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Path Optimization Using an Genetic Algorithm for Robots
in Off-Line Programming
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ABSTRACT

Automated welding and soldering are an important manufacturing issue in order to lower the cost, increase the

quality, and avoid labor problems. An off-line programming, OLP, is one of the powerful methods to solve this

kind of diversity problem. Unless an OLP system is ready for the path optimization in welding and soldering, the

waste of time and cost is unavoidable due to inefficient paths in welding and soldering processes. Therefore, this

study attempts to obtain path optimization using a genetic algorithm based on artificial intelligences. The problem

of welding path optimization is defined as a conventional TSP (traveling salesman problem), but still paths have
to go through welding lines. An improved genetic algorithm was suggested and the problem was formulated as a
TSP problem considering the both end points of each welding line read from database files, and then the transit

problem of welding line was solved using the improved suggested genetic algorithm.
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3.1 =Y =g fgt TSP FUA L2|E
TSP(travel salesman problem) A& 29 ¢
219 o7 e EAE ¢3Ehe HARE TAHE
HEA® TSP EAE AEHQ HH5 AR
71&9) 2L AZ HAI TA A& U
A% dz2 Agxo] vt = ™3} FAE 8
Ast7] 9 ez e ofd YR (simulated
annealing algorithm)®, 417 3] 2 % (neural networks)"'?,

AR o318 Z(genetic algorithm)(m 5ol &5
o] &t} o] T FHA duFL AGHA Y
Hoz s wxs 2FE Hast A7

o]

o, TSPt #e H3Hg Zﬁﬁfﬂlﬂl B3 5&
< 7 e, sﬂ«l FHIL HE cYPRE F
ol(tour)e} 21, Folo] £&HE 3N & F
gl BRI H¥E g4t €99 1A FE
Z2Y8 222 ZragYLS o A JE
AAE & WA £ AE u-*l;— 5ol ‘?Ja‘?%—%
H, 4w & Bl B
Hago Ags 7
PEXﬂi Az & o dA BF
ZEl Zrafd %01*1 EA]
’7/‘15‘ R I B b s
F3 rR7A R A9, e, E"“’WH 71825
Z22h& zta Jow, B Ao AMEHE #3d3
#2242 o533 g

Of

oko rz re

3.1.1 ME

69

e

A el (selection) AAMAE ohS Ml §-HA
A 3] 98 BT RRE F e BR A
A Agss FAolr ol o HFE MAT}
o 2 AEVFE e AAAEY A4S R
Bt AU dAFeIth Yo HYoe
2y 0l A, 7oA W, 9 A, AYE B
E A, BEUHE MdYHE Fo] Y

B Ao A= v]# A =(proportionate selection,
roulette wheel selection)& AM&-3FSith vlE H=Fe
Zk A dElA FERFFRZEE doxe HE=
of vjelste HeEggo] sl o] FE wet
MAEe] Aexo] A&E F7]A He ¥rielrh
Bl deFel A A A7 AEE FE Pueei)E
Th3 o] Aot

Ji
Pselect( D = N (1)
ShY
o714 N2 7NA5(population size)E ERATE
3.1.2 &t
A X}(crossover)= F 2 FAANE =gl
M) e A AAAE BEE Aol
ok TSPAl QlofA mal AR = - AV wAt
(partial-mapped crossover, PMX), T4] XI2}(order

crossover, OX), &% I X} (cycle crossover, CX) 5 ©)

At



3% #1979 A10%

B dFAe 8 AME 2aE ARl
HB A WAHE Goldbergh Lingleo] o8 Al¢k
FE AV wAted e F2 289 JhA
o2 &t 23 nuAE FPsie WS VR
AR, Bed 28 watdl o)A 2y
ot AE A FRAAE Astr] A FEE
47 3} (repairing process)> TR E Fr}

2 iy

ﬁ“.jol

l(mutation) AM2t= FHAE AT
34710, 87} F2sl(local minimum)ol]
%*é& ReNF71 98 Aoy {3

O

& FalaEd wyo)r] wio HiT Al
%] A8l (global minimum)ol] 4%
glow, fEE 7t FaHE FYd)
Fa7|% §) el EddelE
2HERE B Ye ¢ Y= 2%
1ok &4z daeE %‘*—‘1:@1% 7

dA¥o] AAAtE w9 Fa38 2zt
“l A4 FER QWS TAAA
g Eddo] HEL Yty o Ao
ZRe 233 B dFdMe o
g WBAAY, HHe) BAW

rr

Zol,oég_,

NESE
o
WW%$

Ok LA ek R 0 W
o> T

314 2D2E EME

Fig. 55 2 A7elA g9 13 429 233
£ 93 AT KA BYFY EAEE B
Foh WA AW 2E B Aol U 2]
AN A4 @ 7, wAsh FAMlY FH
23 ¥ YRS AdeE FHS ANFVF B
Both 29z ANE Hgud g HusEe
AR Aze AL BEA Hed, o B
A} A3 AdFHE BEsA Dok @ A
AAeh Ao) g AdFs FEEE 2
53 lsde ned AP GolH B ook
gk,

70

Initial population
generation

To Maximum Generatioin

To Maximum Population

enefic
operation

Crossover l l Mutaton

0

3

Calculate
fitness
[

Fig. 5 Flowchart of genetic algorithm for soldering

- A58 5,
ololx Ewjalol @
AR A =, old Aoz
AR dmZe gl o
gol Baol WEolth SAW of AgolE wx
S04 AFEAT AR, A BAD
Y

©
PN
i
@
Qo
2
S
S
m[o

SRRdE e} B o ARE Y2 &4 =%
o] AMARI} Arke B EAGA YEch

old TAHE sfAsty] Hal E dFolME ¥
B 1A 7 2(partial fixed path)S 7= |4 A
of g E&A HH H2 AAY ¢ndES 1
stgon, Az JA4 2y A x FHrp 7)H
S AAET o] ¢nYFL V& ATE BE
HAsg 7Y FAEE dFE & 5 e E OE
PEe AN ok §HAAT Be uH F2
g 7HE &Y gids %Lﬂ*l7l74b} 3L B}A]
e gy UA 4R e Hay A Ade
=935t Ae HEEsta F o 7H6_L e o
< 7 A HAh

3.2.1 '1—‘"' _on'l §§
Aol A AAIF AR}
7 Hﬁﬂ Fig. 62 %%}‘*4 ]3



27 - &8 J93

L EEA 198 0%

3 a7le] &2 FAE v
Fele] &7 2ol o] £ FHL&
BAzE A5ty 98 s 2
gk WA, Z+ §4549 ¥ HE
a@g 2% Fig. 74 22 EHIT H
o TSP 471 Hof, &3 4le]
t}. 28)3 Fig. 8¢ A= 4 &
Aoz gate TSP &4 & ¢
] A% v dle 7 &34
ALE e Ha Aol A,
AA A 4E e 28 71 FAoA B
b= HAHE B 5 gk
XA

i)

o, N
o
it

0,

I
By ok
Y

A g
My

o 1l
ol
1>
o
=)

He

u

o oM mt

I
Y
i
]

k& ot o mdt X oF

i)
)
X
0
4

uel S Melge Aol ned Hu
2 834& 2dgsiA =4, Fig. 99 22 I
7b Atk agdM B 4 ARl REAHoE 1A
g ol HARE o|FE 5HT Agxds 7K
TSP A2 & 4 9tk
322 HEx g

ol A A E ulel Zo] EEAOZ A A
28 711 EAE 437 93 A¥= 4
(fitness function) GA] M2 NIdE& =Y
%, AARAZL He A AR HoAd T2 AR
e Apainl® Fe= Y-S Gt ol & A=
Z(path painol2ta ek EH F2AE AH A
4% FR A% AL AF 0@ A5 FAst @
g ARE BeE e gol Aeagith

f = min[is~ie,...] i=1..n i+,
= minZ(is~ ie) i=1..m iFi, (2)

A7 0 FE2FY S, iw 2R X s,
e 2 AT, $HE vEhde JAE HE
o~ A% 28 Jbesi BoldMe 4 H
v dd BAE BASL, 2 4 #29 37
EAEH, (] E ARE 2¥s AABRE @
ek dolth

2l (3} Zol ZEREY £A7F AsiA TSR
Mo #E FAsbe AR FH €M7 B
A7 WE, 7+ B4-E sty 2344 o7 A
A2 719E AANE 2.7 A Bk

o] A= ol p=9 Fig 99 &

1~2, 3~4, 5~6, 7~82 Fo 47]9] A& ¥

A

71

n
|
|
l w2 w4
] w1
|
|
‘ w3
|
Fig. 6 Example of welding task
e _
; 1e * 7
s . |
| » * I
‘ .
5 6
2 ® L4 -

Fig. 7 Selection of welding line's end point

L

I
|
!
|
!
!
|

T T 1
Co1e *7
| | |
L |

! | |
|13 4 !

| | *~-—————— —— — - |

' | |

| | é 8
[

| ! 5 6 — — —fixed path
[ 2 ¢ *~-———— -9

Fig. 9 Consideration of partial fixed path

F4e thes go) 8o



A gz z 198 A10%

f=min[1~2,3~4,5~6,7~8] 3)

2 3)9 HIE T ghs HLIAANNIE S
gasly] A8, ZF 29 AR 2o &AE Hl
TA =5, B9 == 21 =16 7}X 7 "o} & 2
A HAXN A2 g Ao = vy g

N=2"

o714 N& 23 A= 248 g3
ne Z2Ae N5=8449 HFE vhebdch

A

323 oA 24

AE#0 R o]FojA FAA I (chromosome
model) Fig. 107} ok 2 A 9] 72 <K (gene)
= 5 Adoezr FAHY H2Fo] " AR f
AL e S dvhet gt A |k B
o) ZHo] g M9 HAE o]FA /& ATFAAY
FrAAeb= thEA Fig. 10049 fd2= AH 5
NS 7HAH, 2+ AYe &HMe FHol ol
SR AFE A EHo] o d7)A
B89 A4 wet Y FAAE 274 A S
7HAA o ayeg, Aoz &3 AHY &
H FHdo] s Zt M E] 2¥E o] 2
72 dAAE 784 dcte

dAaFe H4 9 34 7He ngedo o
TAE Aol Fig. 1otk AARE F /9 A&

HAdaE JAE AEAS 3 e ARA QY
22 FAEE F32(gene)Z e A ok ZH
F(pair index)Z EHEY JHA B2 7] FAA)
o} e Fe & 7t A Hol wujel EdARe] 23
o] golstAl "t F, wully EFHoAdE F4
2dg gdH Fdx 2Fe] H, thF AtE
AA4s7] A3 APRE AN FFRdE 53
ol 7+ Az AAE A-F2 wgsiy, A (2)
o HE o8 AHHE g5 €k

324 2DEE =ME

Fig. 125 £ AolA AAF ¢]B2ES
2 &t ANE FA4x dalEe "AAAHA
L2 woFa ot HA AgsA 27 A

)=

oy o
Mo X jo

}_

72

gene

I

(n-1)~n

n ! Number of Poirt

Fig. 10 New model of chromosome

1~2 3~4 (n~1)~n
reduction ﬂ ﬁaxpam'n
_ ! crossover
pair 1 palr 2 pair (/2 % mutation

n X Number of Point

Fig. 11 Expansion and reduction of model of
chromosome

AyaL, F2Ae oz 3
TA A, o8 PO Fa7
BzAe] YHz F2¥ UL =
zAA] 7)€% FUY PEE YO E dhol
A z7to] A5 Aok 22m WA £
o) §8A zAo] BUA Hd, Al 3
AR 2AHI 88 AT 2 BYs
o) W) AzAolets B4 B AT wa
SR B ECRCEERR B2
enz AN PEE 2= F2E 2=
2o UFE DB WA ARG FAA
o 293 ALE HEwe] met AYsge
Hze AAEE BE

=
ot & Jo (B A
go © e o £

+
o
2o oo b &

]

o

X

2 ATA LR f94 BuFS Bk

7] f1iA d A 84 2ol TSP 2AE A
83 Bkt

N

4.1 Y =
Fig. 132 g4 g 28 o=l T2
mel S RgFa Qi 23 A AFHHAIF



o
oX.
=
i1
&

Aagarsx] 4198 A0z

Initial papulation
generation

To Masimum Generatioin

To Maximum Population

Buitd path pair

Reduction to
path par

l ’ Crossover

Expansion from path
pair

To 2¥, N = Number of path pair

Mutation ’ |

Exchange of
the front and the rear
in path pair

Calculate
fitness

Enumerate
fitness

End

Fig. 12 Flowchart of improved genetic algorithm

g ZAgdE e=epq] z2 a2 ccD ZhHE
2 23 ey A ARE npoAE o] Yu
AAE AAFoZA HZe tist wA] Zie] &

P},

AA gl o) AF wAIE TS WeE Y
A2l ﬁfﬂx—i ol AZJA FAlol A WA &
M7t AR g o7 %lw“ AAHES £ Ao A
ANE AR dugEs o8 HH H2E A
AE 5 e AHM «cAE AR A&
t4d-& CCD ZHrlets T3 49 FHE °n A
£ 25 WAE F3 AdA7E 4= 1570 FE
Axelh 2y g 212 AA W& AgTE
503], & Ad 2 A 1007, o] 52
5%0]t}. Fig. 14¥ CCD ©] Vl ARE o] &3 15
el Aol g9 9x& dgdu HHsE FY
3 Aotk Fig. 155 44 L3 Ee 7t A4

73

W2 AgEe] o
sgg gusA v,
ez

7} a1

15 e oF 04T o] %

H]-‘L&} W&
At Table 1> FHA &

o
TH £ F
e

o #9 A £4 Fo A3} wmstn o o

33~68%2 A2 olF A7}

HaH A

Table 1 Results of OLP for soldering robots

Conventional
method

Improved GA

Variation from
experience and

Intelligence

Application L method for path
intuition of a L.
optimization
operator
Path
2.6~50 m 1.74 m
travelled

Fig. 13 OLP of a soldering robot

Fig. 14 Optimized path for soldering robots
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Table 2 Result of OLP for

soldering robot

Application | assuming welding
line as point
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method Improve
Simple GA Improved GA
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[Path travelled 70.621 m
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Fig. 20 Application to OLP of welding robots
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