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Optimization Design for the Signaling System Refurbishment of
Tianjin-Binhai Light Rail under Strong Constraints
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Abstract: The signaling system renovation project of Jinbin Light Rail Line 9 is facing strong constraints such as the type of
of the terminal station for pre-station turnback, insufficient length of the train inspection garage line, and tight equipment room
area. There are significant contradictions with the renovation goals of achieving a 2-minute turnback interval, upgrading the function
of the automated train inspection garage, and installing equipment without disturbance. Targeted optimization design is needed.
Firstly, the current research status of signaling system transformation was introduced, and the constraints of strong constraint
conditions on design objectives were analyzed. Secondly, the focus of the design research is on three aspects: pre-station turnback
capability, automated train inspection garage design, and signaling room equipment layout. The key bottlenecks that conventional
design methods cannot meet the renovation goals under strong constraints are identified. Finally, this paper proposes a systematic
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optimization plan: adding axle counter equipment in the pre-station crossover section and changing the switch control logic from
double-acting to single-acting, optimizing the safety braking model for train inspection garage stopping and adjusting the C-track
interlocking logic, and adopting an uninterruptible power supply (UPS)/battery transition scheme for centralized stations while
streamlining the equipment configuration at non-centralized stations. The application results show that the optimization measures
effectively solve the contradiction between strong constraints and renovation goals. The turnback interval of the pre-station has
been compressed from 136 seconds to within 120 seconds, meeting the requirement of 2-minute operation; The protection distance
required for automatic stopping of trains has been shortened from 7.56 meters to within 3.8 meters, achieving automatic entry
and exit of trains into the inspection garage; At the same time, the space requirements for equipment installation were reduced,

and the equipment was installed without disturbance under the existing equipment room conditions.

Keywords: rail transit; significant constraints; signaling system; refurbishment; optimization design
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Figure 1 Typical signal track layout of Tianjin Station
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Figure 3 Train inspection garage Layout

100 URBAN RAPID RAIL TRANSIT



BAR THEREBEE R R EA LML KT

NLH
h
]
le 39
38 | 47935 085 h 47935

| b | il m

K Ne-. hn

L {5 e 3 3 e i
DBI FBI FB2 FB3FB4DB2 -0 had DB3 FBS FB6 FB7FBS DB4 had

B# (84) 18CO c#i (3) ABL(1115) 900

K4 H8 FAO FIR AR 5 WA A
Figure 4 Typical signaling track layout in FAO train inspection garage

FET ARG ZEBUIR 1) 8 R 5 Bt SR . DA
By BEUXBOME4IRGE, B Rgus E R S A T4
ORFE 30 SRS N TR B A A DB s
s QFENKIS N A B, BHL. CHL3 AT B,
A PUIX B vl S BB AT 1407 @A B B #
ZIAJWE C 8L, T B B 4=me i (1) PRad i e DA K
YER A N GA5 2 (R AP X B IR PIE K IF 45
TR SR 5, C X B E ) 8 my @AENY,
AL (balise transfer module, BTM) R4k [
07 W BRI A [ Y. 25 2% (dormancy balise, DB), H T
YL 5 B e AL, RSB 42 Y % 4 (fixed balise,
FB)Z 23l & Kt 4= N5 2 A B 7 AT E . B P14
AT TS, R Sk 44 3.8 m.

TEBEA SR R EARY, B A AE LU 1),
LS FAO H AN EFD B BURE #1542 Dh g : OC Bk
JEAX 8 m, /T B2 BUFIAPEL [ B RIEE 12.6 m, Gik
T IR H A PRI G o 42050 5 i A i 4R
AN C HudRerh, CHURSSAEH ML
TR EID) e, AR LR UEAH SR SR B 1)
B, 80 . @B A 445 8, 4
By PR B S G S AN 0.85 m, B LA ZEM i VT e
FiTH 9 CBTC/FAO KExJn, #1424 g (WIha &
PR ZE) N 2 m, FI A A% [H I A B #LF1H B 3L
WA T X B C B, 3L B AR 5 GVE TG
@FIZEAE B HUT 42 s A5 25 J5 2 R B )RS AR (PR
X BOIX 3.8 m, MBS TR IR X B 2> 7.58 m,
Ry PR R, 417 B 3% B (automatic train operation,
ATO) R G IEHIFNGAE B BURTHELT 4

WU LD ATO BN AT A2 i 2 h 2 2% i 2k,
IS il e AT R — R LA SR R TR 3 i e R 22 4
B BT S 2 5 2 R R B AT BE B, 493 211 81 4=
B A5 42 RUNIZ B 45 2 i (P B 0 2 e R B A fR A
X B89

T8 16 22 A ) ) 45 R R AR A B B T A s 3

Kl 5 Bis.
i a, i a, i as i
A RN
LAEG| R A
LB it ATP A
i Bi C’l\looci'/l\]’

ESUETE
/

SR B A o

SR RS s
Bl DRy X Brit S

Figure 5 Schematic diagram for calculating the overlap
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Figure 6 Optimized signaling track layout of Tianjin Station
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Figure 9 Optimized signaling track layout of train inspection garage
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non-equipment centralized station
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