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Automatic Spatial Optimization Method for Water-System Equipment Layout
in Metro Station Environmental Control Rooms Based on the Repulsion Model

LIU Moyun
(Fuzhou Roil Transit Design Institute Co., Ltd., Fuzhou 350004)

Abstract: Due to the large quantity of equipmentin environmental control rooms, it is necessary to optimize the equipment
layout to save space while guaranteeing normal maintenance. Therefore, an automatic spatial optimization approach is proposed
to optimize the layout of central chiller plants. A repulsion model is adopted to quantify the rationality of equipment layout, which
was regarded as the optimization objective. The differential evolution algorithm is utilized to adjust the equipment layout
within a given space for the lowest optimization objective. Moreover, this approach repeatedly reduces the given space to minimize
the space occupation of the central chiller plant. A real metro station environmental control room was taken as the case to verify
the effectiveness of the proposed approach. Results indicate that the proposed approach reduced the occupied area of the
equipment from 105 m” to 100.1 m*, with reasonable equipment spacing maintained. Therefore, the proposed approach is able
to optimize equipment layout for metro station environmental control rooms, thereby achieving room space saving and reasonable
equipment spacing.

Keywords: rail transit; repulsion model; metro station; heating, ventilation, and air-conditioning system; equipment room layout;
automatic optimization
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Figure 2 Schematic diagram of the chilled

water/cooling water pump unit
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Figure 3 Schematic diagram of the overall unit of the chillers group
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Figure 4 Schematic diagram of the integrated water
distributor-collector unit

TR Ab AN

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

______________________________

5 KALBRACER TR
Figure 5 Schematic diagram of the water treatment unit
1.2 g&EFHERE
PRUEV A I IR 238, 1847 ffs, 1EEfr i

148 URBAN RAPID RAIL TRANSIT

PN N BEREIN S W A RAIE B 2 (R AT IE R T, HL
Bt L M AR R AEERN . e FiXA Hbs, A05
TR SUF R B VHSITAT HLIGAR 2 TR DY LA e
VAR RS vl 1] 11 S i s s S ol 1]
AAAEEBR, JFIHIETTR. ARRNA IR
(K JvkHn T

Dx:abs(XA_XB)_(LA X+LB,x)/2_Dsafe )

—abs Y Y LA y+LBy)/2 Dsafe (2)
ﬁ
D.>0
(3)
0 D.<0
ﬁl)w
)
Dy<0

R.+R, D,>0o0r D,>0
Rap = Rgp =

L p.<oadn,<0 O

punish

A, A RIRAHE A XN IR, B Rt
B XN HITHER, x 5 y 53R A S e RO A (R
B 2 v 2 K TR HR o) K ) x AR AR AT y Bl A b 5
L5 L, 53 27 BT AR 1 x Sl ) Ay Bl s G
D, 5 D, 535 AN SR ICARTE x J5 U RIAE y 5 [l (1 %
JIMEE: ff NF RS, 5 D D, AR
BN AT T o fo G ZI xp TR T
IEHOGHR, DT e IO R 5L, %280
S XA, W) 4% () TE e T A . A
TR fr B 1000 mm, 5 SOh PR B2 Z A1 B 7 o)
() EE AR LE 224 A EEATS A 1 000 mm 430, & T84
RA 1.

Daage NP B 2 18] R PRUEIE 6 B85 2235 . KB I
BN AEE; RS RIS BICIRALE x FRT y
oy ) LR R S (B EAN)s Rag A1 Rga N A B
AN FTCARZ TR R TR D1 (o), R/~ ook 2
A S LK T miE, WEFI%ET RS
Ry, A, 5 WLEJF I TG TS R (funisn B2 7€ AR/
&, #l10°.

1.3 &5 EEHZENERHEE

TEBLEAT RN, Bk S ML S50 2 1A v B A 2 4%
R o] 1B S E R I ATV N IV el TR A
LAPER, RIS Z R BHLE ST R
J$ 1.




B F I BB RIS IEY KR G088 B 5 = L1775

T J7 I, — MR AR NG LRSI, B
A BB BN G ST, IXAE ) AR 5 S DG
ML R ). XRI N BTkl
WL Sk 2 IR B TR]EE K T 22 AR AL BRI, TL Gl x B
JELAE T T3, RN BB 508 1A 2 0 TEAR 5
3(6) N KWL D S Ry h e 1A L 0 238 2 D 1] R Ly
XA

(Di ~ Dyate border ) X foorder D; ZDsate porder

Rborder,i = 1 Di <D (6)

safe,border

fpunish

4
Rborder = ZRborder,i (7)
i=1

S Roorder A BERRE R ICHITSZHLSS S KIE 05
Ruorder, i N B HICIRINER @ 40T L5 a5/ e
715 Di RN HIUIRINER @ SHMEID SRR BN b3 4 fe
ER A, 5P Z AR, mm: Dy, porger A 70
S8 S B BT 45 22 A, mms fooraer LGS
SRR ER D REL mm!, ESHS &R
P&k Z AR 3 0 IEESG AR, DRI R 5 1 L
MBSO R HL,  Hogloe SURRBOR, e S L5 42
1] P G 2 4 A T 0 B A 0 ELOR - AT TR foraer B
Lm", R8RS 55 46 2 [ ) 505 17 [ BEAT L
‘2z 100 mm RN, AE DTSSRl 100,
Sounish BEITE SCAARAME G 1070 LU FAE TG L2
TRV BRI -
1.4 HEABEKEHIRE

1.2 155 L3RI & 1 (I oeik sz
(#3507 B A R Ay A A #e b i fedk H A,
WA %G DR s feid ferd, et h
Pefe Hx.

Fsum = sz + Rborder,j (8)
Jj=1

J1sn A BT IR CANLET N R I 5 v JK R 4
RURIKIEA . Ve rKWLALRE . 238K 3« FKALFRALIN, n

H5).
1.5 BETEFHABEZNREHETIREMM
Lidig

ATPUIET 220y SRR R A B R T /A
W I EAT o 2200 BEAL ST — RISl A Rt i AL
AR R RS, SRR e, L

PIPEAR S PPBEAC X FARIERE. I fb o R 2%
1 SRR A AT b A b R 0 A 2 1) v 4k 2 e A
B AR I TR ) A R s B
ARSI B ARG N -

1) BIRIRE T, H P S LN ZERIB BT A %
BER TR RIS — R 5 IR Z AN R AR
HE IR WA SN G WA R AR =R
AR5 A EIKBIRB) 7 A OCHE S 55 28 1Y 1 2%
TUM e B G AR TV S T A 8 B R T AT A
“1, WAE Fam, 10

2) LR, AT e Al id B AL &, B
T BT B TOAR IR P A R S, 3L 10 A AR R
%10 N BTN 0 B, BT BRSO I AR Ky
WIdG AR, AT — HARRENER a B, 1% EH AR
{10 5% 25 B B T AR I AR KA B A R U +a . AE L LA
by ARIPVET E A B AR R R, AR
P 52 (=5 000, 5000), HIEEDTE 4 RESGHR
(A AL BR8] AT AERT A6 (E 1R)+5 m i B A2 4k

3) Bl Ja A D7 VL IF A AE FH Python T & 1058 = 5 [
Scipy SEILZE ML SVE AR KA i SR SN
A5 LA T SR TCAAR IR A) G A b R DX I S A B ), DA
Jo K535 B AR TR TS AR N Scipy J (1) differential
evolution J5%, 4G i/ MR N “ Ak
R 15 TR AR I % ) S R N & ) o il R
ZEoy A MR R A S . A iRk R
B, RN S YRR, JREE AR X
LR PIRIIEAR, BB . Ik, 25 it
AEIVEIBAT I AT B8 H I TG VE TG BICSUR (FE A AN
— WAL SR I AR AR (FE AR RS )
Be /N AT BT ) I ) . kg N e ), FEE L
T BT 22 R 3 AN S 4 TUN T
A MRS AP 3, (H A XA F 1K) Scipy FE
T ZE A B R S B O T TR TR, Refg
IGACAEFEAR T 30 B TRRLAG ) 8, DR AHIE FUAN 1 4
ZESY IR EVE I 3 MBS 4L

R NS RSO A ] BRI AR BTV TR 4
SEMMLE A, BT 10 AT, W 10 X
A g R RS S, gL 10 K
Pk g S it sl o, & 1/ N T kR T %

AN TR & T —— ). (B R e

punish

IR A 2 xR B AR T, RS 228t O B (R B IEmT T

URBAN RAPID RAIL TRANSIT 149



ETHIRBIZE - F39% F 25 2026 4 H

fift), FFEINE AT 8 AL 2% 1R ] DS 22 45 I v
A A5 10 AME S, 808 ) /Mg
SRAR T e A IR AR, WA M RT s & LGS 25 1R
TSI 2 A R A AT

4) B TERES 3, R TS, His ik
SRR A fi 2 V26 2 TRD 1) 2 4 TR R A DA B 1 4% S5 0L
gty E T, MR 1.6 TR NP i
T LG N e DS T AR (R DX kil SAR A, it
JEERN 3). 45,
1.6 NS RIGELEETE

R BN KRG AT B ], RSt T
AN e 3 (R R o VRl ER AL DS IR
TERIEA N KT, K5 IE VAT, FidEh
BB .. KRG WA BN N —
NPT TE X IR 6) 0 A TTIEAERHR S AR
TERUE KRG %45 8 2% 0] B 5 TR K 3 4
2 100 mm, ARG TR L LMK RS %
PN FA RS 2 e SRR B AT, LASK
TSR/ NIIK R GE VA% (A 23 (), T Zom L
2300 o 24 DX IR ARG /N A 2 4y B ST T R B A M
RAET R BE AT E )T =, BIACK TR T3 RGK
RGP () e AT E TR

3600 ) 3300
L /]“ 1 I
: 00 ESESEE( pkas @500

1300400 1300 |
ok

[ ]
pveewor

5‘
Z;m%mw#

(] ooso &z |)

Rij

£

}‘ WCC-W02 }

0021

Ble Bkl KimIAaalps sl K R G5
Figure 6 Layout plan of the chilled-water system in the
large-end environmental control room of a metro station
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Table 1 Actual dimensions of equipment in the case system

AKpLE KJE 3600 mm, FEE 1600 mm, #/E2000mm 2
AKKFR S KJE3000mm, 5EE 400 mm, #JE 1200mm 2
A2k % KJE 3000 mm, 58J% 400 mm, #/% 1200 mm 2
SR % A42 500 mm, ¥K/Z 3300 mm 1
LK% A4 500 mm, K& 3300 mm 1
AR AL ZRASL K E 1600 mm, 5/% 800 mm 2
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Table 2 Dimensions of equipment cluster units
in the case system

BRI & F4T) 3600 4700 1500
AERFAQ &-F4T) 3000 1 600 800
AIpAFAQ &F4T) 3000 1600 800

2KBLERE 1500 3300 500
KA AL & F4T) 1 600 2400 800

x3 EPRFBZREFETMZEMREEEE. BT
SN\ E SRR &8 iR
Table 3 Safety clearances equipment-cluster units and
between the units and the room structure in the case system

AR B
AR R 2500 mm
AFKFA 2500 mm 800 mm

nKEL
Sk 2500 mm 2000 mm 2 000 mm
RAFALLL 2500 mm 800 mm 800 mm 800 mm
BELEH 1000mm 1000mm 1000mm Omm 1000 mm
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Figure 7 Initial water-system equipment clusters before
optimization (7 mx15 m)
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Table 4 Minimum system resultant force obtained by
differential evolution optimization under different spatial areas

R R+ Eo A E kT RE GRS
7 mx15.0 m 71 714.85
7 mx14.9 m 71215.75
7mx14.8 m 70 717.51
7mx14.7 m 70218.96
7 mx14.6 m 69 720.95
7 mx14.5m 69 223.64
7mx14.4m 68 727.65
7mx14.3 m 68232.18
7mx14.2 m 1068 210.30(F % 3.5 4F & 57 %)
1200 000
1000 000
= 800000
ig 600 000
E 400 000
200 000
0

15 149 148 147 146 145 144 143 142
X3k K /m
8 AFXIRIEAN, ZEABIAL T BN RS S T
Figure 8 Minimum system resultant force obtained by differential
evolution optimization under different spatial areas
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Table 5 Coordinate displacement of all equipment units
under the final optimization plan

AR Ak A B Iy S i A AT AS 3 /mm

R&F Tk
x y
AR —700.37 63.45
K -796.27 —85.14
PR AL ~790.62 138.96
SKRBELEKRSE 0.10 —1209.92
K AL AL LR —571.40 -963.83

K9 Mk s LR T 445 X0 7 m=14.3 m
I, PSR R AAT B 5. il 9 A 5 al
W, FEFUERES, T KRS SR I B/ 2 4
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Figure 9 Optimized layout plan for the water-system
equipment clusters (7 mx14.3 m)
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Table 6 System resultant force of the initial state of the
case system under different repulsion-parameter scales

X3 B EF N B2 EAER S
fi=10%, frorder=1 29 094.40 71 700.0
fi=10°, frorde=1 2909.44 71 700.0
fi=10*, frorger=1 290.94 71 700.0
fi=10°, froer=1 29.09 71 700.0
1200 000
1000 000
-

4o 800000
§ 600 000
400 000
200 000
095 129 148 147 146 145 144 143 142
XK B /m
<<<<<< =100, fie=1 = fi=1 000, frue=1  ——fz=10 000, £, =1

Ji=100 000, froge =1 —/;=1 000 000, fior0e=1

K10 AR F OBRSHC, 720t
IR e
Figure 10 Minimum system resultant force obtained by
differential evolution optimization under different spatial areas
and repulsion-model parameters
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