Purdue University

Purdue e-Pubs

Department of Electrical and Computer Department of Electrical and Computer
Engineering Technical Reports Engineering
7-1-1984

Automatic Construction of CSG Representation
from Orthographic Projections

Namdar Saleh
Purdue University

K.S. Fu
Purdue University

Follow this and additional works at: https://docs.lib.purdue.edu/ecetr

Saleh, Namdar and Fu, K. S., "Automatic Construction of CSG Representation from Orthographic Projections" (1984). Department of
Electrical and Computer Engineering Technical Reports. Paper 524.
https://docs.lib.purdue.edu/ecetr/524

This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for

additional information.


https://docs.lib.purdue.edu?utm_source=docs.lib.purdue.edu%2Fecetr%2F524&utm_medium=PDF&utm_campaign=PDFCoverPages
https://docs.lib.purdue.edu/ecetr?utm_source=docs.lib.purdue.edu%2Fecetr%2F524&utm_medium=PDF&utm_campaign=PDFCoverPages
https://docs.lib.purdue.edu/ecetr?utm_source=docs.lib.purdue.edu%2Fecetr%2F524&utm_medium=PDF&utm_campaign=PDFCoverPages
https://docs.lib.purdue.edu/ece?utm_source=docs.lib.purdue.edu%2Fecetr%2F524&utm_medium=PDF&utm_campaign=PDFCoverPages
https://docs.lib.purdue.edu/ece?utm_source=docs.lib.purdue.edu%2Fecetr%2F524&utm_medium=PDF&utm_campaign=PDFCoverPages
https://docs.lib.purdue.edu/ecetr?utm_source=docs.lib.purdue.edu%2Fecetr%2F524&utm_medium=PDF&utm_campaign=PDFCoverPages

‘Automatlc Constructlon ER
of CSG Representation from
| Orthographlc Pro.]ectlons_ P

Namdar Saleh
K.S.Fu

|| TREES4-24
| July 1984

School of Electrical Engineering
Purdue University
West Lafayette, Indiana 47907




AUTOMATIC CONSTRUCTION OF CSG REPRESENTATION

FROM ORTHOGRAPHIC PROJECTIONS

Namdar Saleh and K. S. Fu

‘TR-EE 84-24
July 1984

~School of Electrical Engineering
. Purdue University
West Lafayette, Indiana 47907

This work was supported by the NSF Grant ECS 81-19886. The work was
also supported in part by CIDMAC, a research unit of Purdue University,
sponsored by Purdue, Cincinnati Milicron Corporation, Control Data. '
Corporation, Cummins Engine Company, Ransburg Corporation and -TRW.



r&BLMGRﬁPHMer. TR e e o 2

Recipient's Acrnw.on I\m -

SHEET | . TR-EE 84-24 4 .

4, Tule md u:hu[lg ) : ] {9, Repornt Date
. AUTOMATIC CONSTRUCTION OF CSG REPRESENTATION FROM July 1984
ORTHOGRAPHIC PROJECTIONS ‘ 6

i 7+ Author(s)- o ) A P 8. Performing Orgmlli;/.u_tion. Repr.

‘ : Namdar Saleh and K. S. Fu - : o L No., : o

9. l’crmrmméﬁ ()r‘,._mx/ ation Namnie and Amlu 580 . ' ‘ T 6. l’rb‘j('«,"t/'rask/\.x’.ork Unit. No.
Purdue ‘University = . L _ . '
School of Electrical Englneerlng L 7 : H*‘;ih‘<mwédfﬁmng§w
’West Lafayette, Indiana 47907 ' L v y ECS.81—19886_1

12 \P(\n oring Qrganizacion Name ’:nd Addrows ' : 13. Type of Rc.port & Period ‘

: Covered

‘National Science Foundation : Technical
Washlngton, D.C. 20550 T -

115, Supplementary Notes

' 16 /\bxlrur\

- An algorithm has been designed to construct the CSG model of an obJect

from its 2D. orthographlc progectlons. The method proposed uses a top-down
approach in which the existence of some 3D primitive (e.g. CUBE) is assumed
and then different views are searched for appropriate elements to prove the
assumption. The algorithm is applied to some examples and the results are
demonstrated. A second algorithm has also been designed to implement the
automatic input of llne drawings. The drawings are first digitized using a
high. resolutlon scanner. After some preprocessing, the algorithm is applled

. to the image in order to extract the relevant graphical elements, such as. -
arcs and circles. Two examples are also demonstrated.

17. Key Words and Document Analysis. 17a. Descriprors

17b. ldentificrs Open-Faded Tems

17¢. COSATI Field /Group

118. x\\'b.ni;\l‘\ihl\' Statement . . » 19. Sccurity Class (This’ 21. No.of Pages
) R T : : : Report) - y o :
UNCLASSH D : 165
20. Sceariy Class (This 22. Price
© Page .
 UNCLASSHAIED

FORM NTIS-35 (REV.R-72) . S . B - - N S USCOMM-LOC 14852-P72

THIS FORM MAY BE REPRODUCED



iv

~ TABLE OF CONTENTS

MSTOFTABLES_w;”wgygmmz¢g;g”;w“,;““;_ ..... IR B
LIST OF FIGURES ........ it e e e RPN vk
ABSTRAFTHI“;H“””;”;”“, ........ ,;;”n“;;“;un”n”;q .......... ERTTEIA ix-
CHAPTER ONE ENGINEERING DRAWING AND GEOMETRI(, _
, MODELI FUNDAMENTALb .............................. 1
1.1 Introductlon ...... i e et R SUETURUE SO e b
1.2 FundamentaIs of Engmeermg Drawings........ i AT A
1.3 Solid Geometry Representation ............ e s et 7
131 Alist of related fleldS oo i L7
1.3.2 Properties of representation schemes................ ST
- 1.3.3 Constructive Selid Geometry .............coooooo 9
CHAPTER TWO - AUTOMATIC RECONSTRUCTION OF AN OBJECT :
FROM. ITS 2D ORTHOGRAPHIC PROJECTIONS ..........ccoivvennnn 13
2. 1 Introductlon....; ................ T 13
' 22 Previous work done .............. e i e ieeres e e 13
' 2.2.1 Polyhedra as the class of obJect ............ rreeteiThannte fegd fegeins 13
2.2.2 Objects with uniform thickness............c.it.. e sa e 15
2.3 Anew approach for solving the reconstruction g BRI
0 problem i Fhereeerilyianieeerraeeasan e erberhece® [T .18
24 The algorithITi. oo it TR 16
© 2.4.1 Explanatior....... Y SRR U UPCSUTOT: .16
R.4.2 Cylnder..........civi it i 18
2.4.3 Cone.......... R PR oot everrvesms e raeseiiimases irdes ....19
2.4.4 Cube.........iiol. i s i i Rl
245hgs, ............ SR OO SN SUUTI VN SIOPRROROEOIREI . ....25
2.4.6 Corners............. R e, SURTUUESURE ORI 30

2 5 A companson bdween thls Work »



| ‘APPENDIX...,..’._;.‘....‘..k.‘,v._."....ﬁ.‘.;.'.b.'...k...'.‘.’..”....l.'.‘....'.i- ..... e 0T

Vo
and previous HOTKS o S B 33 ,
2.6 Examples erdend TR
26.1 Datainpub: .o SR THEE N EE S 36
2.6.2 Output conventions ................ URIINIOE 37 S
2.8.3 Sample Executions ............ b rien i engnd .38
2 g Performance analy51s....,...v,.-.,.'.._. .............. erheeatee 5’? o
FCHAPTER THREE - MANUAL AND AUTOMATIC INPUT T S
OF LINE DRAWINGS ...ooccivetovsoviioo ISR - R
31 Introduction‘....;.....'.'..,.'._ ..... ...... 60 s
3.2 Manual input sytem.................. SRRV S SRR - ) DU
3.3 Automatic input SYSLEIIL. L.t s e e BR
3.3,1 Image digitization and preprocessmg e aBR
3.3.2 .Digital straight hnes Fivasadaes s ISP Covestainton 64
~ 3.3.3 Digital ares ... e e B0
3.4 The algorithm...... RIS SR AR TR P B
3.5 Examples...... e et s s e e e s 70
3.6 Pe‘rformance dﬂleSlS.,.'.J...,'..,.,.'...._..:..'...* ..... 4 '
CHAPTER FOUR CONCLUSION AND FUTURE RESE ARCH Qi}.i.'-;',._.,}}ig-i? S
4.1 Conclusion ...... 9’7 S
4.2 Future research ... 98 '
REFERENCES... ... e 99



‘ vi
LIST OF TABLES
~ Table o P
%1 Time analysis for Examples 1, B & 3. oc
3.1 Time ,'anailysiévfor Examples 4 & 5........... ........ 95



- Vil

LIST OF FIGURES

Figure Pégé
1.1 Ar‘ra‘ngen;éni for the six principal FEWS oo vt 3
1.2 The meaning of a line ............. 5
1.3 P'f‘ojeeti»o’ns‘ of a SUPTACE oo ioierneiiieinenens ....... -6
1.4 Tﬁe meanihg o‘f differeni opefaﬁers'; ...... 10 v :.'
1.5 The semantics of CSG- tree representatlon'.‘.‘.‘.;.:..;...‘.‘.",vi;f?;',..._.i‘...'.'..v..v.."'.;il"l_'
,2..1 General block dlegram of algomthm 1 ....... 1'?
2.2 Example of an ob]ect w1th a conlcal part ............... 22
2.3 Simple cubical obJect..s ..... ...... ST ........ | ....... 24 .
2.4 The major orlentatlone of lugs ...... 26
2.5 Conjlbmation of cubes to make a frusturﬁ ...... RN 28 :
| 2.6 CSG construt:tion of cube Wi‘l;h pOuﬁd COTTIET ...viiiereee s 31
2’? Exai‘nple of a.lng‘and roﬁnd cerne'rs i ...... 84
28 Exempl'e 1 ..... T SRR 40
2.9 Example 2 ........... ....... .............. ........ 4?
. 2.10 Example 3 ......... ...... ..... 52 -
: 3.1 Automatic 1npﬁt sy'votem‘.......T ......... e ............. 63 |

3. 2 Imperfect d]gltlvatlon of a stralght hne BTER s ..... el .66



oviid

3.3 Example 4 ........ RS 2
3.4 Dlgltu‘ image of view 1 of E‘{ample 4. T ..... ’?3 |
35 legltal image of 7V1EW 2 of Example 4 ........... SO ceefuies e 14
3.6 Digital image of view 3 of FXarple 4 .......o........ TS
3 '? V‘iew- 1 of Exa'mple 4 afier prepro‘cessing.‘...‘.‘..-" ........... ..... . 76
3. 8 Vlew 2 of Example 4 after preprocessmg...._....‘ ......... ..... 7"7
3 8 View 3 of Example 4 after preprocessmg..; ................ ' '?8 ‘
‘3 10 Example TR ....... RPN e ....... s ;;‘..83
3 11 D1g1ta1 1mage of view 1 of Example RN ' ..... .84
;3 12 Dlgltdl 1mage of view 2 of Example 5 ....... ........ ...... 85
. 8 13 Dlgltal 1mage of view J 3 of Example 5.0 | O ............. .86
3 14 Vlevv 1 of anmple 5 after preprocessmg ....... ..... 87
3 3 15 V1ew 2 of Eyample 5 dfter preprocessmg ........ Fyserad ..... s et 88

“3 16 V1ew 3 of Example b after preprocessmg..;.;.‘ ...... e ......... g9



An algorxthrn has been desxgned to construct t.he CSG model of an -
vobject. from its 2D orthographxc prOJchons 'I‘he method proposed uses :

a top-down approach in wmch the exxstence of some SD prmuuve (e 2.

CUBI*.) is assumed and t.hen dlﬂerent. views are searched for approprh o

ate elemcnt,s to prove the assumpuon 'I‘he algoru.hm is apphed to some
examples and the result.s are demonst.rated A second algoru.hm has’ |

, also been deslgned to unplement. Lhe automauc mput of lme dramngs .}

'I‘he drawmgs are first dxglt.lzed usmg a hlgh resoluuon scanner Att,er ,‘

"some prepr ocessmg. the algorlthrn is apphed to the 1mage in order to o

'extruct the relevant graphxcal elernents. such as arcs and cu'cles 'I‘wo' :

examples are also demonst.rated
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2 : A}Interpretatlon and reconstructlon of the 3D representatlon of the

part from ‘the BD data structure After this step, the ob_]ect is
represe_nted in some form of solid model, and can be stored in an

“appropriate data base:

» For the ﬁrst part two systems manual and automatlc are proposed
’ _and these are d1scussed in Chapter three The second part is treated 1n>
‘:‘Chapter two 1n which an approach for the reconstructlon process is
:suggested and compared to prev10us work on the subJect An 1ntroduc-‘
' tlon to the rules govermng englneerlng drawmgs is glven in the next
sectlon ThlS is followed by a discussion on representatlons for r1g1d

| solids and an explanatlon of the method used in- this Work wh1ch is the

S Constructlve Sohd Geometry

- 1 2 FUNDAMENTALS OF ENGINEERING DRAWINGS

Englneerlng drawmg is a graphlc language that is used universally

o by deslgn englneers and engmeermg technologlst to descrlbe the shape

centurles much as have various spoken and ertten languages until at

- the present t1me 1ts fundamental pr1n01p1es are understood by trained

persons [LUZ] Three d1mens1ona1 obJects are represented 1n englneer-

~ing drawmgs }by two to six twmd1mens1onal orthogonal views. Figure 1.1
'contains the :American s’tandard arrangement for the six Iprincipal views

[WEL] When preparmg an englneerlng draw1ng, a shape descrlptlon

B and s1ze of structures and mechanlsms It has developed through the '
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 Figure 11 Arrangement for the six principal view



| 4
method called orthographic or parallel projection 1s used. The orthof
graphic geometry governing this method has the following properties
[HAR]: -
Rule 1 - The lines of sight for any two adjacent views are perpendicular.
Rule 2 - E‘}ery point of the ‘ob‘ject‘in one view is aligned on a parallel
bdirectly opposite the corresponding point in any adjacent View.
- Rule 3v - The distance betf/veen any two.points on the object measured
along the para]lels 1S the same in all related views.
Rxﬂe 4‘- A line can only appear as a line or a point, a point beingthe end

view of a line.

 As shown in figure 1.2 [LUZ],‘ a visible or invisible (dashed) line may
represent‘either the intersection of two surfaces, the edge view of a
surface, or it may be the limiting element of a surface. The full circle

in the front view may be considered as the edge view of thecyhndrical

surface’ of the hole In the side view, the top line, representing the con--

tour e]ement of the cyhndrlcal surface 1nd1cates the limits for the sur-

face and therefore can be thought of as being a surface hnnt hne

Rule 5 - Every face can appear only as an edge or as a ﬁgure of sirnilar
configuratlon More prec1sely, When a surface is parallel to a plane of
pro;ectlon 1t W111 appear in true size 1n the view on the plane of projec-
_tlon to Wh1ch 1t is parallel When 1t is perpendlcular to the plane of pro-
',--“]ectlon 1t w1ll prOJect as a hne in the Vlew And ﬁnally when it is pos1-

: tloned at an angle 1t w111 appear foreshortened See ﬁgure 1 3.
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From the orthographic geometry 1t is apparent that each view con-

tributes 1nformation not in the other views and that to understand the

object portrayed by the orthographic view, the 1nforrnation in one view

must be used in a coordinated way with the other views.

1.3 SOLID GEOMETRY REPRESENTATION

1.3.1 A LIST OF RELATED FIELDS

The pro‘hlem of representing mechanical components r'e’quires‘

talents from such ﬁelds as data structures logic and algorithms
artiﬁ01al 1nte111gence programming languages numerical control

metal cutting, and operations research [WOO] Before ,discussmg the

advantages and disadvantages of CSG, a general discussion on represen-

tation schemes and their properties is in order.

1.3.2 PROPERITIES OF REPRESENTATION SCHEMES
A representation scheme is a relation between (abstract)b solids and
representations. There are severaimethods for constructing complete

representations of solids and some of them are: Constructive Solid

Geometry; Sweeping and Boundary Representation. In general,

representation schemes have four formal properties'and th'ey are ‘as
follows [REQ]. |
1: Domain: The ,domainv of a representation scheme‘ Characterizes the

' descriptive poywer of the scheme.
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2 2. Validity The range of a representation scheme is the set of represen—
- tations ‘which are valid. Validlty is an ]Inportant property because it
ensures the 1ntegr1ty of databases in that databases should not contain
‘ symbol structures which correspond to nonsense obJects

3. Completeness A representatlon is complete if it corresponds to a

single obJect that is, there are 1o amblgulties This is the most 1mpor-

tant formal characteristic of representation schemes. It is crucial

’When there is a wide range of applications to be supported by a practi-

| “cal modeling system, and especially when the range of applicat_ions is
‘ not known [VOE] |
34 Uniqueness The representation o an object is unique 1f it. 1s the only
poss1ble representation of that obJect in that particular - scheme
Representational uniqueness is ]Inportant for assesslng the equality of
obJects 1n automatic planning algorlthms and numerically controlled
(NC) machine» tools Representations which are both complete and
unique are highly des1rable However most representation schemes,
are nonunique ior at least two reasons. -'
- Substructuresin a representation‘ may be pe‘rn‘i‘uted.
e Distinct representations may correspond to differently positional
| but congruent copies of a single geometric entity. |
| _:An example of representation schemes that are complete but not
unique are CSG. In the next section we study these schemes in more

' de‘tail. o



: ';“;'sohd components via. .~the regularlzed set operators T

o 1.3, 3 CONSTRUCTIVE soun GEOMETRY

Constructlve Sohd Geometry connotes a famlly of schemes for

”-'representmg r1g1d sollds as Boolean constructlons or comb1nat1ons of»_'ﬂ . vf‘i:. S

‘3,_'flntersect10n (&) and D1ﬁ‘erence ( ) [REQ] These operators, are demon— : . SN

: _’strated 1n ﬁgure 1 4 -'FITCSG Tepresentatlons are ordered b1narY »_trees g

- v:Nontermmal nodes represent oPeratOrS Whlch”’may be e1ther r1g1 d S

". ;'?omotlons or regularlzed un1on mtersectmn or d]ﬂerence termmal nodes.: ol

j‘are e1ther pr1mlt1ve leaves Wh1ch represent subsets of E3 L or transfor—»l - AR

o mat1on leaves Whlch contaln the deﬁnmg arguments of r1g1d motlons

The semantlcs of CSG-tree representatlon is clear (figuri

"’.f.v_Subtree that s not a transformatlon leaf represents a set resul" i g

" ':rfrom applymg the 1ndlcated motlonal/combmatmnal operators to thel\

: -sets represented by the prlmltlve leaves Schemes whose prmntlves are*- :'j:.-' T

R ’bounded are called ”CSG based on bounded pr1m1t1ves”: or s1mply CSG?‘_':_’

When no confus1on 1s l1kely to arlse Whlle schemes possessmg‘ :

’ unbounded prlmltwes are called "CSG based on general half spaces l _ e

" '.We cons1der only CSG schemes Whose pr1m1t1ves are bounded ln fact . -

';the mam advantage 1n usmg pr1m1t1ve Volumes 1n the descr1pt1on pro-l"_" A

v'fcess 1s that the ob_]ect constructed is. always bounded and ﬁn1te s1nce___:r S

Ea :the pr1m1t1ves are. [WOO]

o3 ‘ When the pr1m1t1ve sol1ds of a CSG scheme are bounded and hence’v

: are r—sets 2 the algebra1c properues of r—sets guarantee that any CSG::

: 'g'jtree 1s a Valld representatmn of an r-set 1f t el{pr1m1t1ve leaves A

Three dunensxonal Euchdean space

2 y r-sets are subsets of E that are bounded closed regular and semlanalytlc 'i" SN
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e Flgure 14 Themeamngof diﬁerg‘nﬁ oper:atfo‘tjvs’b T
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Figure 1.5 The semantics of CSG-tree rep’fesentation ’
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| vvavlid._This' guaranteed validity of CSG schemes based on solid primi-
tives applies only to schemes in Which the combinational 'operétors are
- general regularized sét operators which may be ,applie,d"t.o any objects

in the domain of the representation schemes.

Overall the benefits of CSG are [ROT] :
- The movdel répresents a true solid Wlth volume. -

— . _Curved as well as planer surfaces bound the solids. =

- | Thj‘e"vcorlnbinedf operators are 'r‘émarkab‘ly e-f’f’e‘c_tive for modeling -

solid artifacts, partiéularly mechanical parts. -

" In additioni; experience has showed that humans CAH easily create

, VCS‘G representations of certain classes of obj‘e‘cts sué.h»'a’s Ihecha»niCalb

parts [REQ]. -
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CHAPTER TWO ,, o |
B AUTOMATIC RECONSI‘RUCTION OF AN OBJECT L
| FROM ITS 2D ORTHOGRAPHIC PROJECTIONS .

21 INTRODUCTION

The purpose of thjs chapter is to dlSCUSS the problem of obtalnlng

the SD representatlon of an ob_]ect from its 2D pro_]ect1ons Compara—v .

context of geometry deﬁnltlon Th1s Work has malnly cons1dered the
| class of polyhedra ([LAF] [LIA] [HAR] [PRI]) Results have also been
obtalned on curved objects with uniform tlnckness ([ALDl] [ALDS]) and .
on obJects with less restr1ct1ons [SAK] ln the followmg sect1on some of

the prev1ous algorlthms are brleﬁy descrlbed Sect1ons 2 3 2 4 present

a d1fferent approach to solvmg the reconstruction problem

2.2 PREVIOUS WORK DONE

221 POLYHFDRA As THE CLASS OF OBJECTS

tlvely little work has been done on line drawmg 1nterpretat1on 1n the N

In-the paper by PREISS [PR1],the emphas1s for the 1nterpretatlonl |

of eD drawmgs is on the connectedness propertles The approach used‘ -

s s1mllar to thc approach in the theorem prov1ng programs that have'

aaaaa
]
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the followmg general pr1nc1ples
‘i,(a) Existence of data representlng the current state.
"(b) Rules by whlch all poss1ble future states can be evaluated
(c)- A deﬁnition of legal final states. |

The algorfthrn goes as. follows |

- Fmd the poss1ble coordlnates of each vertex Two of the three coordi-

: _.nates are avallable in each view. Usmg the other views, set up a list of

posslble thlrd coordmates

- ldentlfy the pro_|ected faces g1ven by closed paths of sohd hnes in each -

'v1ew L

S Interpret ‘the pro_]ected faces by 1dent1fy1ng its vertlces from an

ordered depth first search
- Interpret the dashed lmes
- Assemble the body usmg a technlque from scene. analy31s programs

The algorlthm is not very hard to follow However the part about
the: 1nterpretat10n of dashed hnes is amblguous There isa poss1b111ty of

modlfylng the process in order to be able to treat curved surfaces
In the paper by Harallck and Queeney [HAR] the problem is treated
'as three con51stent labehng problems A set of rules are deﬁned accord-

: v;-mg to. the propertles of polyhedra Some of the rules are as follows

{a)- Fvery point of the ob]ect in one view is al1gned on a parallel d1rect1y'

| _:oppos1te the cor_respondlng pomt- in any adJacent view.
~ (b)- A line can only appear as.a line or a point, a point being an end view

- “of alijn‘e_.z :



i ":,"f_f‘,’ Flnd the set of V(x y,z) ehglble to be vertrces

- ‘ as Well as plane faced polyhedra The 1nterpretatlon proc

c(e ) Every face can appear only as an edge_or as: ﬁgureof s1m11ar o

’ yconﬁguratlon
o (d) No two contlguous faces can he 1n the same pla

. The algorlthm is. sunllar to the prev1ous one

o “‘.— Flnd the set of V1s1ble surfaces for each v1eW St

from the prev1ous methods 1s that 1t is. able to 1nterpret curved ob_]ects' L

;f,parts In the local part ob]ects are. recogmzed by the1r 1nd1v1dua1 pat—".f L

. terns 1rrespect1ve of any poss1b1e global 1ncons1sten01es Therefore“]f‘?f L

‘ ";_several sets of candldates 1nc1ud1ng spurlous ones are ,generated Thejv. L

) second part Wthh 1s the global 1nterpretat10n step,: takes care of";‘,'-" L

be;.ﬁndmg the subset of real ob]ects among the candldate.s and of 'recog‘” IIZ-.". x T

g Whether each ele ,entary obJect is a sohd or a.cal Ly

o i rather comphcated and 1ncludes heurlstlc searchlng:and matc
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~ Also the data structure usedr for representing the final ‘SD‘ object is not

' ‘speciﬁed, although it is said that the-.repre‘sentation is Volume oriented.

2.3 A NEW APPROACH FOR SOLVING THE RECONSTRUCTION PROBLEM
In this work, a top_down interpretation approach hasbbeen used.

: This means that the e‘Xistence of a certain 3D primitive (cube, cylinder,

cone) is assumed and then the views are. searched in ord’er to ﬁnd‘the )

necessary 2D pr1m1t1ves that Justlfy the assumpt1on If the assumptlon

is ]ustlﬁed then the 2D prlmltlves are used in order to obtam the attr1-

‘butes needed for the SD representatlon Th1s assumptlon has also been

| extended to some comblnatlons of SD pr1m1t1ves namely corners and
) lugs , : :

‘ The followmg sect1on explalns the reconstructlon algorlthm in more
' -detall Each subsectlon 1s devoted to the mterpretatlon of one of the

elements mentloned above

2.4 THE ALGORITHM

' 2 4, 1 EXPLANATION
A block dlagram of the algorlthm is shown in ﬁgure 2 1 In the fol-
lowmg subsectlons each step of the 1nterpretat10n process is dlscussed

. vand then brleﬁy 111ustrated in algorlthmlc form For more detaﬂ on the

jalgorlthm the reader should refer to the programs 1nc1uded in. thev

‘ appendlx .



Input
data 

| apply cone

routine |

\ / :.'

Apply

cylinder

routine

N

routine

| reorganize |

1nput
Qata

N

N7

corner

v

‘organize |
- 3D data

[ Apply cube ] -

rout ine

routine

A

- structure

L1

[ ompe

results

Figure 2.1 General block diagrarm of algorithm 1
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2.4.2 CYLINDER

The planes of projection in an engineering drawing are usually

selected so that in case of the existence of a cylinder, the axis would be
perpendicular to one of the planes. Therefore the projection of the
" cylinder in that view is a circle. The projection in the other views is two

parallel hnes These lines might or might not match ! and they may be

solid or dotted dependlng on the mode of the cylinder (solid or cavity)

and the objeets- surrounding it. -

| The above facts make the cylinder the 'easiest-prirnitive to detect.
The views are searched for circles and if one or more are found, the
other Viewe are searched for the above mentioned lines. In order to
represent a cyhnder unlquely the followmg are needed |

- The radlus Wh1011 is just the radlus of the 01rcle detected 1n one of the

views.

- The length which is givenby the length of the lines in the crorrespond- :

ng views,
- The orientation of the axis of,‘ the cylinder which 1s also‘availabl'e from
the view of the circle. |

The routine'goes as follows:

" FOR view =1,3D0
‘n = number of circles in this view;

F ORi=1nD0
find the horizontal and vertical extremltles on Clrcle

- use the coordinates of the extreme points to find- correépqnding

1 . Two lines are said to match when they are equal in length and direction.
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' "hnes in the other views;

' . IF it any view no such line i is found IHE'N
GO TO END; '
~ find the best candldate amorng the lines found
output the cylinder; ’ : :

 END;

END; .

‘ It should be noted that when the parallel hnes can not be found ‘

then we deﬁnltely do not have a cyhnder In this case the mrcle found

earher corresponds to some comcal object. Th1s is. dlscussed in the next

' 'subsectmn.

2.4.3 CONE
In”me'chanic'aﬁl ‘objects' there are‘ cases where :We""en‘counte‘r p'art's

‘that have a con1ca1 shape A Whole cone however is very seldom encoun—

tered therefore we do not need bother w1th teach]ng our system to

recognize it. More often we have a part that looks hk_e a comne Whose top
has been cutoﬁ. This part has the following repr'esentati_on'in' a three

view englneerlng drawmg

© - In one of the views we have two concentric 01rc1es The larger one

is the prolectlon of the base of the cone, and the smaller one is where

the original cone has been- cut.

- In the other two views we have an 1dent1cal four 51ded ﬁgure whlch-

has the followmg properties : of the opposing s1des two of them are'

parallel but with different. lengths. The other two are equal in length It

should _also be mentloned that the class of objects cons1dered requlres ,

that the parallel sides be either horizontal or vertical.les aconventi_on,‘ |

the larger of these parallel lines will be called *base’ and the slanted

sides will be called 'arms’.
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In terms of CSG- the conical object described above _'can be
: represented as a. comblna’uon of a.cone and cyllnder i e. |

‘ OBJECT CONE CYLINDER
Therefore”the follomng‘ ]nformatmn has to be extracted frorn the draw-li
ings: : . _
| - The coordinates of the center and the radius of the circle represent-.
ing the base of the ‘cone . |
- The helght and orlentatlon of the orlglnal oone
- The c,oordlnates of the center and the radius of the c1rcle represent-
_ing the cyhnder |
- ~The he1ght and or1entat1on of the cyhnder

Once two concentrlc mrcles have been found in a view, we search
an adJacent view for the base hne' There may be more than one candi-
date but the r1ght one has to be connected to two - slanted and equal
- lines, i:e: the arms. Once the arms are found we have enough ev1dence
»that the ob_]ect is conical and we also have all the mformatlon needed
for represenLlng it. -For e\’amplc the helght of the cone, h; can be cal-
culated if we have the length of the base line and the angle teta that
the arm makes Wlth the base: ' ‘

2h baselength X tan(teta)

| ,The routlne goes as follows

FORVlew =13 DO
n= number of 01rcles in this view; FORl =1,n-1 DO
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FORj =i+1,n.D0 ;
IF center_of_c1rcle = center_of_clrcle THEN

find the horizontal and vertical extremltles on the larger‘ ;

circle; _
- use the coordinates of - the extreme peints obtamed above

‘ to find the base line; B

use the base to find the arms;

-check to make sure the circles are the prOJectmn of a cone _

- output the cone;
END;
ENDI 3
. END; |
"END; .
An example of a s1mple obJect that conta1ns a. conlcal part and its

CSG representat1on as a result of using the above algor1thm 1s 1llus-

_ trated in ﬁgure 2.2 |

244 CUBE

The process of recogmzmg a cube is more complex than prev1ous :

pr1m1t1ves because of a hlgh degree of freedom in 1ts 2D representatlon

_ A complete and 1solated cube has 4 perpendlcular llnes 1n the form of a

rectangle or a square as prOJectlon on each v1ew plane However When‘
other objects are comblned with the cube, many of :these lines are

either totally missing or only partly visible. The cube algorithm expects

to fﬁnd a hOrizontal line c‘onnectecl to two vertical lines that »match"m

the first view. If these elemerits are found, then the rules of elngi‘neeringv

~drawings require that two parallel lines corresponding to the cube be

present in view 2 and view 3 each One problem that arises here is that,

more than two llnes may be found in those V]PWQ (two or more lmes may

be concatenated in the same dlrectlon) and it is not _always obv1ous

which line is the projection of the cube. One way to solve this problem is

LS

[‘\._

SO
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. (conel - cgiindérl) + cylinder?2

~ + cylinder3 - cylindert

: _Figure.z.yz_ Example of an object with a conical pért‘ )
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to glve pr10r1t1es to certain conﬁguratlons of lines. For example con-

v31der the simple ob_]ect of figure 2.3. Lmes a, b, and c have been found‘

in view 1 and a search for correspondmg hnes in views 2 and 8 has

resulted in hnes b1, bR, cl and ¢2 in view 3 and al, a? i v1eW 2 All of :
these hnes are candldates for the thlrd d1mens1on of the cube Prlorlty
s given to view 2 because it contains only tWo hnes However the lines

al and a2 do not match, so there is still some uncertainty. In this cas-e‘

line at is chosen because it is at an extreme location in view 2. That is

it has the lowest y coordinate among the lines in view 2.

The algorithm is not limited to complete cubes only. Cubical frus-

tums can also be detected In thls case we have two slanted hnes con-

nected to a horizontal hne The process of finding the thlrd d1mens1on‘

of the frustum 1s the same as explamcd above However, the represen—
tation of a frustum in terms of C5G is more complex than the represen—
tation of a simple cube. This problem is more thoroughly discussed in

the next subsection.

The routine goes as follows:

REPEAT
find a horizontal line;
find two lines that are connected to the ends of the above hne
IF the lines match OR the lines are slanted and equal in length

- THEN

look for lines in views 2 and 3 that are candidates for the prOJec— '

tiont of the cube in those views, using the coordinates of the hn_es
above,; '
choose the best candidates;
IF the lines match THEN

output a cube;
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. englneermg drawmgs and they are shown 1n ﬁgure 2 4

E’LSE

dimensions and position of the frustum
o output a frustum : g
UN TIL no more horlzontal 11nes L
245LUGS B |

usmg the angles and the length of the slanted hnes ﬁnd the‘v . e

Ob_]ects class1ﬁed as lugs are those obJects that have a cyhndrlcal,f _,

o ’part m unlon Wlth a cublcal part These obJects are Very common 1n '

’v?mechamcal parts The1r front view. representatlon in’ 2D drawmgs is: anr 3 R

: arc connected to two llne segments at its ends The hnes could be

- elther parallel or not and the whole obJect can have 1nﬁn1te p0331b1e L .

'rotatlons However A4 ma]or conﬁguratlons are Very common 1n-__

Slnce all four conﬁguratlons can occur in any of the three v1ews we[_;: o L

: have a total of 12 poss1ble cases to cons1der In each case the followmg

ilnformatlon has to be extracted 1n order to: umquely represent the lug
The centers of the two c1rcles of thecyhnder o
The radlus of the cyhnder ‘ i

' _The thlckness of the cyhnder

| The or1g1n of the cube )

The X y,z d1mens1ons of the cube

In order to render the representatlon of the part1a1 cylmder =

' Jndependent of the cube that 1s attached to it, 1t is a better 1dea to have )

the output as (CYLl - CUBEl) + CUBE2 1nstead of CYLl + CUBE2

- -where CUBEl isa cube that. 1ntersects the cy]_mder 1n a manner to have

| -the des1red half cyhnder as a result and CUBE2 1s the cube thatf__'f'_“ e
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‘Figure 2.4 The major orientations of lugs
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completes the representation of the lug.
Most of the information mentioned above is available in the view in
which the curve appears. However the thlekness of the cyhnder (and

the cube) has to be found from another view: One Way to go about

ﬁndlng this thlckness is to use the fact that the mldpomt on the arc

should map 1nto a line in another view and that this hne will be unique

because of the class of objects cons1dered Therefore once the arc has

been located, the coordinates of the mldpomt on 1ts body can be calcu— o

lated and dependlng on the view in Wh1ch the arc res1des and the orien-
tatlon of the arc, we can determine Wh1ch view should be searched for
the line segment in questlon After this step, the cyhnder can be
defined umquely |

The problem of outputtlng the cubical part of the lug can be more

complicated espe01a11y if the hne segments connected to the endpomts ‘

of the arc are not parallel. In this case the cube in questlon will be a
comblnatlon‘ofi three cubes. The relation between the three ‘cubes is
demonstrated in figure 2.5. As it can be seen‘from the ﬁ,gure, the infor-
mation that needs to be extracted is the angle teta and the coordinates
of the vorigin of cube C. The x,y,z dimensions of the cube have to be
obtained with regard to the View we are in. The X,y,z dimensions of
cubes A and B are not important as long as the cubes cover the volume
that is to be extracted from cube C. Cube A and B are defined with
respect to cube C using homogeneous transformation conventions. In
order to ease the output process all rotations and translations involved
in defining cubes A and B are done with respect to the origin of cube C

and then the result of the combination of A B,C is moved to its



cube a

cube ¢

Figure 2.5 Combination of cubes to make a frustum

8¢S
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appropriate location That is we define loc’a‘1 coordinates With o‘rigin
(0,0 O) at the origin of cube C and after subtractmg A and B from C we

move the result to the global coordlnates of the origin of C.

The routine goes as follows; '

FORVleW~1SDO ' ,
n= number of arcs in this view;
FORi=1nDO .
_ ﬁnd the mldpomt of arcy; :
using the coordinates of the mldpomt find a line that is the pro-
jection of the half cylinder in a secondary view; ' '
‘using the line just fund and arc;, output a cyhnder _
using the endpoints of arc;, find the dimensions and posmon of
 the cube to be subtracted from the cylmder o e
output a cube;
. IF'the endpoints of arc; are not connected THEN
find two lines that are connected to the endpomts
IF the lines match THEN
output a cube;
ELSE IF the lines are slanted and equal in length 7. HEN
output a frustum,;
END;
END;
END;
END;

It should be noted that after each ,it'.eration of the lug 'algoritﬁ‘m,
the input data is reorganized as a preprocessing for the cube algo-

rithm.

<



- Case A

30

2.4.6 CORNERS.

»Mechanjcal parts in many cases have round instead ,of. sharp

corners and -this simple difference makes the interpretation and

representation of them more complex. As an example let us consider

- the case where a cubical object has three sharp corners and one round
corner as shown in figure 2.6. In terms of CSG schemes, the above

' object ca_n be represented as followS:

(( CUBE A - CUBE B) + CYLINDER C )

Where the Iocatlon of CUBE B and CYLINDER C is at the round corner of
CUBE A and their thlckness 1s the same as that of CUBE A It is easy to

see that Wlthout the roundmg eﬂect the representatlon of the obJect

would have almply been CUBE A

For every round corner the radlus and center of the arc glve us
the ra_dlue, one of the, centers of the cyhnder and the x and y_dlmen—
sions_ of the cube.. The origin of ihe cube ,however, depends on fhe posi-
tion of the arc. For exampie suppose’the horizontal line connected to
the arc is LINE1 and the vertlcal line connected to the arc is LINEZ.
Then we have the followmg for the x and y coordlnates of the origin of

the cube cube_orlg

cube_orlg(x) LINEZ(POINTZ(X))l
cube_.orlg(y) = LINER(POINT2(y))

1. LINErn(POINTn(x)) means the x cdo‘r_dina_te of the n endpoint of LINE m.
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Case B:
- cube_orlg(x) LINEl(POINTZ(x))
cube_orlg(y) LINEB(POINT2(y))
. C‘ase C: ,
cube_orig(x) = LINER(POINT1(x))
cube_orig(y) = LINEl(PO‘INTl(y))}. .
‘Case D: | |

cube_orlg(x) LINEI(POINT.‘?,(X))
ube_orlg(y) LINEI(POINTB(y))

- The last information needed for the repre-sentation of CUBE B and
'CYLINDER C is their thlrd d1mens1on that is the z dimension of the '
_ cube whlch is the same as the thlckness of the cyhnder One way to go
' about ﬁndlng this 1nforrnat1on call it zl, is to search the other two
~views. However, the same cond1t1ons and amb1gu1t1es that ex1sted in the
' cube 1nterpretatlon process ex1st here. That is, there may be more than

one candldate for z1 and a set of cr1ter10ns has to be des1gned In addi-
thIl the orlgmal cube Wﬂl eventually go through the process of
| 1nterpretat10n and its z d1mens1on which is the same quantlty that we
are 1ook1ng for W]ll be avaﬂable S0 1nstead of trylng to find zl at this
pomt a better and f.aster solutlon is to mark the cube and cyhnder ,

representatmns as mcomplete and then ccmplete them later when zl
becomes ava11ab1e | | | |
| Flnally, because of the requlrements that the cube 1nterpretat10n

algorlthm has the round cormners should all be replaced by sharp

‘ corners Therefore once the round Corners have been processed LINEl '

) and LINE2 shou]d be extended to meet at a 90 degrees angle After this

»vstep, the corner algorlthm is done.
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The routine goes as follows:

FOR view = 1, 3 DO
n = number of arcs in this view;
FORi=1,n D0
IF arcl belongs to a round corner THEN =
determine which of the four possible cases has occurred

using the center, radius and endpoints of arc; find the -

- d1mens1ons and position of the cube and cyhnder
mark the cube and cylinder just obtained as 1ncomp1ete and

store them so that they can be accessed later when the

appropriate information is avaﬂable ,
transform the round cormer into a sharp corner

END;.
- END;
END;

An example that demonstrates a lug and corners is shown in figure

2.7.

2.5 ACOMPARISON BETWEEN ‘T:HIS WORK AND PREVIOUS WORKS =~
In general there are three main differences between this 2D.3D

reconstruction algorithm and the ones suggested by other researchers:

CLASS OF OBJECTS

Many authors have designed algorithms that deél with polyhedra .

only. This condition serlously constrains the scope and usefulness -of
ithelr work since in the real world most mechan1ca1 parts contaln some

~ cylindrical or conlcal part. Other authors, however have come up w1th

ways to interpret curved faces too. The class of obJects cons1dered in e
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Figure 2.7 Example of a lug and round corners
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this work is a subclass of the | one considered 'hv‘AIdefe‘ld
'([ALDl] [ALD2]) which is the uniform thlckness obJects These objects :
generally have a plane base with arbltrary contour anda unlform thick- 7

ness in the d1rect10n perpendicular to the base [ALDB] Another con-'

. stramt o the domaln of the objects treated is that the curves appear— ‘

mg in the drawings should be either a circle or an arc ‘belongmg to a
circle. This does not in general limit the domain of objeCts very much.
: PROPOSED APPROACH

The method used 1n thls work is hke a ”top_down approach That is

the ex1stence of a certain goal ob]ect (cube lug, ) is assumed and then

the dlﬁerent views are searched for pr1m1t1ves in order to ﬁnd proof for

the assumptlon In the process of proof ﬁndmg, the attrlbutes needed

to represent the obJect in terms of C.5.G. are extracted The dlsadvan-v

tage of th1s approach is 1ts lack of generahty However addlng more

power to this algorithm, that.is, makmg it capable of treatmg more _

complex objects does not require a -rnaJor effort. This rmght be the case
for previous polyhedra oriented algorlthms because once curves are
introduced in a drawing, the concept of vertex matchlng used in some
previous approaches looses its significance. The advantage of thls
approach_is;that it is easier to have a volume oriented representation
 because the primitives used inthis kind of ,modeling (e.g. c_ubes in CSG)

are found and defined independently. In addition, the algorithm is rela-

tiv‘ely fast compared to somevof the previous algorithms,iwhenthey are

‘applied to similar line drawings.
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~ FINAL REPRESENTATION

| The outpnt of this algdrithm-is the CSG representation‘of the
object depicted in the three'»fcrthogonal views. The most important
ibadvantage of thls representatlon is that it is directly compatlble with a

C.AD. system that uses Constructlve Solid Geometry to represent

objects that are stored in its data base. Other advantages of this

Volume oriented representatlon over the ones used prev1ously are the

1ack of amblgulty (Whlch is p0551b1e in wire frame representatlon) and

boundedness of the ob_)ect (Whlch is not always guaranteed in surface _

oriented representations).

2.6 EXAMPLES

2.6.1 DATAINPUT :
In order te examme the functlon of the algorlthm a few examples

have been 1mp1emented usmg a manual 1nput routlne from the terrm-

nal. The conventlons for 1nput1ng each 2D prmntlve is as follows: The

| ﬁrst two entltles to be entered are the TYPE (LINE =1, CIRCLE 2 ARC‘

= 3) and the MODE (solid = 1, dashed = 0). Then, depending on TYPE the

followmg ent1t1es are entered'

B P~' :

j 1= 1 2, _] = 1 2. Th1s is the jth coordinate of the ith endpomt

G i —'1 2. This is the ith coordinate of the center,

POS This flag takes Values from 1 to 4 dependlng on the pos1t10n of the

ARC with respect to 1ts center



‘RAD Th1s is the rad1us of the CIRCLE
: ,__:"lherefore a LINE is’ deﬁned as follows ‘ ’V L _» .

: A CIRCLE 1s deﬁned as follows
2 MODE 01 (32 RAD

' ‘;And an ARC is deﬁned as follows _
3 MODE P11 Plg Pgl sz POS Cl C2

It should be noted that the ﬁrst coordmate depends on the :

. 7'_ view 1 the ﬁrst coordlnate is X in V1ew 2 1t is Y and 1n v1eW 3 1t is Z The f P

" ﬁrst llne 1n the 1nput l1st contams one d1g1t Wthh 1s the error margm :f: ‘

’."I‘hls is the error allowed When two coordmates are matched : That 1s 1f7_ SRR

the dlﬁ'erence between two coordlnates 1s smaller than th1s number .

‘;then the coordlnates are sa1d to be equal Th_lS error marg1n 1s 'espe-f i o

- c1ally needed for the automatlc 1nput explalned 1n Chapter 3 The VleWS.‘f - |

e _?are entered in order and they are separated by 1 Flnally, the order 1n"-','

Whlch the pr1mlt1ves 1n a ceI ta1n V1eW are entered is not 1mportant.

o 2 6 2 OUTPUT CONVENTIONS

The output of the algor1thm is - a hst of prlmltlves separated by‘fv e

. vunlon (+) and dlﬁerence ( ) operators All the pr1m1t1ves res1de ina glo—_.j
| vjfbal coordmate system Parentheses are used to separate dlﬂ”erent‘_'-:'_ e
"groups of pr1m1t1ves that have to be comblned together The result of' e
’ -.'the operatlon on the pr1m1t1ves 1n 1 the parentheses is then added to the

,"."jhst Those prlmltlves that are not combmed W1th other pr1m1t1ves 1n’v? ST

Z'Parentheses can be added or subtracted from the hst globally A MOVE _‘

. operator is used When 1t becomes necessary to have the operatlon on: ST
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- the pr1m1t1ves done 1oca11y and the result to be transferred to some glo-
" -. bal coordmates These global coordinates are indicated by the MOVE
.'operator '

For ‘each primitive, a 3X4 matrlx is prmted which contalns the
'mformatlon needed for the dimensions and the position of that primi-
tive in the global coordinate system. The rows of the matrix correspond
tothe X, Y and Z axis. Eor the CUBE, the first column contains the three
‘coordinates of one of the vertices. This point is called the origin of the
. CUBE. The second COlumn 'contain's the length of.the cube in all three

d1rect10ns The thlrd and fourth columns correspond to the translatlon

' and rotatlon 1nformat10n The concepts of translatlon and rotatlon are v

taken from the method of homogeneous transformations which is used
in robotlcs and computer vision [PAUL]. For an example refer to the
output of Example 2. In the case of CUBE 5 we have nonzero entries in
columns 3 and 4 They should be 1nterpreted as follows: translate the
'cube in the pos1t1ve X dir ectlon 12 umts Then rotate the cube about
- the Z axis 29 ?43 degrees in the pos1t1ve dlrectlon (using the right hand
rule) For the CYLINDER ‘and CONE, the first two columns are s1mllar to
the CUBE “The orlgln in the case of CYLINDER is the center of one of the
.c1rcles (top or bottom) For the CONE, the origin is the center of the

' base circle. The radius is glven in the third column and the rest of the

entries are always zero.

2.6.3 SAMPLE EXECUTIONS

The algorlthm has been 1mplemented in "C" language on a D1g1ta1

Equment Corporatlon VAX 11/'780 m1n1computer under the UNIXv



39

operating system. The following pages contain three sample executions
‘of the algorithm. The line drawings are shown in figures 2.8, 2.9 and

2.10. Following each drawing there is the list of input primitives and the

result of the execution. The meanings of the input and output lists are

explained in Sections 2.6.1 and 2.6.2. Since the input is manual, an
error margin of 1 unit is adequate because of the high accuracy of the

coordinates entered.



i e s B




5_'157.165115=\2 f12:ii5 
2 1B B 16 4.2 14
2 4.2 B8 4 2 6

‘22 4 22 B 3 22 6
4 15 0

W W W WWWWWEIH . -

2. 12 -4 12

20 16 22 16

2 4 4 4.

200 4 22 ‘4 o
20 8 22 B

o~

B B.5 .7
20 0 R0 7
- .20 -7 95 .7
9.5 7 b T
0f5t7  w

el e e e AV B e el e e e el et B e s b R b e s e o et e

R A

P R TS
20 1  19] .01’ 10‘1'19 ‘1  DL

3 1006 7 108 3 5 B85 .




42

oo,
[Xo .
COMNMMOMO —DINWw
oo . MW
- ~—t o .
: O OoOWwmnm [ ] fe3iNe]
O3 1 O ~— v — —t
fan AR <6 B0 ] :
oo
S fand oo
: cSoocoom (]
~OoOOoo ) .
. Fote
0 - [laNtel
NOPOLRNOW -~ P - -
— e e G =0

IR R T T T T an B B B BRI R R R

13

. . w10

. — ) . 0 —
i O e R VW ViTe)
OISO WM— - OCOoOMm—N >~
o e foe] — -
<+ 0 . OO0 . ™~
- : - : am

. — o D o m .
OO~ A ) - - .
oo . - M- —
. o —i mw
O HDOD N0 184404812112225
o ™~
COoOCOOCONNOANIETT-AMMOOOCOoODOoOOoONMNOOOON

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1‘
1
1
1
1
1
1
0
0
0
0
o
9

0

R e e e T T T e B R R e R R T R R i TR I

.25 11 9.25 13

Lol
1



43

OUTPUT LIST FOR EXAMPLE 1

+ (CYLINDER? - CUBE2) + CUBE3 + (CYLINDERB - CUBE4)
+ CUBE5 + (CYLINDER9 - CUBE6) + CUBE7 . , o
+ (CYLINDER1O - CUBES) + CUBE9 -
+ (CYLINDER11 - CUBE10) = ‘ _
+ MOVE (11.00,0.50,7.00)((CUBE11 - CUBE12) - CUBE13)
+ ((((CUBE16 - CUBE14) + CYLINDER12Z) - CUBE15) + CYLINDER13)
'~ CYLINDER! - CYLINDERZ - CYLINDER3 ‘ o
- CYLINDER4 - CYLINDER5 - CYLINDER6 - CUBE1

CYLINDER? -

2.000  0.000  2.000  0.000
14.000  0.000 = 0,000 =~ 0.000
0.000  3.000  0.000  0.000
CUBEZ | -
2.000  4.000 - 0.000 . 0.000
10.000 ~ 6.000  0.000  0.000
~0.000  3.000  0.000  0.000
cBES o o
2.000 2.000  -0.000 . 0.000 -
12.000 4.000  0.000 ~ 0.000
0.000 ~ 3.000  0.000 ~ 0.000
- CYLINDERS .- ‘ '
2.000  0.000  2.000  0.000
6.000  0.000  0.000°  0.000
0.000  3.000 0,000  0.000
CUBE4 —
2.000  4.000 = 0.000  0.000
2.000  8.000  0.000 0.000
0.000 - 3.000  0.000  0.000
CUBES L
2.000  2.000  0.000  0.000
4.000  ~ 4.000  0.000  0.000
0.000  3.000  0.000  0.000
CYLINDERY

22.000  0.000 ~ 2.000  0.000
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15.

CYLINDER3
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.000 3.000

CYLINDER4
000~ 0.000
.000 0.000
.000 3.000

CYLINDERS
.000 2.000
.000 0.000

.00 0.000

CYLINDERS
000 - 0.000
000 - D.000
.000 7.000

CUBE1
.000 8.000
.000 5.000

.000 7.000

[N e o]
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2

- INPUT LIST FOR EXAMP
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GUTPUT LIST FOR EXAMPLE 2

+ (CYLINDER6 - CUBE1) + CUBEZ

+ MOVE (4.00,4.00,5.00)((CUBE3S - CUBE4) - CUBES)
CYLINDER1 - CYLINDERZ - CYLINDERS3

CYLINDER4 - CYLINDERS

1

CYLINDERS

©10.000  0.000 3.606 0.000
14.000 0.000 0.000 0.000
4.000 4.000.  0.000 0.000
CUBE1 |
4.394  11.211 0.000 0.000
.3.789 . 7.211. ~ 0.000 0.000
4.000 4.000 0.000  0.000
CUBEZ2
0.000  20.000 0.000 0.000
©0.000°  4.000 - -0.000 0.000
0.000. 12.000 . 0,000 0.000
CUBE3 IR |
0.000 . 12.000 0.000 0.000
0.000 7.000 0.000 0.000
0.000 2.000  0.000 0.000
CUBE4
0.000 . 24.000 0.000 0.000
0.000  24.000  0.000 0.000
0.000  24.000-  0.000  B0.257
CUBES :
0.000 - 24.000  12.000 0.000
0.000  24.000, 0.000 . 0.000

0.000 24,000 0.000  29.743

‘CYLINDER1

‘10.000. . - 0.000 '1.000 0.000
©14.000 0.000 0.000  0.000
' 0

4.000  4.000 .000 0.000
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18.

10.

CYLINDERZ
.000  0.000
.000 4.000
.000 0.000

CYLINDER3
000 0.000
.000 4.000
.000 0.000

CYLINDER4
.000 0.000
000 4.000
.000 0.000 -

CYLINDERS

000 0.000
000 4,000
000 0.000

O O s DO~ QO

QO -

.000
. 000
.000

.000
.000
.000

.000
. 000
.000

.000
.000
. 000

o1

OO0

Qoo

.000
.000
. 000

.000
. 000
. 000

000
000
1000

000
.000
.000
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Figure 2.10 Example 3
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INPUT LIST FOR EXAMPLE 3
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OO O DO I 2 b b kS b bt et B e b b s B et p
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24
22
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OO0 O B B
-~ _ 'S

mmm—;g@@»&-o»mmp—wﬁ
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14

15 14

19 14
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17 R
17 5
17 7
3 1
31 1
2 12 2 4
32 12 32
6 6 2
2 14 8
28 6 32
32 14 28
6 4 6
6 14 6
6 18 6
6 18 28
28 14 28
28 4 28
28 0 28
28 0 8
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o+ (CONEl -»CYLINDERl) +. (CYLINDER5 - CUBEl)

_+ MOVE(R.00,0.00,4.00)( (CUBER - CUBEB) CUBE#)
"+ (CYLINDERS - CUBE5)

+ MOVE: (28 00,0.00,4.00) ((CUBES - CUBE?) - CUBEB)

Y
[

7;v+ CUBES - CYLINDER? - CYLINDERS - CYLINDER4 --;»_;_; ,;;jfjfif3i

. ;CONEI' L
17,000  0.000 .
4,000 35.000
9000 0.000

000
000
000

000
.000 -

OO
oo

_,.;1 CYLINDERl o
17.000 - 0.000
14,000 35.000

\ 9.000_ 0.000

.000 - . 0.000
000 0:000 - o
.000 ~ 0.000 .

cowu kT

|  x CYLINDERS S
3.500 0. 000,< '3.354
0,000 - 6.000.  0.000
'9.000 0,000  0.000

000
000 .
.000

coo

.090,7‘_?6[708. ~0.000.
000 - 8.000  0.000 -
. 646 - 12;7OBlij -0..000

1000
000

wow .

cimme - e
.000 »,f;4.ooo ©0.000 -
000 6.000°  0.000
J000 +.-10.000 0,000

.000
000
000

oo .
oo

. CUBE3 =~

/800 20,000
;000 - 20.000
.000 © 20.000

000 0.000
;000  206.566 -
.000 0.000

oo
oows

o CUBE4 - -
0.000 - 20,000 ~ 4.000. ~ 0,000
 0.000  20.000° - 0.000 -116.566 '
'0.000 . 20.000 - 10.000. ~ -0.000




o000

wow

[ Re R

o000

CYLINDERS
500 0.000
.000 6.000
000 . 0.000

CUBES =
.292 6.708
000 6.000
(646 . 12.708

CUBES |
000 4.000
000 . 6.000 -
000  10.000

CUBE? '
.000 20,000
.000 ~ 20.000.
.000 '20.000

CUBEB
.000 - 20.000
000 20.000
.000 -~ 20.000

CUBEQ
000 22.000
000 4.000
000 1B.000

CYLINDERZ
.000 - 0.000
.000°  10.000
000 0.000 -
_ CYLINDER3
000 0.000
.000 - 6.000
.000  .0.000

‘CYLINDER4
.000. . 0.000

.0000 6.000
.000 ~ 0.000

coo cow

Qoo

oo

354
.000
. 000

,000
.000
.000

.000
. 000
-000

. 000
000~
.000 -

,000
.000
10.

000

.000
. 000
.000

.000
.000
. 000

.000
.000
. 000
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,000 -
. 000
.000 .

L OQO

[= R o]

oo

o0

>R Rl

. 000
.000
.000

.000
. 000
. 000

.000
.000
.000

. 000
. 434
.000

0.000
286,
0.000
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. 000 -
. 000
. 000

000
.000
.000

.000
.000
.000

.000
.000
.000
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2.7 PERFORMANCE ANALYSIS

Table 2.1 contains the CPU time needed for the construction of the

CSG model of the be)ramples in Section 2.6.3. This time is obvious_ly
aﬂ'ected by the complexity of the‘object. Complex parts have. compli_—
cated line drawings in their projections. These dravrihgs in turn ha‘re a
large number of graphical elemehts which causes a iafgef -“searchv list
for each view. A second important factor is the 'typeof'v graphicat ele-
ments. | For exampble, for each horizontal’ line preseht in view 1, all
three views are searched at least twice for other lines in the cube rou-
- tine. On the other hand the absence of horlzontal lines in view 1 causes
the cube routine to terminate after only one scan through the prlml—
tives of that view. | | | |
The pre0181on of the 1nput data whlch is expected ina manual syé—
tem causes the 3D model of the obJect to be very accurate That is,
there are no errors in the p031tlon coordmates and the dimensions of

the 3D primitives. For instance, in the output of Example 3, CONEl -

CYLINDER1 results in the accurate representation of the comcal object

whose projections are seen in figure 2.10.

Another characteristic of the output model is that in general alt of
the holes present in the input object are represented i"n terms of SD
pr1m1t1ves that are subtracted globally from the rest of the. object. For

this reason, these prlmltlves appear at the end of the output list. This is

demonstrated in Example 1 where the last 7 primitives correspond to -

the holes present in the object of figure 2.8. |

U shoutd be noted that in the final model of the object, the absolute

position of the various primitives is not important. We are concerned

rnainl-y with the dimensions and the relative position of the 'prim.i.ti'ves '
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TABLE 2.1: Time analysis for Examples 1, 2 & 3

CPU TIME (se¢)

EXAMPLE 1

EXAMPLE 2

EXAMPLE 3

1.4

9




59

with respect to each other. Therefore, the origin of the global coordi-

nate system can be chosen quite arbitrarily.
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SRR CHAPTER THREE o
MANUAL AND AUTOMATIC INPUT OF LINE DRAWINGS -

' -" 3.1 [NT'RODUCHON

As explalned prev1ously, the 1nput to the reconstructlon algorlthm

s the type of pr1m1t1ves found in each v1eW along with all the 1nforma—

‘tlon needed to umquelv dcf le those pr1m1t1ves I\Lore clearly, there are .

three dlﬁerent pr1m1t1ves pos51ble in our line draw1ngs and they are a .

; ‘stralght LINE ‘a CIRCLE ‘and an ARC For these three elements the L

: mlmmum mformatlon needed is as follows

LINE: The coo_rdinates of the two endpoints and»the mode  (solid or

v | cavity).

. CIRCLE The coordmates of the center the rad1us and the mode

"ARC': The coordmates of the two endpomts the coordmates of the

i center and the pOS].t).OIl of the body W1th Iespect to. thc center

In the followmg sec tlors two dlfferent 1nput systems are proposed : )

Because of the requlrements for speed and automatlon more emphas1s

' ,1sput on the automatlcsystem, ,.' .
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3.2 MANUAL INPUT SYSTEM

A manual input system can be designed as follows: the drawings are
placed on a digitizing tablet such as a TEKTRONIX 4954. Using the cur-
sor , the operator then points to points of interest and presses the but-
ton on the cursor. Each time the button is pressed, the (x,y) coordi-
nates of that point are recorded. The operator isr‘ also required to
interact with an input routine that asks simple questions like the type
and the mode of | the primitive to be entered next. Depending on the
t;rpe of the prirniti\?e the routine expects two (for LINE and CIRCLE) or

three (for ARC) pomts to be entered using the cursor.

The advantage of thls process is its accuracy. The error involved in
| enterlng the p031tlon of a point is neghglble when compared to the size
of the drawmgs Another advantage is that dashed lines and curves are
entered Just as easﬂy as sohd hnes and curves are. The dlsadvantage of

thls method, however is that 1t needs the 1nvolvement of an operator

and in the case of Very eomplex drawmgs the process becomes rather

’Ledlous One way to 1mprove this method is by using the fact that each

prlrmtlve excepl LIRCLE is connected to at least two other prumtlves
: Therefore we can have a rule that requires that the last pomt entered

for a pr1m1t1ve be also the first point for the next primitive unless oth-

erwise 1ndlcated If this convention is followed, the number of pomts to

, be entered can be cut to almost a half_, depending on the drawmg.
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3.3 AUTOMATIC INPUT SYSTEM

3 3 1 IMAGE DIG—ITIZATION AND PREPROCESSING

' An alternate method of obta1n1ng ‘the 1nformat1on needed by the SO

,"»reconstructlon algorlthm is to dlgltue the draw1ngs and then extract

S the pr1m1t1ves and their attrlbutes from the d1g1tal plcture A block B

dlagram of such a system is shown 1n ﬁgure 3 1 The advantage of th1s,:_ :

e method is of course lar’k of operator 1nvolvement and speed In an 1deal:: o
_ system the drawmg is pu+ under the camera. and is dlgltued Th\,
result1ns data is stored n a ﬁle and an 1mage proceSs1ng algor1thm 1s-j.

| apphed to 1t The cutput oi the algor1thm is: then fed 1nto the lecon—‘-li, s

'struct1on r outlne as’ explamed prev1ously

There are several p1 oblems to be overcome w1th the k1nd of system”-_‘: i

B descrlbed above ln order to obta1n a good 1mage the l1ght1ng should B

be controlled SO Lhat we can. avo1d unnecessaxy br1,5ht and dark spots

_ Resolutlon car also be a problem Smce the reconstruc LlOIl algor1thm’

relles heav1ly on coordlna‘fe matchlng, it is 1mperat1ve that the sc:anner

‘produces an 1maUe W1th adequate resolut1on There are also other

| d1ﬁ'1cult1es related to scanrung such as noise and d1stort1on but in. a_

“‘controlled env1ronment 1t can be assumed that the above IHLIlthIled

-problems are: rmnlmal It 1s then safe to assume that us1ng adequate_"

- measures When scann1ng the p1cture and also some preprocess1ng (eg.

_ «:’thlnnlng and thresholdmg) a b1nary p1cture can be obta1ned in Whlch-
r--.each dark (value = 1) p1xel in general has at most two dark 4_ne1ghbors*l o

: unless 1t 1s at t 1e mtersec‘uon of two pr1m1t1ves The 1mportance of thlsﬁ : '

a -"-:_;: condltlon W].ll be seen 1ater when the curve followmg algorlthm is
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discussed. Before proposing a method to extract the needed informa-

tion from such a picture, a review of rules governing ideal digital

straight lines is adequate.

3.3.2 DIGITAL STRAIGHT LINES

In a digital picture, a neighbor means any of the eight horizontal,

vertical, or diagonal neighbors of the pixel. A digital arc, S, is a con-

nected set of lattice points all but two of which have exactly two neigh-
bors in S. ’Let p.q be points of thedigital picture subset S, and let jole]
denote the {real) line segment between pvz—md q. We say that pg lies near
S if, for any (real) point (X‘,‘y) of pq, there exists a lattice‘peint (i,j) of S
such t-h‘atb ‘ | | }
max[abs(i -x),abs(j-y)] < 1
We say tha;L S has the so called chord property if, for every‘p g in S, the
ChOI‘d pq lies near S. Rosenfeld [ROS] has shown that the digitization of
a hne segment is a dlgltal arc and has the chord property In addition,
if a d1g1ta1 arc has the chord property, 1t is the dlgltlzatlon of a straight
line segment Using the above theorems, Rosenfelc LOIHES up with a
“number of useful regularlty propertles of dlgltlzed straight lines.
Deﬁmng a Tun to be a collectlo n of Lonsecutlve I's in the same direc-
~ tiom, the rules are as follows: | |
1- The runsbi»n e digital arc have at most two directioné, differing by 45
' debgrees ahd for oneef ihese directioﬁs the run length must be 1.

2- The runs can have only two lengths Whlch are consecutlve integers.

- . 3 One of the run lengths can occur only once at a time.
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4— For the run 1ength that occurs in runs, these runs carn: themselves

have only two lengths Whlch are consecutlve 1ntegers

The above rules apply - oniy When we have a perfect dlgltIZatlon of |
»‘thlIl hnes In practlce the characterlstlcs of an 1mperfect scanner ha\e_-
to be held mto cons1derat10n In case- of stralght hnes wnh horlzontal or-h - A

| vert1cal slopes the result of perfect d1g1tlzat10n and thlnnlng is one row. o B

or m]umr ‘Aoz acutlve dark pp(els However,,e e 2, ";T-

scanmer: can be d]ﬁerent as shown in ﬁgure 3 2 The break shownln the-___ Ll

* d1rect10ns A good algorlthm should be able to handle th1s k1nd of dls-".‘-v -

: tortlon ‘

- 3.3.3 DIGITAL ARCS

- A d1g1ta1 arL can be detected in a plcture by us1ng the fact that the T

curvature along the arc should be a nonzero constaut WlthIl some errm
margln One Way to ﬁnd the curvatLre s to use. an algorlthm snnllar to

the one by Freeman and Davis [FREI]

In the]r corner ﬁndmg algorltnm Freeman and Dav1s detect ther
curvature of a Lhaln coded curve by scanmng the cha1n Wlth a movmg :

L hne segment Wh.lch connects the end pomts of a sequence of 11nks As‘f}

y ﬁgure can: happen more than once and 1t can be in both 1eft and rlght:'_

" the hne segment moves from one. chaln node to the next the angular o

-dlﬁ”erences between successwe segment positions are used as a

| ‘_‘_smoothed measure of 1oca1 curvature along the cham Usmg thls_

'method the start and end pomts of an arc can be detected Wlth rela-*}_i. :

© tively good accuracy.
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Figure 3.2 Imperfect digitization of a straight line
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‘_‘34THEALG0RITHM

An algorlth“l us;ng the results of the prev1ous sectlon has been’"_' E

" des1gned and is 1llustrated at the end of th1s sectlon A brlef descrlptlon"

' follows

, After the 1rnage has been preprocessed t is scanned from left- t-o .

r1ght top'to bottom Once a plxel Wlth Value 1 is reached the curve lS_'.-
followed and chain coded [FREB] [FRES] Fhe cr1ter10n for follow1ng the '

curve is to check the 4 nelghbors first and then the other nerghbors of{'

the pler ThlS way, prlorlty is glven to the 4 nelghbors It 1s also_-:

guaranteed that all the nelghbors of the plxel are covered (unless the'_‘
mxel is at an mtersectlon) After pass1ng each plxel 1ts varue LS turned-'. :
from 1 to 2 1n order to 1nd1cate that 1t has already been covered Thls o

,guarantees that the same curve m]l not be traced again.. The other -

' advantage of th!s procedure Wlll becorne obv1ous later. The curve follow-- ’

, 1ng procedure stops ‘whern 1o more nelghbors vnth value equal to 1 can L

be found‘ At thlspomt threecases_ are’ posslble.

1- CLOSED CURVE |

If the last plxel covered has as nelghbor the start p01nt of the‘

= chaln it means that we have a closed curve Wthh is poss1bly a combl- o

natlon of stra1ght lme segments and arcs. In or der to extract horlzontal

~and vertlcal line segments the dlﬁ'erence array is calculated as follows :

| for each link in the chain:

dlff = hnle l1nk

. Horlzontal and vertlcal hnes are character1zed by consecutlve zeroes in -

.'to ensure the presence of a stralght hne depends on the size of the b

N g.the dlfference array The mlnlmum number of zeroes needed in order e
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1mage The problem of breaks in the straight line as mentloned in sec-
tion 3.3. & can be handled by realizing that such breaks are character—
ized by two eonsecutlve nonzero elements with opposite signs in the
difference array. Except for the latter case, a Nonzero elernent m the

array means that the end of a vertical/horizontal line is reached.

" Slanted lines and arcs both give nonzero Values in the difference
array. In order 1o obtain the start and end points of a slanted line or an-
arc, the local curvature is calculated for each pixel and summed up. If

at any point the Sum starts to rise above some threshold, then that is

the start point of an arc. Somewhere along the line this value stops
increasing and remams constant. That is the endpoint of the arc.
: Fmally, Where ever the sum 1s Ieldtlvely constant, it is asqumed that
the curve is a stralght hne

In case no stralght lines can be found in the cio:,ed curve, the curve
is assumed to be a circle. The radius and the approx1mate center can
be calculated by> solving the equation of the 01rc1e using three pomts on

its perlmeter

2- DASHED LINE

If the las’t jplxel,cevered has only one nonéero neighbor, then we
have encountered a dashed line. The. procedure for following a dashed
line can be rather complex unless a few assumptions are made. For
example if it is assumed that the deshed lines are either horizontal or
vertieal and with a relatively short length (so that breaks do not oceur),
’the 'e"nd of the dashed line can be foﬁnd by just moving in the previous
direction’ until a pixel with value e(iual to 2 is found. This procedure also

g_lecreases the pOSSibility of error in case the thinning algorithm has
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i falled to totally thin the dashed lines. It. should be noted that if- the.
o dashed 11nes are too short they Irlght be mistaken for noise and there—_ o o
‘fore 1gr10red by the curve fo]lowmg routme. IR
,'3- OP‘?‘N "URVE
Fmally, 1f the last pmel has two or more nerghbors with values equal -
“to two, then we have an open curve. Thls curve is the combmatlon of
~one or more stralght 1mes that can be extractt,d by usi ng a s-mﬂal

method as for closed curves

| The algorithrn gaes as follows:

'BEGIN:
scar the image;
IF no plxels with value equal to one is found THEN
- EXIT;

ELSE _
follow curve and chain code it until end condition is met Cnange ‘

- the Value of each plxel on the curve from 1 to 2;
END :
IF the last p1xe1 on the curve has as nelghbor the ﬁrst p1xe1 on the
curve THEN ¥
. /*ltisa closed curve */
| compute the difference array from the chain code array, S
-~ using the difference array, . find all vertical and horlzontal hnes
: ]F there are no stralght hnes THEN o
/*Itisa circle */
find the center and radlus of the crrcle
' outputa 01rcle ’ "
. GOTO BEGIN;
output the hnes
o j"IF there are no. breaxcs between the lmes THE'N
| GO TO BE‘G[N ;
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ELSE /* There aré arcs or slanted lines between the previous lines
*/
find the position of the arc or slanted line or both using the cur-
~ vature function; '
~ IF there is an arc THEN
 find its endpoints and center;
output an arc; ‘
END
[F there is aline THEN
find its endpoints;
output a line;
END
GO TO BEGIN
END
END .
FLSF IF the last pixel has a 2 neighbor THEN
/* It is the combination of one or more straight lines */
extract the lines using the difference array;
output the lines;

ELSE
/*Itis a dashed hne */ o ,
proceed in the last direction in the chain code to find the endpoint

of the dashed line:
output the dashed line;

END v

GO TO BEGIN
END o
3.5 EXAMPLES

The algorithm described in section 3.4 has been implemented in

"cr lahguage on‘ a Digital F‘quipment Corporation’ VAX 11/780 minicom-
puter under the Berkeley 4.2 UNIX operatlng system. The drawings
shown in ﬁgures 3 3 and 3.10 were photographed and the negatives were
dlgltlzed usmg an OPTRONIX PlOOO drum scanner with a 100 micron
resolutlon The resultmg 1mages were 300 X 300 pixels of 8 blts each.
The images were eventually reduced to 200 X 200 pixels by cutting out-

"‘the_:- fe,(iges'of -:the_picture that did not contain any drawings. These are .
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shown in figures 3.4 through 3.6 and figures 3.11 through 3.13. An
appropriate .threshold was then found in order to separate the drawings
from the vbackground, .The original picture was then_transformed into a
hinary image using this threshold. Because of the high resolution of the
scanner, the re‘suiting lines are in general more than one ‘pixel thick.
This may c‘ause ambiguities for the curve folloWing routine and 'there—'
fore a thinning‘ algorithm is applied to the thresholded imag_é in order
to eliminate this problem. In general, the amount of noise in‘the pic-
ture after thresholdmg is srnall because of the conmdera’uonq made
durlng dlgltlzatlon (e.g. uniform lighting). In addition, the algomthm has
a hn'uted capability to distinguish between noise and elements belong-
ing to the drawings. This is discussed later in this chapt.er. The results
| of the above preprocessing are shown in figures 3. 7 ’ihrough 3.9 ‘ and 3. 14
through 3.16. The algonthm explalned in Section 3.4 was apphed to
these images sezparately. The coordinates of the primitives found in
each picture were shifted appropriately in order to make the three
vi_ews compatible. This is necessary because the reconstruction algo-

rithm relies on a global coordinate systermn for matching appropriate

primitives together, as explained in Chapter 2. The output of the algo-

rithm is the list of primitives found in each View.b The conventions used
to describe the primitives are the same as in Chapter 2. This list of
primjtives‘ was then fed into the reconstruction algorithm and the 3D
representation of the object was obtained. 'These are shown in the fol-
lowing pages. For a complete explanation of the meanings of the input

and output lists, the reader should refer to Sections 2.6.1 and 2.6.2.
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VIEW 2

VIEW 1

VIEW 3

Figure 3.3 Example 4
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Figure 3.4 Digital image of view 1 of Example 4
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.‘ F‘lgure 3.6 Digital‘image of view 3 of Examp_le, 4
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PRIMITIVES EXTRACTED FROM VIEW 1

11 29.0 148.

111740 1.
11 173.0 29,

11 146.0 30.

3 1 145.0 145

2 1 85.82 160.

11 30.0 29

.0 174.0 1.

.0 29.0 148,

57 15.05

.0 145.0 29.

0 173.0 29,
0 146.0 30.

0 145.0 145.

01 88.1136.0

wo

o]

i
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PRIMITIVES EX1‘RAC_'I'ED FROM VIEW 2

BED b.ol 1;9‘ @QO ;57fo:
11 }i.o 157.0 29,0v1$6:0 '
1»1H»éé}o 156 0 30.0 102.0
1 véo.ql102,p1195.0 101.0
1 1,}95.6 101.0 194,0 53.0
1 1194.0 53.0 ‘?9;0 5?fo
_lvb 176.6"76,6'176.0 101.0
10 147;p 69f0'14?.o 101.0

11 29.0 55.0 29.0 101.0



PRIMITIVES EXTRACTED FROM VIEW 3

11 185.0

‘1.1 154,

11101.0-

1.1 100.0

176.

175.

30,
147.
146.1

29.
103.0

73.

154.

0 1556.
1100.
52.
53.
101.
100.

100.

0 178

.0 175.

0 147.(

0 146.

0-103.
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~ THE OUTPUT OF THE RECONSTRUCTION ALGORITHM

+ (CYLINDER2 - CUBE1) |
+ CUBE2 + CUBE3 - CYLINDER1

CYLINDER2
88.100 0.000  57.607 0.000
136.000 0.000 0.000 0.000
53.000  48.010  0.000 0.000

~ CUBEL |

-28.607 231.215 0.000 0.000
. 32.785 115.215 0.000 0.000
. .52.990 - 48,010  0.000 . 0.000

CUBEZ .
29.000 116.000 0.000 0.000
. 28.983 - 119.017 0.000  0.000
52,990 . 4B8.010 0.000 0.000

 CUBE3 |

0.000  173:000 0.000 0.000
.0.000  2B.018 0.000 0.000
1.000 154.003 0.000  0.000

CYLINDER1 |
85.820 - 0.000  15.050 0.000
160.570 . 0.000 0.000  0.000

0

63.000  37.000 0.000 .000
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VIEW 1

VIEW 3

Figure 3.10 Example 5

VIEW 2
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igital image of view 1-of Example 5




" Figure 3.12 Digital image of view 2 of Example 5
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Figure 3.14 View 1 of Example 5 after preprocessing o
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S

.11 0020 20 00

11 2.0 001640 1.0

1.0 153.0 270

31 97.0102.0 520 9801 6.4 804

11 153.0 27.0. 97.0 102.0
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'PRIMITIVES EXTRACTED FROM VIEW 2

11108.0 87.0 27.0 87.0

11 27.0 87.0 2.0 00 .

;;i ':Q,ﬁ ;f;fﬁlll.o iis.p
']?7il'11'9 %iﬁfD; §ifQ.i1é'0  i |
"v1,1 161;6’;;6.0'f62f6 142:b f
'f1_i"lszko'14?,9‘796,0-141Wo
171v'§§.p‘14i<o  99.ovi15.ol
11 10919‘113;01103,0 7.0
’_vv1,1:»99,9 ?1510:1D9'Q;113'Q  '

1t »96'5:ii5ﬂ0;f62;6k115.p7aﬁ '
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 PRIMITIVES EXTRACTED FROM VIEW3

0 59.0
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‘THE OUTPUT OF THE RECONSTRUCTION ALGORITHM

4 CYLINDER1 + (CYLINDERZ -
- CUBE3) - CUBE4) + CUBE5

 'CYLINDERL' -

- 80.
80.
110.

76.
'BO.
87.

22
- 86.

oo coo -

oo

180 . '0.000
590 0.000
000 = 27.019°

“CYLINDERZ -

400 - 0.000
400 " 0.000

000  26.019

~ CUBE1

152 = 104.697
.303° 59.697
981 - 26.019 -

.000  153.000
.000  76.000
.000 26,019

CUBE3

.000  306.000.
.000 - 306.000
.000  306.000

CUBE4

~ CUBES5 -

.000  152.000
000~ 26.077
.000 - 108.005

i,
0.
- 0.

coo coo

L ooo -

.000  306.000 153
000 306.000
.000  306.000

0.
0.

.B4B
000
lOOO o

.000
.000
.000-

CUBE1) + MOVE (0.00,26.00,87.00)((CUBE2

600  0.000
000 0.000
000 0.000

.000
.000°
.000

oo

.000 ~ . 0.000
.000 - 0.000
.000  0.000

.000  0.000
.000 0.000
.000 . 0.000

000 0,000
.000 - 0.000
.000  H4.164

000 0.000
000 - 0.000
000  35.836

000
000

oo
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e ,3 6 PERFORMAN CE ANALYSIS

The CPU tlme needed for extractmg the pr1m1t1ves from each v1ew '

’ 'us1ng the automatlc 1nput algor1thm is demonstrated in Table 3.1. As it

was expected the processmg t1me for Example 5 is longer than the' :

“,-:t1me for Example 4. This is due to the fact that the 1mages of Example 4»

- contamed less dlstortmn' and-no1se as-explalned prev1ously In general

‘, the factors that play 1mportant roles in deternnmng the CPU t1me are

3 the 1mage s1ze number of pr1m1t1ves and the arnount of no1se Each'

N " tlme a curve of length less than ) p1xels is detected 1t is cons1dered to

be n01se ThlS number 1s aepnndent on the size and type of the drawmgs

‘ m the 1mage and should be supphed to the algorlthm For our case

N cons1der1ng the length of the dashed l1nes a mlmmum length of 5 plxels :

' turns out to be very appropr1ate

One weakness of the algorlthm can be the processmg of short.

'dashed l1nes In some cases 1t rmght be d1fflcult to d1fferent1ate between '

the start of a dashed llne and noise. However once the start of such
hnes is. detected the length of the remalnlng dashes is not 1mportant
Therefore the poss1blllty of the occurence of such a s1tuat1on is rather

small Problems mlght also occur When the draw1ng contalns both

short hnes and long arcs In th1s case, the mmlmum length requlrement;

f_"for a hne has to be set relat1vely low Then the arc mlght contam a seg- 3

~ ment that is long enough to quallfy as a llne and an error wﬂl happen

A comparlson between the results of the manual and automat1c.

o 'pr1m1t1ve extractlon processes shows that the latter is much faster (as

- gexpected) but less accurate It is obv1ous that the manual 1nput pro-

= ‘cess w1ll take more than a few nnnutes and therefore as far as speed is
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TABLE 3.1: Time analysis for Examples 4 & 5

- CPU TIME (sec)

EXAMPLE 4

EXAMPLE 5

View:

View2 | View3

View3

11.0

7.6 9.7

Viewl ’! 'VierE’
!

22.5

120

R2.7




kconcerned there is no match However the automatlc process lacks the '

nprec1s1on of the manual system whlch Was demonstrated in the prev10us_.'

‘ chapter For 1nstance in Example 4, the endpomts of the arc should

: have the same vertlcal (Y) coordlnate As it can be seen from the'

' results the values are dlfferent (145. O and 148. O) The reason behlnd'_ .

thls lack of accuracy is the fact that the presentatlon of the line draW-j_

' _imgs Was transformed from the orlglnal analog form. into a d1g1tal form

and therefore some error 1s 1ntroduced Th1s error Justlﬁes the 1ntro-

_ duct1on of an error tolerance as dlscussed in sectlon 2 6.1. A conse-'

" -quence of thls klnd of error is that the final model mlght not be as

accurate as before However glven the size of the dramngs and the.

o vﬁnal model the problem is not very slgnlﬁcant




| CHAPTER FOUR SR
CONCLUSION AND FUTURE RESEARCH AT

41 CONCLUSION

In tlns work the problem of automat1c CSG constructlon from l1ne

drawmgs was studled and two algorlthms (1 e. 1nput and construct1on) ,
Were proposed in an attempt to demonstrate the feas1b111ty of such a.

system The results from Chapter 2 show the feas1b1hty of an algorlthm

“ that constructs the SD model of an obJect from its 2D orthographlc pro- ‘

]ectlons However certam assumptlons have to be made about the'j -

character1st1cs of the obJect that is, a certaln class should be deﬁned |

Once the algorlthm 1s des1gned nore complex examples can be used in

-

»order to upgrade the pOWer of the routmes -and therefore expand the,_

‘boundar1es of the 1mt1al class

The results obtamed from the automat1c extract1on of pr1m1t1ves o

from the digitized l1ne drawings were better than expected Th1s was o

poss1ble partly because the d1glt1zat1on process was done in a relat1vely ‘

controlled env1ronment That is, th1n line drawmgs were photographed T

against a uniform back llght and the negatlves were d1g1t1zed us1ng a |

hlgh resolut1on scanner. As for the algorithm, it was des1gned to be able- -

to treat d1g1tal stralght lines even when they do not follow the rules

hsted in sect1on 3. 3 2.

i
jSat)



The combmatlon of the above algor1thms enables us to achleve w1th -

= f’-some l1rmtat10ns the goal set at the begmnmg of th1s report whlch is

- 'the des1re to transform the 1nformat1on ava1lable in. the form of 3 ortho-’ ‘
graphlc V1ew llne drawmgs 1nto a form d1rectly compat1ble w1th an NC‘

o machlne

.42FUTURERESEARCH

So far the algor1thms des1gned in order to. construct a 3D model of

IR '. an obJect from 1ts 2D pro_]ect1ons have been l1m1ted to certam classes of

»"‘.obJects There stlll remams the cons1derable challenge of des1gn1ng a'.

‘i;-’j».woul certamly reqmre some l1m1ted 1nteract1on w1th a human operator'

. 1n order to overcome the amb1gu1ty caused by the complex1ty of certam

: ~l1ne drawmgs et

-'l'b“"“system general enough to handle any kmd of ob_]ects Th1s 1deal system o
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APPENDIX

The following pages contain the implementation of the algorithm_s

explained in Chapters R and 3 in the "C"” Language.

L

o

Ly
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/% ALGORITHM 1 ./

#include <stdic. >
#include <math.h>

/¢

Define utility constants

s/

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

/*
./

#define
#define
#define
#define
#define
#define

VA

X 1
Y 2

7z 3

V1 i

V2 . 2

V3 3
MAXS1ZE 10
TRUE . 1

FALSE 0
BARE 1000

LEG 15000

Define code for primitive type

LINE 1
CIRCLE 2
ARC 3

 CUBE 1
CYLINDER 2
CORE 3

Define code for drawing mode

s

#define
#define

/¥

General representation of a two dimensional primitive

s/

DASHED 0
SOLID 1

struct PRIM |

_int USE;

int TYPE;

int MODE;

float POINT1[3];
fioat PQINT2[3];
float CENIER[2];
float LEN-RAD;
struct PRIM *NEXT;
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VAR : o
" -Gerieral representation of a three dimensional primitive
L%/ .

'struct PRIM3 {

. int TYPE;
int NUM;
int MODE;
" int. MOVE;
int -FLAG; ,
float ATR[3][4];
struct PRIM3 *NEXT;

4

/* .
Global variables
Y '

int T; -

FITE *ip, *Topen();

struct PRIM *VIEW{4];
struct PRIM3 *O_PTR, *L_PTR;

A . ‘ .
_ Functions returning non integers
*/

struct PRIM tgetbase{) ;
struct PRIM *gethead() ;
strioct PRIM *ufuni().;
struct PRIM *pmatch() ;
struct PRIM #matchl() ;
struet PRIM *findline() ;
struct PRIM *doline() ;
struct PRIM *do_arc() ;"
struet PRIM *do.circle() ;
struct PRIM *talloc(); ‘
struct PRIM3 *getnode();
float ailg]e()';

PR R e AR R LR A Al

MAIN()

In the main function, the list of primitives
is read from the file "in”, and the 2D data
structure is setup. Then the various routines
are calied and the results are printed out
l.'9"Q“'*_’0“1""&*“‘#“".“‘#!“0’#"‘.‘*“#‘.‘.#0/
main()
struct PRIM *old_ptr,*new_ptr;
int p,v; :

o, Ip = Topen("in”,"r"};
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if (fp == NULL) exit{0);
fscanf(fp, "%d",&T); o

for (v .= 1;v < 4;v++){
oldptr=0;

/* read primitive type and process accordihgly 7

while(1}§ .
fscanf(fp,"%d",&p);
if (p<0)
~ 'break;
-switch(p)}
case LINE:
new_ptr = do.line(v);
break; S

case ARC:
new_ptr
‘bregk;

do_arc(v);

=

case CIRCL
new.ptr = do—circle(v);
break; )

default:
printf (" Input. error0);
new.ptr = 0;
{ /* end of switch */
AT (eldptr == 0)§
old-ptr = new_ptr;
VIEW{v]=new._ptr;

b

else |
-0ld_ptr->NEXT = new_ptr;:
old_ptr = new_ptr,

; .

§ 7% end of while(1) */

it (old_ptr !'=0)
o]d.ptre>NEXT = 0;/* last primiiive poinis to C */

! 7* end of for */
/* The 2d data structure has been initialized */
/% Start processing */ '

Tor(v=1;v<4;v++) | .

. Cone(v);
b '
for{v=1;v<4; v++)
Cylinder(v);
for(v=1;v<4;v++)
’ Tnug(v};

/% process corners %/ -
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Corner();
/% process. cubes */

Cuve();

/% output the final result */
out_res();
1 /% end of main %/

/.t‘000"““!"i0‘$¢i0¢0“&‘0‘*#*0‘!"‘*“0*.

DO_LINE() -

This function creates a node using talloc()
“and initializes it by asking the operator for
the different attributes of a LINE, -
""Q‘@‘.W".3‘.0."“#0*“'0?##.‘0#““““‘/

struet PRIM *do_]ine(v) -

int v, .
i3 B -
struct PRIM *talloc(), *pir;
int i,},mn; ‘ ‘
float x1,y1,x2,y2,d,dun;
=y /¥ i and j are the coordinate 'system %/
3 = (v % 3) + 1
‘.ptr = talioc(); /* gét new node */
/¢ Initialization of the node */
pir->U8E .= .0; pir;>TYPE = i,
fscanf{fp,"%d", &mn);
ptr->MODE = m; ) .
fscani(fp,"%f" &x1); fscanf(fp," %", &y1);
‘ vfscanf(fp,"oi",&xz); fscenI(fp,"%f",&y2),;
_ /% cnter the-points in order */. .
iF (((xt-x2) > T) || {((y1-y2) > T )) ¢
) dum = x1; x1 = x2;
x2 = dum; dun = yi,
y1 = y2; y2 = dum; "~
b . )
U ptr->POINT1[1] = x1; ptr->POINTi{2] = y1;
ptr->POINT2[{1] = x2; ptr->POINT2{2] = y2;
. /* calculate and enter the length */
d= [xi-kZ)‘(Xl-kZ)v+ (y1-y2) *(31-¥2) ;
ptr->LEN.RAD = sqrt({(double) d);
; réturn(ptr);
o |

R R T T R TR I Y

 DO_CIRCLE()
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This function creates a node using talloc()
and initializes it by asking the operator for
the different attributes of a CIRCLE. 7 v
AR T T T R IR 2L Y

struct PRIM ‘do;circle(v)

int v;

t .
struct PRIM *talloc(), *ptr;
int i,imy ' )
float x1,y1,rad;

i =v; /*iand j are the coordinate system */
J (vzs) + 1,

ptr-=:tallocl}; , /* get nmew node */
/% Initiaiization of the node */

ptr->USE =-0: ptr->TYPE = 2;
fscanf (fp," %" ,&mn); ptr->MODE = m;
fscanf (fp, "%, &x1); fscanf(fp, "%f", &yl);
ptr->CENTER[0Q] = x1; ptr->CENTER[1] = y1;
fscanf(ip, "%i" &rad):
ptr->LEN_RAD = rad;

return(pt~);

§

/"“‘4‘#"’0%t“###!t#!#"i““#@‘#‘ttt#“!’&"!’0#0##

"DO_ARC()

This function creates a mnode using talloc()
aud initializes it by asking 1he operator ¥tor
the different attribuies of an ARC.
oii*a&tttQttvii:ttt@cit?*aiwttis*iatit#%stii$/

struct PRIM *do_arc(v)

int v;

struct PRIM *talloc().*ptr;

int 1i,j,m,n;

float x1,y1,x2,y2,rad, dun;
i=wv; /*1iand]j are the coordinate syétanA‘/
i (v %3) + 1; '

ptr = talloe(}; /* get new node */
/% Initialization of the node */

pir->USE = 0; ptr->TYPE = 3;
fscanf(fp,"7%d" ,&n); ptr->MODE = m;
fscanf(ip,"%1",&x1); fscanf(fp, %", &yl);
fscanf{fp,"%1",&x2); Tscanf(fp, %", &y2);
fscanf(fp, "%d" . &n);
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pir->POINT1[0] = n; pir->POINTZ[0] = 1;
-/* enter the points in order */
i (x1>x%x2 || yl>y2) {

dun = x1; x1 = x2;

x2 = dun; dun = yl;

yl = y2; y2 = dun;
}
ptr->POINT1[1] = x1; ptr->POINT1[2] = y1;
ptr->POINT2[1] = x2; pir->POINT2[2] = y2;
fscanf (fp,"%I",&x1); fscanf{ip, %", &yl1);
ptr->CENTEE[0] = x1; ptr->CENTER[1] = y1;

/* calculate the radius of the arc */
rad = (x1-x2)*(x1-x2) + (y1-y2)*(y1-y2);
ptr->LEN.RAD = sqrt((double) rad);

return{ptr);
/...,“"U'V“O.#Q“Q““V‘V".#0““"*@"!‘#

TALLOC()

‘This function allocates storagc for 2d primitives
.'0“.#’$ﬁ#‘S‘0!‘*““t#t“*"té'l*“‘#ﬁ*#“'ﬁ*/
struct PRIV *talloc()

{

char t*calloe()

return( (struct PRIM *) calloc(1,sizeoi{struct PRIM))),
, :
) - )
/‘%0‘..“,.*."##.“"4‘.'3“0‘#}""&““‘#“

GETNODE()

This function allocates storage for 3d primitives
V"'Q‘Q$$¢i'ﬁ*ﬁ“.'@""‘&‘##’Q.#‘.’..“"‘!#t‘/
struei PRIM3 *getnode()
g

char *calloe();

struct PRIM3 *ptr;

static int count = J;

pir = (struct PRIM3 *) calloc(1,sizeof(struct PRIM3)j;
/% Initialize the .output pointer if this is the first access */
if (count == 1)}
O_PTR = ptr;
. O_PTR->TYPE = 0;
ptr = (struct PRIM3 *) calloc(1,sizeof (struct PRIM3));
O.PTR->NEXT = ptr; . '
L_PTR = pir;
§
count++;
return(ptr);

)
}

/'*‘O.#f!f‘!‘##i*t#&tt‘#0#‘**‘0“#"%"$38$#‘$

Ba().
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Function Equal. T is the error margin (Threshold).
.““.'**‘ﬁ"‘*.“‘**’*‘f“‘**‘V‘*“*#%‘t*““"#“*/»

EQ(x.y)

float x,y;

!

if(fabs(x - y) < T)
return(1);
return(0); "’
T

- NEQ()

Function Not Equal
0."#““*,#"‘#""3'#é#t‘#‘V'!‘_t#‘!{#&#“‘#“!“‘/

NEQ(x, )
filcat x,y;
¢

if(fabs(x - y) > T)
return(1);

return{0};
T

UFUN3()

Find two lines that share the given coordinates
If they have the same slope,merge them togeiher,
‘0"0‘*’@##‘#0"»#‘!“*0#*#*!’t!0*"1‘"4‘!‘#“'“#0‘#01/

ufun3(col;co2, view)

float col.coZi
int view;
i
int sco,dco;- )
float ¢0il,e012;c021,col2;
struct PRIM *ptr, *dum, *linel, *line2, *nptr;

ptr = 0; o
&hile((line1=ﬁndline(viewycol,cdz,ptr))!=NULL)§
ptr = linel;
if (1inel->USE == 0){

while((line2=find! ine{view,col,co2,ptr))=NULL)}
ptr = 1line2; o -
if (1ine2->USE == 0)!

1ine1->POTNT1[]];

coll =
col2 = linel->POINT1{2];
co21 = linel1->POINT2[1];

co22 = linel->POINT2[2];
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"_1f(FQ(coll 0021)) sco ='1;
else :
1f(EQ(colZ 0022)) sco = 2
_else .
return(O)‘

'«1f(NEQ(]1ne2 >P0[NT1[sco] line2- >POINT2[sco])) return(0);
- deo = [sco ==1) 7 2 : 1;

11(BQ(line1->POINT1[dco], 1ine2->POINT2[dco])) §

coll = line2->POINT1[1];

c012 = line2->POINT1[2];
" ¢co21 = linel->POINT2{11;

co22 = line1->POINT2{2];

1]

113

.

elsef -
co2l
5;022

1ine2->POINT2[1]:
1ine2->POINT2[2];

i

j

/% The lines have the same slope.
- Create a third line that can replace the above two

.Y

nptr = talloc();
aptr->USE = 0;
nptr->TYPE = LINE;
nptr->MODE = SOLTD;

nptr->P0iNT1[i] = coll;
nptr->PGINTZ{ 1] = co21;"
nptr->POINT1[2] = co12;.

nptr->POINT2[2] = eo22, - S
nptr->LEN_-RAD = linel->LEN.RAD + line2->LEN_RAD;

© o dum = if['EW'[view]; b'
. VIEW][view] = nptr;
-.nptr- >NEXT = dumy

/% Delete the or}glnal two llnes ‘/

- delete(linélnyiew);vde!ete(linez,viewliv
" return(1); o : ‘
}#* end of second if */-
i7* end of,sécohd while */
1WA end of first if ¢/
'§/% end of first while */
return(O); . ‘
X | .
/’l““““‘*0*‘*’.O'G.“"0“*““V‘.““".**f‘
QUT UBF()
Add a cube to the 3d da*a structure
¢$$00“"0‘#0"“t‘.‘"*“"‘"0‘#“‘!“‘*”*.“‘0./

out_cube(buf, sign, Aag,move)

float bus[3][4];



110

int éign,ﬁaanovm;‘
{ .
static int i = 1;
int j,k;

struct PRIM3 *ptr;

ptr = getnode(); ptr->TYPE == CUBE;
ptr->NUM = ii+; ptr->MODE = 'sign;
ptr->MOVE = nove; ptr->FLAG = flag;

Tor(j =0;j < 3;j++){
for(k = 0;k < 4;k++)
ptr->ATR[j][k] = buf[j][k];
§
L PTR->NEXT = ptr;
LPTR = ptr; ’
pir->NEXT = 0,
return;

J

/0#"##tt*#"*##@ﬂ‘?it?Q}O*#*#“#&#O#t#!‘t*“i

OUT_CYL{)

Add a cylinder to the 3d data structure
‘0‘#““'*W#.$##¢W’¢*$"#“‘V**““"f.t#‘#*#‘t/

out_cyl (buf,sign;lag)

float buf[3][4];
int sign,flag;
t ' .
static int i = 1;
int j,k;
struct PRIM3 f*ptr;

ptr = getnode(); ptr->TYPE = CYLINDER;
Cptr->NUM = i++; ptr->MODE = sign;
pir->FLAG = flag;

for(j = 0;j « 3;j++){
for(k = 0;k. < 4;k++)
ptr->ATR[j1[%] = buf[j1{X];
; ,
L PTR->NEXT = ptr;

L PTR = ptr;-
ptr->NEXT = Q;
return;

§

VAAARA AR A A AR R AR A 2 R R A A R R R A R R N R R T Y

DELETE ()

Remove the given element from the input

data structure. v .
““"1###0“0**#ét&t#t‘###*#t##*‘#f“6”##%‘#!/

delete(ptr,view)
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struct PRIM *ptr;
int view;
¢
struct PRIM *ptri, *ptr2;

ptr1 = ViEW[view];
Cif (ptr1 = ptr) §
' VIEW[view] == ptr->NEXT;
return;

} .
~while((ptr2 = ptr1->NEXT) t= NULL)}{
if (ptr2 = ptr)}
ptri1->NEXT = ptr- >NEXT
return;
i
Cpirl = pir2;
; .
!
/0.'."“G."“““#‘.’@"‘OV““*“"**“"*‘

ouTa()

Outputs ‘the thre: cubes needed to represent
a slanted. cube. - »
#v*ttt#tﬁ*tttt*¢¢0§t*#év&ct&tt*tt@#ttttt##ﬁtttt/

out2(leg!, leg2,ptr, view,pos)

struct PRIM *legi, *leg2, *ptr;-

int vjew,.poé,; .

¢ .
float ex,cy,c:,x1,9).x]1,max, teta;
float buf1[3]}{4], buf2[3][4] buf3[3][4];
flvat len, teo; :
float colmax, coLYmu colmax, co&mn dum,
int i,j,

for(i=0;i<3; i++){
for(j=0;j<4;j++){
bufifijfj] =
Jbuf2fi][j]
tut3[illj] =

1
o O o
Qoo

5

)
L

Jteta = angle(legl,view);
/* get the third coordinate and length v/
len = pir- >LEN_RAD;
= (EQ(ptr->POINT1]{1], ptr >DOINT.2[]])) ? R
tco = ptr->POINT1[j];

* get the maxlmum and minimm coordinates ¥/

colmn = {legl- >POINT1[1] < legl >POINT2[1]) ?
. . 1eg1->POINT1[1] : légi->POINTR[1];
dum = (legR->POINT1[1] < leg2->POINT2[1]) ¢
1eg2->POINT1{1] : leg2->POINT2{1]
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colmin = (dan_< cohnln) ° dum : colmin;

colmax = (legl- >POINT1[1] > legl- >POINT2[1]) 2
leg1->POINT1[1] : legl->POINT2[1]; :

dum = '(1egz->m1NT1[1] > leg2->POINT2[1]) ?

o 1eg2 >POINT1[1] : leg2->POINT2[1]

colmax = (dum > colmax) ? dum : colmax;

coZHun = (1eg1 >POINT1[2] < legl- >POLNT2[O]) ?
leg1->POINTi[2] : 1eg1 >POINT2[2]; .

dun = (legR->POINT1[2] < lég2->PQINT2[2]) 2
]eg2 ->POINT1{2] : lege- >POINT2[2] ;

co2min = (dum < co2nin) ¢ dum : co?min;

co2max = (legl- SPOINT1[2] > leg1->PQINT2[2]) *°
leg1->POINT1{2] : legl >POINT2[2];

dum = (leg2- >POTNT1[2] > leg2- >D0INT2[2]) ?
leg2->POINT1[2] :. leg2->POINT2[2] ;

coZmax = (dun > coZmx) ? dur @ colmax;

/* Depending on the view, use the above
1nfornat1on to ﬁnd the attr1butes for the
Cubes. o :

/#

if (view == 1)}
switch(pos) P

case IS )
buf2[2][3] = teta;"
buf3[0][2] = coimax - colmin;
buf3[2][3] = 90 - teta;
break; ' o

case: 3: - ‘ . A
buf2[1][R] = co2max - co2min; -
buiz[2][3] = - leta; '
buf3[2][3]'= 90 - teta;
break;

case 4:
- buf2[01{R] = colmax -colmin;
buf2[1]12] = coZmax - coZinin;
buf2[2][3] = 90 + teta;
buf3[0][2] = colmax - colmin;
buf3[2][3] = 180 - teta;
break; Coe

¢x = colmin; x]1 = colmax - oohnin,
¢y = colmin; yl = co2max - Cu&nln,
¢z = tco; zl = len;

4 .
~else-if (v1ew = 2) 5
sw1tuh(pos) {

case 1: _
ouf2[0][3] = - teta; -
buf3{2][2] = co2max - co2min;

bufS[OJ[S] = teta - 90;
break; ' '
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“ase 3: ‘
% buf3[1}[2] = colmax - colmin;
buf3[0][3] = teta;

 buf2[0][3] = 90 - teta;
break; »
case 4. ‘ :
buf2[2][2]
bufzf1][2]
. bufz[0][3]
buf3i2][2]
buf3[0][3]
. break;. . ...

[t}

- ¢o2max -codmin;
colmax - colmin;
- (90 + teta);
co2max - co2min;
- (180 - teta);

-

ey = colmin; yl = colmax - colmin;
cz = eoZmin; zl = ¢olmax - comin;
.ex =teo;  xl = lem; '

i

! o -
else if (view==23) {
switch(pos) '
© lcase 1: - . .
buf2[1]13] = teta; " N
buf3[0][2] = co2max - colmin; . .
bufdfi1}[2] = 90 - teta; '
) break; o
case 3: o . ) )
buf3[2][2] = colmsx - colmin;-
buf3[1][3] = teta; . .
bui[1][3] = 90 - teta;
 break; . '

_case 4: ) S o
 bui2[0}[2] = coZnax -cofmin;. -
buf2[1][{3] = 180 + teta;

buf3[0]{2] = co2rax - coZmin;
. buf3[2][2] = colmax - colmin;
-~ buf3[1][3] = - (90 + teta);
' break; '

H

i

i
i

cz = ¢olmin; zl = colmax - colmin;
" ¢x = codmin;. x]l ¥ colmax - coRmin; -

: So ey =.teop yl = len;
max. = (x1.> yl1) 2 xI 1yl
Cmax = (mex >'zl) 2 mex : 2l

cy; buf1[2][0] =
yl: buf1[2][1]

ox ; bufl [‘1 1l 0]1
xl; buf1f1][1] ;

':Lufi[o][o].
buf1[0][1]

‘/oboutput‘ thermddle eube 4/
‘bu‘f‘_.cub(‘-":‘(.bufl 1 ) -:-2':;1) ; v

A The:dimensi"oﬁé‘ vo'_f"‘ t_vhevz_sllatrf\‘ted_ cube .é‘rfe'.zjl‘ot ‘v )

!
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important as long as they cover the right area

o
buf2[0][1] = 2%mx; buf2[1][1] = 2%max;
buf2[2][1] = 2%max; buf3[0][1] = 2%max;
buf3[1][1] = 2%ax; buf3[2][1] = 2*max;
/‘}Outpujc the slanted cubes */
out..cube(bufz,-1,1,0);
out_cube (buf3,-1,1,0);
return;

| ' . - :

/‘**‘."*“‘.“*f‘**".’!*‘#""*’*ff‘,,?"’!‘

ANGLE ()

Find the angle that the line nrkes with ihe
horizontal. Teta will be between 0 and $0
degre__es, EEE : L Lo
".‘V"'*’C“‘#t*’*?##*"*‘*.#“"“***!Q?#“f‘/

float angie(line,view)

struct PRIM *line;
int view;

¢
§

int ver,hor; -
float delx,dely, dum:

- switch(view) |

case V1: )
) ver = 2; hor = 1; break;

default: ‘ :

~ver = 1; hor = 2; break;
l - . i
- dely = labs(line->POINT1[ver] - line->POINT2[ver]);
delx = fabs(line->POINT21[hor] - line->POINT2[horl);

if (delx == 0) return(90.0);
else ‘ ' o
dur = atan{(double) (dely/delx));
dum = dum * 180.0/3.1415;
return{dury); . o
]
i . .
/‘.“t*f“"*‘ff'{‘f&'#"“*f‘f‘..‘f‘!f‘f.!"‘

QULJES()

Reorganize the 3d data structure if necessary
and output the results
ffvtttutnt‘ro‘_u_t_‘;.tjt'tjt‘tH_o_t‘-any'nqutnt-on{v\q_tu_]
out_res() ' '

b o | N L
-struct PRIM3 *ptri,*ptr2, *dum, *s_ptri, *s_ptr2, *s_pir3, *s_pir4;
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int i,count, j,k;
float xm, ymn; zmy;

printf(" THE RESULT 0);
Ip = fopen(“res”,"w");

/* Send all single cavity cylinders and cubes to the end of the list */

pir2 = 0_PTR;
count = §;
dun = 0;
while ((ptr1 = (ptr2->NEXT)) i= NULL){ »
if ((ptr1->TYPE == CYLINDER [l ptr1->TYPE == CUBE)&
ptr1->MODE = -1 & '
ptri->FLAG == 0){
“if(ptrl = dun) break;
L PTR->NEXT = ptri;
L_PTR = ptr1;
pLr2->NEXT = ptri->NEXT;
Cptri1->NEXT = 0,
dun = (couni++) ? dum : ptri;
!
.. ,else :
. ptr2 = ptril;
j
/v “ew if any Cubes or Cylinders have to be updated o

pirl = O_PTR
while ({ptr2 = ptri->NEXT) !'= NULL)
1f(ptr2 >TYPE = 0.8&&% ptra2- >FLAG > 40 && ptr2->FLAG < 50)
break;
ptrl = ptr2;

] ‘
if ( ptr2 1= NULL)§
s.ptrl = purl;
S.ptr2 = ptr2;

pt.l = ptre;.
while ((ptr2 = ptri->NEXT) i= NULL){
DPinn e laTYPT == CU3I s pr2->FLAG == s_ptr2->FLAG)}

s_pir3 = piri;
s-ptr4 = ptr2;
_ _br'eak;__ o

ptrl = ptrz;

( ptr2 == NULL ) 5
fpr]nt; {stderl ,"Error in OUT_RE}?" ;
2 ex1t(1) S
!
s.ptrl- >NE.'XT = s_ptr4;
Q_pfr‘ﬁ SNEXT - s.ptr4->NEXT;
. S_ptrd->NEXT = s_ptr2->NEXT;
| SpLrd->FLAG = s_pira->FLAG - 50;
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/* update the related cube{s) and cylinder(s) */

pirl = s_ptr4;:

S_ptr] = ptrl;

for(j = ptri1->FLAG,; j<0; j++)t

ptrl = ptr1->NEXT; :
ptri->ATR[2][1] = s.ptri1->ATR[2][1];
ptr1->ATR[2][0] = s_ptri->ATR[2][0];

N2
/* Start printing the 3D prinﬁtveé out */
ptrl = O.PTR;
printf{"0);
count = 0O;

while ((ptr} = ptri- >NEXT) 1= NULL)
it (ptri->TYPE 1= NUL[)§

count.++;
i1 (ptri->MODE < U)
printf{" -.");

else if (ptri->MODE > 0)
printf(" + ");
if (ptri->FLAG > 10 & ptr1->TYPE == CUBE)"
pir1->FLAG = ptri-»FLAG - 50;
if (ptri SSMOVE = 1)§
: ym = ptr1->ATR[0][0];
ym = ptr1->ATR[1][0];
7zm = ptr1->ATR[21{0];
for (j=0;j<3;j++)
ptr1->ATR[j][0] = »
printf(" MOVE (%5.2f,%5.21,%5.21)", »m, ym, zm) ;
] : .
for ((i = ptr1->FLAG);i<0;i++)
printf("("); .

- switch(pir1->TYPE)
case ClUBE:
printf{” CUBE");
fprintf(fp, "OCUBE");
break;
case CYLINDER:
printf(” CYLINDER");
fprintf({fp, "OCYLINDER");
break;
case CONE: :
printf(” CONE");
fprintf(ip,"0CONE");
break; ’
default: )
C printf(” primitive unknown0);
P
printf(”%d”;ptr1»>NUM);
tprintf{ip,“%d0,ptri->NUM};
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for(i = ptr1->FLAG;i > 0;i--)
primtf(")");
iT (count == 5}
printf("0};
count = Q;
g .
for(j=0;j<3;j+H) |
 for(k=0;k<4; k++)
fprintf(fp, %10.31", ptr1->ATR[j1[k]);
fprintf(fp,”0);
j
§
!

printf("0);
3

VAAA AR A A AL AR R A AR R AR AR ARl 0]

CORNER

Find all the curved corners and save the
informaticn necessary to rebuild ibis par?

of the object with a corbination of cubes

and cylinders.
9."0’0'*“&‘0"#.#}.‘."fﬁ*#‘i»*¢‘4‘#“9‘“'0‘*"*“‘./
Corner()

§ ; .
struct PRIM *buff[MAXSTZE], *ptrl, *ptr2, ¥dum, *tmp;

int count,i,j, k,flag;
float pl1,p12,pR21,p22, rad, tem;
float. tetal, teta2, cube[S][d] cy1[3][4]

/% Initialize the buffers to zero */
for(i=0;i<3; i++)§
Cfor(j=0;j<d;j++)
ccube{i][j] = 0;
eyl[il1i] =0;
o
j

/v Tet all‘the curves. */
1f»((uount getcurve (V1,buff, ARC)) NULL) returnf

for (k:0§k<counL k*})f:

tmp = buff[k];
o . rad, = tmp- >LEN_RAD; .
©pll = tmp->POINT1[1]+
P12 = tmp- >POINT1[21;
p21 = tmp->POINT2[1];.

p22 = tmp->POINT2[2];
__Jf(tgp >PQLNT1[0] > b){

 /"Find‘£hé lihés'gohneCted to the curve. %/

:.dun = 0;
'ptrl ﬁndl:ne(Vl pit, v]2 dunﬂ
Cif {ptril = VULL) L
fprint f(stde“r."Error in corner, ptrlO)
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pt rd = ﬁndl1ne(V] p21,p22, dwn)
if (ptr2 = NULL)
fprintf (stderr,”Error in cormer,ptr20);

/* Make sure the lines are perpendicular */

tetal = ahgle(ptfl,Vl);
teta? = anglie(ptr2,V1);
tetal = fabs(tetal. - tetal);
while(fabs(tetal - 90.0) < 5.0)¢
7% Initialize the buffers to zero */
for{i=0;i<3;i+){
for(j=0;j<d;j++)
cubef[i][i] =.0;
eyl[i][j]1 = 0;
2 E .

H

}
1f(NhQ(pTr] >POINT1[2] ptri- >POTNT2[2]))

tnp = ptrl; ptrl = ptr2; ptr2 tmp;

tem.= pll; pll = p21; p21 = tem

tem p12; pl12 = p22; pR2. = teﬁu

o
/* Using the p's, find the location of the corner */

/* Then, find the correct attributes for the Cube
and Culinder */

1F (pl1 < p21)f
1r(p12 > p22)
cube[0]{0} = p11; oube[]][O] = p2;

eyl[0]{0] = p11; eyl[1][0] = p22;
flag =

}

elsef ’
cube[0][0] = p11; cube[1]10] = p12;
cyl[0][0] = p11; cyl[1]1[0} = pl12 + rad;
flag = 2;

} .
else if{pll > p21){
C L if (P12 > p22)§
cube[0][0] = p21; cube[l][O] = p22;
cyl[0][0] = p21 + rad; cyl[1][0] = pR2;
flag = 3;
J
élse}
cube[0][0] = p21; cube[l][O] =pl2;
_eyl[0][0] = p21 + rad;cyl[1][0] = pl2 + rad
} flag = 4,
}
} ‘ ‘
cube[0][1] = rad;
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cubé[i][]] =-rad;
c¢yl[0]{2] = rad;

switch(flag) |
case 1.
ptr1->POINT2[1} = p2%;
ptr2->POINIR[2] = pig;
break;
case 2
ptri->POINT2[1] = p21;
pir2->POINT1[2] = p12;
break;
case 3: .
ptri->POINT1[1] = p21;
ptr2->POINTR[2] = p12;
) _break;
case 4:
ptr1->PCINT1{1] = p21;
ptr2->POINT1[2] = p12;
. break; '

it

b
ptr1->LEN_RAD = ptri->[EN_RAD + rad;
ptr2—>LEN}RAD = ptr2->LEN_RAD + rad;

/* Adjust the flag for cube and cylinder so that it wouid
be possible to find them again ¥/

flag = {{int) ptr1) + {{int) ptr2);
/% Outpul the nodes ¥

out_cube(cube, -1,flag,0);
out_gyl(éyi,l,ﬂag);k
break; o
}s* end of while %/
}/* end of if(corner.. .)*/
-3/% end of fof»'/; :

5

/0000#‘1‘00“'0*01“0‘#‘”.’.0.""0“‘00'.1#!‘0#&‘0

UFUN4 ()

See if any‘nodesxjn the 3D data ‘structure
has to be modified. If so, return the appropriate

- nurber for flag , .
“'#.$.‘$“*¢“'1’¢’."0‘@0.00‘0“’Oﬁ‘t‘.“#““?#"‘.‘ﬁvﬂ/

ufun4(baée,legl,leg2,heéd)

‘struct PRIM ‘baée,‘légl,’iégE;‘head;

int 31}52.s3,54,ﬂag,dun,fonnd;
struct PRIM3 *ptr,*ptrl,*ptr2, *s_ptril, ¥s.ptr2;

st =(‘(-.v'i_zi£)‘_i>ase) £ ((int) legl);



s2 = (tint) base) + {(int) leg?2);
({int) head) + ((int) leg1);
({int) head) + ((int) legR);

83
s4

ptrt = O,PTR;
found = 0;
flag = 0;
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while (Iptr2 = Ptr1->NEXT) t= NULL){

diun = ptr2->FLAG;

11(dun == st || dun==s2 || d

if. (flag--. == 9)}
sptrl = ptri;
s_ptr2 = ptrg;

}

Ptre->FLAG = 1;

found++;

ptrl = ptr2;
P
it (found == 0) return(0);
ptr = getnode();
ptr->TYPE = 0;
Ptr->FLAG = flag + 50:
S.ptr1->NEXT = ptr;
Ptr->NEXT = 5. ptr2;
return(flag + 50);

J

1== 53 || dum == s4)}

,’“‘*‘,‘tl*“"'ié‘t‘#**“*‘#%““‘#0‘!‘?#!tttt‘*t‘

CONE( )

Find and output all ihevcones.

!“’00“"1"“‘**‘*t"#tt*'rtt?'t*!&#!‘##*tt‘##‘/

Cone (view)

{

int count,i,j.nview,cord,nno,foundl;'
float coll,0012,c021,coZZ,nﬁx,nﬁU,HﬁXT;ﬁaxZ,nﬂnl,nﬁn?;

float tetal, teta2, h;

struct PRIM *arml, *amg, *circle[10];

struct PRIM *cl, *c2, *cand, *top;

.éwiteh(view) §
case Vi:

break;
case V2:

nview = VB; cord = Z; meco = X;

aview = V1; cord = X; mvo = Y;

‘ break;
case V3:

aview = V1; cord = Y; meo = %;

break:

/* Find all the Circles in this view */
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count = get_curve(viewycjrc]e,CTRCLE);
for{i = 0;i < count - 1;i++){
el = cirele[i];
for(j = i+1;j < count;j++){
c? = circle[j];
if (PQ[cl ->CENTER[ 0], c2->CENTER[0]) &
EQ(cl ->CENTER[ 1], eR- >CENTER[1 I

max_co{cl,view,meco, &maxt , &minl);
max_co{c®, view,meo,&max2, &nin?);

/% find the lines representing the surfaces
of the circles */

max = (max1 > mex2) ? maxl : paxl;
min = (minl < min2) ? minl : ming;
cand = 0,
while ({cand = gethase{nview,cord, (and\\ '-'NKHL )
if (HQfcand->POINT1[mco], min)
& EQ(cand- >POINT2[meo], nﬁx))i
coll = cend->POINTI[1];

col2 = cand->POINTI[2];
co21 = cand->POINTR{1];
. ¢o22 = cand->POINT2[2];

~arml = 0; found1 = FALSE;
/¢ Find the arms +/

while ((arml = findline (nview,coll,col?;
armi)) !'= NULL) ¢
tetal=angle(amml,nview);
if((tetal - 0.0) > 5.0 && (80.0 - tetal) > 5.0}¢
amm2 = 0; . )
while {(2m2 = find] ine{nview,c621, ~022,armR)} != NULL ¢
teta? = angle(arm2,nview);
if(fabs(tetal-teta2)<5.0
&k
EQ(armi- LB _RAD, arme- ,LEN;RAD))E
foundl = TRUE;
: .break;
j » .
~3/% end of while(am2....)*/
~ if(found1 == TRUE) break;

j/* end of i teta */
i/% end of while{amr...)*/
if(foundl == TRUE) break;
{/% exd of if{cand=...)*/
"1/* end of while(cand=...)*/
if(foundl == TRUE){ ‘

/* The arms are found */
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may = {maxl > max2) ? max2 ; maxl;
min = (minl < min2) ? min2 : minl;
top = 0; .
while ((top = getbase(nview,cord,top)) !'= NULL)
if (BEQ(top->POINT1[mco],min) ’
&% EQ(top->POINT2[meo ], max))
break;

i
if{top != NULL){

"~ h = {cand->LEN_RAD)*(tan(tetal * 3.1415 /180.0));
= h/2;

=

/* Qutput a Cone */

outd(cl,c2,cand,arml, h,view);
arm ->USE = LEG; am2->USE = LEG;
; v
; .
" }/* end of if (center1 = center2)*/
}/* end of for(3j*/ -
}/*% end of for(i)*/

J

VAAA AR R RS AR R A2 A R 2 R R A A E R R A R Y

- ONT4()

Prepare the informetion nceded for out.cone.
'1*.‘"’GU“"!.#ﬁ’l“###*i‘“‘*“t"t#““*‘#'!#**‘/

outd{cl,c2,base, arml, h, view)

struct PRIM *e¢1, %2, *base, *armi ;
float h; '
int view;
3 |
int 1,j;
struct PRIM *tmp;
float buf1{3}74],buf2{3]{4] dunl, dn;

for (i = 0,1 < 3;i++)¢
for (j = 0;j < 4;j++)
but{i}[jl = 0;
o bui2[i]li] = 0;
j
} ‘
if (c1->LEN-RAD < c2->LEN_RAD) {
tp = ¢1; ¢l = ¢2; ¢2 = tnp;
i :
bufi[0][2] = c¢1->LEN_RAD;
- buf2[0][2] = cB->LEN_RAD;
dunt = (EQ(anni->POINT1[1],base->POINT1[1]); °
~ arml->POINT2[1] : armi->POINTI[1]-
dur? = {EQ(arm1->POINT1[2],base->POINT1[2])) ?
armi->POINT2[2] : arml->POINT1[2];

7t Depending on the view, find the right atiributes
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tor the Cone using the above info:
L ’

switeh(view) |
case V1. :
wuf1[0][0] = c1->CENTER[O]:
pufi[1}{0] = c1->CENTER[1]:
bufi[21[0] base->POINT1[1];
bufi{2]]1] = (base->PCINT1[1] < dumi) ?
h: -h
buiz[0][0] = ¢2->CENTER[ 0] ;
wai2f{1]i0] = ¢2->CENTER[1];

0

putz[2}{0] = dumi;
wuiz{2]{1] = but1[{2]f1];
break; -

case ve:

bufifi1]j[o] = ¢1->CENTER[O];

buf1{2l1{0] = ¢1->CENTER[1];

buf1{0][0] = base->POINT1{1];:

puf1fo]f1l = {base-POINT1[1] < dumt) 7

) h . -h ‘

buf2[1j{0] = ¢2->CENTER[0];

buf2[z]]0] = ¢2->CENTER[ 1];

bufz[0c}[0] = dumi;

buf2{0]{1] = buf1[0]{1];

hreak; .

case V3i.

buf1[2][0] = ¢1->CENTER[0] ;'

put1[0][0] = c1->CENTER[1];

wfi{1]io] = base->POINT1{2]:

but1{1]{1] = (base->POINT1[2] < dur?) ?
- h . -h ‘

buf2[21{0] = c2->CENTER[0];

buf2[01{0] = c2->CENTER[1];

buf2f1]1[0] = dun2;

eaf2[11[1] = buf1[1][1};

break; i

; v

out_cone(bﬁfl;i,fl%

s* Output the cylinder to be extracted fran
the Cone.
¥/

out_cyl (buf2,-1,1);
{ S .
/VO"‘*“U’*.#*#O*‘$'i.'?f‘.“@3"‘0‘*““‘.1$

OUT_CONE()
Add a cone te the 3d data structure
"..00‘.“0.‘00"0".#.0'."*'#00“‘0‘0"“..'!/

cut_cone{buf,sign,flag)

Acat buf{3][4];. i
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int sign,flag;

¢
static int i = 1;
int j,k;
struct PRIM3 *ptir;

" ptr = getnode();
ptr->TYPE = CONE;
ptr->NUM = i++;
ptr->MODE = sign;.
ptr->FLAG = flag;

for(j = 0;) < 3;j+H)i
“forflk = 0% < 4 k++)
pur->47R[ ][k} = buf{j][k];
; .
L.PTR->NEXT = ptr;

L.PTR = ptr;
ptr->NEXT = 0
return,; :

!

/tt..000‘t.t‘y‘#.'t“"tt‘ﬁi‘(#!t‘t.‘tt#!’#".

* GET_CURVE( )

Find all curves of type "type" in VIEW[view.num]
and store pointers to themn in array bufl.

Return the number of curves found.
‘V‘f"‘f‘.‘"#‘t**'%!’&““*Q‘Q‘*"#'#“*3#“&'/

get_curve (view_num, buff, type)

int vi ew._num, type,

struct PRIM *bufi[MAXSTZE},
{ L
struct PRIM *ptr;-
int count; .

/% initialize counter and pointer */

count = 0;
ptr = VIEW] view.oumj;

/* go through the list of primitives and find the curves t.
while(pir = NULL) {

it ((ptr->TYPE) == type) |
buff{ count++] = ptr;

§ - ’

ptr = ptr->NEXT]

; . !

return(count);

}

/i"‘t(.!Q.t’!!t(‘f‘t‘tt't!tt.‘0"000'00'#‘#‘0'

 MAX_CO()
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Pind the extreme points on the circle pointed
to by ptr. Co_mum specifies the coordinate

on which the points are to be found.
'“V'@9@#.Vv*9#‘&‘*?4“‘**“V"‘@#.’V“ﬁ#*##$"/

max_co(ptr,view.nun, conum,max,min)

struct PRIM ¢ptr;
" int co_num; view._num;
float  *mex, *min;
{ .
int i;
float - radius;

radius = p’(,r—>LEN_RAD;

/* Find out which roordinates we are trying to match */

it (co_mun == view_mm )
i=0;
else if (co-;nu'n == ((v1e'v_num % 3).+ 1))
= 1;
else | /* The given coordinate is not in this view */

printf (" error -in mox_co0);
return(0);
§ ' : o
‘tmax = (ptr->CENTER[il) + radius;
*min = (ptr->CENTER[i]) - radius;
return; h

J

/Qv&'.v*“##&t‘tt‘#0#%%v$tt$#%##**$‘i#*#t*’!t‘

'CYLINDER()

Find and output all the Cylinders.
'??0.‘*?0‘..‘&#‘?0?}'$‘4V@'*‘#*f"?!*"'%*""'/

Cyl inder(view)-

int view;

t
struct PRIM *circle[MAXSIZE], *ptr, *pptr, *matchl();

truct PRIM *v2.armi[5], *v2_arm2[5], 'v"!_arml[5] *v3_am2[5];
'1nt v1,v2,co0l,c02,i,11,12,13, id counr., .
float max1,minl ,max2,ming;

/* find the appropriate views and cooordinates for matching */
Cif (view ==.1}{

vl =3; v2 = 2; col =1, co? = 2

else if (viéw == ?)E
vl = 1; v2 = 3; col.

i
(A

‘coR = 3;

_éléef
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vl o= 2;’ v2 = 1; col = 3; coR = 1;
}

/% find all the circles 1'1 this view */
count = getopurve{view,circle,CIRCLE);
e préceés each circle ¥/

f"&r (i=0; i<count ; i++)

- ‘max—co(circle[i],view, col,8mx1,8minl);
max_co(cirelef[i], view, co2,&max2,min2);

/¥ try io find the matchlng lines */
i1 = 0; )
pptr = 0; e
wﬁlle((vQ,ﬂmﬂ[ll]:natchl(vl ool rmnl,pptr)) 1= NULL) §

o ppir = V2_arrn1[]1++] ’ « .

3 .

i =0; .

pptr = O;

wh11e((v2_am[1a]'matchl(v1 col,max] pptr)) != NULL) ¢
pptr = v2.armn2[i2++];

j.

i3 = 0;

pptr = 0; :

while((v3_arml[i3]=matchi(v2,co2 mer,pntr)) !=NULL) §
pptr = v3_arm][13++] '

H

i4°=0;

pptr = 0; v v

while((v3_arm?|i4]=matchl(v2, coZ,max2, pptrl‘ '=NULL) §

_pptr = vs_arm?,[14++] S

§

/% Depending on the nuwber of lines found 1n cach case,
find the best candidate Tor the third dlmenﬂon of
Cyllnder

*/

while(i2!=0 && i1!=0 &% i3!=0 &k i4!=0)§'

Qf(iR==1 && i1==1 &k 13==1 & i4==1)} o
if(mat-uh_lines(VZ_amﬂ[O] v2_.amR[0]) == TRUE){
out3(circleli],v2_armi[0],view, 0); :
break
! S :
if (match] ines{v3_armi[0], v3..arm2[0]) == TRUE){
'out3(01rcle[ 1 v‘3_drm1[0] view,0); o
. break;
]
if ((ptr=ufuini(v2armi[0], v2_anr12[0] vz, Y)) IE WML)E
out3f01rcle[1] ptr,view, 0) -
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break;
| .
if ((ptr:munl(v3_amﬂ[0] v3..armZ[0] VS X)) = NULL)%
out3(circle[i],ptr,view,0); . ;
oreak

}
if ((ptr—prratch(vz_amﬂ[O] v2_ﬁrm2[0] V2,72)) = ‘\IULL){

out3(circle[i], ptr,view,0);
break;.

} -
it ((ptr=pmetch(v3_armi[0], v3_arm2[0],v3,2)) '= NULL){

out3(circ]e[i],ptr,view,O)
break; ' ‘
j

j/* end of if(all of them=1) */

/% 1f only two lines are found in the first view
then choose between them ' :
Y '

else 1f(12-——] &k 11==1)
if{mateh ) ines(v2_armmi[0], ve_armm2[0]) == TRUB) §
out3(cirelefil, v2_ann1[0] view,0);
break; .
N o .
1f((ptr-ufun1(v2__annl[0] v2_am12[0J V2 Y))‘- NULL) §
out3(cirelefi], ptr view, 0,.
})I‘t,az.,

}
Ilf((ptr—pma* chLVZ_annl[O] v2_am2[0],V2, Z))'— NLIL);

out3{circlefil, ptr view,0);
. break;
j
elsef: . :
fprlntf(stderr,”1nposs1b1e 1nterpretat10n0)
4 ex1t(1) .
‘

1/ end,of if(iz,i‘i ='1) */

' /‘ If only two lines are mund in ‘the secomd view
then choose between “them
¥

else 1f(13——1 & 14==1}}
if (matchodines(v3_armi[0], v3_am2[0]) == TRUE){
out3(circle[i], v3.armi[0], view, 0);
break; ’ :

i
1f((ptr'11fanl(v 3_armi[0], VS__arm?.[O] V3 X))'— NULL) ¢

out‘3(01 cle[i],ptr,view, 0)
break;

} . : ) ' :
if ((ptr=pmatch(v3..arm1{0], v3_ﬂ>1'm2[0] .V3,Z) )= NULL}{

‘ out.,\(wrcle[i ], ptr,view,0);
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break;
}

elsef

exit(1);

}
j7% end of if(i3,i4 = 1)+*/

else if(i1==1)}

out3{circle[i],vR_armi[0],

break; )
§ . '
else if{iR==1){

out3(circle[i], vl arm2[0],

break;

! :
else if(i3==1)}

outS(circlé[i],vs_éfnﬂ[o],

- break;
i
else if(i4==1)}

out3(circle[i], v3.arm2[0],

. break; .

3

§
else

break;
i/% end of while() */
{/*% End of for(i<count) */

return; :
/t!tt#ttt‘*-tt*t‘?#@t'!‘t%t!'*%\\vttt‘*tt#‘!#t*!#t
ouT3();

This function finds the necessary coordinates
for the cylinder, using the pointers circle
and ptr. The resulft is used by QUT_CYL()

i"t#'.“i"i"#O*#OO."f*'Otttvt"“‘#i*“"‘#“/

out3(circle,ptir,view, flag)

struct PRIM *circle, *pir;
int view,flag;
{
-int sign,co,i,j;"
float rad,buf]3][{4],01[4], len;

Tor(i=0,;i<3;i++) |
for(j=0;j<4;j++)1
bui[i][ij] = o;

§
} ' '
sign = (ptr-»MODE == SOLID) ? 1 : -1;
rad = cirecle->LEN_RAD;

co = (EQ(ptr->POINT1[1],ptr->POINTZ[i])) 2 2

fprintf(stder:,”inpossih1e'interpretatjono);

view,0);

view, G};

view,0);

view,0);
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len = ptr->LEN_KRAD;

/* Depending on the view, find the right attributes
for the Cylinder.
¥y '

" switch{view){
case Vi:
o1[X] = circle->CENTER[O];
ol[Y] = circle->CENTER[1];
0i{Z] = ptr->POINT1[co];
buf[2]}[1] = len;

break;

case V2:
01[X] = ptr->POINT1[co];
L1[Y] = cirele->CENTER[O];

01[Z] = circle->CENTER[1];
buf[0][1] = leun; ’
break;
case V3. : :
01[X] = cirele->CENTER[1];
01[Y] = ptr->FCINT{[eol;
01[2] = circle->CENTER[O];
buf[1][1] = len;
‘ break;
}
for (i=0;1<3; i++)
buf [1][0] = o1]i+1];

buf[0][R2] = rad;
out.cyl(buf,sign, flag);
return; -

;

/?00?3‘00#‘6'00?#v‘.‘.t#‘.t‘Ot't"tt‘é“.t#"#

MATCH_LINES()

Return 1 if the two lines pointed to by ptril &
ptr2 have the sare projéction on the appropriate
axis and are parallel. Eise return O.

Also return 0 if the pointers are the same.
”’V#"V“&‘.‘#“iﬁ““#‘0"&“‘&'@0@**‘0#"‘#‘/

nﬁtch.lines(er],pL}Z)

struct PRIM *ptri, *ptrg;

{

int co,dun;

if (ptr1l == ptr2) ’
. return(0); : :
/¢ find the appropriate coordinates to be compared */

i1 (NBQ(ptri1<>POINT1[1],pir1->POINT2[1]))}
. co = i; dun=2,
l
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‘else!
co = 2; dum = 15

J

/* moke sure the lines are either vertical or horizontal */

i1 ((NBQ(ptr1->POINT1[dum],ptr1->POINTZ[duml)) ||
(NEQ(ptr2- >POIN’I1[d1m] ptra- >POT\I'”2[durnJ)))
return(0);

/* check whether the two linés have the same projection
on the above coordinate axis */

i1 (EQ((ptr1->POINT1[co]), (ptr2->POINT1{co])) &%
: EQ((ptr1->POINT2[co]), (ptr2->POINT2[co])))
return(1); ' :
else »
- return(0};

;

/tt#'t##‘#“.‘#t*ttt‘#'#t‘l‘ttt‘ttt*##'t!‘#tt&'

MATCH1 0O

This function takes as input the view number,
coordinate muwvber and the coordinate to be
matched. Looking in the list of primitives it
finds a line whose endpoints have the input
coordinate. It then returns a pomter to that
line. Else it returns C .
'.!“{"t..““#.f‘!‘#“"“‘fi‘."!'f"f!"‘f‘/

struct PRIM *matchl(view_hun, co_mm, co, prev_ptr)

int view.num, co_nuni;
float co;-
struct PRIM *prev_pir;
{
gtruct PRIM *pur;
;nt i;

/* Find out which coordinates we are trying to match */

if (conum = view_nun )

i=1;

- else if (comm == ((view_mm % 3; + 1))
i=2;

~else | /* The given coordinate is mot in this view */
printf(" Error in matchl"); v

return(0);

;

/% Start searching the primitives for the appropriate match r/

it (prev._‘pir t= NULL)
ptr = prev_ptr->NEXT,;
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else :
pir = VIEW[viewnun] ; /* view to be searched */

while (ptr i= NULL) " {

it ({ptr->TYPE) == LINE} |
<1 (EQ(ptr->POINT1[i],co) &%
EQ(ptr->POINT2[i],c0))
break;
i
ptr = ptr->NEXT;
i/%* end of while */
return{ptr);

J

/0Q"0t¢0$#0t$#‘##Q#‘*#t##*‘.#"#'4*#¥%$Vt#t##

GETBASE ()

Find a solid line in Qiew(view_nUTO which has
the following property : '
POINT1[cor] = POINTR[cor]

I R R iR xR A A A R A RS AR R AR AL R R A RS AV

struct PRIM ’getbaée(vicw;nuﬁ‘co_Juanptr)-

int view_num, co. num;
struct FRIM *ppir;

¢

{ - .
struct PRIM *ptr;
int cor,;

ptr = (pptr == NULL) ? VIEW[view.num] : pptr->NEXT;

cor = {view_nun == co_nun) ? 1 : Z;

while{ptr !'= NILL)!{ :
while(ptr->TYPE == LINE &% ptr->USE != BASE){

i1 (BQ{ptr->POINT1[cor],ptr->POINT2[cor]))
return(ptr); '
else '
‘ break;
} g o
plr = ntr->NEXT;

{ . :
return/NULL);
/"UQ.V."'.‘“0."‘ﬁ"“".‘.‘.’."“¢"‘.'l‘

GETHEAD()

This function finds a line that is parallel
with the base and has the same length.
¢¥#'.C‘."i“‘*0“"“‘#“#0“‘#0“0‘#"0‘#‘0‘#/

sfrucfvPRIM *gethead(base, leg, view mum)

struct PRIM *base, *leg;
int -view_nuny -
§

{



§
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int i,),co_num; .
floet col,col,co3,dunt,dur2, dur3;
struct PRIM *ptr; k

i = (viewnun==1) ?2 2 : 1;
j=(=1)22:1;
co.mumn = {(view_nun == 3) ? 3 : 2;

col = base->P0INT1[i]; co2 = base->POINT2[i];
dunl = leg->P0INT1[j]; dur® = leg->POINT2{j];
dur3 = base-»>POINT1[j]; co3 = (EQ(dumi,dur3)) ? dur2 : duml;

ptr = VIEW] view_nun];
while ((ptr = matchl(view_nun, co_num, co3,ptr)) != NULL){
if (ptr->MCDE == SOLID &k ptr->USE != BASE)} '
if ((EQ(ptr->POINT1[i],col) &k
EQ(ptr->POINT2[i],c02))

|

(EQ(ptr->POINTR[i],c0l) &&
BQ(ptr->POINT1[i],202)})

break;
i
}

return(ptr);

/““..“"t’3###“"%##“‘..#t##?*i"t'#“’#tt#

CUBE()

Find and output ail the remaining Cukes
..0‘!'!‘U".‘0{0l""1‘"(‘#0‘*‘0‘!&'."**#‘.‘t*“‘#ﬁ./

Cube ()

{

‘nt ih,ib,i.11.1_.12, found, sign, flag;

float coli,col2,c021,c022,dunl, dur2,dun, tetal , teta2;

struct PRIM *ptr, *pptir, *vase, thead, *legl, *lepg?2;.

struct PRIM *v2_armi[5], *v2_arm2[5], *v3_armt[5], *v3_arm2[5];

ptr = 0;
base = 0;
/% Look for & horizontal line in view 1 */

while ((baserge‘tbase(Vl,Y.base)) I= NULL )
i1 (base->MODE == SOLID)

coll=base->POINT1[1];
col12=bage->POINT1{2];
coRi=base->POINI2I1];
co22=bhasge->POINT2[2];
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/% Flag will be used to determine whether
we have a cube or a frustum */

leg1=0,

found = 0,

while ((legl = findline(V1,coil, col2,legl))i=NULL){
leg2=0; .
while ((leg2=findline(V1,co21,co22, leg2))

1=NULL) {
((leg1->USE != leg2->USE) || (legl->USE == NULL)))t
. /% It is a cube */

found = TRUE;
flag = 0;
break;

else 11{EQ(legl->LEN_RAD, leg2->LEN_RAD)
&k base 1= tegli)t
duml = (EQ(legl->POINT1{2],c012)) ?
legl1->POINT2[2] : leg1->POINTi[2];
dur? = (EQ(leg2->POINT1[2], co22)) ?
leg2->POINT2[2] : leg2->POINT1[2];
i1 (EQ(lez1->LEN_RAD, legR->LEN_RAD) &&
FQ(dumi ,dun2) &% NEQ({dumi,col) &&
leg1->USE == NULL &% leg2->USE == NULL){
tetal = angle(legl,V1);
teta2 = angle(leg2,V1):
it (EQ(tetal,teta?) && (tetal - 0.0) > 5.0
&% (90 - tetal) > 5.0)f

/* We have a frusium */

found = TRUE;
flag = 1;
boreak;

J

3
} :
if (found)
break;

§

if (found)} )
legl-»USE = {(int) base);
leg2->USE = ((int) base);
head = gethead(base,legl,V1);

/* Look for corresponding lines in the other views */

i =.0; k
ppir = 0]
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whlle(lVZ_annl[l_b]qrﬂtchl(VZ,Y col?2 pptr)) 1= NULL){
ppir = v2_arml[1__b++]

}

ik = 0;

pptr = 0;

dutd = legl->POINT1[2];

dum = (8Q(cel12,dunt)) ¢ legl- >POINT2[2] dumil ;

while((v2_ﬂm19[1_h]—mtch1(\’.”, Y, dur, pptr)) i= NULL){

prtr = vi_arm®[i_bH+];

i '

i11 = 0;

pptr = 0; ) .

while((v3—amifi-l11]=matchl(V3,X,coll,pptr)) !=NULL){
pptr = v3_amil[i-Jd14++];

}

i12 = 0;

pptr = 0; : .

while((v3_am2[i.J2]=match1(V3,X,co21, pptr)) 1=NULL){’
pptr = v3_amR2[i_12++]; o

i
1

/% Depending on the mber of lines found in each view,
choose the best cand1 date for the depth of the Cube, -
and outpi. it. :
’/ .

while(i_h!=0 && .1 b'=0 && i-11!=0 && i_12!=0)

1f(ih=1 && i_b==1 & i_11==i &X& 1_18—1)§
1I(matoh__]mes(v2_annl[0] VZ__mmZ'O]) =m TRUE‘)E
sign = cavity(v2_armi[0]);
out{base;legl, leg2, head, v2_am{0], sign, flag);
~ break; ' ' '
if (match dines(v3_armi[0]; v3_am2[0]) == TRUE) {
sign = cavity(v3_armi[0]); -
out (basc, legl, leg2,head, v3._armi[0],sign, fag);
br.eak; :

e o

i ((ptr-ufunllvz_arml[o] v2_amg[0],Ve, Y)) 1= NULL)§
sign = cavity(ptr)};

out {base, legl, leg2, heau ptr,sign, ﬂag)

break

if ((ptr—ufunl(vf.’-_amﬂ[O] v3_am12[0] V3;X)) = NULL):
sign = cavity(ptr);
out (base, legl, leg2, head, ptr, 51g*1 ﬁag),
break;

if ((ptr—prmtch(VZ_nrm1[0],V2_am1‘2[0],V2,Z)) t= NULL){
sign = cavity(ptr);

out (base, legt, leg? head, ptr, 31gn flag) ;-

break; '
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if ((ptr=pmatch(v3_ammi[0],v3_ armR[0],V3,2)) != NULL)
sign = cavity(ptr); ' ' o
- out (base, legl, ]eg2 head, ptr sign,flag);
break;
i :
}7* end of if(all of them= 1) */
else if(i_h==1 &% i-b==1){

/% if only two lines are found in-view 2
‘givé priority to them
¥/ X
;f@natch__]Des(vz_arwﬂ[ﬂ] v2_armr2{0]) == TRUE){
sign = cavity(v2_armi{0]);
out (base, legl,leg2, head, v2_arml1[0],sign, fag);
break; v

)

5
1f((ptr~ufunl(v2_ann1[0] v2.arm2[0],V2 Y))'— NULL) §
sign = cavity(ptr);
- oui {base,legt, leg? head, ptr sign, ﬂag)
break; i

i
' 1f((ptr—pnatch(vz_arnﬂ[o] v2_arm2[0] . v2,Z))!= NULL){

sign = cavity(ptr);
out (base, legl, leg2 head, ptr sign,flag);
treak;

j

~elsef
fprintf(stderr,” 1npossmble 1nterp*etat10n0)
exit(1);

3

{7¢ end of if{i_h,i_h = i) t/
else if(i-l1==1 &% i_12=1){

/* 11 only two lines are found in view 3
give priority to them
A

lf(HPfCh_JIDQQ(V3_xWﬂ‘[@] v3 .ami2[0]) == TRUE)i
sign = cavity(v3_armi[0]);
out (base, legl, leg?, head V3_nnrl[0] 81gn flag);
break; .
o4 :
lf((ptr-u*unl(v3_ﬁrnﬂ[0] v3“nnn2[0] \3 X))'— NULL) ¢
‘ sign = cavity(ptr); .
out (base, legl, leg?, head ptr,sign, flag);
break; .
; :
|ff(ptr=n“atch(v3_awn?[O] VS_anIQ{O] V3, Z)\'“ NULL) ¢
sign .= cavity(ptr); R
out(bese, legl 1eg2 uead ptr,sign,flag);
‘break:
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else} .
fprintf(stderr,”impossivle interpretation0);
exit(1); o
;
{/* end of if(i_l11,i12 = 1)%s

else iT{i_b=1)}
sign = cavity(v2_armi[0]);
out (base, legl,leg2, head, v?_arﬁﬂ[o] sign, ﬁag)
oreak

else if(i-h=1)}.
sign = cavity(v2_am2[0]);
out (base, legl, leg2, head, vz_arHE[O] sign, ﬁag)

break;

else if{i.di1==1){ _
sign = cavity(v3_armi[0]);
ouc (base, legt, leg2, head, vi_armi[0]),sign, flag);
break;

else 1f(1_la =1) {
sign = PaVlTV(VGmuYHBIO])
uu*(base legl, leg2, head, v3_arm2[ 0], SJgn flag);
break;
3
else
break;
}/7% end of while(it is a cube) *
j/* end of if(found) */
{
base->USE = BASE;
¥/% end of while {(base....) */
;4.Q‘".f!'“$ﬁ‘t“**‘“Q*“‘C*#"{("**%"‘.*

oUT ()

This function finds the coordinates of the cube
from its input arguments. The results are used

by out_cube()
't#*‘."l.tttt'*'t't*#'(.*‘!&‘000."*%#!?&‘#"#/

’out(baoe,1eg1,_egZ,head,ptr,SJgnqﬂag)

struct PRIM *base, * Aegl *leg?, *head, *pir;
int sign,flag;
{ .

‘ﬁoai buf[3][4];

int cor,i,j;

if (flag = 1)

/% It is a frustun */
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out2(legi, izg2,ptr,vi, 1);
return;
i
for{i=0;i<3;i++)
for(j=0;j<4;j++) ‘
buf[i][j] = 0.0;

flag = ufum4(base,legl, leg2,head);
_cor = (EQ{ptr->PGINT1[1],ptr->POINT2[1])) ? 2 : 1;

buf[0][0] = base->POINT1[1];

~buff[1][0} (EQ(base->POINT1[2],leg1->POINT2[2])) ?
legl->POINT1[2] : base->POINT1[Z]; .

buf[2][0] = ptr->POINT1[cor];

buf{0][1] = base->POINT2[1] - base->POINT1{3];
buf{1]{1] = legl->LEN_RAD:
buf[2][1] = ptr->LEN.RAD;

out_cube(buf sipn,flag,0);

retarn,
/0‘.'(‘0!‘#%Q‘t?tt}#y‘t#*s‘*v#t‘t.."#t‘t‘*%*ﬁ
PRATCH( )

Partially maich two i'ines and return the resuit.
(ptr or FALSE)

0**t“&t*tt(‘t%0*‘#&"0*‘?**#?*tbt*(t“{tﬁ.tt**/

struct PRIM ‘pﬂatch(]inel,]inezyview;nunncb_:unﬁ

struct PRIM. *linel, ’!ines;
int view_nun, oo num;

{

int i, ' :

fleat dunﬂ,dunﬂ,coilYcolZ,coZl,coZZ;

i ='(view;nun_== co_mur) ? 1 : . 2;
coil = linei->POINT1[i]; col12 = linel->POINT2[i];
col1 = lineZ—>POINT1[i]; coRR = ]ine2->PO{NTZ[j];

if (coll <= co2l && col2 >= co22)  {
return(linel}; o

j o ’

else if {col1 <= coll &k co22 >= col?) |
return(line2); :

; .

else

_ - return(FALSE);

‘/01."‘0“‘0.'&0?}.'f!.'.‘QU““.““"O$$‘00*

UFUN1()

This function checks to sece wheither any of the
given.linues are at an extreéme position in the
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given view. ,
"0"#.###ttt‘#t‘##‘#*!*#tt##‘%#Q#*tt**‘tt#.tt#/

struct PRIM *ufuni (ptr1,ptr2, view.num, co.num)

struct PRIM f*ptri, *pir2;

int View_num,co,_nmx;'

t
int cor;
float max,min, crax,anin,cl,c?;
struct PRIM *maxptr, *minptr, *ptr;

‘eor (view_nun == co.nun) ? 1 : 2;
min = 1000.6; max = 0.0;
minptr = 0: maxptr = 0,
ptr = VIEW] view_nun];
while (ptr !'= NULL)
if (ptr->TYPE = LINE &%
EQ(ptr->POINT1[cor],ptr->POINT2[cor])){
mexpty = (ptr->POINTi{cor] > max) ? ptr : upxptr;
minptr = {ptr->POINTI[cor] < min) ? pir : mioptr;

ptr = ptr->NEXT;
} . ,
camwx = maxptr->POINT1{cor]; amin = minptr->POINT1[cor];
cl = ptr1->POINT1[cor]; c2 = ptr2->POINT1[cor];

if (EQ(cl’,cmax) [l BQ(c1,cmin))
return(ptel);
else if {(EQ(22,cmax) || EQ(c2,cmin))
reiurn(pir2);
else -
' ‘ return(WLL);
}

/‘!‘?"#.‘0'*'Q‘!'0#.?#.‘%Ot$$‘0§‘#!f“.0‘t'?'

CAVITY()

Return the mode of the input line.
"*‘.Qﬁ#"?'f“'%i'0O?“6!"#‘!#*?!*"‘#tt‘*#t§/

cavity(line)

struct PRIM *line;
!

return(line->MODE};
1

4
VAZA AR AR A AR AR R A A R A R A R R N Y T

UFUN2Z()

Finds the two lines (legl & ieg2) commected to

the two endpoints of the semicircle.
‘0"'#‘3"?#”‘##‘*G“#““*t*.!’*i*t‘#i*'Q#.ttg

ufun2(sem.circ,view,plegl,pleg?)

struct PRIM *sem cire, *(*plegl). *(*pleg?);
int view;
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Cint i
float coll, col2,col1,c022;
struct PRIM *ppl. *pp2;

coll = semcire->POINT1{1]; col2 = semcire->POINT1[2];
co21 = semcirc->POINT2[1]; coR2 = sem_circ->POINTR[2];
/% i is the coordinate that is the s'me in POINT1 & PCINT2. ¢/

if(EQ(coii,co2l))
i 1= 1,
else
i=2;
ppl = 0;

whil e({ (*plegl) = ﬁnd]1ne(v1eW'coll col2,ppl)) != NULL )
ppl = (*plegl); pp2 = 0;
while({ (*pleg2) = ﬁnd]lne(Vlew co21,co22,pp2)) != NULL) §
pp2 = (*pleg2);
if(FQ((*plegl)- >POINT1[ﬁJ,(*p!egZ)->P0INT][i]) A&
TQ( (*plegl)->POINTR2[1], (*pleg2)->POINT2[i]))
) return;
else 1T (EQ((*plegl)- >PUYNT2[1] (*pleg2)->POINT1[i]) &k
FQ((*plagl)->POINT1[i], (*plegZ) >P0TNT2[11)\
- relurn;

)
)

printf("legs not found for seniicircle0);

' return,
/@#1“6t"0#t0}"‘Ot‘t"v.t#*ttt"t!tt"*tﬂttt'@###
FINDLINE()

Finde a line im ihe given viegw.thal has an
_endpoint with the given coordinatles.
G’.0"'0""@"‘G"“‘O?“1#69.‘,’#!‘*’4*.‘."Q_“*'/

struct PRIM ’ﬁndliﬁe(view,col,éoZ,pptr)

int view,;

float coul,col;

struct PRIM *pptr;

b »
struct PRIM *ptr;

pir = (ﬁptr == NULL) ? VIEW[view] : pptr->NEXT;
while (ptr '= NULL){ ‘
if(ptr->TYPE == LINE &% ptr->MODE == SO0I.ID){
i ((EQ(ptr->POINT1{1],col) &% EQ(ptr->POINT12],c02))
I ‘
(EQ(ptr-»>POINT2[1],col) && EQ(ptr->POINT2[2],co2)))

return(ptr);
r = ptr->NEXT;

§

return(ptr);
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f

/#'#“““'t““‘*’##t‘f‘"*t“*‘###ti!t*‘#tt‘.#‘

LUG()

Find and output ail the lugs
""#OOQ#*"““!"*3’###"*4‘#!‘*#‘“0#!“‘#‘“‘!“###/

Lug(view) :

int view;
] o , .
int xi,xj,count,found,i,sign,flagl,flag2, pos;
float c¢i,cj,rad,coll,col2,c021,c022,co0l,col;
float tetal,tetaZ; '
struct PRIM *buffi[MAXSIZE], *ptr, *tmp, *pptr, *ieg1, *leg2, *dum;

/* Get all the curves */

count = gei_ourve(view,buff, ARC);
if (count == NULL)  return;
for (i=0;i<count;i++)}
trp = L] i];
if (top->POINT1[0] < 5)§
rad = tnp->LEN_RAD;
coll = trrp->PRINT1[1]:
col2 = tip->POINT1[2];
co2! = tnp->POINT2[1];
co22 = tmp->POINTZ[2];
legl = 0; leg2 = 0;

/* Find the coordinates of ¢ which is
the inidpoint on the curve . xi is
the ceardinate that is not the same
in POINT1 & POINT2

\ ¥4

xi = (BQ(tap->POINT1[i], tmp->POINT2[1])) 2 2 : 1;
xj = (xi == 1) ? 2 :1;
ci = trp->CENTER[xi-1];
if(view != V3){ E
if(tmp->POINT1[0] == 1 || top->POINT1[0] == 3 )
. ¢} = top->CENTER{xj-1] + rad;
else :
cj = tmp->CENTER[xj-1] - rad;

i
elsef
if (top->POINT1[0] == 1 || lrp->POINT1[0] == 4 )
¢j = tmp->CENTER[xj-1] - rad;
else
¢j = tmp->CENTER[xj-1] + rad;

J
pptr = ¢; ptr = 0;

/¥ Depending on the view and position of the
Lug, find its dépth from a secondary view */
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switch{view) {
case V1:
if(xi==1)
ptramatchl(V2,Y,cj,pplr);
else
ptr=mtch1(V3,X,¢j,pptr);
break; :

case V2:
if{xi==1)
ptr=match1(V3,%,c¢j,pptr);
. else
ptr=matchl1(V1,Y,cj,pptr);
bresk;

case V3:
Tf(xi==1)

ptr=match1(V},X,¢j,pptr); .
else

ptrqnatchl(V?,Z,oj,pptr);

; !

if ( ptr = NULL){
fprintf{stderr,” Error in DO_LUG");
exit(1};

b

j

/* ouiput iths cylinder */

flagl = (ptr—>MODEV“— SOLID) 2 -1 : O
out3{ump, pir,view,flagl);

/% oulpu: the cube to be suhiracted if necessary*/

if (flag? = -1)
out1(tmp, legl,ptr,view, -1,1};

/% if ihe endpoints are connected,
go to the next ARC */

dum = VIEWIview];

found = FALSE;

while (dum t= NULL){
if(dun->TYPE == LINE){

i ({BQ(dun->POINT1[1],co11) && EQ(dum->POINT1[2],c0R2)) &&
(EQ(dum->POINT2{1],c0l1) && EQ(dum->POINTR{2],c022))){
found = TRUE; : -
break; - '

!

J

}
dum = dun- SNEXT;

} N
if (found == FALSE) !

/¢ The endpoints are not comnected
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find the lines comnected to them
* '

1;.:‘1:.n2(;cn1;),view;&1 egl, &leg?);
‘if(matchlines(legl,leg2) — TRUR)

/* output the cuve */

sign = (ptr->MCDE == SOLID) ? 1-: -1;.
" outl(tmp,legl,ptr,view,sign,0);
(leg1->USE) = LEG; (leg2->USE) = LEG;
. -(ptr->USE)++; '
; .
else it (EQ(legl->LEN_RAD, 1eg2->LEN_RAD))
~tetal = angle(legl,view);
teta2 = angle(leg?2,view);
iT(EQ(tetal, teta2))| _
‘pos ‘= tmp->POINT1[0];
out2(legl,leg2,ptr,view,pos);
(leg1->USE) = [EG; ’
(leg2->USE) = LEG;
{ptr->USE)++; '

3

/* Use ufun3 to create rew lines 'i_'n this view ¥/

~col = (EQ(col1,leg1->POINT1[1])) ?
leg1->POINT2[1] : leg1->POINT1[1];
co2 = (FQ(col2, legl->POINT1[2])) 2
leg1->POINT2[2] : legi->PQINT1[2];

ufunif{cel, col, view);

col = (EQ(coR1,1eg2->POINT1[1]); 2
leg2->POINT2[i] : leg2->POINT1[1];

co2 = (EQ(co22,leg2->POINT1[2])) %
leg2->POINT2{Z] : leg2->POINT1[2];

ufun3(col,co?,view);

réturn;
/‘t‘t‘!tt#vf“#tt‘#}t‘}tf#t#.‘ft(*‘.ttf!*?tf'*f‘*Q
OUTi()

‘ Output the cube to be subtracted Irom a cylinder

in order to have a half a cylinder
R A T T T T

outi{crl,leg,ptr, vigw, sign,flag)

struct PRIM *cyl, *ptr,*leg;
int view,sign,ﬁag; )

t
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float coll.0012.0021.c022,buf[3]!4],len;'
float a[4],b[4]).c[4],el4] rad;
int 1,j; ’

=for(i:0;i<3}i++)
Tor{j=0;j<4;]j++)
buf[i][}] = 0.0;

coil = cyl->POINT1[1];
" ¢o12 = cyl->POINT1[2];
‘co21 = cyl->POINT2[1]:
. c022 = cyl->POINT2{2];

if(sign == 1){
len = leg->LEN_RAD;
rad = 0; ’ '
4 - o
else if (fag == 1){
' len = 2¢{cvl->LEN_RAD);
rad = cyl->LEN_RAD;

}
el“e 3 (blgn.——.-l %& flag == 0)f
len = leg->LEN_RAD;
. rad =0; :

VAl Dependlng on the poslblon and view of the Lug,
use the above info to find the coordinates
of the cubina] part of the lug AV

4* cyl->P0[NT1[0] gives us the position of
Sthe Lug. Wé~have four possible positions */

switeh{view)
case V1:

/* The Lug is in View 1 */

Jf(cyx zW3INT1[O]"l)E
a[X] = coli - rad:

a[Y] = col12; o

- a[Z1 = ptr->POINT2[2];
b[X] = coR1 + rad;
= a[¥] - len;

e[Y]

else it(cyl->POINTI[0] == 2){
. a[X] = coll - rad;
a[Y] = coi2 + len;

a[Z] = ptr->POINT2[2];
b[X]} = co2t + rad;
ciY] = 9612;

else if(eyl->POINT1[0] == 3)1
- a[X] = co21 - len;.

a[Y] = co22 + rad;

alZ ptr->POINTZ[1];
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elsef

§
e[%]
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b[X] = coll;
cfY] = coi12 - rad;

a[X] = coli;

alY] = co22 + rad;
afZ] = ptr->POINT2[1];
b[X] = 2[X] + len;
¢[Y] = col12 - rad;

= &[Z] - ptr->LEN_RAD;

break;

case V2

/% The Tug is in View 2 +7

itlcyl->POINT1[0]=1){

il

a[X] = ptr->POINT1[1];
alY] = colil;

a[Z] = co28 + rad;
b[X] = ptr->POINT2[1];

celY] = a[Y] - len;
e[?] = col2 - rad;
i
else if(cyl->POINT1[0] == 2){
a[X] = ptr->POINT1]1];
alY] = coil + len;
alZ] = co22 + rad;
b[X] = ptr->POINT2{1];
c[YT = co11;
el7] = cvi2 - rad;
§
else if(cyl->POINT1[0] == 3)¢
a[X] = ptr->POINT1{2];
AlY] = co21 + rad::
al[Z] = co22;
b{X] = ptr->POINTZ[2];
e[Y] = col1 - rad;
e[Z] = col2 - len:
j
elsef
a[X] = ptr->POINT1[1];
afY] = co21 + rad;
a[Z] = co22 + len;
b[X] = ptr->POINTR[2];
c[Y] = col1 - rad;
e[Z] = cel2;
J
breek;
case Y3:

/* The Lug is in View 3 #/
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a[X] = cel2 - rad;
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“alY] = ptr->POINTZ[1];

a[Z] = coll + len;
b[X] = co22 + rad;
clY] = ptr->POINT1{1];
e[7] = colly

§ .

else if{eyl->POINT1[0] == 2){
alX] = ¢012 - rad;
a[Y] = ptr->POINT2[1];
a[Z] = coll;
b[X] = co22 + rad;
elY] = ptr->POINT1[1];
€[Z] = coli - len;

; .

else if(cyl->POINT1{0] == 3}
afX] = col2 - leu;
a[Y] = ptr->POINT2{2];

‘a[Z] = co21 + rad;

b[X] = coiZ;
c[Y] = ptr->POINT1{2];
e[Z] = coll - rad;

{

else

5

a[Y]

a[X] =  c012;

alz].
b[X]
[Y]
e[Z]

ITIT

/* The following is always true. */

olX] = a[X]; e[7) = alZ];

puf[01{0] = ciXi; - ou;[l][O} =:0[Y];
net TUITE 1T muticlii] =ni¥) -
swrla)] = aY) - oY1 sui{R]{1]

out_cube{buf,sign,flag,0):

return;

ptr->POINT2[2];
co2l + rad;
a[X] + lem;
ptr->pOINTlL Ak
coll - rad;

el X];

c[Z]

-2

(2}
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/¢  ALGORITHM 2 A

#include <stdio.h>
#include <math.h>

/¥
GLOBAL VARIABIES
*/

int pie[200][200],X0,Y0,Z0, VIEW;
float angle();

A A R A A R A A Y R T

MAIN

In main, the picture is scapned. If any curve
is found, it is followed and chairn coded.
Then it is de.ermired which Tontine should
be called in order to process the curve.
*‘##‘.‘0#*‘&@%*#*&b*‘t*#é*t‘***’*"“t$$##$#/
main()

s .

int i,j,chain[1000},dif{1000],l1ines[50][2],n,code, count;

int found,start. X steri.Y,end X, end.Y, link, nlink;

int k,k1.k2, *ptr,pix,dist

extern int pic[][200],VIEW,X0,Y0,%G;

FILE *fp,*fopen(); '

/* Read view number and the values by which the picture should be
shifted to obta’n a global coordimnate system. */

scanf ("%d",&VTEW) ; scanf("%d",&X0);
scanf ("%d", &Y0); scanf{"%d",&Z0);

fp = fopen{”inimage”,"r");
Cif{fp = NULL) .
exit(1);
ptr = (&pic[G][0]);

/* Read in picture into the 2D array vic */

while({pix = getc(fp)) != EOF)}
~ *pir = pix; ptr+t;

start.X = 0; start Y = 0;
pegin:
link = 7; found = 0;

/* Look for a pixel with value = 1 */

for(i = 0;i < 200;i++)
for(j = 0;3 < 200; j++)}
if(piciil[i] = 1)
continﬁe;
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elsef
foumd = 1; break;
§
}
if(found == 1) break;
§
if (tfound) exit{0); /* DONE */
start.X = j; startY = i: k = 0;

/% Foliow and chain code the curve */

while(i < 200 && j < 200)} .

if((nlink = getnbor(i,j,link,1)) < 0)
break; .

chain{k++] = nlink; link = nlink;
piclilli] = 2
i =i+ dely(nlink);
j = j + delx{(nlink);

]

piclillj} = 2

n = k; chain[k] = -1;

/* See if it is noise */
“if(n < 5) goto begin;
nlink = getnbor(i,j,link,2);
if (nlink == -1){

/It is a dotted line */

. dotline(start_X,start_Y,i,j,link);

poto vegin;

[t}

i + dely(nlink); .
j + delx(nlink);
f ((abs(i-starid)<R) &k {abs(j-stari_X)<2})?

il

}

i

i
i
/* CLOSEL LOOP  */

for(i = 0;i < n-1;i++)

dit[i] = chain[i+1] - chain[i];
~dif{i] = chain[0] - chain[n-1];

dif[n] = 8;
count = getlines(dif;iines,n);
if {count == 0){

/¢ It is a circle */

do_cifc]e(éhainJstart_X,start;Y,n);
.goto‘begﬁn;
i

/¢ find the coordinates of the lines and output them */

dQ;Jines(chdingn,11ﬂﬂs;sta"t_X;SLarinﬁﬂCOUﬂt);
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/% see whethér thare is anything else
besides straight lines */

found = 0; j = count - 1:
for(i = 0;i < count - 1;i++)§
if(lines[i]J[1] == lines[i+1]}[0])
continue;
else}
- found = 1; j =i,
o ' ’
B .
if(lines[0j[0] '= lines[count-1][1])¢
. : found = 1; j = count - 1
}
if(found == 0)
/* Nothing but straight lines in this chain ¢/

. gotc begin; : ' _
C k1= lines[j][1]; k2 = lines[(j+1)%count 1[0];
if (k2 < ki) ' o ' o
' dist = k2 + n + 1.-k1;
else :
dist = k2 - k1;
if (dist < 25) ¢

/* This is a short line */

lines[0][0] = k1; lines|0}[1] = k2; colmt = 1;

do_lines{chain.n,lines,start X, start_Y, count;;

goto begin; ’ : : '
{

/* An ' erc or a.slanied,]ine iies between ki1 & k2 %/

segment (chain,n. k1,kE, start X, stari_Y),
goto begin;
} .
7* 1f not a closed loop or a dotted line */
/* Assure one or more siraight lines */
for(i ='1;1 € n-1;i++)
dif[i] = chain[i+1] - chain[i];
dif[i] = B; dif[0] = 8; _
count = getlines(dif,lines.n);
if (count == 0) C '
fprintf(stderr,”»ERROR 0);
else .
. do.lines(chain,n + 1,lines,start.X,start.Y, count);
otc begin; : '

&

!

Al P T

" DO_LINES()

Find the coordinztes of the lines using Lhe
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array lines{][]
‘0@*#1'.‘.t“#‘..“"‘#*#"'*"t#“@‘*ﬁ".“/

do_l ines{chain.n,lines,x0,y0, count)

int chain[],n,lines[]}[2],%0,y0,count;
i . v o
i int i;k},kZ,plx,pZX,ply,pZy;

for(l = 0;i < count; i) §
k1 = lines{[i}{0];
k2 = linesli]{1);
ﬁndco(chain,n,xO,yO,ki,&plx,&piy);
findeo(chain,n,x0,y0,k2, &p2x, &p2y) ;
“out.dine(plx,ply,p2x,p27,1);

5y

§

return;

J

'me:ontteuatot‘vtnt#oo#ott’ttout-nut*'u

DO_MLRT‘m\)

Find +he center .and radius of the circle
0#"*‘#00“'?‘**#t!*0#*‘0*"0"“’*'*#"‘#0‘/

do_c1rc1e(cnaln,x0,y0 n)

int chain[],x0,y0.n;
o e R v v
int count,k1,%2,k3,x[3],y[3].1;

float av-ex,av_oy,oX, oy,av_rad,rad,delx, dely,

count = 0; ki =0, ay_gx = O; ev_oy = 0; av_rad = 0
while(1)1 . '
k2 il = 10)%0;
= {k1 + 20)%n;
ﬂﬂdCO\wDaln,ﬂ x0,y0,k1,8x[0], &y[01):
findco(cnein,m, x0.y0: k2, &x[1],&y[1]);
udco'chd mn,0,%0, 50 k3 J&x[2], &ylz])

:get( n**“’) V. &DX &4y)
"if(ox > 0. 0)}
AV_0Y = av..0X + 0X;
av.oy = av.oy + QY;
:‘ count++t,
§
~if{k3 < k1) break;
ki = k3 +5;,
ox = av_ox /{(fleat) count)'
oy = av.oy /{{(float) count )
/* find the radius */
©ofor(i = 0;1 < 3;i+H)d
' dglx = ((float) x[i] - . ox) * ((float). X[l] - ox)
‘dely = ((float) yi:] - oy} * ((float) y[i] - oy)
av.rad = av_rad + ogr: ((doqble, (dclx + delv))
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rad = av.rad / 3.0;
out_circle(ox,oy,rad);

return;
/rttat#tettrtv*ttvtrttttt'vtyttvvtttt*otvttﬂ-t
; .
DO_ARC()

Find the coordinates and the position
of the arc
.!‘“‘“".‘Q‘"““!“‘f!"1’“““t‘#"**""""“‘.”#‘/

do_arc(chein;n,kl,k2,x0,y0)

int chain|],n,k1,%2, x0,y0,
é .
float av_ox,ox,&av_0y, 0y,
int »[3],y[3]),count, i ,p1x,p2x,ply, P2y, ex. cy, pos, k;

findeo{chain,n,x0,y0,k1,&4p1x,8p1y);
findeo{chain,n,x0,y0,k2,&p2x, &p2y) ;
/* Need to know how reny links between ki & k2 #/
if{k2 > k1)
comt = k2 ~ kiI;
else - »
count = k2 + n + 1 - k1;
/* find out position of arc */
k = (k1 + (count/2))%n;
findco(chain,n,x0,y0,k,&cx,&cy) ;
if(abs(plx - p2x) < B) {/* vertical */
if(ex < plx)
pos = 4;

else

§
else} /% horizental ¢/
if(cy > »nly)
pos = 1;
else
pos = 2;
i
/* Estimate the coordinates of the center */
av.ox = 0; av_oy = 0;
k = (ki + (cowt/4))%n;
x[1] = ex; y[1] = cy;
x[2] = pix; y[2] = ply;
Tor(i = 0;i < 2;i++)§
while(1)}
findeo(chain, n,x0,y0,%,&x[0],&y[0]);
getcenter(x,y, &ox,&o0y);
if{ox > 0.0 ) break;
k = (k + 1)%n;
if(k == k2){
printf("det = 0");
exit(1);
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J

av.D0xX = av_oX + 0X;

av_oy = av.oy + oy,

k= (k! + (5*count /4))%n; -
x[2] = p2x; yiR] = PRY;

§
oxvﬁ av_ox/2.0;
oy = av.oy/2.0;

out_arc(plx.ply,pzx.pZyAox,oy,pos);

return;
/0ttf‘OO‘&@##t‘##t‘t!t#twt#tv‘t“#*vtt**#t*tt
DOTLINE(}

Follow a dotted iine and find its endpoints
l‘“'.Q".!‘Gt”'&?‘#&*“#03‘*##‘#?”‘.’!#ét!'t“!/

dotline(x0,y0,i1,ji,1ink)

int xO,yOJii,jj,link;

E

int 1,j,n]ink,end,x,end_y;
extern int pie[]{200];

o= s i o= i
while((i < 200) & (j < 200))f
1f((nlink = getnbor (i, j,link,2)) != -1}
break;

pic[il[j] = (piclillil = 1) 72 : 0
i =1 + dely(link;:
gJgo=j+ delx(link);

o v

pic[i]li] = 2

endx = j; endy =1;

out_line(xo,yo,end_x,endﬁy,o);

/#“00l.8’#‘0l"‘00Oit‘#t.t.00#0‘“'0“‘0.“##&

= TNOC0()

Given the chain array and the coordinates
of the start of the chain, find the
coordinates of the pixel corresponding

16 the chain link k. .

0‘*'0!t#'t#‘t"'v‘&!‘*#’l‘!t‘#‘.'!“"‘tt#’#"i“ti/ :

fndeo(chain,n,x0,y0,%,pX, py)

int chain[],n,x0,y0,k, *pX, *py;

¢
{

int k1,3,X.Y;

-

1 =k + 1)%n,
{ =0, Y =0;

,4

i
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for(i = 0;i<kl;i++)}
X=X+ delx(chain[i])
Y =Y + dely(chain{i])};

CYpx = x0 + X
ey = y0 +Y;
return;
/0“ttq#t‘##Q!ti##*‘t#tt#‘tt#‘t;i‘#*t!*“f‘t

‘GETCENTER()

Using the coordinates of three points on the.
circle or arc, find an estimate for the
coordinates of the center.
‘4"‘0“0‘ﬁ"%#"?“.##fi‘#qt‘!!&*!‘#f(""{/

‘getecenter(x,y,pox, poy)

int x{Ly[L;
float *pox, *poy;
{ R
float, x02,x12,%22,y02,y12,y22;
float a;b,o,d,de:i.detZ,detB;

x02 = x[0] * x{0]; x12 = x[1] * x[1]; x22 =‘x[2] + x[2];
y62 =yl0] * y[0]; y12 =y[1] * y[1]; y22 = y[2] * y[2];

/% Tor ox */

= x02 - %12 + y02 - y13;
=2 * (ylo] - y[1]);

= x02 - x2% + y02 - yZ2;
=2 * (y[ol - y[2]);
detl = (a * d) - (b * c);

[ o i <]
|

oo

a =2 % (x[o] - x[1]);
b =2+ {y[c] - y[1]):
c =2 * (xf{o] - x[2]):
d =2+ (yle] - yl2]);
det2 = (a. * d) - (b * ¢);
if(det2 == 0)§

tpox = -1;

return;

3

/% for oy */

a=2* (x[0] - x[1]);
b= 202 - x12 + y02 - yi2;
c =% * (x[0] - x[2]);

d = x02 - x22 + y02 - y22;
det3 = (a * d) - (b *c):

11

pox = det1 ./ det2;
tpoy = det3./ det?;
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return;
§

/‘t#‘“ﬁ#t#t#*o#“‘ﬁﬂ“*‘ii‘0“*?“0#*“***‘

GRTNBOR()

Scan the neighbors of picii][i].in a

counter clockwise direction, 4 neighbors
first. If any with value equal to pix is
 found, return the link code. Else return -1
QV"ﬂ‘t‘ﬁ@@@***¢¢‘*$$“‘V¢$$Q#%#'V@’*“#*@**/

e1nbor(1 ,j.link,pix)

int i,j,link,pix;
e |
int nlink,dumk,ni,nj,i1,j1,i8,j2;
“extern int nic[][ZOO];

nlink = (Tink + ") % 8
if ((dun = nlink % ’) !'=0) nlink = (n;lnk + 1) %
/% check 4 neighbors */
for(k = 0,k < 3, k++)
i =i+ dely(nlink);’
nj =.j + delx(nlink); :
1*((n <200) && (ni>0) && fn]<2()0) & ’r]>0))f
if (pic[ni][nj] == pix)t
_iffnlink = Yink &% pix == 1 && (Nink == 0 ] .
link == 2 || link == =4 1 link == 8))
Tiv = i+ dely(link); :
ji j o+ de]x(‘H:’lk)‘;
12 = ni + dely{uilink);
i2 = nj + delx(nlink);
if(pielit]li1] = 1 &% piclig]ij2] = 1)¢
nlink = 1ink;
pic[nilnj] = 2;

"

return{nlink};

= : ;
. nlink = (nlirk + 2) % 8;
;o o
nlink = (link + 5) % 8;
if (dun==0) nlink = (nlink + 1) % 8;
for(k = 0;k < 4 k)

i = 1 + dely(nlink);

nj = ) +deix(nlink); .

it1((ni<200) && (ni>0) %5 (nj<200) && (n]>0))§

if (pielni]{nj] == pix)
return(nlink);

1
)

“nlink = (nl ink + 25 % 8;‘

return(-1);
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GETLINES()

Find all horizontal and vertical lines using

the difference AITEY.

#'t“ttt*!“-#t\‘-f‘f-*tQt#*Qttt*t‘*t‘&*#t#*ttt*’/

getlines(dif,lines,n)

int dif[],lines{][2],

't

i =0; count = 0;

int i,k.k2,dist, firstk, count;

k = scan(dif,o,l,n):

firstk = -
wnile(k !' nr\tk ;

if(count =: O)
frstx = X;

3

s

i (k2 < k)

dist = k2 + n +

else

dist = k2

k2 = scanfdif k1.1

it (dist > 25)§

lines[ijl0] = k

Iines[i++]{1] =
J
k = k2

}
return{i);

i
j

T

SCAN()

Scan the dif array in the direction dir,

from

position start. If a nonzero #ntry is found
return its position. Alsc take care of

nonzero entries due to distortion.

“"#"‘Gt’V"t“*ttt#“‘**'&“#*#ii**%*‘i“###!«‘vt#/

scan(dif,start,dir,n)

int start,dir,n,dif{];

f

int i,k dun, save[3],count, save_i;

i = start #+ dir;

if ((start = 0) && (dir == -1))
i=n-1; v

else if ((start == n-i) & (dir
1 =0

k = start; count = 0;

while (1){

k =%k + dir;

1))
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if (k < 0)

i =k +n;.
else

i = kZn;

If(dif[i] '= 0){ /* make sure il is not distortion */
it(dif|i] == B) return(i);
dun = - dif[i];
k =k + air;
it (k <0)
i =% +mn;
else
i = k%n;
i1(dif[i] 1= dun)
breek;
if(count == 0) save_i = i;
save[count++] = -dum;
if{comnt > 1)}
if{save[0] == save[1])
return(save_i);
count = 0;

} |

eturn(i); .- v ' i

§

/‘#“‘f#v#*"*V-#.f"‘_W"’*“0“.“&00“#‘#‘##""0*
SEGMENT()

Using the curvature function, segment the

array into lines-and arcs.

.‘#’@‘#0“t#""'@’&”““#“t#i#“0‘@“1‘0"‘#‘1”/

aegment (chain, n, k1,k2, x0,y0)

- dat chain] ], 0, X1, k2, %0, v0;
{ :
int i,j,s,dun[700], count, lines[50][2],kk1, kk2;
float teta,tletal,teta2,del,totdel[700];

i=3: dun[0} = chainlkil: i = k1,
v o
l'—"‘\ -‘-!))’/Zn;
dun| j++] = chain[i];
)
’
count = j; s = 15,

for(j = 0: j < count+l; j++)§
» teta =angle(dum, j,s,count);

teta = (teta < -90.0) ? teta + 360.0 : teta;

tetal = angle(dum, j-3,s,count);

teta2 = angle(dum, j+23,s,count);

de! = teta2 - tetal;

if (del < -180) del = del + 360.0;

else if (del > 1B0) del = del - 360.0;

totdel[j] = (j < 20) ? 0 :totdel[j-1] + del;
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}
j.= 20; : )
- while(totdell[j++] < 50);
if (j < 35)f{ /* It is only an ARC */
do._arc(c:hain, n,k1,k2,x%0,y0);
. return; o
}
kk1 = (k1 + j) %n; v :
1ines[0]{0] = k1; lines[0]{1] = kk1;
1= 05
while(j < comt-5 &k 1 < 4){
if((totdel[j+5] - totdel[j]) < 10)
i+ ’
j++;
i |
"j =1 - s; /* take into .account the lead */
kk2 = (k1 + j) %n; '
k do_arc(chain,n, kk1,kk2,x0,y0);
" lines[1][0] = kk2; lines{1][1} = k2;
do_lines(chain,n, ] ine=,x0,y0,2);

;

22 A AR R AR R AR R A A A A A R R A X T T

ANGLE()

Given that point A corresponds to chain[j] and. .
point B corresponds to chainfj-s], find the
angle that the lime AB mnkes with the horizontal
A TS R T YT Y,

‘float angle{chain,j,s,n)"

int j,s,n,chainv[];
. v
int i;k;

float X,Y,tetu;‘

X =0;
Y =0;
j =) % : )
for(k = j-s+i; k < j+1; k++)!

bi = (k<(l) 2 k +1n : k:
X =X + delx{chainfi]);
: Y =Y + dely(chain{i]);
. '
teta = atan2{-Y,X);
return(teta * 180.0/3.1415);

J

/#‘.##“‘.““*"'#”?‘(‘ﬁf‘!’"“‘"’@*?*“#‘tt‘*‘&‘
OUT_LINE();

Outpnt a Jine v

‘..",?t!f‘_““tt##’1’#*“"}‘0#‘_"#'*.""0#“_“/'

out._line(plx, ply,p2x, pRy, mode)

int pix,p2x,ply, pRy,acde; -
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extern int VIEW}XD,YO,ZO;
float p}l,p]Z,pZ],pZZ;

switch(VIEW) {
case 1:
/% shift elements to X0,Y0 */
12 = piy - YO; p22 = pRy - YO;
pli = pix - X0; p2i = pax - X0;
/% reverse with respect to z axis */
P12 = 200 - pl2; pR2 = 200 - p22; -
break;
) case 2.

/% shift elements to YO,Z0 */ »

' p11 = ply - YO; p21 = pRy - YO;
"p12 = plx -.20; p22 = p2x - %0;

/* reverse with respect to z axis */ '
pll = 200 - pil; p21 = 200 - p21;
break;

cdse 3:

/¥ qhxf*,elcments to XC 70 */
pll = ply - 20; p2i = pRy - Z0;
pi2 = plx - X0; p22 = p2x - XO;
break; :

1]

]
}

printf("1 %d %5.1f %5,1f %5.1f %5.110,mode, p11,p12,p21,p22);
| ‘ v SR |

'/‘t"V’@*&(‘?###**t"}tt#‘#ﬁt*ﬁt*#t*t#!t#‘ttt%t

UUT_CLRCHJ()

Output « circle

9“63"“0"6'#*“w“‘00‘iﬁ‘0#"##*0"}#*‘#‘!##“0/

out_circle(ox;oy,rad)i

fioat ox,oy.rad;

{

float .01, 0&;
extern int VIEW, XO YO,ZO

swiich(VTEW)é
case 1: :
/¢ shift elen?nts to XD YG ¢/
ol = ox - X0; o2 = oy - YU;
/¢ reverse wiih respect to x axis */
02 = 200 - oZ;
‘ break;
case 2.
/% shift e]enﬁnt: to Y0,70 */
7 ol =oy - YO; o2 = ox - Z0;
4% reverse with respect to z axis */
o1 = 200 - ol;
break;
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case 3;
/* shift elenents to X0,70 */
' ol = o6y - Z0; -02 = ox - XO;
break; '
§

printf("2 1 %5.2f %5.2f %5.210,01,02,rad);
!

/‘ﬁ*t##t#’v##0’!'P%ttt‘**&‘#f'#t"‘tt‘.t'"t‘t*

OUT_ARC() ;

Output an &re
| ““““"4‘"'"*“"'#'#8'#V*‘*‘!‘#!“t*#i‘t&!‘*!‘“‘/

out_arc(plix,ply, p2x,p2y, ox, oy, pos)

int plx,p2x,ply,ply,pos;
flecat ox,oy;

{

float pll.piZ,le,pZZ,dl,oZ;
extern int VIEW,X0,Y0,Z0;

switch(VIEW)
case 1:
/* shift elements to X0,YO */
plg = piy - YO; p22 = p2y - YO;
pll = plx - X0; p21 = pex - XO0;
ol = ox - X0; 02 = oy - YO,
/* reverse with respect to x axis */
pl2 = 200 - pl2; p22 = 200 - p22;
o2 = 200 - o2;
break;
case 2
7% shift elewents to. YO,Z0 */
pil =ply - Y3, p21 = p2y - YO
pl12 = pix - Z0; p22 = p2x - Z0;
ol = oy - YO, o2 = ox - 70,
/* reverse with respect to z axis */
pl1 = 200 - pl1; p21 = 200 - p21;
ol = 200 - ol;

break;
case 3

/* shift elements to XG,720 */
pll = ply - Z0; p21 = p2y - Z0;
p12 = plx - X0; »22 = p2x - XO;
01 = oy - ZC; 02 = 02 - X0,
break;

}

if(VIEW 1= 3){
if(pos == 1)
pos = 2;
else if(pos == 2)
pos = 1;
printf("3 1 %5.11 %5.10 %5.1f %5.1f *,pl1,pl2,p21,022);



159

printf("%d %5.1f %5.110,pos,0i,02};
; .

/%9‘0##&#!@##0#$#1*$**#*0&@*0?#*0‘$3‘**t#**?

DELX()

Return the dispiacement in the horizonte!

direction due to the chain link "code”
#93**‘*&9‘?$?$@@3$*“*$9%*'##@#$$$**¥$¥0f$3$$/

delx(code)

int code;

{

switch(code) {
case 0: return(1);

case 1: return(1);
case 7: return(1);
case 2: return{(0);
case 5: return{0);
_case 3: return(=1);
case 4. return(-1),

case 5: return(-i);

default:
prantf (" Unknowa code0);
return(0); '
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DELY()

Return the displacement in the vertical
direction due to ithe chain link "code”
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dely(code)

int code;
¢
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switch(code) !
case 1: return(-1):
case 2: return(-1);
case 3: return(-1);
case 0: return(0);
case 4; return(0);

case b: return(1);

case B8: return(l),

case 7: return(1);

defoultl:

v printf (" Unknown codeQ);
return{0);
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