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BY LAYER

Rapid prototyping technology (RP) is a technology, that reduce time of a product
design and development process, to construct prototype layer by layer. Since there are
three types of starting material states for creating RP model, a Laminated Object
Manufacturing (LOM) technique creates prototype base on solid material, such as paper
sheet and plastic sheet. The advantages of LOM technique are low prices materials and
unnecessary for creating support structure according to the waste materials are removed
after model is formed. To separate model sheet and waste sheet, a de-cubing process is
applied to assign shape of waste material into generally small square shape that can be
easily remove in order to reduce time and avoid prototype damages.

To improve the de-cubing process, this research presents method to identify the
cutting points for de-cubing process base on the MATLAB program. An image of each
layer is import as an input of algorithm and an output cutting points that can be used to
generate tool path planning for adaptive de-cubing process in order to calculate total of

cutting points (time) and total cutting length (pixel).



The results were shown that the construction time and boundary roughness of
prototype relates to the threshold (7), which is a number of black pixels per number of
white pixels, and minimize pixel of each sub-bounding box (). If the and is precious
small, then a physical model should be has smooth boundary surface, while spent a lot
of time for created physical model. On the other hand, if and is large, these parameters

conduct the physical model are rough surface and wrinkle prototype.
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PT_input = imread('Ex1.jpg');
PT gray = im2bw(PT_input,0.7);
[max _rows,max_colums] = size(PT gray);
for i=1:max_rows
Ck=0;
for j=1:max colums
if PT gray(i,j) == 0;
Bx0 =1;
x1=1;
Ck=1;
break
end
end
if Ck ==1;
break
end
end
for i=max_rows:-1:1
Ck=0;
for j=1:max_colums
if PT gray(i,j) == 0;
Ex0=1;
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if Ck ==1;
break
end
end
for i=1:max_colums
Ck=0;
for j=1:max_rows
if PT gray(j,i) == 0;
By0=1i;
yl=i;
Ck=1;
break
end
end
if Ck ==1;
break
end
end
for i=max_colums:-1:1
Ck=0;
for j=1:max_rows
if PT gray(j,i) == 0;
Ey0 =1i;
y2=i;
Ck=1;
Break
end

end
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if Ck ==1;
break
end
end

PT input(Bx0,By0:Ey0,1) = 255;
PT_input(Bx0,By0:Ey0,2) = 0;

PT input(Bx0,By0:Ey0,3) = 0;

PT input(Ex0,By0:Ey0,1) = 255;
PT_input(Ex0,By0:Ey0,2) = 0;

PT _input(Ex0,By0:Ey0,3) = 0;

PT_input(Bx0:Ex0,By0,1) = 255;
PT_input(Bx0:Ex0,By0,2) = 0;

PT_input(Bx0:Ex0,By0,3) = 0;

PT_input(Bx0:Ex0,Ey0,1) = 255;
PT_input(Bx0:Ex0,Ey0,2) = 0;
PT_input(Bx0:Ex0,Ey0,3) = 0;
image(PT _input)

cntX = 4;

cntY =4;

NoRX =0;

NoRY =0;

NX = Ex0-Bx0;

NY = Ey0-ByO0;

ResultX = 1; ResultY = 1; CutSpaceX=0; CutSpaceY=0;
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HafpiX = round(Bx0 + (Ex0-Bx0)/2);
MetRes(1,1) = HafpiX;

MetRes(1,3) =1;

HafpiY = round(By0 + (Ey0-By0)/2);
MetRes(1,2) = HafpiY;

MetRes(1,4) =1;

MetRes(1,5) = BxO0;
MetRes(1,6) = ExO0;
MetRes(1,7) = By0;

MetRes(1,8) = Ey0;

for y =By0 : Ey0

f=0;
if PT gray(HafpiX,y)~=0
PT input(HafpiX,y,1) = 255;
PT_input(HafpiX,y,2) = 0;
PT input(HafpiX,y,3) = 0;
f=1;
end
end
image(PT_input)
iff==

cntX =cntX + 1;
end
for x =Bx0 : Ex0

f=0;
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if PT gray(x,HafpiY)~=0
PT input(x,HafpiY,1) = 255;
PT input(x,HafpiY,2) = 0;

PT input(x,HafpiY,3) = 0;

end
if f==
cntY =cntY + 1;
end
MetX = [Bx0,Ex0];
MetY = [By0,Ey0];
Cx =0; Cy=0;Px=1; Py=1;
depX = Ex0-Bx0;
depY = Ey0-ByO0;
count=1;
while and((depX>=4),(depY>=4))
Cx =Cx+tl1;
Cy =Cy+1;
[MetX,MetY]= Uniformdivide(PT_gray,Bx0,Ex0,By0,Ey0,Cx,Cy);
depX = MetX(2)- MetX(1);
depY = MetY(2)- MetY(1);
if and((depX>=4),(depY>=4))
sx = size(MetX) ; sy =size(MetY);
for Px=1 : sx(1,2)-1
for Py=1 : sy(1,2)-1

count = count+1;
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X0 = MetX(Px);
X1 = MetX(Px+1);
YO0 = MetY(Py);
Y1 =MetY(Py+1);
[ResultX,CutSpaceX,NopiX,DC]=UniformX1(PT_ gray,X0,X1,Y0,Y1,ResultX,CutSpaceX);
if NopiX ~=0;
[ResultY,CutSpaceY ,NopiY,DC]=UniformY 1(PT gray,X0,X1,Y0,Y1,ResultY,CutSpaceY);
if NopiY ~=0
MetRes(count,1) = NopiX;MetRes(count,2) = NopiY;
MetRes(count,3) = DC;MetRes(count,4) = DC;
fory=Y0:Y1
f=0;
if PT_gray(NopiX,y)~= 0
PT input(NopiX,y,1) = 255;
PT input(NopiX,y,2) = 0;
PT input(NopiX,y,3) = 0;
f=1;
end
end
if f==
cntX = cntX +1;
end
forx =X0:X1
=0,
if PT gray(x,NopiY)~=0
PT input(x,NopiY,1) = 255;
PT _input(x,NopiY,2) = 0;

PT input(x,NopiY,3) = 0;
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f=1;
end
end
if f==
cntY =cntY + 1;
end
image(PT input)
end
if NopiY ==
MetRes(count,4) = 0;
end
if NopiX ==0
MetRes(count,3) = 0;
end
MetRes(count,5) = X0;
MetRes(count,6) = X1;
MetRes(count,7) = YO0;
MetRes(count,8) =Y1;
end
end
end
end
end
TotalCutSpace = CutSpaceX + CutSpaceY;
fprintf('ii’m’mﬁﬂmaﬁﬁm‘?&ﬂm (De-cubing process) : %d WALa\n', TotalCutSpace)
fprintf(’iﬁ’mauﬁaumiLaumasummémﬁaéi’mm@‘T’d(ﬁmmux)  %d ASInT LY
ﬁﬂ!ﬁ]ﬁﬁ“ﬁgﬂﬁlmm’Jél’ﬁ(De-cubing)ﬁ’ﬂuﬂuX : %d ‘Va‘lmc]m\n',cntX,CutSpaceX)
fprintf('«ﬁ’m’mﬁ'emmﬁLﬁumaGumm’%mﬁaﬁﬂumuau(éx’mmuY)  %d ATInT LY

WL NgNAAIUINDU(De-cubing)AAUNUY : %d WNKEA\N',cntY,CutSpaceY)
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function [R,CutSpace,pixelCutX,dc] = UniformX(PT,Bx,Ex,By,Ey,countX,CutSpace)

for j=By:Ey
for i=Bx:Ex
if PT(i,j)==0
end
end

s = (Ex-Bx)+1;

if (Ex-Bx) >= 10
dc=1;
R = countX+ 1;
pixelCutX = Bx + floor(s/2);

for j=By:Ey
if PT(pixelCutX,j)== 1
CutSpace = CutSpace + 1;
end
end

break

else
CutSpace = CutSpace;
pixelCutX = 0;
R = countX;

end

end
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function [R,CutSpace,pixelCutY,dc] = UniformY (PT,Bx,Ex,By,Ey,countY,CutSpace)
dc=0;
for i=Bx:Ex
for j=By:Ey
if PT(i,j)==
end
end
s = (Ey-By)+1;
if (Ey-By)>= 10
dc =1;
R =countY +1;
pixelCutY = By + floor(s/2);
for i=Bx:Ex
if PT(i,pixelCutY) ==
CutSpace = CutSpace + 1;
end
end
break
else
CutSpace = CutSpace;
pixelCutY =0;
R = countY;
end

end




U.1.3

d o d
Wan¥u divide Ipszdinazdummsulanassdedlumsiuunazson

71

function [MetX,MetY] = Uniformdivide(PT,Bx,Ex,By,Ey,X,Y)
r=2; n=2;
HafX = (Ex-Bx)/2""X;
HafY = (Ey-By)/2"Y;
MetX(1) = Bx;
MetY(1) = By;
forr=2:1+2"X
MetX(r) = round(Bx + (HafX*(r-1)));
forn=2: 1+2"Y
MetY(n) = round(By + (HafY*(n-1)));
end
end

end
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PT input = imread (‘'Ex1.jpg");
PT gray = im2bw (PT _input,0.7);
[max_rows, max_colums] = size (PT_gray);
for i=1:max_rows
Ck=0;
for j=1:max_colums
if PT gray(i,j) == 0;
Bx0=1;
x1=1;
Ck=1;
break
end
end
if Ck ==1;
break
end
end
for i=max_rows:-1:1
Ck=0;
for j=1:max_colums
if PT gray(i,j) == 0;
Ex0=1;
x2=1;
Ck=1;
break
end

end
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if Ck ==1;
break
end
end
for i=1:max_colums
Ck=0;
for j=1:max_rows
if PT gray(j,i) == 0;
By0 =1i;
y1=i;
Ck=1;
break
end
end
if Ck ==1;
break
end
end

for i=max_colums:-1:1
Ck=0;
for j=1:max_rows
if PT gray(j,i) == 0;
Ey0=1i;
y2=i;
Ck=1;
break
end

end
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if Ck ==1;

break

end
end
PT_input(Bx0,By0:Ey0,1) = 255;
PT _input(Bx0,By0:Ey0,2) = 0;
PT _input(Bx0,By0:Ey0,3) = 0;
PT_input(Ex0,By0:Ey0,1) = 255;
PT _input(Ex0,By0:Ey0,2) = 0;
PT input(Ex0,By0:Ey0,3) = 0;
PT input(Bx0:Ex0,By0,1) = 255;
PT input(Bx0:Ex0,By0,2) = 0;
PT input(Bx0:Ex0,By0,3) = 0;
PT_input(Bx0:Ex0,Ey0,1) = 255;
PT _input(Bx0:Ex0,Ey0,2) = 0;
PT_input(Bx0:Ex0,Ey0,3) = 0;
cntX =4,
cntY =4;
NoRX =0;
NoRY =0;
NX = Ex0-Bx0;
NY = Ey0-ByO0;
while or((NX>=10),(NY>=10))
NoRX =NoRX + 1;
NX = (Ex0-Bx0)/2~"(NoRX);
X0=Bx0;
X1 =round(Bx0 + (NX));
NoRY =NoRY + 1;

NY = (Ey0-By0)/2*(NoRY);
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end

Y0 =By0;
Y1 =round(By0 + (NY));
end
ResultX = 1; ResultY = 1; CutSpaceX=0; CutSpaceY=0;
HafpiX = round(Bx0 + (Ex0-Bx0)/2);
MetRes(1,1) = HafpiX;
MetRes(1,3) =1;
HafpiY = round(By0 + (Ey0-By0)/2);
MetRes(1,2) = HafpiY;
MetRes(1,4) =1;
MetRes(1,5) = Bx0;
MetRes(1,6) = ExO0;
MetRes(1,7) = By0;
MetRes(1,8) = Ey0;
fory =By0 : Ey0
f=0;
if PT gray(HafpiX,y)~= 0
PT input(HafpiX,y,1) = 255;
PT input(HafpiX,y,2) = 0;
PT input(HafpiX,y,3) = 0;
f=1;

end

iff==
centX = cntX + 1;
end
for x =Bx0 : Ex0
f=0;

if PT gray(x,HafpiY)~=0
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PT input(x,HafpiY,1) = 255;
PT input(x,HafpiY,2) = 0;
PT input(x,HafpiY,3) = 0;
f=1;
end
end
if f==
cntY =cntY +1;
end
MetX = [Bx0,Ex0];
MetY = [By0,Ey0];
Cx =0; Cy=0;Px=1; Py=1;
depX = Ex0-Bx0;
depY = Ey0-By0;
count=1;
while and((depX>=10),(depY>=10))
Cx = Cx+1;
Cy =Cy+l1;
[MetX,MetY]= divide(PT_gray,Bx0,Ex0,By0,Ey0,Cx,Cy);
depX = MetX(2)- MetX(1);
depY = MetY(2)- MetY(1),
if and((depX>=10),(depY>=10))
sx = size(MetX) ; sy =size(MetY);
for Px=1 : sx(1,2)-1
for Py=1 : sy(1,2)-1
count = count+1;
X0 = MetX(Px);
X1 = MetX(Px+1);

YO0 = MetY(Py);
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Y1 =MetY(Py+1);

if NopiX ~=

MetRes(count,1) = NopiX;

MetRes(count,3) = DC;
fory=Y0:Y1
=0;

if PT_gray(NopiX,y)~=0

PT input(NopiX,y,1) = 255;

PT input(NopiX,y,2) = 0;

PT input(NopiX,y,3) = 0;

=1;
end
end
if f==
cntX =cntX + 1;
end
end

if NopiY ~=0
MetRes(count,2) = NopiY;
MetRes(count,4) = DC;

forx =X0:X1

=0;
if PT gray(x,NopiY)~= 0
PT_input(x,NopiY,1) = 255;
PT input(x,NopiY,2) = 0;

PT input(x,NopiY,3) = 0;

[ResultX,CutSpaceX,NopiX,DC]= compareX(PT_gray,X0,X1,Y0,Y1,ResultX,CutSpaceX);

[ResultY,CutSpaceY NopiY,DC]= compareY(PT gray,X0,X1,Y0,Y1,ResultY,CutSpaceY);
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=1;
end
end
if f==
cntY =cntY + 1;
end
end
if NopiY ==0
MetRes(count,4) = 0;
end
if NopiX —
MetRes(count,3) = 0;
end
MetRes(count,5) = X0;
MetRes(count,6) = X1;
MetRes(count,7) = YO;
MetRes(count,8) = Y1;
end
end
end
end
TotalCutSpace = CutSpaceX + CutSpaceY;;
fprintf(‘%oTLl’Juﬂﬂl%ﬁﬁﬁlﬂﬁ’\iﬁm"l (De-cubing process) : %d cﬁﬂ!,‘ﬁfﬁ\n',TotalCutSpace)
fprintf('ii'musa'uminﬁumwmLﬂ%ﬂﬁaﬁ'ﬂumg’a(ﬁﬂuﬂux) : 9%d ATINT I
ﬁmcmﬁgﬂﬁmm’Jési”@(De-cubing)Gi"mmuX : %d WAkya\n',cntX,CutSpaceX)
fpn'ntf('ii’mu5’e)'umszﬁumaﬁumm‘%mﬁaﬁﬂumuau(ﬁmmuY) - %d RTINS

ANEraNgNAALLIUDU(De-cubing) AALNUY : %d NALTA', cntY, CutSpaceY)
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function [R,CutSpace,pixelCutX,dc] = compareX(PT,Bx,Ex,By,Ey,countX,CutSpace)

for j=By:Ey
back = 1;
for i=Bx:Ex
if PT(i,j)==
back = back + 1;
end
end
s = (Ex-Bx)+1;
if back >= round(0.25%s)
dc=1;
R = countX+ 1;
pixelCutX = Bx + floor(s/2);
for j=By:Ey
if PT(pixelCutX,j)==1
CutSpace = CutSpace + 1;
end
end
break
else
CutSpace = CutSpace;
pixelCutX = 0;
R = countX;
end

end
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function [R,CutSpace,pixelCutY,dc] = compareY (PT,Bx,Ex,By,Ey,countY,CutSpace)
dc=0;
for i=Bx:Ex
back =1;
for j=By:Ey
if PT(i,j)==0
back = back + 1;
end
end
s =(Ey-By)+1;
if back >= round(0.25%s)
dc =1;
R =countY + 1;
pixelCutY = By + floor(s/2);
for i=Bx:Ex
if PT(i,pixelCutY) ==
CutSpace = CutSpace + 1;
end
end
break
else
CutSpace = CutSpace;
pixelCutY = 0;
R = countY;
end

end
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function [MetX,MetY] = divide(PT,Bx,Ex,By,Ey,X,Y)
r=2; n=2;
HafX = (Ex-Bx)/2"X;
HafY = (Ey-By)/2"Y;
MetX(1) = Bx;
MetY (1) = By;
forr=2:1+2"X
MetX(r) = round(Bx + (HafX*(r-1)));
end
forn=2: 1+2°Y
MetY(n) = round(By + (HafY*(n-1)));
end

end
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A TOOL PATH FLANNING FOR 2D CONTOUR CUTTING IN RAPID FROTOTYPING
TECHNOLOGY

Paphakom Pitsyachaval * Thanakharn Baothfong * MNiramel Chaphol’*

School of Industial Enginsering, Instintte of Enginesring, Suranaree University of Technolezy,
Amphr ¥nang Makhom Fatchasima 30000

*e-mail: 'email: Paphskomd g satac. th, *email Bthanskharmn?

Absiract: A fool path planning for ons layer of BP can be classicfied into two types: tacing on
contours {oparsting fime) and moving betwesn contouss (non-operating Sme), to move fTom the end
of confour 1o the start of the next romtour in same layer. In order to extablish an optintze too plath
pleoning, paths of fool moving between contowrs have be shortened, since these peths conorme fime
and energy. This peper presents two slzorithms for tool path plenniz that minimize distance tool
tavelling bebween comtours: the sesrched point besed on home pesiton and the searched poing
based on previous contonr. The searnched points azrs wilized as connecting points between contours.
Then, & concapt of mevelling salssman problem (TSP} and heusistic method have been spplied to
generate possible tool paths. The slgorithms had been implementsd on 2 case stedy, and the
distance of toml tool path fom thozs two algorithms ware also presemted

Iniroduchon: Fapid Prototyping techoology (PP, also called Layersd Manufackming (I3 or
Solid Freeform Fabrication {SFF), is 8 Bbmcadon process of prototype created laverby-laver
diractly from Computer Aided Design (CADA model. Since there may be several contows on ons
layer, the cutting toel Tacing that Teces the considerine conmtours consist two fypes: tacing on
comtours {operating time) snd moving bebyeen contours (non-operating dma), to move fom the snd
of comtour to the start of the next contour i same lsyer, Thie, the totsl Sbrcation tme for ene
layer comsists of two components: the oafting tool opersting fime and cutting tool non-opersting
time. Since there are many comonrs on one layer that may be nested contowrs or independent
contosrs, the inner contours and euter contonrs have to idsanify in order to assipn part and mon-part
areas. Moreover, each contout hes multiple vertices thas can be a pos:ible sterting point amd the
ending point for toel macing. These present several possible sobatens for cutting fool padh planning.
Addidonslly, contour relatdonship identification is also requirad befors sssizn tool path planning in
order to avold muss-cwting on part ares. This paper presents comtosr idsntification for tool path
plamming of a repid prototyping constmuction Io onder to spacify the staring and ending poings on
each comtour, there are swo pooposed alporithres after spplving parent-snd-child melstionship
concept. A concept of the travelling saleswmam problam has been uilized to determiine tool path
wequences for minimizing distance between comtowms. In sddifion, proposad slgorithms ame slso
mplemented on 3 €352 study.

Miethodology: Tool Path Planning

Teo determine ool psth, 2 process sterts with g slice comtours fmage 55 2o input 35 shown in Fig, 1
Then, object contours are exiracied fom this imsge. Thess contowrs are defined their relationships.
Before the possible tool paths sz astablished 2 point om sach contone is dafined. This point will be
3 starting podat snd an ending poinz for @ tecing comtonr. In order to determine these points, fwo
almorithnes zre presentad: the searched peint based on homes position and the searched point based
on previons comtor. The first algorithm dafined 2 point oa each contour by searching the nearsss
point with the homs position while the second alzorithon assigned a peint oa sxisting contour by
comparing with the point oo previcus contour. 4 concept of the first algorithm is shoam in Fig.
2{4). The algorithm assizns 2 homs position gt the bottom: Ieft cormer of the slice coatour image and
specifies a point on pardoular contour by searching the nearsst point on comour with home position.
This point on contour can be explainad by using Eq. 1.
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Diztancz = &i;’g — TP+ é{%“?‘é}; 43

Where

F=lL¥): Peq,

{%x, %) = the coordinate of boms position

{4,.%) is the coordinate of point on paricular contoar
., s xb contour

A concept of the second algprithm iz shown in Fig (), the algorithm specifies 3 hoeme pesition at
the bottom left comer of the slice contour tmape 3s szme 25 the first slporithm The alpcorithm
specilies a point on particalar coptour of the fitst contonr by searching the nearest contour with the
home position, snd then assigns a point on the pext contomr by discovering the pesrast point oo
comboar that cormpare with point on existing contoprr. Subseguently, after searching points on sll
conboars, 2 concept of the wavelling salesman problem has been spplied to defermine cutting ool
path in when fool is zssigned as a salesmeon and considering contowrs ase definsd as oties. The
condition iz that the salesmon nmet mavel to gl ciies only one Sme then come back to 2 homs
position Moreover, the nearest neighbor heuristic techmique i wilizad to identify the next point oo
comour as shown in Fiz. 1. To obtain all possibie tool paths, the mathemeticel modsl is as follows:

MinZ {T)=1X, 0 Dy¥, 2
%=1 ve 3
Il =1 ¥ @
Lok sl -18cV. Bl >1 5}
% e fosl G}

The objective fimction aime to minimize distance of laser path trevelline between contours, as
showm in Eg. 2. When T is 2 set of the path sequence [, is denoted o travelling distance fiom
point i on exsting contowr to podnt § on the next contour, 1 is denoted a5 the munber of points oo
contours. Bg. 3, Eq. 4, Eq. § are constraints in which #£7%,, = 1 then there #s path from i to j, and
¥, = 0 then thers js no path fom i to j in order to gnamntee that particular contour is visited
exactly once time. Additionalby, Eq. 5 is @ sub-tour elimination constraint.
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Besnlts and Diiscussion: Case Stedy

MATLAB program was utilized as a tool to implement contour searching slzorithms and establish
ool path for 2 specified [ayer. The contour searching slgorithms were performed to identify contour
relationship and generate tool path planming for a specified laver of muschine part. A slicine plans
was assigned en a CAD model as shown in Fig. 3 (2}, An imags of iovestizared laver was extracted
from CAD modal and was conductad 8z input of algorithms, as shown in Fig. 3 (b) and 3 (1),
respectively. For this layes, there were sight contours that were identified thair relafionship based on
pareni-and-child hierarchy, a5 shown in Fig. 3 {d) and 4 (z), respectively. Contours C1, €2, £3, and
3 had no parent, 30 they werm in leval 0 and their child ware in the naxt lavel Then, 2 peint on
sach comtour was presemted inclnding & home position. This point was a siarting point and an
ending point of a considesing comtour. The peints of contours, defined by wing those two
alporithms, were established as shown in Table I, The tool path planning rewalt was starting from
home pesition 3 €1 > €3 3 C2 3 06 3 €3 5 C7 & 04 - €8 -> bome posidon. The tool
paths were presented thet contonr woald be cut base on point coordinstes that were defined by those
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two algorithms. The distances of tool path travel using those two algerithms wepe 13353644 and
1316.7035 lenzth umits, s shown in Fig 4 (b} and 4 (), respectvely. This result showed that the
searched poings base on homs position sssizned optinnm distence for tool path plarming

f o —

. e e

'
<2;;a?ff
R 398 0k OO YoM

Figura 3. Section view of machine part

Firuze 4. Contour relationship and tool path

Table 1. The result of points oo comonrs bebween the searchad points bazed on home position and
the searched points basad on previcns contonr algorithms

Contour the searchad points basad on homs the searchad poinis besed on previons
pasition COMEOUT
Heme
Pozitien 0.452) (0452
1 {34418 {(34418)
2 {208 3143 42404
C3 {24655) (208,314}
4 (414.3883 (228.290%
5 #5404 25457
Cd {228 204 25672
7 {24588 {428,342}
£s (430,400} (444380
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{Full paper tamplate)

Conclusion: The two slgprithms for searching 3 ztarting poimt on sach cootowr hsve besn
preseutsd: the searching points based on homs positon and the searching poinzs based on previons
contonr. The concept of TSP and heurizdc Nearest Keighbor have besn applied to datemmine topl
path planming in order to miningze distance of too] path for consoacting layer on rapid protonping.
The resilt was shown that statting point, sszigned by the ssarched poiuts based o previons consonr
alporithm, provided shortest teol path for laver confonr comstmction, as shoam in Table 2. For a
futirs work, the searched poinfs basad on previous conzowr algerithm will be implemented on rapid
rrotofyping mechine. Moreover, this alporithm vill be also spplisd to create prototype bazed on the
roiiti-matesial lavered marmfacmring.

Table 2. The msoult comparizon between the searched points besed on home posison znd the
searched points based on previous contowr algorithms

the zegrched points the searched points
non-opersting path basad on home position | based on previeus
comonr
1} traved from bormes positon te Srst contour
{Umnif) 45.0833 4810833
2} travel beween contours and Snally (Unit) §45.2121 S1ga7ez
3} traved fome bast contour to the home position
{Unig) H2.0500 e 6410
4% total distance (Unit) £333 3644 13167035
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OBJECT MANUFACTURING (LLOM) BASED ON CONTOUR
PROPORTION IN EACH SQUARE CUBE
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ABSTRACT

A Laminated Object Manudomring LOM) echnigue,
which is one of 2 rapid protwtyping techminue, crentes 3
physical modsl directly fom 3D CAD mode! withow
mold and diss by using laminsted maweril To
conplete a model 2 ol &5 wed to o Luvinated
maerial each layer according to laver comtouss in
which the waste material bas 10 remove a3 decubing
peocess. The de-cubing process is to amsizn shope of
waste mterial into generally small sguare shape that
can be sasily remove in order 1o reduce e and avoid
prototype damages. Thiz paper presents 2 process 1o
assizn the size of waste paterial in the de-cublog
process. The adaptive decubing process has been
2atablished by using propordon of 2 length of contour
section per 2 Rength side of 3 considering souare shape,
H the propordon s mwore than 2 threshold, then the
corsidering side will be divided. On the other hada, if
the proportion is lzss thon the thoashold, ten the
corsidering side will be skipped. The resaly showed the
variaty sive of waste material,

Keywords: Rapid  prototype.  Laminate  Object
Manufacnring

LINTRODUCTION

Rapid prototyping process B 3
process thar easnnfdctures producy directly Fom CAD
wmodel withowr wold and die It was fooduced 10
shomren profohype cotstucdon e This process
converts 2 30 CAD model @ be a stack of 2D contours
which are used o zensrare machine commands to build
an object layer by Dayer. In this process, maeial i
2dded to produce 2 part layer by lLyer Sevenal
techniques bave been developed for rapid protoniping
process and they can be clasified imo 3 catezories
based on the inithal state of materials {1] leauid-based,
wlid-based and powderbazed  Swreolithography

appararas {(SLAY, » popular techeigue in 2 Hyaid-Dased
systern, B5 the fust comemesrcial rapid prototyping
systen In this tacheigue, UV laser is used 1o soBdify
photwo-cumble Bouid polymer w form layers, Selecdve
Laser Simeriny {SLS) B » famoeos mchnique i a
powdar-baed rapid prototyping system. This technigus
is similar 10 SLA but instead of curinz Howid polymer
with UV Isser, CO2 laser & used in SLY ® sinwer
powder to form 3 laver. Steilarly, 30 printing §s alio »
popular techeizue in 3 powderdased rapid protonyping
systers. Besides using UV laser, gius bad been applied.
Last group of rapld protonyping system I solid-based.
In this group, thers are several npes of solid maredal
ased including wire, roll of laminated shest and pelisss,
Popular rechrigues of this zroup are Lamirate Object
Mapudararmz  (LOM} and  Fused Deposition
Modalling FDM) [2].

To complete 3 modal creatad by LOM, a ol is nsad
10 cut laminated material each Iayer according 1o layer
contours in whith the waste material has to remove a5
de-cubing process. The de-cubing process is to assign
shaps of waste material into genenlly swall square
shape that can be sasily ramove in order to reduce time
ard aveid prowtype damages,

This pager prasents 2 process wo assign the size of
waste material in the de-cubing process. The adaptive
de-cubing process has been estoblished by using
propoction of 3 Isogh of rontour section per a lengdh
side of 2 considening sguare shaps,

L LITERATURE REVIEW

Based on the process of curting lamdeate praterial in
LOM, a defactive model is genenily ocoumed during
contour carting stp. A method of “cut then boed” had
been fntrodnced [6]. The outer area of modal contowr &5
o imto equal sguares, alled wedform de-cute,
sipzaitansously cutting owter contour. For this mathod,
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the edginz of prototype is quite rough and difficdlt 1o
Lee [7] proposed the problems ecourred during de-
cubing process: the cumultive emor, which is
introduced inte the sedows problem and the zest of
scrap material that sticks with the model especially, 3
complexity model and a hollow wodel Feor the bollow
model, Cho and Lee [8] were proposed an spproach to
create by wsing LOM. There are two steps: ¢t outer
cortour of model for a concument layer then remove
the scrap material before boued with 3 parviows layer,
This spproach preserted more sccumelative eoor. In
order 1o reduce the svcumnlative srror, Chin, 2t al, {9
proposed the bridge peosration fo commect the fnmer
model area and the owter model ares. Even though this
approach reducs sror in X and Y asis bt emer in 2
axis is increass fn which the model & becded acd
twisted,

3. AN ADAPTIVE DE-CUBING ALGORITHM

An adaptive de-cubing & 1o assign shape of waste
material o generally small rop-uriform square shape
that can be exsily remove in order 1o reduce time and
avoid prototype damages. The algorithm is proposed,
25 shown in Szure 1. Ap frput is an Brage of 2D layer
comtowr, Sirce the comour image presents the
redundancias areas that are not related with comour
information, 2 contowr bounding box is oated
idendfy 3 working arsa. Thiz working area presents
both ower and inver areas of particular laver conowm,
By wing 2 scae Hee algorithm, the onter and inger
aress are Mentified and the ivope pinels of irmer azen
are assigred by black color otherwise white color is
applied. This working area is divided into four main
equal cubes based on the half poirss along Y axis and
Y axis, Then, an azdoptve decube caloulating B
applied on sach cube, starting from four main equal,

Each main cube is investzated o calonlate adaptive
de-cube, The adaptive decubing process applies
proportion of 2 lenzh of contour saction per 3 Jenpk
side of 3 considering square shape, If the proportion is
mare than 3 threshold, then the considering side will be
divided. Ou the other hade, ¥ the proporton is lass
fon the threshold, then the considening sids will be
skipped. A condition for dividing cube usieg threshold
iz extablished in squadon {1).

Bk 100 2 ta W

when x is muorber of pinels that represers Inver areaz,
N is rumber of pixsls in particnlar cube and 1, is the
threbold,

This copdition is applied wiil there & po wub-rude
comains pisel more tan threshold. Whao the partinlar
cubz is assigned 1o divide, the curting poixts on X axis
amd Y axis are reconded. Finally, the output of this
process are custing points that can be use to generate
o} path plannieg for adaptive decubing.

4. CASE STUDY

To implewent the adapdve de-cobe algerith, 2
cylinder model was stodied, 25 shown in figure 2, by
oblaining layer confowrs image Then, de contour
bounding box coacept and the scan Hoe algorithe were
applied, the working ares and both inner area (black
pixals) and outer (white pixels) wea were sstablished,
respectively, 23 shown in fzure 3.

Afrer working area was defire, the working area w2z
divided inwo four main uniform cobes, as shown in
figure 4{2). Then, e adaptive de-cube was apphed for
all main cubes, as shown in figure 4(0).

[ INPUT: 2D layer comour

| Create contour bounding box

 Define outer and inner areas of layer contour |

Divide working area into uniform cubes

%

[ Calcuiate adsptive de-cubing |

| OUTPUT: Cutting points for adaptive-cubing |

Fizgwre 1: Adaprive de-cubing algorithen

Figurs X Layer contours of sticed cylinder model

Figure 3: The working area of particular layer comours
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Figurs 5: Tool path for adaptive de-cuding

The result showed the variety sizs of waste material,
as shown in fgure 4(c). Al cuting poinis were
secorded Jor tool path plancing that wers assizeed oo
the waste material, 25 show in figure 5,

5. CONCLUSION

The adaptive de-cubing process has been established
by wing proportion of a length of contour section pera
lengih side of a considering square shape. The vardety
sizes of waste material were established in order 1o
sasy remove waste from model sdge. By using this
algorithe, the mgomatically identify threshold
comparing with the model avor will be sudisd 25 2
future work.
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In PE botle prodaction, the bovle peck is am
However, operier have fo wore conceniate doring
seperal problems ocnured due to that operater This papex
presens a process fo sinplify GO0 gage by apply Gh
bone diazram, SWIH avalyzis and why-why anabysiz in
orde io Tedoce imspectiom thve reduce scrap while
were dhrmed a5 rapid protohipe model in order to mial
with opemmtors in production lve.

I ENTEODUCTION

In present, 3 plastic Snrming process i rapid process
to form part, specially to produce botile Smee plastic
copiplex prometry, the inspaction 5 time copsuming .
E&&d&hngﬁm&zﬂg&m&mmm

production is a mess produdticn . The cp=abar mghtbe
mmmmwﬂzmﬁmgﬂfm
2 considered compary, 3 vernier caliper is emploved to
inspect PE botile afier 3 preform model is injection A
prefirmmods iz 3 consaming process inwhich
presents a botfle neck for bottle production In order o
mmmam;tmpemﬁgﬁﬂm
been apphed to establish inspecnion zage for process
improvemert  However, the rogt cause for protess
improvement has be determined by before the gage &
desigmad[d].

This paper presents 3 process fosinplify GO-MD
gage by apply why-why aralysis and fish bane dingram
wrde o redure imspection tive, meduce somp while
opEeators e pizasad.

1 PROBLFA IENTHFICATION

PE borfle production poooess is siart with fusion prain
plastic]2], them 2 polyefindene fision fums PE to
a1 prefvm ubz | The preform: tube tan be veed to form 2oy
beitle shape whick & deperd upor blow meld . Finally,
th= bivttle &5 packed in a beich and iz prepared to deliver,
as showm in figare 1. However, during preform tibe &
copstructed, thers might be scms faws in which the
imspecior need to moniter before feaming BE process to
mmxmmﬁwmmm
ﬁﬁﬁhmngm%bvirmm shouid be stop .
Siemiémrepsly, the process of copstmucting preform tube
mmmm

Figze I :A mamsfactaring process of PE botfle




A defective perform tube & defived a3 sevesal
C¥ses sach a5 nn-pxpaction Smencion, faw on tube and
miss-dimersion on wall thickness. So, the inspacior nesd
to check at Jesz Bve dimenziom ouber diameter, longth
wall thickrees, neck thickness and twist langth, 35 shoam.

infigme 2.

Figure 2 -The démension of praform fibe inspection

In the copsidering company, the mspector usss
Vamaa&@aﬁmt&s&dmmm@{m
£ for the mspection process in which the
beﬁthwhspmzm%mmwa,éxmmmmﬂm

smier caliper so igmene W
CODCET: EASIEINE, Tn Tethice mpemﬂ:g amd
witvate opertor to bewars dafectve paxt, a fsh bope
dizgram amd a why-why amelysic have beem used fo
identify root canse for inspection problem To determsne
e and effect of the betile neck of inspection process,
the fish bore diagram wms performed, 2 shown in ipme
3. Those causes wers araiyzed via SWIH 1o idemify 2
zolton, as shoam in Table 1.

B B

Rivgonon b el
L Sy N
; "‘s. o Thebdttczetat
P Viatsusk T mpmeaprens
Bty i

wawmaent M
Fige 3 :The G:h bone dizgram analysic
Table I 5WiH analysiz

WHAT WHY WHERE | WIRy WP | Ky
Catbed | ververis | lasecte | apakr | 94 chuage o
i iy T AT dhgrial
oernise ]

calpar

The 1ith SEATUC Symposinm
Moy | owiobed Towpactns | Grapentor | 328% chiygs b
weal ner 2w snd
chackmy | e e bl
print
o okl wovraa | trepectsos | Gopecter | 3255 meinng
el EE o
Lackaf e
muiming
buudezpai | Hhabavs | beapectie | Bepecsr | 1992 Fhaitd
wighimg | bopeein | B e magectin
il s | B & mees

Why 1. Why does 2 bettle neck ecomr”

caliper.

Why X Why do they use Vemser caliper?

Ansper. Theyusa to measume concemed dimension.
Why 3: Why do we bave to concem those dimensions?

Arewer: Those dimemsions present a pood prodact
Gty

Fimmwe 4: Why-why analysiz

poous doe 1o severnl dimension bave to inspectior while
the operator does not famitiar with tool. Thes, in order 1o
meduce fine consuming, The GO-NO page hes besn
sstablished o mesnwe severl dwension as the seme
time Morsover, the GO0 page has to Hendly nze
witile do ned require skill of mepertor.

3 GO-NOCAGE CREATED

To cepstuct GO-N0 zags. a mpid protype
techmology i= applied. 25 shown i fzure 5. Starting with
desizn paps with acoumte dimensior of preform hibe was
presepted ina CAD £le via Ehinocews program, s showen
in fpae § Then, a 3D medsl of GO-HO zage was build
s shown in figire 7, Fipally, the GO0 gage was tested
o inspection praform sube, 23 shown in Exae &

96
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Figme 5 Lomstrocting GO-M0 zape process

Figure 6 :3D CAD model of GO-NO zags

Figume 7 :Fapid pootofype mods] of GO-NO pape

Figme § ‘Inspection prefons tube by GO-NO mgs
4 RESULY
Table 2: Conparing fnspaction fime between Vernisr
calliper and GO0 zags

TFims i Time o
Amountof | Zepecicaby | inspection Fod

e .; = ,. by GO-NO Tizo
 conerre § W o o sl
(nEn‘pisce} | {minfpiecs]

Modal 1:15 1875 345 T

Bodal 2 24 123 032 TE4%

The inspection comsumed fime were reconded,
as dowmin Table 1. The readt was shown that irspection
time by GO0 zage is less than inspecficn by Viemier
caliper more than 705%. This approach be shle to mhxe
the over processing waste, high acomacy apd can Be
inprove prodnctvity.

& CORCLUSEON

To produt PE botle seversl dimenzion of
mmmwmmmmm
copsunes time amd propose begle neck. To reduce
mmnmmmmmmmm
dzpram:, SWIH apalysis md win-why amelysis wes
mmmmmmmpmm

r was used to presemt GOND gape rapidly
gage was esiblizhed to quality coptrol in the tpspection
FEOCess.
£ ACKNOBWLEDCE
development aupporting fmd, Swanaree University of
Techmology.
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Generate an Adaptive De-cubing Automatic Processing for Laminated Object
Manufacturing (LOM)

Paphakorn Pitayachaval’ and Miramol Chaphol®
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Hakbon Ratchasima 30000, Thailand
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Abstratt— AMbing provess are important in the Laminated
Object Manufa {LOM) fechnique, creates 3 p af
model diractly from 3D CAD modal without mold and mv
mmwmmmmwst&mw
shape of waste material into generally small square shape that
can be exsily remove in order fo redoce fime and avoid
prolotype damagss, The adaptive derubing process applies
proportion of number of black pirels on considering ares psr
nuwmber of tolal pixels on consideriog aren. If the proportion is
more than 3 threshold, then the considering axis iy divided. On
the other hade, if the proportion is Jess than the threshold, then
the considering xxls is shipped. The adaplive process slgarithm.
has been developad base on MATLAB plaiform. The resnit
shown thal the bigest threchold exploded the rough degubing
and siair Jayer contour, while the smaller thrashold produced
the fine decubing and umooth layer contonr.

Keywords-component; Rapid prototype; Leminatr 03jret

Mannfactaring; Inuge processing
I DNTRODULTION

Rapid prototyping process is 2 manufdonriag process that
manmdfactures products directly fom CAD wmedel witout
mold and die. It was inwoduced to shoren prototype
consmucton tme. This process convents a 3D CAD model 1o
e 3 stack of 2D contouss which are nsad 1o ganerate machine
commands to build an object layer by layer. In this pooxess,
material is added 1o produce 2 part layer by layer. Seyverdd
techniques have been developed for rapid protonping process
and they canbeclussified 0w 3 categories based on the initial
state of marerialsfl] Houwid-bused, solid-buzsed ad powder-
based, Srersolithography spparanss (SLA), & populswr
technique in 8 Bguid-based system, is the first conupercial
1apid prototyping system. In this technique, UY laser i3 uwsed
o solidify phoro-cursble Hguid polymer to formm layers,
Selective Laser Sinring {8183 is 2 fawons technique in s
powdsr-basad repid protoryping system This technique is
similar vo SLA but instead of coring Hguid polymer with UV
Tazer, CO2 Iaser is weed in SLS o sluter powder o form a
Tayer. Stwedlarly, 3D printing & also 2 populer technique in 2
powdsr-based rapid prototyping system. Besides wing UV
laser, glue had baen appled. Last group of rapid prototyping
system i3 solid-based In this zroup, there ars several types of
solid marerial wsed inctoding wire, roll of lninmed sheetand
peliets. Populer technigques of this group ars Laminare Object

Paramate Horkaew
School of Conputer Enginesring, Insdrute of Engineering
Swransree University of Technology, 3UT
Nakhon Rawchasima 30000, Thailand
a-mail: phorkaenw/dsuracsh

Masufacoring (LOM) and Puwsed Deposition Modeliog
FDM2).

To complete a model creatad by LOM, a ool isused 1o
cut laminared material each layer sccording to layer contours
in which the waste material bas 1o remove as decubing
process. The de-cublog process is o assign shape of waste
material inro generally small square shape that can be easily
rezuove in order o reduce tioe and svoid protwiype darmages,

This paper presents g process to assign the size of
swastes material i the de-cublng process, The adaptive de-
cubing process has been establishied by using proportion of 3
length of contowr section par considering cube boundaries,

I LITERATUREREVIEW

Based on the process of cutting Iaminare material in LOM,
& defective moddl is generally cocwrred during contowr cutting
step. A method of “out then boad™ had been inroduced {8].
The ower area of model contour i cut into squal squares,
calied uniform de-cube, simuitaneously cutting ouler Contowr.
For this reathod, the sdging of prototype is quite rough and
difficalt o separate between wmodel and scrap. Morsover, Hur
and Laee {7] propossd the problems occurred during decubing
process: the cumplative error, whick is intoduced fnto the
serions problem and the rest of scrap material that stcks with
the moodal especially, a compledty model and 2 hollow modal.
For the hollow model, Cho and Lee [8] were proposed an
approach to creats by wiing LOM. There are two steps: <t
wuter comour of model for 3 concurrent layer Den ramove the
scrap material before bound with 3 pervions layer. This
approach presented more acouwmmisthve emor. In order w0
reduce the scormmdadye eror, Chin Lise and Hou 9]
proposed the bridge renerstion 1o connect the inner model
area and the omer model sres. Even though tds approach
reduce exvor in X and ¥ axis but ervor in Z axis {s increase in
whith the model & bended and mvisted, Purthawong,
Koomaap and Chanstd [10] were proposed the image
processing techaique has besn appBed in the adoptive
crossharch wolpath geperation. An adaptive crosshaxch
aigorithos has been created thres size of crosshaxch panem,
soll cobe, puin oobe and larze oube. The created main
patees is modified according 1o the Jayer profiles, If the cube
that contain black pixels wore than one quarter of irs pixels
forr smal] cubes aze insenad into the considersd cube. I the
mumber of black pixels in every fowr main cubes i
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datermined. The four cubes will be replaced by the large cule
if they sl are exepty. This algorithm developed and generate
by LabVIEW program.

I AN ADAPTIVE DE-CUBING ALGORITEM

An adeptive decubing is to assign shape of waste
material into generally small nonamiform squars shape that
can be easily remove in order 1o reduce time and avoid
prowiyvpe dumages, The algorithm is propozed, 3s shown in
figure 1. Aninpnt is an image of 2D layer contour. Since the
comour image presents the redundancies areas that are not
related with contony information, a contour bounding box is
crated 1o identify & working ares, This working ares presents
both outer and inner areas of particelar leyer contour. Thea,
RGE layer contours image will be couvent to binary layer
contours image, the outer and inner areas are ideanfied and
the fmage pivels of inner ares are msigned by black rolor
othernise white color is apphied. This working ares i Sivided
ro four main uniforrs cubes based on the half points along
Y axis and Y axis. Then, an adaptive de-cobe calonlating is
applied on sach cubs, starting from four main wniform cube.

Each main cube is investizated w calenlate adsptive
decube. The adaptive de-cubling process applies proportion
of mumber of Ylack pixels (BF) on considering ares per
number of total pixels on considering area. If the proponion
is more than % threshold, then the considering axds is divided.
On the other hade, if the proportion is Jess than the threshold,
then the considering axdis is skipped. A condition for dividing
cube nsing threshold is established in fHollowing condition,

HCurting point on X sxds.
St BP={
FOR {considering each colunm in & cubs}
I¥ (there is black pixel in considering column)
THEN BP++;
ELSE
Bp=BP;
IF BP>Ty;

HCuttiag poingon Y axds.
Set BP=g;
FOR {considering each row in 2 cube}
IF {there is black pixsl in considering row)
THEN BP+#+;
ELSE
BPp =38P,
IF BPxTy

The euting point = 225

When Ty, is threshold, x, = uuber of cohuen in considering
cube, v, = munber of row fn considering cube,

This condition is applad untl there is sub-cube conins pixel
less than thrashold. Whan the particular cube is assigned 1o
divide, the curting points on X axds and Y axis are recorded.

[ INPUT: 2D layer costonr I

[ ]
[ ]
[ ]
[t ]
W

i OUTHUT: Cutting points for sdaptive de-cubiny l

Figere 1. Adagtive de-osbing slgedithns
V. CASESIUDY

To implament the adaptive de-cube algorithm, pensrate
by MATLAH program. A case study model bave a diverse
shapes, by obtaining layer contours image. Then, RGE layer
comonns fmage will be convert 1o binary layer conmours
image. In order to be sbls 1o separate the outer and inner arsas
wre identified and the image pixels of inver area are aszigned.
Contonr bounding box concept were applied, the working
area and both inner ares sod ower area were esiablished,
respectively. Afer working arex was define, the working area
was divided into four reain uniform cubes. Then, the sdaptive
de-cubg was gpplied for all main cubes, Bach main cube &s
investigated to calenlote adaptive de-cube. From MATLAR
prograrm, the difference threshold are assigned a3 25% 50%
and 75%, respectively. The results were presented, as show
incase stody modet L and X1,

A variery of case study wodel was smdies, as show in
Figare 2, 6 and 10. The program was calonined untl dere
was all sub-cobes comain pixel less than 3 pixels. The
adaptive de-cubing was created, there are differently pattern
following by difference threshold.

4. Cosestudy modsd 1

Figurs 2, Layse vomonrs ofcase sady modal I
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Figore 3. The sdegeive do-cubus of ayar comtons R case sindy L
Sor doeikodd 0230

Figzs 4. The sdaptive do-cudes of Iryer somonrs for case simdy §
for doothald 0,904

Figms 5. The sdaptive do-cubss of Iyver conoomrs for oave stmdy 1
for a2 8.75%

TABLEL RESATRCOMPARIE POR LA SUn¥

Theeshold

sl 2% 505 5%
Totat cuming langsa 1345 1212 38
{pinely
Cuting lingth co 74 59 406
X axds {pinel)
Cuing gl ca P 533 41
¥ axis el
Tooal cuming poises 184 127 1
{Ema}
Cumsing poizr om 1 38 P
X i (s}
Crating poiat o 7 88 P
¥ iy (rions)

8. Coazesmdy model 1l

Fignre 8. Layse contour of cxvs seady zoedsl X

Figes 7. The adageive do-ovbes of Jaysr comtonr for caso wady T
i o hewibold

28

Figme 3. Ths adapeive do-cobos of Iayar comtowr for cans stady T
for redbold 0.75%
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TABLEZ RESATROMOARIG PORCAZ sTisw B
Threshold
— 25% 0% 5%
Towl coving kogd | 3604 3588 2677
{pixal)
Curting kogrh om 2443 214 1500
X axis pisal)
Crsting g o 2161 1439 &7
¥ s (pisel)
Tonal curing poinn 332 287 w2
{tinos)
Cuming point on 145 13 e
X e (rione}
Costing pointom 1867 118 7
X i (s}

8

Totsl cutting longth {pixels}

The results showed the varisty size of waste material,
curtiag length {pixel) and curdog polots (me). For case smdy
1, if the threshold was changed from 25%5 to 508, then the
toral cutting length were decreased 9.89%% and cutring points
also ware decreased 11.81%% If the threshold was changed
25% w 75%, then the rotel cutting leagth were decreased
37.69% and curting points were decrassed 36.81%. For case
smdy I, 3 e thrashold was changed from 25% 1o 50%, then
the total cutting lengdh were decreased 22.07% and caning
points slso were decreasad 22.50%. I the thrashold was
changed 25% to 75%, then the total cutting leagth were
decreased 41.85% and outting point were dacreased 42,1734,

In addition, the decyeased of cuning leogth and cuting
points raduce tool parh and time of de-cubing process, On the
other hand, if threshold is increazed, the rough swiace of
prototype and the stair layer contour were ocourred.

3348

Threshold
uCsmstade

2Cmes godp il

Figzre 10, Comparing ol surting Jasg: Sor o sndy maodel Tand X

Total catting points {ihoe)
¥

50%
Threshold
HCxmestudyl  5Case stady 1

Fignes 11, Coroprring torsd votdug pokes for v sudy medel Land I
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V. COoNCLUSIONS

The adaptive de-cublog process has been established by
using proportion of number of black pixels (BP) on
considering  axis  per mumber of otal pixels o
considering axis, The variety sives of waste mareriad wers
#stablished fa order to easy rarmove waste from mwodal sdye.
By nsing thiz algorithm, the sutorsatically identify threshold
comparing with the modal rror was geverated by MATLAB
program. Finalty, the output of his process are curting points
that can be used to generate tool path planning for aduptive
de-cubing process.
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