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RAPID PROTOTYPING TECHNOLOGY/CONTOUR IDENTIFICATION/TOOL

PATH PLANNING/TRAVELLING SALESMAN PROBLEM

Rapid Prototype technology (RP) or Laminated Manufacturing (LM) is a
fabrication process of prototype created layer-by-layer directly from a 3D CAD
model. After slicing plane is assigned on CAD model, layer contours are extracted for
each layer. Since there are several contours on each layer, these also allow many
possible solutions for tool path planning. This research presents an identification of
contour relationship algorithm for tool path planning of rapid prototyping construction
by applying parent-and-child concept. A relationship of sliced contours is defined,
then information according to contours relationship is used to planning tool path of
rapid prototyping. A tool path for one layer of RP consists of two types: moving on
contours (operating time) and moving between contours (non-operating time).
Heuristic method has been applied to generate possible tool paths in order to minimize

distance of tool travelling to all contours.
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AT N.2 HAAITZIZNNIZNINYANIAINAITTIHUAYANNARI8ID Searched Points Based on Home Position

dulasesn | gaisudy c1 c2 c3 c4 cs c6 c7 c8 9 C10 i1 c12

AR 0 189.97 | 10754 | 33112 | 247.70 | 53374 | 48647 | 57947 | 53615 | 25812 | 153.08 | 64326 | 607.90
c1 189.97 0 90.05 19578 | 23471 | 43503 | 45326 | 48482 | 501.51 91.79 137.00 | 55352 | 562.09
2 107.54 90.05 0 23029 | 19428 | 44980 | 43225 | 497.82 | 48210 | 150.63 82.23 56441 | 54923
3 33112 | 19578 | 230.29 0 17800 | 24200 | 299.82 | 29200 | 34198 | 107.17 | 18646 | 361.01 | 390.54
C4 24770 | 23471 | 19428 | 178.00 0 299.02 | 241.00 | 340.60 | 291.00 | 203.10 | 112.06 | 40072 | 361.17
Cs 533.74 | 43503 | 449.80 | 24200 | 299.02 0 176.00 50.00 183.93 | 349.04 | 38118 | 119.00 | 189.91
C6 486.47 | 45326 | 43225 | 299.82 | 241.00 | 176.00 0 182.96 50.01 388.64 | 35089 | 211.63 | 12225
7 579.47 | 48482 | 497.82 | 29200 | 340.60 50.00 182.96 0 177.00 | 399.03 | 427.55 69.01 163.29
C8 536.15 | 50151 | 482.10 | 34198 | 291.00 | 183.93 50.01 177.00 0 43449 | 40084 | 189.04 | 7485
9 258.12 91.79 150.63 | 107.17 | 20310 | 349.04 | 388.64 | 399.03 | 434.49 0 146.00 | 468.02 | 489.36
10 153.08 | 137.00 82.23 18646 | 11206 | 38118 | 35089 | 42755 | 400.84 | 146.00 0 49240 | 469.01
cil 64326 | 55352 | 56441 | 36101 | 40072 | 11900 | 211.63 69.01 189.04 | 468.02 | 49240 0 147.00
ci2 607.90 | 562.00 | 54923 | 39054 | 361.17 | 189.91 | 12225 | 16329 74.85 489.36 | 469.01 | 147.00 0
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dulasesn | gaisudy cl c2 C3 c4 Cs c6 c7 C8 o C10 i1 c12

yaiTudu 0 107.54 | 15521 | 22623 | 25832 | 33112 | 25521 | 490.09 | 539.52 | 607.90 | 630.16 | 64530 | 554.18
c1 107.54 0 80.06 11975 | 15088 | 23029 | 189.59 | 43030 | 48027 | 54923 | 55633 | 567.17 | 47116
2 15521 80.06 0 103.00 | 139.06 | 18220 | 11002 | 35101 | 40101 | 47001 | 481.15 | 49396 | 400.56
3 22623 | 11975 | 103.00 0 36.22 117.18 | 15207 | 366.66 | 41477 | 481.80 | 47000 | 47537 | 37547
C4 25832 | 15088 | 139.06 | 3622 0 10523 | 17640 | 37493 | 421.63 | 487.16 | 46739 | 47000 | 369.07
cs 33112 | 23029 | 18220 | 11718 | 10523 0 148.00 | 28419 | 327.82 | 390.54 | 363.55 | 365.07 | 264.00
C6 25521 | 18959 | 11002 | 15207 | 17640 | 148.00 0 241.00 | 291.00 | 360.00 | 375.00 | 39036 | 301.78
7 490.09 | 43030 | 35101 | 366.66 | 37493 | 284.19 | 241.00 0 50.00 119.00 | 15936 | 187.86 | 150.62
C8 539.52 | 48027 | 401.01 | 41477 | 42163 | 32782 | 291.00 | 50.00 0 69.00 12648 | 159.67 | 15161
9 607.90 | 54923 | 47001 | 481.80 | 487.16 | 39054 | 360.00 | 119.00 | 69.00 0 10600 | 14206 | 177.79
clo 630.16 | 55633 | 481.15 | 470.00 | 46739 | 36355 | 37500 | 15936 | 12648 | 106.00 0 36.22 106.10
cil 64530 | 567.17 | 49396 | 47537 | 47000 | 36507 | 39036 | 187.86 | 159.67 | 14206 | 3622 0 101.24
ci2 55418 | 47116 | 40056 | 37547 | 369.07 | 26400 | 30178 | 15062 | 15161 | 17779 | 106.10 | 101.24 0
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%convert image to binary image
I =imread('Ex222.png');
BW = im2bw(1, graythresh(I));
S=size(BW);
for row=1:S(1)
for col=1:S(2)
if BW(row.col)==1
BW(row,col)=BW(row,col)*0;
elseif BW(row,col)==0
BW(row,col)=BW(row,col)+1;
end
end
end
%search contours
[B,.L,N,A] = bwboundaries(BW,8, holes');
length(B):
for X=1:length(B)
r=rand(1,3);
boundary = B{X}:;
K=length(B)+1;
figure(K)
plot(boundary(:,2), boundary(:,1), 'Color',r, LineWidth', 2);
axis('ij")
hold off
hold on

figure(X)
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boundary =B{Xj};

plot(boundary(:,2), boundary(:,1), 'Color'r, TineWidth', 2);

axis('ij’)
hold off
end
Yecontours relationship
if length(B)=1;
fprintf{'Contour is a parent');
else length(B)> 1;
for k=1 : length(B) ;
I=find(AC,K));
[I=find(A(k,:));
if 1-=0;

fprintf('Contour %.0f is a parent of contour %.0f \n',k,1);

elseif 11-=0;
else fprintf{’ Contour %.0f is a paren \n'k);
end
=kl
end
end
hold on
figure(K)
%searched points based on home positon
Point_on_Contours=zeros(length(B),2);
X=L
w=size(BW);
while X<=length(B)
B{Xj;
distance_initial=10"6;
s=size(B{X});
x1=0;
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yl=w(l),
for row=1:s(1)
2=B{X}(row,2):
y2=B X} (row,1);
distances=sqrt((x1-x2)"2 + (yl-y2)"2);
if distances<=distance_initial
distance_initial=distances;
x=x2;

Y3

end
Point_on_Contours(1,1) =x1;
Point_on Contours(1,2) =yl;
Xp=X;
Xp=Xp+l;
Point on Contours(Xp,1)=x;
Point_on Contours(Xp,2) =y;
X=X+1;
end
disp(Point_on_Contours);
plot(Point on Contours(;,1),Point on Contours(:,2),'r0’);
%Distances
s=size(Point on Contours);
distances = zeros(s(1));
for count1=1:s(1),
for count2=1:countl,
x1 =Point_on_Contours(countl,1);
y1 =Point on Contours(countl,2);
x2 =Point_on_Contours(count2,1);

v2="Point on Contours(count2,2);

distances(countl,count2)=sqrt((x [-x2)"2+(y l-y2)"2);
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distances(count2,count 1 )=distances(count1,count2);
end;
end;
disp(distances)
%enearest neighbor
Points =Point_on Contours;
N_Points = size(Points, 1);
distances = pdist(Points);
distances = squareform(distances);
distances(distances=0) = realmax;
ShortestToolPath = realmax;
fori=1:N Points
startPoint = 1;
path = startPoint;
DistanceToolPath = 0;
distancesNew = distances;
currentPiont = startPoint;
forj= I:N Points-1
[minDistnext point] = min(distancesNew(;,currentPiont));
if (length(next point) > 1)
next_point = next_point(1);
end

path(end+1,1) = next_point;

DistanceToolPath = Distance ToolPath + distances(currentPiont,next_point);

distancesNew(currentPiont,:) = realmax;
currentPiont = next point;
end
path(end+1,1) = startPoint;
Distance ToolPath = Distance ToolPath + distances(currentPiont, startPoint);
if (DistanceToolPath < ShortestToolPath)

ShortestToolPath = DistanceToolPath;
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ToolPath = path;
end
end
%oplot the tool path
hold on
=[y=l;
fori=1:(N_Points+1)
x(i)=Points(ToolPath(i),1);
y(i)=Points( ToolPath(i),2);
end

line(x,y);

title(['Path length = 'num2str(ShortestToolPath)]);

hold off;
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%sconvert image to binary image
I = imread('Ex222.png’);
BW = im2bw(I, graythresh(I));
S=size(BW);
for row=1:5(1)
for col=1:S(2)
if BW(row,col)=1
BW(row,col)=BW(row,col)*0;
elseif BW(row,col}==0
BWi(row,col)=BW(row,col)+1;
end
end
end
Yesearch contours
[B.L.N,A] = bwhoundaries(BW 8, 'holes");
length(B);
for X=1:length(B)
r=rand(1,3);
boundary =B{X};
K=length(B)+1;
figure(K)
plot(boundary(:,2), boundary(:,1), 'Color',r, 'LineWidth', 2);
axis('j")
hold off
hold on
figure(X)
boundary =B {X};
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plot(boundary(:,2), boundary(:,1), 'Color',r, LineWidth', 2);

axis('ij")
hold off
end
%econtours relationship
if length(B)=1;
fprintf('Contour is a parent');
else length(B)> 1;
for k=1 : length(B) ;
I=find(A(: k));
I=find(A(k,:):
if1-=0;

fprintf('Contour %.0f is a parent of contour %.0f \n',k,1);

elseif 11-=0;
else fprintf{'Contour %.0f is a paren \n'k);
end
=k 1
end
end
hold on
figure(K)
Yesearched points based on previous contour
point_on_contour=zeros(length(B),2);
Last_contour=zeros(length(B),1);
X=1;
w=size(BW);
x1=0;
yl=w(l);
distance_initial=10"6;
for X=1:length(B)
BiX};




83

s=size(B{X});
for row=1:s(1)
=B {X}(row,2);
v2=B {X} (row,1);

distances=squt((x1-x2)"2 + (y1-y2)"2);

if distances<=distance initial
distance initial=distances;
x=x2;
¥=Y2;
First_contour=X;
point_on_contour(1,1) =x1;
point_on_contour(1,2) =vl;
point_on_contour(2,1) =x;
point_on_contour(2,2) =y;
Last_contour(L,1)=First contour;

end

end

end

£=3;
while g==(length(B)+1)

x1=x;

=y
distance_initial=10"6;
for X=1:length(B)
for i=1:length(B)
if (X==Last_contour(i,1))
break;
end
if i==length(B)
X
B{X}:
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s=size(B{X});
for row=1:s(1)
x2=B{X}(row,2);
y2=B{X}(row,1);
distances=sqrt((x1-x2)"2 + (y1-y2)"2);
if distances<=distance initial
distance_initial=distances;
x=x2:
vy
First_contour=X;
end
end
end
end
end
Last_contour(g, 1 )=First_contour;
point_on_contour(g,1) =x;
point_on_contour(g,2) =y;
g=gl;
end
disp(point_on_contour);
hold on
plot(point_on_contour(:,1),point on_contour(:,2),'r0");
hold off
%Distances
s=size(point_on_contour);
distances = zeros(s(1));
for count1=1:s(1),
for count2=1:countl,
x1 =point on_contour(countl,1);

y1 =point on_contour(countl,2);
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—_

x2 =point on_contour(count2,

)

2

y2 = point on_contour(count2,2);
distances(count] count2)=sqrt((x1-x2)"2+(y1-y2)"2);
distances(count2 count1 )=distances(count1,count2);
end;
end;
disp(distances)
%onearest neighbor
points = point_on_contour;
N_points = size(points,1);
distances = pdist(points);
distances = squareform(distances);
distances(distances==0) = realmax;
ShortestToolPath = realmax;
fori=1:N_points
startPoint = i;
path = startPoint;
Distance ToolPath = 0;
distancesNew = distances;
currentPoint = startPoint;
forj= L:N_points-1
[minDistnext_point] = min(distancesNew(:,currentPoint));
if (length(next_point) > 1)
next_point = next_point(1);
end

path(end+1,1) =next_point;

DistanceToolPath = DistanceToolPath + distances(currentPointnext_point);

distancesNew(currentPoint,:) = realmax;
currentPoint = next_point;
end

path(end+1,1) = startPoint;
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DistanceToolPath = DistanceToolPath + distances(currentPoint, startPoint);
if (DistanceToolPath < ShortestToolPath)
ShortestToolPath = DistanceToolPath;
ToolPath = path;
end
end
% plot the tool path
hold on
x=[Ly=Il:
fori=1:(N_points+1)
x(1)=points(ToolPath(i),1);
v(i)=points(ToolPath(i),2);
end
line(x,y);
title([ Path length =" num?2str(ShortestToolPath)]);

hold off;
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A tool path planning for rapid prototyping technology

dnng  Ainegens* sunans e

fnitiAInesNgAANTNne dniniairanssuAnans smanendealulatigeun a.ilas A unsiin

E-mail: paphakorn@g.sut.ac.th, Bthanakham@gmail.com

o .
UNAREa
waluladinsaseduussand (Rapid Prototype technology, RP)
o T 2 ) =
H?ﬂﬂﬁﬂ’?ﬁ‘ﬂ‘]?ﬁuﬁjﬂlﬁuﬁu (Layered Manufacturing, LM) A8
> o, E
ATEUIUANTAT N TUSI UA LU T UReTY (Layer by layer)
TnemsarnuLL§ 1 AsufiuaefuLauLLd1asveanudy
-, . o, x T
(Slicing)  luseuny (Plane) MAMUATY AN ULUARLTUTES
uLd1aeNasgnans (Extract) ihudulasaig (Contours) Tadaya
dularaireluusagguasgniiau 14lunra Fregusuduuuy
& . P . 3 .
unaduiinauedinisseyauduiudzeudindulaseing
(Contour Identification) Tuusiazd Ingslsegnst 15uuamn Parent
" I Y B <
and Child feyamiuduingreuitudulariiieazgniunldoe
ey = E @ ¥ =
kU RtAReungeATee luntrafedunuu g uay
Uregnaldunararesdiyminasidunigeamineuee (Traveling
) o p o
Salesman Problem, TSP) mtimwumﬁnmﬂ;ﬂwm;ﬁmdﬁﬂfmﬂ
e o By Y e
yaudsaarvemdunaninaraunssni1ndulazse Teazdona i
N . o o
FEELIRTINIATIALLLY (Fabrication Time) RAA4 UREUANIAEN

o . o o o o &
ATTUNUFENTIEATENNE IUNITAS IALLLLAL TN Y

Abstract

Rapid Prototype technology (RP) or Laminated Manufacturing
(LM) is a fabrication process of prototype created layer-by-layer
directly from CAD a model. Layer confours are extracted for
each layer. After slicing planes are assigned on CAD model.
These contours can be ulilized to build a protofype. Since there
are several confours on each layer. These also allow many
possible solutions for tool path planning. This paper presents an
identification of contour relationship algorithm for tool path
planning a of rapid prototyping construction by apply parent-
and-son concept. This algorthm defines relationship of the slice
contours. Information according to contours relationship can be
used fo planning fool path of rapid protolyping. A concept of the
travelling salesman problem has been applied fo determine the
path sequences in order to minimize distance of tool travelling to
all confours and to avoid possible collision of tools in case
several tools are applied.
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Abstract

This paper presents an algorithm for tool path
planning of rapid prototyping by identification of
contour relationship in each layer. A concept of
parent and child has been applied to identify
relationship of the slice contours. Information as
contours relationship can be utilized to plan tool path
of rapid prototyping and applied the traveling
salesman problem to determine the path sequences
in order to minimize distance of tool travelling to all
contours. The tool path is categorized by 2 types:
moving on contours (operating time) and moving
between contours (non-operating time). The algorithm
had been implemented on a case study, and the
distance of total tool path from algorithm was also
presented.
Keywords: Rapid Prototyping technology, contour
identification, tool path planning, travelling salesman

problem
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