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1. INTRODUCTION

I1s VST Iayout deslgn where the major aim ls to pack more
atd more  alraualtey o midndmoum chip area, the degree of aglosenesns
et ween two dfiYerent I'I‘lt:}du.lt‘!&..‘* iz limited by the Inductive effects
of one clrouit. on  another. It is  thus redguired to  separate
different., olroult, c':.:m'-;tu:u'nent,a by a predefined distance & determined
by the design rulea of the technology. In this dissertation we
Introduce  Lhe cmmﬁpt of a guard zone around the modules which

will be used Lo prevent the violation of deﬂigi’: rules.

The guard =zone <(of width &) of a2 pcﬂygc:r: It defined am a

cloged  reglon  donsisting  of straight lines and circular arcs

hounding the polygon so that there exizt. no pair of points (p, g,
where p» les on  the polygon  and q HHes on t.he boundary of the
suard zone, such that tl‘ie euclidian distance between p and g 1=
lega than d. In this t:liﬁﬁ&:ﬂ..&biﬂh, our  ob jective s to flnd  tLhe
guard =Zone of . a simple polygon having minimum area. Fig 1
demonst.rates the guard zone around an iﬁmt,h&:blti palygﬁr:.
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In addltion to VLSl design the concept of guard =zone has wide

range of  applcations in graphlas, machine toolas and defence tao

name a few.

Z. PROBLEM DESCRIPTION

The guard zone problem 1z an optimization problem ofrf f:::mmphit..at.i::m.-al

ceomet.ry, delined asm follows.

DEFINITION: A guard =zone G of a simple polygon P is a closed
regsion hounads by st.ralght Hne sesments A1l cirxcualanr YT

enclozing Lhe polygon P oand satisfving the following constralnts.



1. For everv polnt, 1 on Lhe boundary of G Chere doos not. esdet.
any point. pooon Lhe houndary of P oguch tLhat. distop? € 5 for A
gliven poxitidve value of .

Z. Area (G2 iz & minimum.

To develop the algorithm for finding the guard zone of a polygon,

we now Introduce the following concepts

In our problem we consider a | polygon as & sedquence of
vertices, By clockwise traversal, we mean an ordering of the
vertices such that. If one travels along the outer houndary of the

polygon, then the interior of the pﬁlygﬂn will e to his rizht

tLhroughout..

During o Ull’:-r_':le;ﬂ& Lraversal of the polvgon, Iif we encountes
sedquence of aconsecutive vertices Ca, b, > then vertex b is a
convex corner provided there exists at least one . point. £ O o by on
ab and a polnt. g C. ¥ b)) on be sush that the gt.raight lne  segment.
frq UHes completely iimide the polygon. Otherwiaehb,la sald to be a
S concave corner. In the above two cases the angle abﬂﬂ 12 gald to be

a right./left. turn respectively.
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The eonvex hall [2) of a polygon P is the smallest convex polyeon
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bounding  the  given polygon P completely. Note that the oo . of
.5 . , L
verticess of O 1s a subset. of the set ol vertices of P, but. all tLhe

edges of O may not correspond t.o that of P



f".f_r“.nlﬁl“k? Ir P iz convexy then all the edges of Q are edges of P and
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Let, o and 2 be the bLwo consecutive vertices of ) =uch that.

—

Lhers exists a sequence of vertices I° 9w { YLrZ. 0k Y (k2 1)

cuch  that. the vertices of ' lde hetween o and 3 in a clockwize

Lraversal. Then the sequence of verticos in I forms a notch with

Ha Coua,

Rersznalds:

. - "
int. 2 be the tGotal number of edges of Q and b Lhea

humber  of  edyesx which are allghed to  Lhe edges of P,

~ * *
LoLtal number of notohes | Cw —- 2 ).

then the
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3 SOME IMPORTANT OBSERVATIONS
My by L) 2idges o & polygon Inbo Gl Followlng e ladt.
Lvpes dependieg on Lhelr ordentations.
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e (7 s =ald to be of Lype-1 Chordgontal right) §r

ehe  mbacting verbex o and the ending vertex (7 have the soaane

yrevTordinates anid Lthe x-co-ordinate of o is less than Ghat 53 L

An  edge CGo, ) s osmald Lo be of Lype-2 Cwith slope < (0, n/2D

it both the =« and y-co-ordinates of the =starting vertex o are

v

Ehaa those ot the ending verfex (3

Ay eddge Gy, D = mald Lo e of Lype-3 Cvertical wpd) 1 Lhe
vertices o amd /3 have the same x~co-ordinate and the y-co-ordinate

D o s lesmse Lhiaay Lhad, of {1



An edge (o, /2 is 2ald to be of type-4 Cwith stope < [ns2, 11
if Yar SN Rt n R ATE E T4 M e L= ;!,*1"1'?“51*_:!'*1‘* tl"l-:;'?l_l"i ._ Lll.‘ﬁh | t"t[_" f:f I‘HI'L f-hi".—*

yoco-ormtinates ot oo im Jesss Lhan Lhat of {1

An elgre Coy 3D dm mald Lo be of tLype-B  Chorizcental le FtO UL o
and 2 have Lhe same y-ao-ordinates bul  the x~co-ordinate of o is

greater than that of /3

A edge (o, 37 is smald to be of type-6 (with silope e [7r, 3n.72)
3 A0 the w-and yeoo-ordinates of o are both greater than that of
. |

Ay eodge Lo, (32 As sald to be of Lype-7 (uerticeal down > 1 the

y ao-ordinate of vertex o is greater than that of thevertex 3 but.

thely ¥x—-co-ordinates are same.

An edge (o, (53 1s sald to be of type~8 (dwith slope = [3Inr2,

PSRN Y Lhe st-oco-ordinate of o i leas than_ that of 3 but. the

y-o~ordinate of (3 Is less than that of o

The above types of edgez are exhaustive and i the
polvgon 1s ordented in  a Glmukwiﬁe direction, the guard zone will
lie to the left. of all types ol edges. In appendix 1, we show Lhe
different, edge types d(ab) and  present the analytical technigques
vaed dn the computation of the extenta (m,nd of the _pﬁr{,mn of o bl

guard zone rurming parallel to it

The shape of the puard zone around a CONvVeX corner ) SR

L

circvlar ara of radius & and it s & shavp Lturn around a coleave

corner. (sea fls bhelow?
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LEMMA 1: The length of a circular arc in a guard zohe. can be

greater than nd where 6 ig the guard zone distance.
PROOF: L,

Gongider the guardzone around the convex corner ‘A’

Cigure,

i
Firbug &
N
L MAN be #.
Ir OA & MA and PA L NA  then L OAF =360-5-180 = 180- 6.

The minimum value 8 can t.ake iz 0 and a0 [/ OAP can atmost 'be 180,
It rollowas that. the length ﬂf the circular- arc can be no greater

than & where 4§ lg the guard zohne dist.ance.

A guard zone entera a notch If the lild of the notch g of lensth

> Zu&. The amount of penetration I of the guard zone Inside the
notech and the shapes it can assume depend on the ahap& of the

not.ch. Typlaal examples are shown in the figures bealow.
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A.METHOD

1.1 DATA STRUCTURES: Wes prnpﬂ-ﬂaa Lhe fml]owing data stiructure t.f:r hold
A nolygon and (ts puard-zone: |

A deubhlyv-Hnked aclrcular 1=t of  the polygonal vertices,
is required. BEach  vertex In the Hst is characterized by itz
cartesian co-ordinates. With eac vert.ex, wie . associate two flelds
slart. and end which are two poeoints arocund it The frigure below
=hows a polvgon and its guard zZone along with the proposed dat.x
structare. 1L can v =meen that. the puard zone im efficlently
repregented in the data structure. -F‘urther-_ we .asaﬂlci.-at& with each
vertex a pointer next_hull_vertex which, if the current. vertex is

a convex hull vertex, would point,  to the next hull vertex. Our

polveon also.

poL\(la.ﬁH ARD
CGLVAD-D ZonE .,
3 & T Ay
P

Fvbe 7

Plot. of the guard zone

Here we describe the method of plotting the guard zone from the

data structure prescribed above. The polygon can be drawn by

drawing stralght line edges between the Successive vertices in the

Hnked Hst., To construct the guard Zone we adopt: the f:}llmwlng

HLD B S H"‘F*dlll"l?"

1> For every vertex do the following :

a> If the start and end flelds are different.,



Lhern with the vertex co-ordinates ast the centre, draw a circular
Arcs orfentoed in Lhe clookwise  direcation feeam the =start point to

“wr

the end point. The radius of this clrocular arc will be the guard
Zoone olismboagyees S

b2 Draw a straight line edge from the end
co-ardinate of the vertex to the gt.art co-ordinate of the next
vertex in the st |
In the flgure below  we sgshow = non-convex pmygmn and its pguard
zone. We also show how the data structure aan hr:r.ld the guard zone.

It. is thus clear that. the proposed data @t.r-uﬂt,ur-e Can hald guard

zones of arbit.r-arv p:::lyg;cmﬂ
c_

i
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2 T CONVEX GUARD ZONE OF A POLYGON:
DEFINITION: The convex aviard zone of a polygon is tLhe guard zonhe

ol its convex hull., The flgure below shows a non-convex polyzon

A U convex guard zone.
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METHOD
12 Store the ]::mivwmn in the prescribed data structure.
2 For tlm- ahove pmlvgr_‘m find the convex hull uaing GRAHAM’S SCAN
Algoritlan, (see next, =ide heading).
33 For each edge (Ga,b) of the hull do the fDllﬂwing
| a2 Find the tLype of edge it is. COBSV 1)
L> For the edge (a,b> find the extent, (m 1) of the guard
ZONne runhning parallel to 1t. CQASY 2)
1) Set. the end rield of & to m,
d) Set the start fileld of b to n.
e> I there are any vertices of the polygon lying between
vertheoes  a amd b for all Lhese vertioes set. the start and *nel

fieldy Lo m.

4> I'lot the guard zone from the data strugture uaihg the method

aulL ]l inedd earlie,

% Note that in steps 3¢ and 3d we set the extents of the lines
and s comprlsing the guard zone, In step Je we process outzide
A notah. We selt the data structure flelds of t.hle vertices inside

Lhe notech in such & way that the guard =zone does not enter the
TS I AU g

GRATIAM'Y SCAN ALGORITHM [23
i, shart. at. a vertex of Lhe polygon that., i sassured to

b A hill vertex, The leftmost higheat vertex would be a
203 gy e vert s |

"1

<. Htarting from the above vertex, we examine triples ofr

conseoutive v&rtiﬂeﬁ in clockwize order. If CABO 1z such a
i b

21 4 £ ARG is convex we advance the =can and check for
the nexst treiple (BCD) where D iz Lhe vertex next. to .

22 0 4L ABG ix a left turn, we eliminate vertex B, and

-

check for the triple <(ZAQY where 7 is  the non-eliminated
Vel f e g }'H'!l"t]‘ LI AL



IL 1= an Immediate ﬁmnmaquanﬂa of convexity ULhat in traversing

a convex polygon in clockwise order we make only right turns.

The GRAHAM’s SCAN method gives us the convex hull of = polygon

In one scan ar-aund the polygon.

The cnfﬂplexity of finding the convex hull ‘of a simple polygon
uding the above algorithm i Ond time, where n is the numbsr of
Viértices of the polygon. The convex guard z_nhe can be formed in
bli# scan arolihd théd conve® hull. Thus the first phase of our
problem, of finding the convex gusatrd zone, oan be accomplished in
linear time. - | |

DETECTION OF NOTGHES:_ it follows from the above l:liﬁthﬂd that we can
detect a notch in the polygonh in the following In';anner-.. 1f there
exists an edgeA,B) of the conhvex hull that is not an edge of the
polygon, then CA,B) im the lid ‘of & notch. All the vertices of the
polygon including and lying bet/weeh A and B in a clockwise scan
form the notch. . . |

/
The area enclosed by the convex guarci zohe can be reduced rfurther
if we generate the gﬁnaral guard zone of the polygon. The general
guard zone is= fﬂrmed when we allow the guard 2zone to enter into
notches having uuffiﬁiant width.

4.3 GUARD-ZONE INSIDE A NOTGH

We proceed now to generate the guard zone within a

not.ch.

We explainn below a method to generate the zuard Zone inside

a notch. This method takes O(nzﬁl time but. is very space efficient.

It. bullds the guard zone directly from the data structure proposed



earlier. The methnd is outlined below In stages:

Step 1. For every vertex v of the notch do

7% let. u be the vertex preceding v and w be t,he vertex next to v
in the U=t of vertices =~ |

begin

Conatruct the pc:rt.inn of the guard zone part parallel to
CH,U) and call it <m,nd.

Construat. the portion of the guar-d zone part parallel to
(W, wd and call it Co,n).

if v ia blunt and if the line segmenta mnd and C(o,p)
Interseat., at. X )

set, the smtart and end points of the arec arcund the
vartex v to x. /% The arc length is zero %/
else

Set the start and end points of the arc around vertex
v to n and o respectively,
end;

Step 2. for every vertex v of the notch do |
begin | |
if vertex v 1is sharp, f‘in.d the first Intersection x of
the already plotted guard zone with the arg around
v, |
If the intersmection x axigts  then delete all

portions of the guard zone lying beyond the
intersection point. |

find the first Iintersection point of the already

plottéd guard =zone with the guard zone Hnbe Co,p)d
paralle]l to (v,w) .

If the iIntersection point exists then delete the

portion of the guard zone after the intersection.

e,




Once the above steps are accomplished for each of the vertices of
the notch our data structure would contain the precise guard-zone

We can plot it now u:ﬁ:ing the method desoribed earlier.

We can argue that the current guard zone encloses minimum area in
t.the following manner. Belng a closed curve :ﬁny at.Lempt, to further
minimize the area would require compressing the guardzone.
According to our method of construction, thiz attempt would cause
a design rule violation. Thus our guard zone bounds the least area
possible. |

The method of finding intersections are explained later in
Appendix 2.

Ve next try to minimize the time the algorithm takes to construct

the guard zone within a notch. Hére we assume that the ld of a

notch is horizontal. If it is not we aan rot.ate the notch so that.

its lid becomes parallel to the horizontal axis. We generate the
suard zohe inﬁ:‘i;de the notch r,-liﬂing the met.ht:}d_ outlined, and then
rotate the notch back to its original orientation.

Here in order to find the guard-zone Inside a ,,rm't,c:h we first, =lioe
the notch into maximal empty horizontal strips. It iIs  mentioned
earlier that we ' align the face of _-f.the not.ch with the horilzontal
axis. For the other verticesms of the pmly;ﬁm inside the notoch, we
may assume that no two verties have the same y-co-ordinates with
reafnect to the -.rec:rlent.at.icn of the notch In the case any
cont.radiction .&r-iméﬂ, we resolve it by aading A very samall

positive gquantity e to any of them. Thus a slice s defined as

follows:

Definition: A =slice inzide a notch of the polygon 1s an empty
trapezium or an empty triangle whoze two non-horlzontal sides are
arms of  the notch and the horizontal sides correspend to  the

vertilioes ol the not.ch, The fig2ure below shows a sliced not.ch.



Now we desaribe certain observations of the slices based on which
we desaribe the method of slicing a notceh. In the next section we
shall describe the method of finding the guard-zone Iinside the
not.ch using the slit:ing structure.

1. A slice line pasgses through a single vertex of the polygon.
The vertex (L) may be at one end of the slicing line, Clg below)
or at. the middle of the slicing line (fig below). .

- ST C | Cr ‘
N (k)

iIf the guard-zone enters a sliae it paswes Lhrm,lgl- 1. A
sequence of straight lines and circular arcs, The figures Dbelow
depict. different shapes the guardzone can take inside a slce.
Such a medquence of contiguous parts of the guard zone fa referred
to as a chain

2If the guard zone of a notch enters a slice along the top
houndary 1t. will -ﬂurely exit from the =slice along the  tLop
hboundary. Similarly, - if 1t exits from a slice along the bottom
bhoundary, 1t will enLer it. again along the bottom boundary.

I3 At. most four chalnz of the guardzone may be present in a

=lae. The figures  below  show  examples  of  slices cont.alning  one,

Lweor, Lhireo, owur abualne,
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Observationes 2 and 3 are helpful while drawing the guardzone
inside a notcah. -

Generation of sliﬂing structure: In order tcﬁ- Euild the slcing
structure wé frirat have b mort the vertices of the noteh in
decreasing order of their y-co-ordinates. The lid of the notch
consists of the start and end vertices of the notch and it is
considered aa the top of the first aslice. _

WVhen the t.nj: of a slice is generated it becomes active. The =slice
bounded by two <(usually nonverticald edges to its left," and  rieht,
may be swept. downward until a point. appears inside llt.. The polint
inzide it may be on one of the bouf'xcling edges or may fall in the
middle of {t= hﬁunﬂint edges. In elthmr aame the =mlce Ix  clomed
and preserved in the aeli'r:::ing datastructure described below. In the
former ocase, it gives birt.h' to the top of a new slice,and in the
lat.ter case tLhe top of two new slices are generated. The l'lﬁ?WiY
generated slice(s) are lnked to their parent slice.

The  vertices of the notch are processed in decreagsing orde) of
their y-aco~ordinates. At = particular Instant of time, more than
one  =ilce may be open, whose top boundaries are di= joint.. Thus
there exists a linear .mr‘clnr- among the =slices and can be preserved
in & helght-balanced binary tree. Let. the sHeoes Al .a?,, a3 be
Aacldve at. A partioular Instant. of time. In f‘i#;hil‘-fﬁ 14\ ) belnw i

vertoex 3 e 1n zllice al. Here t.he active slicea  are






| | Y P | | |
al.Aadl,mZ2a,a3dn Hegare beldow Ll vertexy po lies= 1y t.he Jeft  wedpee

Oof SBloes 20 sty Lhiee avcbidve Siloess are ad, o alw, sl III Flegues UL {0 ) e
verrrtoesx P Tberd Lo e e L 0 :T.‘”tl'zt" Al hesiwees A, Iu‘- KRR T A T B RO
sHoes  are A, Al Ak, alll Alter ]'::1_'~t;.n':-.%Es*.:#ﬂng a0 new slboes, Lhe
af facted sloe  ts deleted and  the newly generated smliced(w) are
insenrted . ﬂlj,rn;amlmally In Ollog k) time, where k e thie number of
active slces at that ]:r:al‘*t;_h::ul.:art Instant of time. The =slcing data

st.ructure consists of the following flelds.

a) The left and right arms.

> The tLop and hottom arms,

¢) The slice ﬁridtl'n,

d? A pointer to thogse slices that, are adjacent to the gurrent

slice and the &dgﬁa ;aiu::ng whiah we can enter one slice from
the other. |

e> A pointer to. the four linked Hats pointing to Lhe rirat

elements of the chaln that are currently inaside the =slice.

44 GENERATION OF THE GUARD Z()NE

In our algorithm of drawing the guar-d zone, the edgﬁ-ﬂ ahd verticpm'
of the polvgon are proceszed in their usual ‘mlﬁder.,‘w’hen an edge
of the polygon ia  processed, 1t= parallel g'uard*zﬂne is:
constructed. For each salice, through which it pagges, the
f‘nllnwing checkings are Lo be done: a |
a) whether it in'?t.&rﬂa-atﬂ .ﬁny of the chaing that .éf&- already
pregent. in Lhie asliows. . .

b') whethery 1t hits » boundary of the pﬂlygm;

In both the cases appropriate end pointa of the g!.l.Fll‘*d‘"Zt"JllE‘ e s
_fdecide-t.l. and the process uant.inueu from that point.

_When a vertex of the pulygﬂn is praceaged “the polveonal chailn
“around it, is decided. Now some checkings as in the ;'11"~ﬁ\fimn§:: R IITY
“are made here alzso. |
“Complexity analysis: |

| The construction of the =lcing data structure remqires
J(nlmgn} t.ime. {(This 1is due to the gorting step. involved) While
Arawing the guard =zone of & notch, in the worst "'c;e:;a'&_-ﬂl_l t. b
?E-rvt.l:::-:f-_r"-: and  edgea are to be processed. To draw Lhe gu:_-;:nr-r:!‘ 20N

around A vertex or along an edge of the line we may have Lo ohweok

175



Lthe intersection with atmost.: three chalns. The number of elements
In & chaln is very less in comparison with tLhe total numhbesy of
parvts i the guard zone., So 1t is  assumed to be vconmtant. Hence

[

the complexity of our algorithm is

k. | | h."u.-"-

O nlognd + T Cl(ni} where k is the numbep of notches
imy - | |

. | t.}
ni i the number of vertices ingide the 1 not o,

Thus Lhe overall complexity of our algorithm is OGilngn).

-
. ‘ L]
. .

16



Appendix

We discuss below, t,m':l'iﬁ'l-tp.m:-t-': to determi :":r.fe. t..'l_;t'a;-_.'

extent. of the portion of a guard =zZone (mnd  lying pab*ﬂul]#l o Aan
edge (a,b> of Lhe polygon. The guantity & tﬂﬂlﬁmteﬂ the gu:ar-d zone.
distance. The co-ordinates of vertex a aSre {xi,vi) ard thﬁ'P' -::}1-
vertex b oare (R2,v2). We  conzider - all 11‘1':'* N eight. -' diff#rwnt
orisntations posaible Por F!-:j.g;e (a,b2 as out ljnr*-d ih observation 1.

Type 1 eden

.

U"“ ;“i\ b) - ( i, 5)

Jyvpe 2 edge:

B SR Lq. [\},, )

| | -1 . | .
Note The /[ 6 in Lhe above case is given by tan COY2=-yv1D. 7 (x2-x1D)

.'l"_*-.’ruﬁ . t‘”?t'.'l;‘.’;i-?*:

.'.1-- A .-)




ype 1 evlpe

._ O . .
( p & -$ ﬁﬂgj LI.”‘; Lot ﬂ) ' )

| | -1 f _
cte The £ & in the above case (s given by tan " Cy2-ylr /ixl-x2)J).

E"‘glu: ) I.-.'{.i{_.:‘t':.'

C"f'lm_,, "\L) | | Qa“/t“)

b — e f: _ - A

o e Y B TR A

(o) (70098

Type 6_&dg& :




Note!Th> /¢ in Lhe above case is given by t-_-‘;?aﬁ'-ﬂ'i{_'{,"\}1—-\};3)/”1_,{2)). |
Tyvpe 7 edge: | ' :

LY

N

s, ey
T o

3‘9‘ .: | r;‘bl 14* (‘3 )

Tvpe 8 edge:

4

(Efj“tf"h) : ._ .

™y

[ T

M el o e Brras

Note The L € in the above case is glven by tan’

1, . . .
RS 20 AVSTV LIS DY



Appendlix 2
Technivgques Ffor finding Iinterseat]ons:

1. Intersection of  two line segments: Two  non-parallellines will
Intersect., at. a  point wi*iic:!_‘: can be determined brww' molving  thelre
equations. If the equations of two lines <a,b> and <(g,d) are
l“ﬂﬂrrﬁlﬁt.i‘dﬁ.l? .

al x + bt v + ¢l m Q and

a2 x + b2 v 4+ qgZ = O, |
Llenn Lhelr polnt.  of. iht.ﬁrﬂ&f::t.imn (::t’,y'} i= g‘lvﬁn hy the following
eRPIresEions | |

w1 aZ -~ b2 eldsal bZd - ald b))

atul  y'm {{:L'.f'i 5 VAN EE-';EIIZ)/{E'II hZ = a2 bid) <

I a1 b2 maz bi, then tLhe lines are parallel and do not intersect
ity Lhwvwy finite domadn, |
IT we aonsiden t*.h‘!wt?r line =segments,  the intersecation point. musti He.
between {he bounds of Lhe two lines. | | .
Ty wum up 1 D (xtwvld) and F (x2,y2) constitute one lHne segmenlt
At iy (3 (}fﬂ.ﬁl’flf). Al H {x4,yv4) constitute anothenr, t.he
intersect.ion ]"u.‘.&il":L determined as mentioned above must have jts
-ao-ormdlinate lving  belweaen _(}{1. and x2) and x3 and x40, It=
yveco-ordinate musi, e between <yl and v2) and between <v3  and

vl r

|

A0 Intbeerwecdtioiy 0l ooy lhe mzegment. and a ﬂll"’lf}lllﬁ.l“-ir"\f“'l'.lf! :ﬁ:ﬁgnmnh:
A e stegzment sad a cirouldar arg EE‘gH‘IEl‘lt. can intersect, atmost  at,
{. v ;u"xil'l'l.rFL W e :'-’“:]‘ﬂ?tii:.if'}' Y prom&dur& Lo t‘.h’:’:-i‘_.ﬁl"lﬂl.f‘:t’? the Int.erwrotllion
podnts helow, .
Weeoo flrmt. determine the Intersection pointse o the WHne Arnd o e
il e i'u‘-\‘-.’.ii“lg :i'.:.;”ln'n?fi'.l. cent.re Al 1‘*31.‘“1.1??; 3 o theen el A 1_1}'
wolving thelr edquations.

The aquation of the lne s ol Lhe form ax + by 4+ v 0
Atvd Lhat, of the alirocte e of the Torm
Cxgm=o ) 4 Cy=f12 % 3 .-","'52 AR €3 J 8 heing t.hr WIEE RR IS ST 4 i t e
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1y Lhe lni.rnt‘-ﬂ‘m::l;flnln polnta arve imaginary Lhen the ll.nflvﬁ. R IRYRYC n}_;t.-
intersect. the circular arc. If not.. they 'il':f,ﬁlﬁﬂe{::t;,, the points of
Intersection G,y'Y° and  GELy*)  elven by the -'Em"'c;rlut;.i'm': of the
two EJC[LIBLIEH]E._ | | . | ._

Next. we h:a#'e: to determine whether the pﬂ.i:*:ﬂﬁ" of intersection He
within the lne bounds and the arc bhounds. We can determine if a

point.  of intersection Hes between the line bounds uéing the
meathods de&*dribéd in previousg section. We e:—_{plaiﬁ below, how Lo

determine whether a point (pd lies be.-'i,w.-;reen-u':&- hf:nur:cls_ of an arc of
the guardzone whose extremes are givén b;s,; t;he _ﬁcriﬁta arcstart and
arcend respectively. In this context we use the consequences of

lemma 1.

| | * 5
Consequence of lemma 1: The Euclidean distance between oarcstart.

and arcend af an ara of & guafwimmnn iz alwaya greéater than the
Euclidean distance -between arcstart and any intermediate point o

on the arc.

We generate the diameter through arocstart .ﬁnciI check .#1'191,1191’-_' t.he
point p lles on the same side of this line _;aa arcend. I not wef
diacard ‘t,he point. If vyes, then '*.w'e check whether the euclidean
digt.ance A bet.ween arcstart and arcend is *gtmattﬁr bhian L.
euclidean distance 'I a* bhetween arc.s;tg::rr*t and p. If .5715: greater than
a® t.hen the pmnp £ lles wiﬂhin t.l{e anrc _br::ur;dﬁ:' elege I A s less
than _f_\* then p llies beyond the arc bounds .éhcl we dizcard (L. We

select those points lying between the bounds of both, the line and

the arc.

3. Intersection of two circular arc segments:
Two clrocular arc segments of a guard zone may atmost Intersect at.

two polnt=s. To determine the pointas of intersection we procead as

fFollows.



We frat check whether the clia't,.arn::&' b'lﬁ‘twiﬁh#h- the two Centies
greater than 25, If ves, then the t.wa air m"lea | Fﬂ‘*ﬁ" well-=oparate
and they will not intevrsecnt. If m::rt.,_ t.lmr: we et emni:m t.he point

of int erﬁeﬂtion of the two aircle& of whiah t]’u:'er clraular arcs for

A par-t in Lhe following way,

We gener-at.e t.he» Aine passing thrc:u;gh t.he mid—pq:;int. of  the lind
a..,.umm-at,ing the centres and lying pe:‘-pendiaular- La 1t., We  choak 1...-!11
intersection p_:::ir:t.ﬁ of this ldne with ::me.- t'.'.‘!f the -Gil“ﬂ.l&ﬂ. using
the _méthﬂdﬂ of the pravmus- aection. W& mheﬂk wh&-t.h&:r t.he obt ainm
points lie het.we:en the bounds of bﬂt-h Lh& v.::ir-cular arcs, agai:
using the methods descoribed in t,he pI'EViQu.:“':. aect.mn W& cu*;lw
accept. tLthose pc:int.ﬁ which e b&t.ween t.he l::i:rundﬂ c::«f‘ bath t.he AL G, -"1
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