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71 A &, J\C,p(u)% A(2.5)¢F ol Aoldrh p>o09l A%, N, (w)e F 7N

p— 1A g9 A3 ZHgbo|th

_‘|2_



2.2.4. Knot Insertion

Bézier 34192 o|Fo|Zl B-spline 42 w5 4+ (Knot Insertion)< AF&3}

ol 7]&£2] B-spline F419 Rokg upx] ¢k ofE] 7|9 Bézier ¥4 E =
F Utk A EzE WE

71-_% /kl-ot}
2 Ao A Fig. 2.8.3 #o| wlF A& Fal B-spline FHE& oz 79

BA

T

Bézier 402 JFr F 3| AHZ HES o] &3le] B o FolA Aetst= 2HE
S FEY o) AAZ H3Erse BA g 5 shvel data polyline® B—spline =
A 7k WA S AAkskA Tt

Segment[0]

— # i H—
g iy s g

Fig. 2.8. Knot 4J= o] &3lo] B—spline 2r4lS Bézier FACZ v o
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2.2.5. Bessel End Condition

E o Fo A= EZF &7 (Interpolation Condition) 22 A4S 4+ gle F AlAA
d;3 d,-1 % Bessel End Conditiong o]-&3dte] F35t%ich.[6]

Bessel End Condition< Fig. 2.9.3} #Zo| Yeld 4 9ltl. B—spline 34 X 7Zke]
/H o); _7_7:4 O] 7:4/(4}34154 th]. to] —,—0']1])5]

) =)

?51__ hs{

S o]&ste] 2a F A (quadratic curve)S AT = AAE 273 FAH9 of A
W

H

ol A o] 1xF ml& FtE B-spline 42 &F A9 A WE =R 7MAstE 7|
ol
P1
Ly N
p Pz
Uo Uy Uz

Fig. 2.9. Bessel End Condition

pooll Aol At mli e o] &3te], di2 A(2.6)= F; T F dow wWHE

Aol d,_ 5 2 WHoR T & gk

A
a= ,=1—«
Uy = Uy
1 (2.6)
a= w(}h a2p0—ﬂ Dz)
2
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7d3pstsgell Al o AbEA AR ool HEVE HRE FAsHY] ds SAAH A EA &
AE Ae, HF, 24, 223 Aegde] BES FatHoR B sle] el o
AFA1ZE #HE (stochastic process) HA g nf2a=z AxR A A(MDP)e gkt
dle]dES] F3x= MDPelA Fatel o AP s Sl #AE HAste Aolnt
gk 0] v % A 7)Hb 7}slsksolgt ool HEV AA A zmletu]g] E7HS B
Aslel EATLE Hdlele M Foote WA otk T #EEhged Hely
o] A% AAWE ol &3 FetulelE ule|Este] EXFFE H R she WA
1

e
A Z 73318k (DRL, deep reinforcement learning)e] #|et=leich.[1] Fig. 3.1.
% Z+3tebs o] e S HoAEr

4 @ Agent
O

¥ ¥
[
-0

O
\ Actor-Critic

@ Reward ¢ @ Action a;

@ State s;
[ Critic network: Calculate value function ® V(s,)

Actor network: Calculate policy ® my(a,|s,) ]

® State 5,44
@ Reward ;1 -

@ Environment ] «

r 3 &

\

Fig. 3.1. The general DRL learning procedure([4]

a5 27 (Fig. 3.1-@)llA &AEA AR ol o] A E(Fig. 3.1-D)2 2 B 2H

vhet &7 o] WstE el = A s, €5(Fig. 3.1-) ¢ Wste| ot A (Fig.

3.1-@)5 vt} of7)A, S5 A Lo A st5d BE Abe)o Aol BAS
N 5

o} | 917 T8% S840, oe|dEE Al T8 A4

A el oW WE q,EA()(Fig. 31-@)& &
m,(als,)(Fig. 3.1-®)E
T e AR Vis,)(Fig. 3.1-©®)& 29t o714, Als,)= oflolAd

=
Aol AME F ool BE Y PPelth oelHEI} 4F 4Gz

E
]
)
ol
=
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Ze9 A3 AU A ZRY WE o F AAp) HW AEE s, (Fig 3.1-©)

ol Hlx wstel Aol g BA ., (Fig. 3.1-@)F derh s AARE F
2 AAZA ool EVL 'Rty BAS e RS ouiEet FEI A7t
ol a=miet A5 4 7 E

Aol HEAE gidlolEstel A9 dwe B dE-2
1

gl wA el el stEwH e PPO dxelF[16]e] sk

3.1.1. PPO &8 &

<4 A # A 3HPPO, proximal policy optimization)+ HE|—=E]g HFA] 9
A 7ME AS FFsteksy dae|Felnh. AldxRAs 2 4R Ik KL oW
(Kullback-Leibler divergency)< ol&3f A¥std HAdFE o3
TPPO &xe|F9 &4t Axs desi e HA45 7HAH, Ao 27|

HAE ABAA FRTFE 23 Al?lL S ARgEl7] wtel kAR
il ]

ofM
il

—

d

o

>
e
oo ot rr o oo

A el E7 7hedh dae| el PPO g5 dA A3 old A
Abol o] Aol S Eol7] Haf A (3.1)4 75‘01 =29 (clipping) = °©]-&3F

1+e if,n,(0) > 1+e

clip(n;(0),1—¢,1+e)=1—¢ if,n(0) <1—e (3.1)
T otherwise
m(as;)
714, e= Sl sto] 3 3tetu| ¥ (hyperparameter)e|™ 1, = o] A

Told (ai|8i)

Aol tgh dx A ulEolm] [1—el+e| HHZE AZtE}

PPO &xe|52 o AA& 53
on—pohcyO]U‘l A r(a,s,)E A
AR HEUEYTF A3 EHAE
giol A 7FAE Axbe Z2E A
AZEaE B2t AR EAL e V()9

(3.2)8) o] AQel=c),

1

L) =5

Y LA (yi—Vs (Si))Q (3.2)

A714, Be wlUMA 27003 g AR BAOE g =r(s,a)+V,(5,,) % A
BEES
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PPO  daez|FelA AAAHd AA ddle|]eE fsl F:zHe] =<l oA
A)
l

(surrogate) HAgF=
Li(g) = E[min{m (O)Aﬁg”ld(st,at)’ clip(nt 0),1—€,14+€)A ’reozd(st’at)}] (3.3)

oA 714, A™(s,,a,)= ©1F F4(advantage function) @ A1ZF toll A Adeig 3 5o]

REgEgrel Z1gigtel vlAl= 4@ HEE Kok 73 7Abell A A (3.4)eF 2
A(OO)(Stvat) = Z'}ﬁftr(st,at)— V(St) (34)
k=t

oA714, & FH7bEelR Vis)e AH7FA FFE A2 ol FREH FEAA A
A s ol A AR 2 dojxle F R ZIHFtolth n—step 7HA] Al4kgE o =W
Bl A= A (3.5)¢F o] Holxr}

t

+n—1
A(”)(Stvat>_ Z ’)/Citr(sﬂat)_'—?ﬂnV(St+n)_ V(st) (35)
k=t

ol T AVspq)l FAZS HFFH wAE Folr] s A (3.6)F o]
n—step J=WME|R] FHZL tEAES F FAbsts olmwlE]x] FA o] Uk}

(GAE, generalized advantage estimation)= * £3}%t}.

GAE'= Y w, A" (s,,0,) = Y ()16, (3.6)
n=1 k=t
og7]A, & 1-step AZAF LAZ § =r(s,,q,) +yV(s,.,)— Vis,)Z Rt A&
[0,1]¢] W29lE zt= GAE parameteri AFS 2A™-st] Ay HE kS A4S ¢
gtk Aol 0 X 12 AL GAE'= A (3.7)E Ao =t}

T(Staat)+'YVua (St+1)7 Vu (St) =A (1)(St7at)

whenA =10

N - (3.7)
E'Yk t5k =4 )(Swat) when A =1
k=t

GAE'=

A=, PPO <azs
Aol & AEAI7IH EAHFFE FHH S = A (3.8)3 22 A} TAE

% e,
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0

L%9) = E,[min{n, (0) GAE", clip(n, (8), 1 —¢, 1+ ¢) GAE" }]

S0+ Ay ™ Poold

O<—argmax Y | F
ars tzo (3.8)
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Action, a;

B-spline interpolation

|
Calculate area and

curve energy

|

_———a,y

changed knot values by adding action values

«  Perform B-spline interpolation using

bezier curve and data polyline

curve into bezier curve
* Calculate the area between

* Insert knot to divide b-spline

State, S;41

Environment

Reward, s;,1

State, S;41

Reward, s;,1

Fig. 3.2. DRL process for offset point interpolation
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3.2.2. 35 (Action) &9

o o] HE ] 3YF2 o]it(discrete) HFI} <<% (continuous) oz FEI
g=dl, Ao WHslE zeste]l Amdk viE e WIs Fsr] A A
91 WellA dA&EHl 3HE Adsty] #d A5 Fsoz HYstAt. centripetal i
NEest wer Ak £27] Wi e LEATLE AXEL o|F A
o A e R Aot HF Fol A AlabE AAd Fre 7o) wiF Fel ©lsled
B—spline ¥4 H7+& 35 of| A A wF Frel i+1WA vl F
B Axls A7 G = oot old EAE s Askr] & AFel FHd FHi
od

W 915 Table. 3.1.7 o] A elslglch.

o )

Table. 3.1. Define the scope of action

Action range calculation order

Calculate the difference between the #" knot value and i+ 1" knot value
Divide the difference by 2
Find minimum value of divided value
Divide the minimum value by set number of epochs, a
Set the action range to |—a,al

2 viE el o

o
Ap

Y5 o= A45hW Fig 3.3.3 o] Ww

Fig. 3.3. 7| "5 ol A= AE&3

3.2.3. EA(Reward) B¢

7yatatse Zhzke] Abglel A oo A EVL B AdulHS w A= AE7FA Vis,)
o ATstEE g sh4s sAwth mebd oolAEst BES 5SS
W e Aol ol FolAe wAe doldEe] s W e ARAE Fad
Q4 F shuelrh. & dTelA e Bospline F4 B2 A A w5 g W shA
7 B—spline 34 H7t 43 % data polylined} B 7t® =FAHo] o]F= wHAe 3t
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AZ FHAstels oZA doly #HA B7HE Ex g 3o
Data polyline® ®BZtH =FAio] o] F= WA k2 Fig. 3.4.9F o] A }
4782l =4 el Alpgpppyrpy)ol Fo1d A5, B2w B-spline 45 =4 4
o] A& o]&sle] nfe 3z Bézier AR E ihwrh. 7 Bézier HHo A A
Ae AL Fold FA 2ol Apyp,)olnE Y B 23 £} yHEES o) &3t
o] data polyline2 43 = data polylined} zZo| o]F= 7+ =5 o] &3slo] 33
Bézier =41 Aol A3 AloldE ovtE 3|AWHE ghoh s|AHE A7 ZH7Fe] 3%
Bézier +4& zFHol| dlsle] HE3 FS tvste] B—spline =413} data polylineZt
o] Heolx Aot

The shaded area represents the area

calculated within the segment

(green line is the data polyline)

) | \\‘ ;
S \ Segment(1] '
7 Y Segment[0] |
\ !
\
\

+ AES vehlls 49 oA 2.32e4 A
= Zolz Aoslnw

U
ol BE FALFE FAe duAe A A

if original energy > new energy :

if original area > new area:0
else :—10

r= , (3.9)
else:

if original area > new area:—20

else :— 30

(3.9)¢} ok FA9 oUyAI} AeFE HFE=sA E7HE
polyline®} ¥ 7+% =F =



o

do
oy

pm

o

of A(3.9)¢} Zol HAbs WA =t
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Table. 3.2. The scheme of ppo algorithm iteration[16]

Algorithm. Proximal Policy Optimization Algorithm
for iteration = 1, 2, ..., do

for iteration=1, 2, ..., N do

run policy my,;; in environment for T timesteps

Compute advantage estimates A “(s;,a,), A (sy,a5),..A (s pyaz)
end for

Optimize surrogate object function L wrt 6, with K epochs and mini
batch size M < NT
010 <0

end for

teatch 2= dolE A BAF ZRAA
of PPO ¢aelEs A8 vy, dH-z== A4

ﬂ-aold% 7]’"?‘*] gto 2 7]’% 6]'—7_,—

3]

3 TFHAE AR & 2a-AA FEULIFE ALY PPO d1ElF
2 FEE2H A gytdE WA o7 oAy -z2y AAWe FERE Fig. 3.5.9
7},

Actor neural network Critic neural network
Input

() Hidden layer Input
(state)  ° i ‘

= RelLu (state) “'-;; h
3 tanh(x) €

SO [H]

Hidden layer

RelLu

linear

N/ = X_Y" softplus

64 neuron

32 neuron 16 neuron

64 neuron 32 neuron 16 neuron

Fig. 3.5. Structure of the actor—critic neural network in PPO algorithm

gaozne A58 YFS FUstd WA roh o AH s, T AL ol
A7 B gt ol R B4 AT(s,0) 8 AAETh AZEAE TabE A

(85 @5 Yps logTgya(als;)) 5 vl Ao A et He—=2ly 417

do o



HEe|—z 2|8 AlHe FE|ulo] A EE= Adam optimizerE AF&35kgirh. 2= Al o
ol¥] A HZF A, 7hekgt oA|A e A dlelE|E o] &3te] B—spline 4 WIS F
Y5ttt Fig. 3.6.2 oA A ©lo]E]E centripetal 713} w3 PPO < 1g]
2 24 FA WS 783 Aot} centripetal Wil HS
s} W g o] gated BZEE FA 9 oy g 231.2110]3 Yo| 2 144.470]

W PPO LTelFE ol st P_{}?‘SJ %OI AU FhE 219.704, Heol 2

Points on curve B-spline Interpolation using Centripetal parameterization B-spline Interpolation using PPO Algorithm

ol e . 0 0

o 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
x x x

Fig. 3.6. 7|&2] wj7fH <3} w3t PPO 2|5 o] &5te] B 73 4
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tez A A1A 270

=
il
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A3 vl
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v
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1 o
- T

L
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o
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gl e FA35HA]7)
s
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3.4. F A3} g
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genetic algorithm)[9]
v

oy

Terminate and
Obtain solution

Yes

= Converge? )

centripetal w7}

=

Fitness function
calculation
Mutation

=

3.7. Flow Chart of Genetic Algorithm
| o] E]

.............................

Fig.
o A] A

}e B—spline 3
gk o] ozl gk 219.809, Wel #2 70.161% 7t7t 4.93%, 51.44% FH4s}

o

|,

Generation of initial
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- Points on curve B-spline Interpolation using Centripetal parameterization B-spline Interpolation using NSGA-II Algorithm
50
. .

10 10

o e . o

°

° 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 4 60 80
X x

Fig. 3.8. 7|9 wi7H 3 vy GA <8F

o
o
ofo
ol
ol
£
e
o
&
£

Fig. 3.9.&= ©}& 4 A A dlo|E|E centripetal 73} W3 PPO Y2 F
GA <az|F5 o]&3to] B—spline 24 A B7bE 7 FAolr) centripetal
w5 WS o] gste] HZbE FAo oluyx| gk 444.440]3 Ylo| 2
246.820]M PPO ¥ 1e|F& o|&dle] HZFeE Ao oA ZF2 441.15, Yol

= 240182 77 0.74%, 2.69% Hastsith GA ¥ag|FS o] 83k
o] el vA] gk 432.95, Yol g2 305.90% oA L 2.659%
ol 32 23.94% F7tstadnh GA <ae|FE ol &stdls A%, oA k2 PPO
dE]FE o] gl T AR Hol S A RE Yol Ak

Al F7tsksicth sld 2AHE AsEGE W, GA dagFS o] &3 RS FHAS

s s Rds A eskE Aol

B-spline Interpolation using Centripetal parameterization B-spline Interpolation using PPO Algorithm B-spline Interpolation using NSGAI Algorithm

0 20 4 6 80 100 120 140 160 0 20 40 60 8 100 120 140 160 0O 20 4 60 8 100 120 140 160
x x x

Fig. 3.9. 7|&9] wi/fwH3 W s} PPOY 2|5, GA 4a8]5S o] &35}
H7HE o
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3.5. L= A dlo|g A&

B Aol A= Algtsls EHlel A S VERE 2=l dolHE A&5ted 7 A4
FHEE o] &l 43T body planel tal &3
4 Ao 2 KVLCC2[17]& AAsksdtl. KVLCC2
Agsle] 20709 o FAlo diaf st Ay A9

3.5.1. 2= A dlo]e|& PPO &g S HL3 A}

Fig. 3.10.2 KVLCC2 Alu}e] 1 ~Ho]lde <o=ZAl dolHE o] data
polyline®} &t} S A4 dolE & 7|E£9 w3 wh PPO L xS L35}
of o S AT 2dHolth 7= wiwrst WHe oSS wl oA

glol gL 6.608°]aL PPO €ae|E< ol &3< we Z7 38.385,
5.549° & 0.65%, 16.03% Zr43tsich. Fig. 3.118 al 2= Al dlo]EE o] g3}
of a5 & o] ou]iso] wWE BAF FI EAGEE el 2@ o)

Data polyline B-spline Interpolation using Centripetal parameterization B-spline Interpolation using PPO Algorithm

Yoo

0{ @ o

00 25 50 75 100 125 150 175 00 25 50 75 100 125 150 175 00 25 50 75 100 125 150 175
Y y y

Fig. 3.10. KVLCC2 41¥}e] 1 station 2 ZAl dlo|EE & E35lo] H7E3E o

episode and reward episode and area episode and energy

3860
o ]||| T T T ln T 667 ¢

38.55

38.50

38.45

-150

38.40

-200

Fig. 3.11. olu| A=l w2 RAF 33} EA-3F 3
Fig. 3.12.= KVLCC2 Awre] 2¥ AHolAde <2=Al do]EHE o]& data

polylines} &g 2 2Al vlolH{E 7|E2] wirds3t W, PPO ¢arz|Sel A-83t
of & S4dEs AT el 7]Ee] viiRes WS ol &S W elyA
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ZHe 37.277, Ylo| e 4824011 PPO 32 FE ©] =
168322 0.07%, 2.92% 7+4stAth Fig. 3.132 slw 2 =4 ool & o] &35}
st & uf ovise] wWE BA 3 EATFE e 27 ol

Data polyline B-spline Interpolation using Centripetal parameterization B-spline Interpolation using PPO Algorithm

Fig. 3.12. KVLCC2 41®}¢] 29 station £ZA dlo]8 & A &3l B o

episode and reward episode and area episode and energy

1 37.29

LA 3728
. 'eae,

_a00 4.80 3
.o 3727
ot 3
-600 475 :
37.26
00 470 % ?
s 3725

~1000 465
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000

—200 485

Fig. 3.13. ol 9]z we B g3 543 3t

Fig. 3.14.+= KVLCC2 Alv}e] 3WH AEo|4e =il dHo|HE o2 data
polylines} e 2= vo|HE 7]Ee| w55 W, PPO %zl Bel H&s
of wh FUe AT 2olth J1ES WAMSI HE ol&WS w oy

Ylo] 7k 3.4990]1 PPO dxg]HFS ol &3S wjl+= Z+7 37.158
3.417 = 011% 2.34% ZrAstdv}. Fig. 3.15+ a5 L ZAl dlo]EH S o] &3}
S o olyase] o w3k BASSE ey 23o)t,

O

Data polyline B-spline Interpolation using Centripetal parameterization B-spline Interpolation using PPO Algorithm

Fig. 3.14. KVLCC2 A1x}te] 3W station £ Z A dlo]g| & A gEale] H7EE o
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episode and reward

episode and area
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Fig. 3.16.= KVLCC2 ARrte] 4 ~A®|o]de] 2 xAl el E AH§3led o =
AL AR a™eloh 7€ vwiiESE WHE ol gds uwl ofuvx 3
39.346, Yol zte 3.4520|1 PPO ¢uE|ES ol €3S w= 77 39.3, 3.385°
2 0.12%, 1.94% F+43t9ch. Fig. 3.17.2 " 2ZAl do|HE o]gale] 3¢5
o] ofu]i=o] mE BAF I AT E ER 2™ ol

Data polyline

B-spline Interpolation using Centripetal parameterization

B-spline Interpolation using PPO Algorithm

Fig. 3.16. KVLCC2 Alute] 4¥ station L= dHo|E & A L3l B3 o

L : |
Fig. 3.17. ol¥|A =] w2 B} ZF3} Ex53g4 Zh

Fig. 3.18.% KVLCC2 4lv}e] 58 AHle]Hdel e =Al do|HE AHE5led ©bHl
As A adolut. 7|E9 wivlHest WS o] &S ul oyA]
38.752, o] e 32180]1 PPO 18|52 o] &3S wj= 77k 38.729, 3.192
©° 2 0.06%, 0.81% 74 3}9th Fig. 3.19.= &l 2= A dlo]EE o] &35l 35
ol oy Az wWE HA FI HATFE ERA 9ol
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Data polyline B-spline Interpolation using Centripetal parameterization B-spline Interpolation using PPO Algorithm
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Fig. 3.18. KVLCC2 A14te] 5% station L= Al dlo]8 & A-§3lo] Bk o

episode and reward episode and area episode and energy
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Fig. 3.19. oL =of w& BA 33 A3 3t

Fig. 3.20.= KVLCC2 Aute] 8, 9, 11, 12, 13, 14¥ Z©|o] A<
E Hgote] il TS WA 2|} 8, 9, 11, 12, 13, 14
ZA dlo]E ghto] Zol 671 AH oA disl] el xS skt 7]E9
st WS o] &S W oAl & 3.79954, Hle] = 0.0
tnelES ol &S W= 27 3.79919, 0.042°8 0.01%, 6.67% Zr4istal
Fig. 3.21% 8l =4l dlo]El & o]&3le] st & wlf o g|LEof & HA 3}

3 %A% vehd 2elele),

Data polyline B-spline Interpolation using Centripetal parameterization B-spline Interpolation using PPO Algorithm
25 25 25
4
H
i
|
20 P 20 20
/
/
15 P 15 15
10 & 10 10
s
os Lo 05 os
_____ ol
00{ e-==""" 00 00
265 27.0 275 280 285 290 265 27.0 275 280 285 290 265 27.0 275 280 285 220
y y y

Fig. 3.20. KVLCC2 Ax}e] 8, 9, 11, 12, 13, 149 station 2 Z Al do|E =
G35l B3 o

_3']_



episode and reward episode and area episode and energy

| PP T

ik 004601
00455

0.0450

3
%
1
3
s

0.0445

0.0440

00435

0.0430

00425

-500
00420
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000

Fig. 3.21. ool &=ef w& BA 33 EX¢F 3t

Fig. 3.22.&= KVLCC2 A19}e] 15 station £ ZAl dlo|H S A -&slo] b A
= A oot 71ES wiriE R WS o] &3 E W oluvAl S 7.077,
ol 32 0.1470]2 PPO daE]EE o] 43S w+= 27 7.07, 0.1462F 0.1%,
0.68% #+43ststh. Fig. 3.23.& dlld &=ZAl dlolE & o] &5l st & wff o3
LEo mE BA g EXFgFE b 29 ol

Data polyline B-spline Interpolation using Centripetal parameterization B-spline Interpolation using PPO Algorithm

-
o,
-

oo

255 260 265 270 275 280 285 290 255 260 265 270 27.5 280 285 29.0 255 260 265 270 2.5 280 285 290
y y

Fig. 3.22. KVLCC2 A1®}2] 15% station 2 ZAl dlo]E| & A &35lo] H 7kl 4

episode and reward episode and area episode and energy

0 01500 : L. .
0.1475 7‘7 z
01450 o .
01425
0.1400

00 013751 *

-500 01350

01325

711 -y A
0.1300

0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000

Fig. 3.23. ool &=ef & BA 33 EX3F 3t

&)
ofo
ol
-
2

>

4% body plane]a Fig. 3.25

Flg 3.24= 7)1E2] wyhH S S &
ol 2= A dolHE Agsle] HAE o

[e]

=
© PPO &x2|5S AH&ste] Shad &
W S HolF 1, o]E5 A|ZEEE body planelth. Zb v 2 A o] A
7] wjEel|, sl 23HE vund o, APHo g Fo|7t ¢l& & urt AR 8

2~

2

AR
= (e} e) S = < -
o} asdes HUT & genz @
H

ok

b
733}_% }\L;:]Eol-_g ;;H x—l;%]§_]. %x-lﬁl—

%
G %

68 EUE olgolel UG AYT W A2 PUE o) §3he] WYY Wt
yeele A 3

_32_



KVLCC2 BODY PLAN using Centripetal Parameterization
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Table. 1. The procedure of a general GA[13]

Algorithm. Genetic Algorithm
Stepl: Set t=1. Randomly make N solutions to form the chromosome, P;.

Evaluate the fitness of solution in P;.
Step2: Crossover: Generate an offspring chromosomes @,
as follows:

2.1 Select two solutions x and y from P, based on the fitness values

2.2 Using a crossover operator, generate offspring and add them to @,
Step3: Mutation: Mutate each solution x& @, with a predefined probability
Step4: Fitness assignment: Evaluate and obtain a fitness value to each
solution x€ @), using its objective function value.
Step5: Selection: Select N solutions from ¢, based on their fitness and

copy them to P, ,
Step6: If the object function is converged, terminate the search and return

to the current best solution, else, set t=¢t+1 go to Step2:

— AR g#v]d E(Policy gradient)
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Offset Point Interpolation using

Reinforcement Learning

Yeonjin Jang

School of Naval architecture and Ocean engineering, University of Ulsan
ABSTRACT

B—spline curve interpolation is widely used in various fields such as
computer graphics, computer—aided design, and robotics. The shape of the
interpolated curve heavily relies on the control points calculated based on the
parameterization method. When determining the parameter values(knots) that
affect the shape of the interpolated curve in B-—spline curve interpolation,
different parameterization methods lead to distinct calculations of control
points. This characteristic makes it challenging to precisely represent the
desired curve shape. In this study, to overcome these limitations, proposes a
novel parameter optimization method based on reinforcement learning when
performing B-—spline curve interpolation. The proposed method generates
section curves based on the calculated parameter values applied to offset data,
representing hull form. The agent in the reinforcement learning adjusts
normalized parameters iteratively from O to 1 and defines transformed
parameter values as states. Observing state changes, the agent learns the
optimal parameter values for a given point by observing environment feedback,
represented by the resulting curve. The agent refines the optimal parameter
values for the given B-—spline through iterative adjustments of parameter
values and observing resulting curves. To evaluate the proposed method, we
compared the results obtained using the conventional optimization method,
genetic algorithm, model with those obtained applying the proposed algorithm.
Furthermore, we compared the proposed method with existing parameterization
methods when generating section curves based on offset data to validate the
usefulness of the proposed approach. The proposed parameterization
optimization method demonstrated superior performance compared to existing
methods. This approach presented in this study offers a novel approach to
finding optimal parameters when interpolating B—spline curves, showing the

potential of utilizing machine learning techniques in geometric modeling.
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