25,23)(5.75,23)

IN THE ROCM

OBJECTS
1. desk
2. desk
3. desk
L, desk
5. desk
6. desk
7. desk
8. desk
9. desk
10, desk
11. desk
12, desk
13, des
14, decsk
15, desk
16, desk
17. desk
18, desk
190, desk
20, desk
21, desk
22. desk
23. desk
24, decsk
25, desk

(6.25,1)(8.5,1)(8.5,3)(6.25,3)
(9.25,20.5)(11.5,2045)(11.5,22,5)(9.25,22.5)

c (9.25,6)(11.5,6)(11.5,8)(9.25,8)

(9¢513¢5)(11475,345)(11425,545)(9¢5,545)
{9.25,1)(11,.5,1)(11.5,3)(9:25,3)
(12,20.5)(14.25,20.5)414,25,22,5)(12,22,5)
(12,18425)(14,25,18.,25)(14,25,20425)(12,20,25)
(12,16)(14,25,16)\14,25,18)(12,18)
(12,13.75)(1425,13.75)(14,25,15,75)(12,15.75)
(12,11)(14,25,11)(14.25,13)(12,13)
(12,8.75)(14,25,8,75)(14.25,10.,75)(12,10.75)

-~ 4 - 4l - P ¥ 1 h
(12,645)(14.25,6,5) (14

- - 4N

28 R c\(19 R )
- S/ -

. p e ol Bk O

(12,4)(14,25,4)(14.25,6)%12,6)

~ ~ { 21 s - S
(12,1)\14,25,1)(14,25,3)412,3)

(14.75,20.75)(17,20.75)(17,22.75)(14.75,22.75)
(14.75,18,5)(17,18.5)(17,20.5)(14.75,20.5)
(14,75,16.25)(17,16.25)(17,18.25)(14.75,18.25)

(14.75,14) (17,18)(17,16)(14.75,16)
(14,75,11.75)(17,11.75)(17,13.75)(14.75,13.75)
(14.75,2.25)(17,9.25)(17,11,25)(14.75,11.25)
(14.75,7)(17,7)(17,9)(14.75,9)
(14.75,6.75)(17,6.75)(17,4.75) (14,75,4.75)
(14.75,8.5)(17,4.5)(17,2.5)414.75,2.5)
\14,75,2425)(17,2.25)(17,.25)(14.75,.25)
(17+75:20475)(20,20475)(20,22475)(17+75:22.75)

[ 3




osk (17.75,18.5)(20,18.5)(20,20.5)(17.75,20.5)

......

(>

(
(17.75'IU\(2Q'1U-)(20,16)(17075116)

7e75,16,25)420,16.25) (20,18.25)(17.75,18.25)

(17.75,11.75)(20,11.75)(20,13.75) (17.75,13.75)

(17475,9.5)(20,945)(20,11.5)(17.75,11.5)

esk (17.75,7.25)(20,7.25)(20,9425)(17475,9.25)

29, desk
30. desk
31, desk
32, desk

33, deck

34, desk

sk (17.75,5)(20,5)(20,7)(17.75,7)

(17.75,2.75)420,2.75)(20,4.75)(17.75,4475)
(17.75545)(20,.5)(20,2.5)(17.75,2.5)

35, fixed podium (2,9)(5,9)(5,17)(2,17)

. podium (0,1)(1.25,1)(1.25,2.5)(0,245)

(142,0)(2,0)(2,.5)(1.5,45)

38, -‘9"'1;5"‘ _oEfsse Call (0?51?1-5)(105.2105)(1—05'22‘75)('25’22.75)
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ROCM 395 CORY HALL

Vertices of the room : (0,23)(0,0)(16,5,0)(16.¢
Door 395% : (3.5,23)(7,23)

Door 3958 : (0,18.3)(0,21)

T e TR TIT R > MANN
OBJECTS IN THE ROOM ¢

~ L /
?- t'l}‘]- (10'17}3(17}'13)(12\'7)\13.7)
£ q.,vn-,.,:.j Ao (Q"‘!)(— - o 21\(9.5.2?.4
Le chair 0:'?‘\(0‘:1))05)(;071)(? 2’)05)

~l (g Y { ] e\ ! d Y 7 2
6. desk (.5,15)(45,13:25)(2.5,15)(2.5,13.25)
| I ~ > e
7. desk (45,12.75)(+5,11)(2.5,12.75)(2.5,11)

Oo ’qnﬁ" /.F'-J.'7«’)(.-"’J)_/\’_‘:."Q.‘?E\().5’7)
1N An=lr [ € £ e\t ¢ 2Y( 9 6. 7Y (2_ € 5\
- - ° ’ . \* P SN\ ] . S N ® Y /

a Jy c) X I ey E
11, desk \'ro’-q 1('Ctjv'.3~ 1'07/) 0',!3

13. desk (3,17)(5,17)(5,15425)(3,15.25)

14, desk (3,15)(5,15)(5,13.25)(3,13.25)

15. desk (3,13)(5,13)(5,11.25)(3,11.25)

16, desk (3,9.25)(5,9425)(5,7.5)(3,7.5)
J(445,9.5)(349.5)

18, chair (3,7.25)(4¢5,7.25)(%¢5,5475)(3,5.75)

19, chair ( 3,5.5)(4.5,5.5)(4.5,4)(3,%)

20. chair (3,3.75)(4.5,3.75)(4.5,2.25)(3,2.25)

21. chair (3,2) %.5,2)(4.5,:5)(2,.5)

22. chair (5,6.5)(6.5,6.5)(6.5,5)(5,5)




23+ chair (5,4,5)(645,4.5)(6.5,3)(5,3)

2L, chair (5,2.5)(6.5,2.5)(6.5,1)(5,1)
«515.5)(8.5,4)(7,4)

26+  chair (7,3.75)(8.5,3.75)(845,2.25)(7,2.25)
27+ chair ( 7,2)(R.5,2)(R.5,45)(7,45)

25. chair (7,5.5)(8

28. chair (9,2)(10.5,2)(10.5,45)(9,5)

29+ chair (11,2)(12,5,2)(1245,+5)(11,.5)

30, chair (9.5,18)(10,18)(10,16.5)(9.5,16.5)
chair (9.5,16)410,16)(10,14.5)(9.5,14.5)
32, chair (9.5,13.5)(10,13.5)(10,12)(9.5,12)
33. chair (9.5,11.5)(10,11.5)(10,10)(9.5,10)

jh. chair (?05’?)(10l ( 7 )(9 4!7 )

Wo sTe pager
B ‘;ﬁ:&;:zﬁnﬁ (1U¢?|o 6 )(- 2) 1h'4i2)
360 nin@ {O,OF(i,C)(1,.5)(O,.5)

S nipe (0,17.?5)(.,,17 25 )(05.17075)(0117'75)
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CLUSTER 837
TYPT TN PAME OF ROOMN CoryY

237 CCRY

TTPUT TAE PROOM COORDINATES
O:

0 23.39.%5 23 19,5 06 0.0
INPUT SCALE INCREMENT PACTOR
r

.25

IPPUT OBJECT COORDINATES, ORFE SET PER LINE. HIT 0 AFPTER LAST SR™.

+25 20.5 2,5 20.5 2.5 22.5 .25 22.%

MNe
.25 18 2.5 18 2.5 20 .25 20
O:
.25 15.75 2.5 15.75 2.5 17.75 .25 17.75
.25 13.5 2.5 13.5 2.5 15.5 .25 45,5
mne.

3208 5425 20,5-5.25-22,5 @ 225

=

3438 -5,25 18 5.25-20,3. 28

N

;" '3 15,75 5.25 15.75 5.25 17.75 3 17.75
r 3 13.5 5,25 13.5 5.25 15.5 3 15.5

= 5.75 20.5 8 20.5 8 22.5 5.75 22.5

.,

ie $.75 20.25 8 20.25 8 1£.75 5,75 18,25
Mmn. -

r‘ 5.75 16 8 1f 8 18 5.75 18

5+75-38.+75 8-13.75-8-15.75 8§75 15,25

8.5 22.5 10,7¢ 22.5 10,75 20.5 R.5 20.5

b )

8.5 20.2% 10.75 20.25 10.75 18,25 8.5 18,28

o

8.5-18 10.75 18 1£0.75-16 8.5 16

n.
8.5 15,75 10,75 35,75 10,75 13.758.8%13.75
MNe
225 8 2.5 9 2.5 7 .35 7
B
«25-6.75 2.% 6.75-2.5 4,75 .25 4,75
£25 4,5 2.5 W,5 2.5 2.5 .25 2.5
e
L25 2,25 2.5 2,95-8,55.25 495 .25
3 95,25 9 5.25 7-3-3
r—'-
3 6.75 5.25 6.75 5.25 4.7S 3 4.75
o 3 5.5 §5.25 4.5 5.25 2.5 3 2.5
e
3 2,25 5,25 2.25 £.25 .25 3 ,25
s
§:75 9 B 8 B ¥ -5,95-7
) £.75 6.75 R 6,75 B 5.75 5.75 4,75
e
5.75 %.5 R B,.5 8 2.5 5.75 2.5
G:
5,75 9,25 8 2,95 -8 95 5,78 .98
Ne
8.5 9.75 10.75 9.75 10,75 7.75 8.5 7,75
[
8.5 7.25 10.75 7.25 10.75 5.25 8.5 5.25
Me
8.5 5 10.75 5,.10:,75-3-E.5 3
.
R.5 2.5 10.75 2.5 10.75 5 8.5 %
i 1579 17.25 8 17.25 6 18§
s 19.% 2 19 2 19 .5 17.%5 =
r*: .
1.5 9 17.25 9 17.25 17 14,5 17
MNe
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LINIK
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0.79857
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EXTREMAL POEUDO-QBJIECT CONRDINATES

pPoInT X ¥

1 10.75 18
2 10,75 12.25
3 10.75 20.25
" 10.75 20.5
5 10.75 22.5
6 3.5 22.5
7 8 22.5
8 5.75 22,5
9 5.25 22.5
10 3 22.5
11 2.5 22.5
2 0.725 22.5
13 0.25 20.5
14 0.25 20
15 0.25 18
16 - 0.25 17.75
17 0.25 15.75
18 0.25  15.5
19 . 0.25 13.5
20 2.5 13.5
21 3 13.5
22 5.25 13.5
23 16.75 13.75
24 10.75 .  15.75
25 10.75 16
26 10.75 5
27 10.75 5.25
28 10.75 7.25
29 10.75 7.75
30 10,75 9.75
31 £.5 2.75
32 0.25 9
33 0.25 7
3L 0.25 8.75
35 0.25 4.75
26 0.25 .5
37 0.25 2.5
ag 5.25 2.25
39 8,25 0,25
Lo 2.5 0.2¢
51 ) 0.23
o £.25 0.25
43 5.75 ¢.25
ny " 0.25
s 10.75 0.5
46 10.75 2.5
47 10.75 3
48 17.25 8
L9 15 g
50 15 6
51 17.25 6
52 19 2
53 17,5 2
5y 17.5 0.5
55 19 0.5
56 17.23 17 .
57 14,5 17
58 1n € o)
59 17,95 9
opJ. P1 DI .

1 1 25
2 26 47
3 48 51

L 52 &§
S 56 nA
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AN AT o DANY

U BRSO PQORITIADES

00 20,5 0 20,5 23 0 23

SCALE INMCREMENT FACTOR

«25

orJzCI COORDINATES, ORF R PER LINE.

6.25 1 8.5 1 8.5 3 6.25 3

9.25 20,5 11.5 20.5 131.5 22,5 9.25 22.5

[$s]

.25 6 11,5 6 11,5 8 9,25 8

9.5 3.5 11.75 3.5 11.75 5.5 9.5 5,5
9,25 1 11,5 1 11,5 2 9,25 3
12°920,5 14,25 20.5 14.25 22,5 12 22.5

12 18.25 14,25 18,25 44,25 20,75 12 20,

12 18 14,25 16 14,25 18 12 18

12 13,75 14,25 13,75 14,25 15,75 12 15,7

14,78 2¢.75 17 20,75 17 22,75 14,75 22,
14.75 1.5 17 18.5 17 23.5 14,75 20.85
1e,7¢ 16,25 17 16.25 47 18,25 14,75 18,
18,75 14 17 1% 17 1¢ 14,75 16

18,75 11,75 17 11,76 17 43.75 14.75 13,
14,75 2,25 17 2.25 17 11,25 14,75 11.2%5

iL,75 7 17 7 17 9 14,75 9

1%.75 6.75 17 €6.75 17 L.75 14,75 &,75
14,75 4.5 17 4,5 17 2.5 14,75 2.5
14,75 2.26 17 2,25 17 .25 14,75 .25

17.75 20.75 20 29.75 20 22.75 17,75 22.

17.75 18,5 2¢ 12.5 20 20,5 17.75 20.§

17.75 16,25 20 16.2% 20 12,2

w

17.75 18.

17.75 14 20 14 23 16 17.75

[
N

17.75 11,75 20 11.75 20 13.75 17.75 13.
17:75 9.5 20 9.5 20 11.5 17.7% 11.5

17.75 7.25 20 7.25 246 ©,25 17.75% 9.25
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27 2e 929
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LIDKE(VI>VT) LITMK
L 2.
3 2.
13 2.
12 2.
11 2.
10 2.
iy 2.
S 2.
8 2.
7 2.
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2 2.
18 2.
17 2.
19 2.
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15 2.
20 2.
21 2.
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23 2.
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1 3
23 3
27 2.
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30 2.
25 2.
31 2.
32 2.
33 2.
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__________________________________ Cory

POTHT X y
1 20 11,5
2 20 11.75
3 20 13,75
i 20 iy
5 .20 16
6 20 16,25
7 20 18.25
8 20 18.5
9 20 20.5
10 20 20,75
11 20 22.75
12 17.75 22,75
i3 17 22.75
14 14,75 22.75
15 g.25 22.5
16 6.25 3
17 6.25 1
18 14,75 0.25
19 17 . 0.25
20 20 0.5
21 20 , 2.5
22 20 2.75
23 20 4,75
24 20 5
25 20 7
26 20 7.25
27 20 9.25
28 20 9.5
29 5 17
30 2 17
31 2 9
32 5 Q
33 1.25 2.5
3y 0 2.5
35 0 1
36 1.5 0
37 2 0
38 2 0.5
39 1.5 22.75
40 0.25 22.75
41 0.25 21.5
1) 1.5 21,5
OBJ rP1 pr
1 1 28
2 29 32
3 133 28
4 39 u?2

..........

HOVE CARRIACE 70 TOP 0F NF PACE. IIT CARPIACT
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TYPE IN NAME OF ROO!!
395 CORY

Inpy? THr ROC! COORDINATRES
[
0 23 0 0 16,5 0 16,5 23

INPUT SCALE INCREMENT PACTOR
[z
«25

INPJT ORJFECT COORDIFATES, ONF FET brr LI'Z. HIT 0 AFTRR LAST SPT.

10 19 13 19 10 13 13 13

N,
10 13 13 13 10 7 13 7
O
8 21 8 22.5 9.5 21 9.5 22,5
0:
.5 21 .5 22.5 2 21 2 22.5
C:
.5 17 .5 15.25 2.5 17 2.5 15.25
e
.5 15 .5 13.25 2.5 15 2.5 13.25
M.
r:
.5 12,75 .5 11 2,5 12,75 2.5 11
' .5 10.75 .5 9 2.5 10.75 2.5 9
M.
o .5 §.75 .5 7 2.5 R.75 2.5 7T _
s
.5 6.75 .5 5 2.5 6.75 2.5 5
LCi
.5 4.75 .5 3 2.5 4,75 2.5 3
[
.5 2,75 .5 1 2.5 2.75 2.5 1
C: :
3 17 5 17 5 15.25 3 15.25
O
3 145 5 15 5 13.25 3 13.25
5K
3 13 5 13 5 11.25 3 11.25
[ ]
3 9.25 5 9,25 5 7.5 3 7.5
C:
3 11 4,5 11 4.5 9.5 3 9.5
{1
3 7.25 4.5 7,25 4.5 5.75 3 5.75
[1:
3 5.5 4.5 5,5 4.5 4 3 4
.
3 3,75 4.5 3.75 4.5 2.25 3 2,25
[
3 2 4.5 2 4.5 .5 3 .5
i
5 6.5 6.5 6.5 6.5 5 5 5
e
5 4.5 6.5 4.5 6.5 3 5 3
G .
5 2.5 6.5 2.5 6.5 1 5 1
s

7 3,75 B+5 3.75 8.5 2.285 7 2.25

9.5 12 10 18 10 16.5 9.5 16.5
9.5 16 13 1& 10 14.5 9.5 14,5
9.5 13.5 10 13.5 10 12 9.5 iQ
9.5 21.5 10 11.5 10 10 9.5 10
9.5 9 10 9 19 7.5 9,5 7.5

14.5 .5 16 ,5 16 2 14,5 .92

0 17.25 .5 17.2% .5 17,75 0 17.75
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WEIGHT OF TN. SPANNING TREF = £0.13
AVG. LIDY LENG™H = 2,276
S.D. OF LINYS =0.7060
LINK 10, LIPR(VI>VJ) LINnK wm. uT,JAVE,
1 5 37 1.85¢8 0.0348
2 5 6 2 0.7985
3 6 7 2.5 1.011
" 7 8 2 0.8985
5 8 9 2 0.8985
6 o 10 2 n.eogs
7 10 11 2 0.8985
8 11 12 2 0.8085
9 12 36 1.908 0.8572
10 8 17 2.281 1.025
11 17 15 1.892 0.2498
12 17 16 1.892 0.8498
13 16 18 1.292 0.24098
14 18 19 1.75 0.7862
15 19 20 1.7s 0.7862
16 20 21 1.75 0.7862
17 15 14 2 0.2985
18 14 13 2 0.8985
19 21 24 2.062 0.2261
20 24 23 2 0.5985
21 23 22 2 0.£985
22 214 27 2.062 0.9261
23 27 26 1.75 0.7862
24 26 25 1.75 0.7862
25 27 28 2 0.8985
26 28 29 2 0.s98s5
27 29 35 3.5 1,572
28 25 34 4,031 1.211
29 34 2 2.1475 1.1192
30 2 33 1.904 0.2553
31 33 32 2 0.8985
32 32 31 2.5 1.123
33 31 1 1.904 0.8553
3y 31 30 2 0.8025
35 537 4 ' 4,366 1.961
36 30 3 4,61 2.071
THPUT EDCT TNCONSTISTEHCY FACTOR (I'0. OTD. DEVS.)
[
1
THCONSISTENT LINKS: 27- 28 35 36
CLUSTER GO. 1: 1 2 30 31 32 33 3u
CLUSTER 0. 2: 3
CLUSTER FO. 3: &
CLUSTZR 70. 4: 5 6 7 8 9 10 11 12 13 14 15

36 37

iy e
CLiSen A ‘;0. 5
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Drv.,

T0.3677
T0.22F .
n.n2un3
T0.226
“0.22¢
0,226
T0.226
“0.226
“n.3179
0.05507
T0.334Y
T0.3344
T0.33uL
0,476
T0.u76
T0.476
T0.226
T0.226
T0.1644
T0.226
T0.226
Tn.16LY
To.u76
T0.476

2.384
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[ 4
poTN”T X Yy
1 13 13
2 13 9
3 10 19
I 2.% 10
5 2.5 16.5
6 9.5 16
7 a.5 14,5
8 3.5 13.5
9 9.5 12
10 Q.5 11.5
11 3.5 10
12 9.5 9
13 9.5 7.5
14 10 7
15 13 7
16 9.5 22.5
17 3 22.5
18 8 21
19 9.5 21
20 2 22.5
21 0.5 22.5
22 0.5 21
23 2 21
2y 5 17
25 0.5 17.75
26 0 17,75
27 0 17,25
28 0 0.5
29 0 0
30 1 0
31 12.5 0.5
32 12.5 2
33 16 2
34 14,5 2
35 14,5 0.5
36 16 0.5

OBJ . P1 PN

1 1 15
2 16 19
3 20 23
4y 24 32
5 3 36

MOVE CARRIAGE 70 TOP OF NEW PAGE. HIT CARRIAGE RETURN




ryprn rn nAME OF ROO!!
VARIED-0RJECT RQONM

TNpyT 7NE ROO! COCORDIINAZES
C:

0 2 0 143 13 0 13 13
I2UT SCALE INCERNENT FACTOR
25

NPUT OrJECT CCORDINATES, ONE SET PFR LINT. rro o0 AFTER LAED SET.
G
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10 4 12 6 10
O:
7 10 9 10 7 & 9 8
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[mY
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=
[EN
XS]
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MOVE CARRIAGL 70 TOP OF LV PAGE. HIT CARRIAGT RETURT
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