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Automatic Pipeline Design System Using Reinforcement Learning

* A. Inaoka, H. Kimura, A. Matsubasa (Kyushu University)

Abstract—

Prior research has been conducted on automatic pipeline design system to support the piping de-

sign field in ship outfitting. In piping design, there is a problem that the final design plan differs depending on the
order in which the pipes are placed. In this paper, we investigate the possibility of using the REINFORCE algo-
rithm, one of the reinforcement learning methods, to make Al perform this order determination task, which is

currently performed empirically by the designer.
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Fig. 3: Problem of determining an order of pipe
placement
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Table. 1: Features of model 1

Feature Explanation Domain

Ratio of the diameter of Selected Pipe to
X1 0<x;<o0
the average one

Ratio of the route length of Selected Pipe
X2 0<x, <
to the average one

Ratio of the number of transit points of
X3 } 0<x3<o
Selected Pipe to the average one

Cosine similarity between the vector of
X4 : -1<x,<1
Selected Pipe and the average one

Relative amounts about x1 of the end of

Xs Arranged Pipes and Selected Pipe TRSX <@
Relative amounts about x2 of the end of

X6 Arranged Pipes and Selected Pipe TOSXe <@
Relative amounts about x3 of the end of

X7 —0 < x; <

Arranged Pipes and Selected Pipe

Cosine similarity between the vector of
Xg ) —1<xg=<1
Selected Pipe and the end of Arranged

Features on the number of consecutive

Xg 0<x9<o0
exchanges

X10 Rate of progress 0<xp<1

X11 First move or not x11 = (0,1)

sigmoid(Wx) (a = a,)

— sigmoid(Wx) (a = a;) (6)

P(a) = f(S,W,a) = {1

W= [Wll Wy, "'PW18] (7)

X = [1, %1, X3, X3, X4, (X11 * X5), (X11 * X6), (X11 * X7),
(x11 " Xg), X9, (X10 * X1), (X109 * X2), v, (X1 'xa)]T
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Table. 2: Features of model 2

Feature Explanation Domain

Feature related to the rank on the
X1 ) . 0<x; <1
diameter of Selected Pipe

Feature related to the rank on the route
X X 0< X2 <1
length of Selected Pipe

Feature related to the rank on the number
X3 ) 0<x3<1
of bends of Selected Pipe

Feature related to the rank on the number
X4 ) ) 0<x,<1
of interference of Selected Pipe

Relative amounts about x1 of the end of

X5 ) . 0<x;<1
Arranged Pipes and Selected Pipe
Relative amounts about x2 of the end of 0<x <1
Xg <
*e Arranged Pipes and Selected Pipe 6
Relative amounts about x3 of the end of
X7 ) ) 0<x,<1
Arranged Pipes and Selected Pipe
Relative amounts about x4 of the end of
Xg . . 0< Xg <1
Arranged Pipes and Selected Pipe
Relative amounts about distance between
X9 0<x9=<1

centers of gravity of the end of Arranged

Sine similarity between the vector of
Selected Pipe and the end of Arranged

X11 Rate of progress 0<x1<1
X12 First move or not x12 = (0,1)
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Fig. 4: Episode-Reward moving average of model 1
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S rate(%)
§ 150 - Model 2 normal 94 0 0 10
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TC 68 16 19
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Fig. 7: Episode-Episode length moving average of
model 2 Table. 4: Average cost of success
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Table. 5: Parameters used in the first move

Parameta| Result of learning x Related
W23 -5.067906984 X1X12 Diameter
Waq -3.88894835 XX1o Route length
Was -3.568914133 X4X12 Number of interference
W22 -0.866940911 X12 (Bias)
Was -0.152338889 X3X15 Number of bends

HHEDO K Z Z0v 6, FIFTILEL (Diameter) <CR%HE
£ (Routelength) OFFEENEMRINTND, =—
=¥ NOPIFTOFEFHIERPRKREZNS O, REEEN
EVWLDERTH E VWD Z LT D,
WIZHFLURE O TEN R I B A . 2 T DR BEFRS
HEIZHOW TS, FIFLRETH(6)D Wx IZATE
NTNDDIEFLLFOFERE NS T RAHOFMTHD (UL
TS T AHITAN)

(Wi2xq1 + w)x; (1 — x42)
: (18)
(Wa1X11 + Wi1)x10(1 — x55)

ZOFRKTEIHINZ/NT A ZDFKN Table.6 ThH 5,

Table. 6: Parameters used after the first move

Coefficient

Result of learning x Related
of x
Wipxy,w, | 1376804544 -5.430115912| x, (1 — x,,) Diameter
Wisxqq,ws | 0.732070727( -5.344375882| x,(1 — x,) Route length
WiygXyq,w, | 4131766525 2.02951501 x,(1 — x;5) Number of bends
wysxy,,ws | 0.522330178| -5.858365592| x,(1 — x,,) | Number of interference
Relative amounts about
Wity We | 2.308283243| 2.393934183 xg(1 — xy5) diometer
Relative amounts about
Wiyt w, | 1.513081022| 1.747820264| xg(1 — xy5) (oute longth
Relative amounts about
WigXyy,wg | 0.760428926| -3.599611204| x,(1 — x,,) num of bends
2060989128 231719798 1 Relative amounts about
WisX11 Wo ) ) %o(1 = %12) num of interference
0.520499967| 0.223748185| x,(1 Relative amounts about
Wa0X11:Wio | H ) ¥o(1 = %12) center of gravity
Relative amounts about
2.567853726| 2.420949492 -
Wa1X11, W1q X10(1 = x12) sine similarity
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Fig. 12: Visualized parameters
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Table. 7: Percentage of selection for each pipe
at the first move

Pipe 1 | Pipe 2 | Pipe3 | Pipe4 | Pipe5b

| Percentage 6.704 1.125 0.138 0.764 0.05

Pipe 6 | Pipe7
91.212 0.007
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