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ABSTRACT 
 
Constructive Solid Geometry is a powerful tool used 
in many computer graphics applications such as CAD, 
CAM, and flight simulators. In CSG, complex objects 
are constructed from simpler objects, CSG primitives, 
by usually applying union and difference operations in   
terms of Boolean representations. 
In this paper, an efficient clipping algorithm, for 
rendering convex and concave CSG images, is 
presented. A surface operator is introduced to simplify 
the clipping volume expressions to reduce the 
rendering burden on the graphics processors. 
Anahtar kelimeler: CSG, Boolean operatör, görüntü. 
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.DUúÕOÕNOÕ HWNLOHúLPOL VLVWHPOHUGH ELOJLVD\DU JUDIL÷L

NXOODQDUDN J|U�QW� ROXúWXUXOXUNHQ� oL]JL WDEDQOÕ

modellemelerde görüntünün dR÷UX DOJÕODQDPDPDVÕ
QHGHQL\OH NDWÕ PRGHOOHPHOHUH LKWL\Do GX\XOPDNWDGÕU�

.DWÕ FLVLPOHULQ PRGHOOHPHVLQGH NXOODQÕODQ HQ SRS�OHU

metotlardan birisi de CSG’dir. 
 
'DKD |QFHNL oDOÕúPDODUGD� >�@� >�@� >�@� >�@� >�@� FLVPLQ

J|U�QW�V�Q� GR÷UX ELU úHNLOGH ROXúWXUPDN için tüm ön 
\�]H\OHULQ DUND \�]H\OHUGHQ |QFH LúOHQPHVL

JHUHNPHNWH\GL� >�@¶GD JHOLúWLULOHQ J|U�QW� DOJRULWPDVÕ

ise bu gereksinimi hem konveks hem de konkav 
FLVLPOHU LoLQ NDOGÕUPDNWDGÕU� $\UÕFD EX &6*

modellerine, Boolean operatörlerini uygulayarak çok 
daha NDUPDúÕN \DSÕGDNL J|U�QW�OHUL HOGH HWPHN

mümkündür. 
 
2. *g5h17h $/*25ø70$6, 
 
%LU FLVLPGH NL EDNÕú QRNWDVÕQGDQ J|U�OHELOHQ

düzlemler “ön yüzey”, görünmeyenler ise “arka 
\�]H\´ RODUDN WDQÕPODQÕU �ùHNLO ��� '�]OHPOHULQ EX

özelliklerini (ön, arka yüzey) kullanDUDN� \DUÕ

uzaylardan konveks ve konkav cisimlerin elde 
HGLOPHVL P�PN�QG�U� &LVPLQ \�]H\LQL ROXúWXUDQ

G�]OHPLQ J|U�QHQ NÕVPÕ� GL÷HU |Q \�]H\OHU DUDVÕQGD

EDNÕú QRNWDVÕQD HQ X]DN RODQ \�]H\ VHoLOHUHN HOGH

HGLOLU �ùHNLO ��D�� &LVPLQ DUND \�]H\L LVH W�P DUND

y�]H\OHU DUDVÕQGD� EDNÕú QRNWDVÕQD HQ \DNÕQ RODQ DUND

\�]H\LQ VHoLOPHVL LOH HOGH HGLOLU �ùHNLO ��E��  
 

6RQ RODUDN� H÷HU FLVPLQ |Q \�]H\OHULQLQ EDNÕú

QRNWDVÕQD RODQ X]DNOÕ÷Õ DUND \�]H\OHULQNLQGHQ

N�o�NVH� EX \�]H\ J|U�QHQ NÕVÕP RODUDN WXWXOXU�

GH÷LOVH DUND \�]H\OHU WDUDIÕQGDQ NHVLOLU �ùHNLO ��F�� %X

LúOHPOHU HNUDQ �]HULQGHNL KHU ELU SLNVHO �]HULQGH

X\JXODQÕU�  
 
.RQNDY FLVLPOHUL ROXúWXUXUNHQ LVH \XNDUÕGD DQODWÕODQ

DOJRULWPDQÕQ WHUVL X\JXODQÕU �ùHNLO ���� %X

DOJRULWPDQÕQ D\UÕQWÕODUÕQD >�@ GD \HU YHULOPLúWLU� 
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ùHNLO �� Ön ve arka yüzeyler 

ùHNLO �� .RQYHNV FLVLPOHULQ J|U�QW� DOJRULWPDVÕ 
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��� .ÕUSPD DOJRULWPDVÕQÕQ X\JXODQPDVÕ 
 
'DKD |QFH GH EHOLUWLOGL÷L JLEL NRQYHNV YH NRQNDY

FLVLPOHU GDKD NDUPDúÕN KDFLPOHUL ROXúWXUPDN LoLQ

NXOODQÕlabilirler. 
 
%LU NRQYHNV FLVPLQ GL÷HU NRQYHNV ELU FLVLPGHQ
oÕNDUWÕOPDVÕ LNL úHNLOGH JHUoHNOHúHELOLU� øON \|QWHP
RODUDN KDFLP LIDGHVL DúD÷ÕGDNL JLEL DoÕODELOLU� 
 

A.B.C.D.( H.G.F.E )=A.B.C.D.E +A.B.C.D.F + 

                                  A.B.C.D.G +A.B.C.D.H  
 
)DNDW EX \|QWHPLQ ED]Õ VDNÕQFDODUÕ EXOXQPDNWDGÕU�

*|U�QW� OLVWHVLQGHNL HOHPDQODUÕQ VD\ÕVÕ DUWWÕNoD�

oDUSPD LúOHPOHULQLQ VD\ÕVÕ E�\�N |Oo�GH DUWDFD÷ÕQGDQ, 
oÕNDUPD LúOHPLQL \DYDúODWDFDNWÕU� 
'L÷HU ELU \|QWHP LVH VÕQÕUODUÕQ DoÕOÕPÕ \|QWHPLGLU�

0DWHPDWLNVHO RODUDN ELU FLVPLQ \�]H\LQL WDQÕPODPDN

LoLQ ELU VÕQÕU RSHUDW|U�� #� NXOODQÕODELOLU� #$� $
objesinin yüzeyini göstermektedir. @ operatörünün iki 
ID\GDOÕ |]HOOL÷L EXOXQPDNWDGÕU� 
 
@(A.B)=@(A).B+@(B).A, 
@(A+B)=@(A).B +(B). A . 
 
%X |]HOOLNOHUL \XNDUÕGDNL oDUSPD LúOHPLQH X\JXODUVDN� 
 

A.B.C.D.( H.G.F.E )=@(A.B.C.D).[ H.G.F.E ]+ 

@ ( H.G.F.E ).[A.B.C.D] 
 
%X GXUXPGD J|U�QW� OLVWHVL G�]OHP VD\ÕVÕ \HULQH�

HNUDQGDNL FLVPLQ VD\ÕVÕQD ED÷OÕ EXOXQPDNWD YH LúOHPLQ
KÕ]Õ G�]OHP VD\ÕVÕQGDQ ED÷ÕPVÕ] ROPDNWDGÕU� 
 
%RROHDQ DoÕOÕPÕQÕQ |QHPOL ELU |]HOOL÷L GH FLVPL

ROXúWXUDQ \�]H\OHULQ KHUKDQJL ELU VÕUD\OD LúOHQHELOLU

ROPDVÕGÕU� %X VÕQÕUODUÕQ DoÕOÕPÕQD GD\DOÕ DOJRULWPD

NRPSOHNV LIDGHOHULQ DoÕOÕPODUÕ LoLQ WHNUDUODQDUDN

NXOODQÕODELOLQLU� gUQH÷LQ KDFLP 9 úX úHNLOGH
WDQÕPODQPDNWDGÕU� 
 
V=A.(B+(C.D),   
 
A,B,C, ve D konveks veya konkav cisimler. 
6ÕQÕU RSHUDW|U�Q�Q \XNDUÕGD YHULOHQ LNL |]HOOL÷L

NXOODQÕODUDN KDFLP 9¶QLQ \�]H\ WDQÕPODPDVÕ úX

úHNLOGH HOGH HGLOLU� 
 
@A.[B+(C.D)]=X1+X2+X3+X4 

X1=(A)[B+(C.D)]                  X2=@(B).[A.( C + D )] 
X3=@(C)[A.B .(D)]              X4=(D).[A.B .C] 
 
<XNDUÕGDNL LIDGHGH #9� #�REMH�>NÕUSDQ KDFLP�@
úHNOLQGH WDQÕPODQPDNWDGÕU� %X LIDGHOHULQ KHU ELULQGH

parantezin içerisinde ifade edilen konveks veya 
NRQNDY FLVLPOHULQ \�]H\OHUL� N|úHOL SDUDQWH]LQ

içerisLQGH WDQÕPODQDQ KDFLPOH NHVLOPHNWHGLU� 
 
.ÕUSPD DOJRULWPDVÕQÕ ROXúWXUPDN LoLQ� NÕUSPD LIDGHVL

|QFHOLNOH SRVWIL[ IRUPD oHYULOPHOLGLU� gUQH÷LQ NÕUSPD
ifadesi (a+b).c.(d+e) ise postfix formda ab+c.de+., 
úHNOLQGH LIDGH HGLOLU� 'DKD VRQUD KHU ELU NÕUSDQ G�]OHP

ioLQ� KHU ELU SLNVHO �]HULQGH LoLQGH�GÕúÕQGD WHVWL

X\JXODQÕU� 9H H÷HU EX SLNVHO NÕUSDQ G�]OHP LOH
WDQÕPODQDQ \DUÕ X]D\ÕQ GÕúÕQGD LVH VRQXo �� LoLQGH LVH

1 olur, ve ilgili operatörle birlikte, (-� �� ELUOHúPH LoLQ�

NHVLúPH LoLQ ���� \Õ÷ÕQD LWLOLU� (Q VRQ NÕUSPD LúOHPLQLQ

VRQXFX� VRQ NÕUSDQ G�]OHP LúOHQGLNWHQ VRQUD \Õ÷ÕQGDNL

GH÷HUOHULQ KHU ELU SLNVHO LoLQ GH÷HUOHQGLULOPHVL LOH HOGH

edilir. 
 
øoLQGH�GÕúÕQGD WHVWL ùHNLO �¶GH J|VWHULOPLúWLU� %XUDGD�
|QFHOLNOH 3 G�]OHPL �]HULQGHNL , QRNWDVÕQÕQ NÕUSDQ

düzlem PP tarDIÕQGDQ WDQÕPODQDQ \DUÕ X]D\ LoHULVLQGH

ROXS ROPDGÕ÷ÕQÕ EHOLUOHPHN JHUHNPHNWHGLU� 6RQXo

NÕUSDQ G�]OHPLQLQ |]HOOL÷LQH ED÷OÕGÕU� (÷HU G�]OHP |Q
yüzey ise; 
 
(÷HU $,�$-� , LoLQGH 
 $,!$-� , GÕúDUÕGD 

$, $-� VRQXo NXOODQÕFÕ\D ED÷OÕ� 
 
(÷HU NÕUSDQ G�]OHP DUND G�]OHP LVH� LON LNL NRúXOXQ

WHUVL DOÕQÕU� VRQXQFX LVH D\QÕ NDOÕU� 
 
*|U�QW� DOJRULWPDVÕQGDNL VRQ EDVDPDN� NÕUSÕOPÕú

\�]H\OHULQ ELUOHúLPLQLQ J|U�QHQ \�]H\LQL EHOLUOHPHN�
*|U�QHQ \�]H\� KHU ELU SLNVHO LoLQ� ELU EDNÕú ÕúÕQÕ

ER\XQFD� EDNÕú QRNWDVÕQD HQ \DNÕQ NÕUSÕOPÕú \�]H\LQ

seçilmesi ile elde edilir.       

ùHNLO �� Konkav cisimlerin görüntü 
DOJRULWPDVÕ 
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3.SONUÇ  
 
.ÕUSPD DOJRULWPDVÕQÕQ X\JXODQGÕ÷Õ CSG görüntü 
SURJUDPÕ & SURJUDPODPD GLOL LOH \D]ÕOPÕú YH 681

LúLVWDV\RQXQGD oDOÕúWÕUÕOPÕúWÕU� ùHNLO ��¶GD EX

SURJUDPOD HOGH HGLOHQ ED]Õ J|U�QW�OHUH \HU YHULOPLúWLU�

%XUDGD J|U�OHELOHFH÷L JLEL� ROGXNoD NDUPDúÕN

FLVLPOHULQ J|U�QW�OHQHELOHFH÷L DoÕNWÕU� 
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ùHNLO �� .ÕUSÕOPÕú LNL \�]H\ DUDVÕQGD

J|U�QHQ NÕVPÕQ EHOLUOHQPHVL 

ùHNLO �� øoLQGH�GÕúÕQGD WHVWL 

ùHNLO �� *|U�QW� DOJRULWPDVÕ LOH HOGH HGLOHQ ED]Õ

görüntüler 


