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Optimization of the wireless intercom system for overhead
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Abstract: In environments where the overhead covered depots for electric trains employs multi-density structural col-
umns, wireless intercom personnel can only communicate at close range, making it impossible to conduct wireless in-
tercom while moving within a large area of the facility. In response to the requirements of the wireless intercom sys-
tem for overhead covered depots for electric trains, the existing equipment of first-ever Depot for Electric Trains was
optimized, proposing for the first time in railway communications a relay solution for a digital/analog compatible
wireless intercom system. Simultaneously, self-excited interference elimination was realized and a set of system

equipment suitable for railway depots for electric trains was innovated, enabling the system to meet the demand for di-
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rect intercom communication among personnel across the entire ultra-large area. Field tests verify the design level and

application effectiveness of this system, reducing the system's bit error rate to below 1% while satisfying business

needs. This provides references for the design of wireless communication systems in similar environments, such as

passenger and freight train stations, logistics parks, ports, and other scenarios.

Key words: overhead covered depot for electric train, co-frequency radio relay, wireless intercom communication,

testing methodology

jillls

0 3l

IR, gk sh FAR B, LR
AEATEF TR A W, BRI S AE
Ao JEAER, AV Y HERE 2 A B 1A
PR A8 W o e KD N R T R B )
N, LA TSR R K R R G
SRR S A E WK BRI, = SBENETNE
B 9 EE X, HORHBIE N i IA 5 T Bk
BIL RGBT L .

K, e EAE TS LA X PR T T A
TRFRRE. G, REB BT
HIVH ARG, ZARGRM RGN, SCRHES
ANECHE R4, S v 1 JC 2R R SRR 2 A0
G RIS I SE M HERRTE . FEE AL, AR
e HARIL, BT m g i 7 oLy Ry
g TR, s BRI FisfmieR . fjiE
(EEE

SRE CAAETLEIRE X PR TT IS 1 &
FORE R, B B ki B R B 15k

BHLLXVHERE AR EmH T HE—EN
1], 0 BBl A ERE AR SO S M D 28
BN LR B TR IR AN, RS it
FaE GRS, AR IR IA ST N Y
T A PR T IR BRI BkRS 55

1 IURTHR

1.1 RIWREUPRERERCEEESFER L
FLERIRR

B BNZEFTEE BARITE 2 36 U 2R G 1) KT
B, XS RT, WAMWERLL Ehgk
WA 7 fie 56 U A It 2 tH LR . |l TR
B RR SN LIS, SRERBINES X
BORJERS 2, SR Mgsh A RE R HT
G B REHWEG, S XNB RE R
JEEIBIA REAL, HICIEFR AT Y 2 7 A B WO
Fo A, HUE—AEeh A RE AR UK
HBRLMC KL (HFHFa) KHKESH,
BB RSG5 FRER 22 T4, ezl
SR, IR D) Rt 4k % AN IE SRR
WHEEGE R TREZE.
1.2 RENHRGEETEMR

NG EBT ISR, 4 ESEIIERN
INE T A T PR DR 4k i — &
AR UIRATOGS 24 7 50 28 Py A RSO 5 78 5 1 L gk
AT, TCE X HE 5 7 55 5 B M 4 SR ] 2
Fiw, b 3025 B b 855 (RS0 o 4k 1 78 15 90
B S 6 R B dE W 1. IR S5 SR AT DL
R RFERARREANHATESES, FER
300 mitf, 155 3 I 40 dB.



H
[
dIT

5KiF - 188 -
— A PG5 BB IR, S 4k TEORAS 5 [E 4
DY FR A 77 ST TR
o st
%‘60' “ 0 S 2 M BRI P (R Ak 1 IR R R
= 65 “lmw BRI T -
B 70} | .A‘“ “} N
o ‘ A1 % )w
5 "5 Pvew———f‘,l EOr0) /G (010)
-80 “
- 50 00 150 200 250 300 (D
JH 2/m

K2 Jogoxt PHE 5 A i o fE Ik 45

#1 LEIFERMEPIEIRIIEEERS
AR

Mk sm 50 100 150 200 250 300

AMiE/dBm 28  -62 65 66 -712 75

fEOht/dBm 36 33 29 27 25 24

SERE ST

HI T AR IBEIE 8] B B« THIBE 6 HE BE A
[ B 8 HF i L Ay R e B 75 3, B3
SR RAF, 5. Wisk, WEETTE
A o
1.3 FHRBINREWMEVLAHLAID AR 3T
i

BB, H RS i — BT A
XUFRGE, RVl g R 22 BT AN B3 0 1]
R, T b 2K 2 O IRL) R R A R A R
E G

BSE, HIT3h 2% A0 T e /5 B A Aok
ZEA =] AL LT B RO FEAL B, IRl 55 7
KB EPEEMENL. BHURIEEENUIT . 5
AR I A N 5% DU Bt A= WU b g T AN
S A A3 o H Rl AR LR S 3w AR N
] RE Y BLAE 3 4 P AF 4R 3 A S A2 o o (R AR 4] 3t
J7 s XTSI AT B IC S P 5 4 5 A
75 KA A I X 4278 1

2 XBEREA

2.1 R4 ETFHERERAR
N R B 2 it B A AL e 2o P AR e R AT

Hrf, GO, o) RIS THMCRE MG, A2
BWAR TP, o R H A MFFPEDT, 6,/ 952
TEAF 5 WA AR AL M, R TR S

SUA KIS
T &7 T HWCR LA B 0 E i SR
/I
Ey(Oq Ty,
Ei(eh (01) = 01( ):l = [ H,} .
E@i(OS) TW

/mveies’%)]exp(-jm o
2n Ezp,-( 0., %) r
Hrb, PLRRWMREMRBINZE, Gy Rt R
LG, rad R RE BRI EE S,
Eo(05.05)FE, (0, 0,) 2 B RLEIN— b KL K
(RI7K P AR 5y 5, Ty, A T, W2 R AE 5
PRI KPR ELRAL 73 SR (R %
ARFE

M @) HRTAE M, 2 RFESHUE S RN
IREWCR R AR, 2P A 5 S A E SN, 1t
THAE SERM A AL A B2, ARG
SHES MR A AP, GRS SR 4R

TPZIKI%%%XT%H%EPQL%?}EE@Hul*rrﬁlj%ﬁtlj
Ak v g b, BT aE A oy 0 4 XL (time-
division duplex, TDD) E"Jﬁiﬁmﬁkiﬁ%xﬂtﬂ{aﬁ
) _ERATISS o R gk s AR HE R S 5 e
B/ EANTHRRGFE, P sln s K
B3 Fan, SR gk a5 RS N, H AT
55 A BB IT R W DI FRTOR A (power amplifier,
PA) JECKHLER, FRAERT A1 A5 5 kS Al



- 189 -

BERNE 2025 4% 54

AR B 7 KBk AT 7 1, RIVATVH B PA B A8 5 I
JRMEF P BT

Ry L Ly PA

Voo
ol T
ICRcR s L o

3 HTHEEHIRE

PEAR LI IR 4 4 % 5 0 0 3 0 40
Ak 45 i, BRI U 7 A AR A 4 1
8T R DN B P, IR P SO E B
BB T FR LI O 1) R el 2, HA R
SRR, S B BB AT (5
I TR kB A R R 5 5 R
WK, AR R A, DU MET 3R
VRO, (RS E (R0 4k e R PR SRS
VR M B A5 5 EAT LU AR FE, SR
ST SISO L IE R 6 5 TR S, A
TR0 5 LR RE, AT S R A 4k 1
WM. Hoh SRR EOB R A 4 TR, Bl
[ YA 5 (k) 6 55 B B 23 % 1 3 5
[FSF b 4k B A 1  RE IR 5 5 d k), I
ARG O AR G AE K% 155 (), IRl
BT AT LR AR T e(h), 55 e(Zit A
SERIGLER , SOHTIE B WO B8 B
1255 SEBT E R

VB 1 A

et)= 3 [A; gt=1))-cos fit+4:)] (3

ot e(e) TERT ] ¢ (ORI B 5 A, 9
&5 P A IR L, g(—v,) 9t ki i
B o R SR A RE,
(&5 R I ERIME, ¢ REPIES i
Gy M .

P 000 51 R 5 =) 9

g(t—))=A;-sin Qufy (=) + ¢1)- e (@)
Hrp, ARG S A E A 7.

THEII R AE 5 R

E(f)=3 (4;eP.d%) (5

Hor, E(f) NN P R 5 5, AN
FIPEAE S i N ERIEE, jJoNEECRAL,
TEBEE, o NEHEE SRR,
¢ NIEIEAS 5 A i B A AL

x(k k d(k)
B N 20 (
o
k
1 B

4 HIERJEBOZH

22 FREBFRIENERLEZ

BT BRJFEE, AR T B AT
& FALME S I [ R 408 45 . IR AR
TG A BT AR P UE R B . B A
ST & AR AR DL S RTBOR 2%
ERROAIE, N RRRE I TCBR I kAL T
HHAl. REWARE TR UIE S PR,

ZRGWET, BENIHE SEHRb RS
B, GG BRI, o ik AR
X UFARE R B, H T AU P E B F Y
TEINBEANA, %0 2 #s SE i b e — Mk %
PR RE A . AfmEEE, 528 MmiRy
A IO 1) RV A AR T R e b A
B B A — R A 5 T A e
137 AT gw AL TP %1 (field-programmable gate ar-
ray, FPGA). £ W7 Il TE S48 5,
i RS 5 20 PR Ay e — By S e) [ 38 5 45 s
) RV A, s R AE FURAE S A A ]
DAY B R 5 5, DLl B (s 5 30
E2 ) O NP BN E BT A58 Sk S T w2 A EREg E|



ﬂ TSR

- 190 -
x& - ) LatEs
C%§ —) g
‘Lf
IR BB | » PR BT AN
sk [ P it s |4 e S P T £ | R SR B
- < L -
i SRR SRR |
| AR @ BT |
| s € 5 P|
5 BEBLATE 5 i BT i
: SBHIEY : : SBHIEH :
i " | J i
R ——— Gy S D — -
BSs REREE SN

BRSNS R GEE RN s 55— HB 5 5 v i
55, @l E SHEATIOR G, L
i R A AN A A, BA R AR Sk
i ON R

3 MARFREBFINRERZARFN

3.1 HERGIRFINEE
RGP SEBLIIRE AR 2, SR RSB &AM
o, ACRET . BIMSL RGR AR T —&
B, I HAZRGAA M 7 IR RBTI 5E
hak(E ST E S
32 HMERGREBERARZM

W AR Gt v L U YHUE e S AL
XUFAIUE H TR . R ETHL AL P RE T

) WR3, KPR R b (B
O R4, Fr. BRSBTS BT AR TR RR
AMETEIMFA4RER,

4 RBRFNRABR
4.1 RGREIIHMEREMIK

NIGAIERIE R A58 28 Gt Vo 72 RV [ 73 6 1
ERATM T HBEEPERI A, A 23 AR
HA LB EITRI NGRS A W EYEE A K
FENI S, KB 362w %, W&
) fc i B FE 25 9 50 m Zc A, H izt B EE S
3kmZEf.

I ) Y B 8 e 4o AL, JE 46
XL AT T e WIS . IR R S

®2 RHHEBRKININGE

Her T B )RE

BT 2

FAR A [N AR BTG, AN R BER T A

B2 i HEAT AN, AR A 2 F S A

HIIRE

i

PR R AL IE TG, AN SR A

A Z AR F A, WEASM T B &S E AR S0 2 TGS, HEE S E SRR IR B 28 i n] ik
AL, AR AR (R

RGN ARG 5B G X E AL P4k & BB AT AT RGN B A& 5 8 o KRV [ A 2 o dk & [J 2 AT R4 4R8Ok

NFE B BT PR B SR R A I R A 4k A5 5 D RE,

N BAE AU T B 2 B T R AT P8 A S 00 e kA5 S

i




+ 191« HERE 202545 58
=3 AR IEWHLE M RETEFR (B F)
KL R R bR (B B RS R (B
Frs T H fabrssk s e FabrEiR
1 I RARIR A Dy 3 <25 W 1 REEE  IEW <117 dABm@BER 5x102
FAF
2 DA R B SR £1.5dB PR <111 dBm@BER 5x102
A
R PR A A +2/-3 dB 2 mEESHE SRR <1x10°*
AT
3 WP IE R EH 200 MHzsf <1.5x10°° FEUHL I 150D 2
%M <500 MHz
MR 200 MHzsf <3x10°° 3 JLAF >-12 dB
¥k <500 MHz
4 AR Th % £12.5 kHz <-60 dB 4 Al B >60 dB
5 BRSUERAEDIR ((UEH T +12.5kHz <-50 dB 5 BRI >70 dB
TDMA K%
6 RN FRI)ZHE (iEH T TDMA K4 <-57dB 6 Him R >65 dB
7 RSIHLA WO ST KL 9 kHzsf<<1 GHz 7 [HEE2S >84 dB
<-36 dBm
1 GHzsf<12.75 GHz 8 bz RE 9 kHz<f<1 GHz
<-30 dBm BoRST A <-57 dBm
1 GHz</<12.75 GHz
<-47 dBm
=4 KGRI M R HRFR (AR HD
AL RER IR (DD E LN GINEERE it T € D)
lhias T Fbr R 5 T H fiFgaE
1 IR R 2 <5x10-6 1 SHERPIE W) /pv METZHRBE3 dB
2 AT D)2 /W <25(5~25 W i i) 2 HAZTEHH/dB >-8
3 H< B A3 2 /dBm <-36(9 kHz~1 GHz) 3 [ %8/dB =90
<-30(1 GHz~4 GHz) 290
4 AEThR (L) /dB <70 4 A iE ik P/ dB >75
5 R I PR 1)k Hz <5 >70
5 J 0 BT/ dB >75
>70
6 HiABTHtE/dB =75
>65

Bpm . SOREIR, AT ARBIE AT, BT oL
PEALA L, I 28 36 AL 3 388 15 PR B AE 1 km /2
A, GET BTN RS TP, R
2%y Wrsk, gk )E, RGHEMDARE L
TEPRB N ¥R I R AR F @A RO GRIgER
N 1%), IEMIZARAGAEAFEE . KEZE
BERIINEOLT SOk TR DDA rp 4k 3 % 7F |

BENVER R RS REANER N, F A&
R H 7 SR P 4k ThRg .
42 RERETLELBEYR

MR A SC R G0 I3 D R AR 45 R vl LB
H, SRABCAE 5 A BT bR 7R R A 4k
T, B R RGOl B 2B WAk b
HANZEFTRVE I AR 0, TSI T R RS



& TR5A

+ 192 -

PERER R F 5Tt

NHERA T RRAE L SRS TR B 1 R
Bayaf, DMENREESER TR RSN &K
EFPERAAMERNZSE, KRBT R T 5
2 M TAE. fESI BT AR IR 25000
TTEARIE . AR [AJFE 6 Hk i3 & 8] k% 8 HF
il CH s A8 80 ik T, S
A RELEBEZBEAT ML, WL R A A%
KA, BUUE 5 R E-95 dB Milm FHE, WA
AR RS UL I E oAk 4 B TE 51 AT AT, (A
PRAEXS PELAS T R A0 o 4 A b A BB AR T
-95 dBI, BN S AESD A B iE A 4 L ATAT . N
WIABON BB A, KRS m—A>, 3~45%
R —RIE, BRIE13 mAt, Wik e
B

TeE PHE 5 B a L R a7 B, 7393
25t TN GIEARBOE . AHATBOE (AR 6 HEk

|
I

18 K )% 8 HE e B WAz A5 0O 50 Ak
B, SUSCEUE S AR R, R E
TR 58 o ¥ 22 6 T it B30 e 25 B % R) A 7 R Y T
SIS IR H A WK 5.

M7, R 1RSSR AT Enn L.

(D MR RGN T E SR 5, Bk
#FHT XA RSN TLAE, BRE
BHMRE R RGEA—, MALRG @
GRS P EEN T, P RRGER
B, AT S B SRAA A 05 1) DR [ I 42 %o i v 4k
R & B

(2) ISR L J5 AR G UL 45 9 L 5 5
TR RIS R M, EWE 2 SR
i i A BB LR, Jo B SRR B S Y
P, I R RO B AR .

(3) KRB RGHWAS T 58 B AE L A
350 m+ 1% ] 100 m (¥ FE 25 B 32 98 %2 -95 dBm LA

)aa

%I‘lﬂlﬁ%Sﬁlﬁ

= = w—
el | ==

——"2 | =

i oinans. mas sooaily v, R

TR

Al

g
B

Ko it

#=5 LESNFEMMEFNESERNHBIERZ R EE LB STEE SN BIE
MY 5/m 50 100 150 200 250 300 350
A B3 /dBm -30 -33 -52 -65 -77 -70 -87
AAAR I3 /dBm -34 -55 -53 -62 -80 ~74 -90
5] B 6 T8 /dBm -46 -59 -62 -66 -72 -78 -83
[EVREs 8 HE I A 3l % i 44/dBm -72 -75 -83 -87 -89 -95 -97
PRLES 0 0 0 0 0 0 <1%




BERNE 2025 4% 54

Wl f5 5 % /dBm

50 100 150 200 250 300 350
B /m
(a) A&

5549 5/dBm
g

=70

il
|

50100 150 200 250 300 350
BH g /m
(c) TIFEOHEBLE

K7 LI IHESE S

o RGEVR A UL A VIR BB 1% ] Y B R 2
Eb M.

(4) B2 4R R F NS = 9 A SR B R
o ARG 6 HEBOE RS 5 O 5 AR B0E
BMCB I LUAERT, R HLR B2 A% (H 2 1RI B 8 FF
PB4 5, N EE 7L 10 dBm.

5 ZHRiE

ASCULEAS b s 4 B (B o i R 48
N, EEIRAWEFEA S, PR T B
R gk T7 58, FFRRIDIGAIE T HAEB) 2 BT W I
IR

M ARIIE, 51N EE.

1 1 1 1 1
50 100 150 200 250 300 35

2 /m
(b) FHARMLE
-30
40+
_50 -
=
@
= -60
S
EJ]-; =70
1z
=80
s
-90
-100
110 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350
H 2 /m

(d) RS HELE 2%

R 2

B, DAk E M TE R Pk R G TE 7 o6 3 A
WA EIAS T RERT, TR AT
PHE RN PR, #RE S8 K TE [ i A2
IS .
ﬁw,ﬁﬁ%ﬁ?KW%%TéAiiﬂi
IS N PP S E-S 1IN S oo LI /) N A |
B\%D%%MﬁﬁTmﬁﬁkégﬁuﬁh&
THARMERSZ, ATz 4 E g Jo 4l
15 BAH SR AR BT AR S -

el

wJa, AT TR SRt 3 g
it 12 2 ¥ o 2 A5 R AL 1 SN AT FE A v R

wIT%, AT RIT TARRCRAEE R E, AR
KT LG RGBT A 2 A A



AR

- 194 -

R, A T LA HOR AN Wit 20 A1

R ARWIR RS, R 4k SRR R AT 7T S I S it
R RIE SRR 5, T BBk s 4 4R

B g

A PREE

R PEIN

(1]

(2]

(3]

(4]

(5]

(6]

(7]

ZREL . SET AR PR ERBOR (¥ _E 5V 3 25 B JE 4 7 5 T

B[], SRR (S 5 TREEOAR, 2022, 19(9): 33-40.

LI J H. Wireless coverage prediction for EMU depot with su-

perstructures based on ray tracing technology[J]. Railway Sig-

nalling & Communication Engineering, 2022, 19(9): 33-40.

. —Ffd T Bk ik & TR B T e 51 R 4[], kit

BEES TREER, 2018, 15(2): 24-28.

TIAN C. Radio train dispatching communication system for

special railway lines[J]. Railway Signalling & Communication

Engineering, 2018, 15(2): 24-28.

T AT IS 12 H T A B v v T[], R
B 58, 2024, 14(25): 133-136.

LI Z J. Research on the design of motor vehicle application in-

spection library in different scenes[J]. Technology Innovation

and Application, 2024, 14(25): 133-136.

o B A ] L [ BB A DG TR B Bk B ekl

el 55 RUTARAT 56 AR @ AN [Z]. 2014,

China Railway Corporation. Notice of China railway corpora-

tion on the adjustment of railway dedicated wireless communi-

cation service and frequency[Z]. 2014.

e, 27 Ml 400 MHz B0 3@ 5 rh 4k R G 78 0], kil

WEES, 2022, 58(12): 68-72, 78.

WANG Y H, QIN P. Research on ground 400 MHz digital com-

munication relay system[J]. Railway Signalling & Communica-

tion, 2022, 58(12): 68-72, 78.

ST, LA, B RD . Bk 4E E 400MHZ 37 [F) 400 i o 4%

BEA ST BB E (5, 2022, 58(1): 46-50, 54.

WU Y, BAI X N, ZHAO G B. Railway onboard 400 MHz digital

same frequency intercom repeater equipment and its testing[J].

Railway Signalling & Communication, 2022, 58(1): 46-50, 54.

HEEE, 3, TN RFBRERIE O L A5 B WE A ).

K it g, 2024(3): 127-129.

LU J H, WANG L, REN X Y. Research on the application of

wireless communication frequency in Daqin Railway[J]. Digi-

tal Communication World, 2024(3): 127-129.

[10]

[11]

[12]

[13]

[14]

[15]

SO, R, WM SR RO I 5 7 55 0 4 e
NFBEFUI]. Hp R 2E 4R, 2017, 32(4): 467-473.

CAIY G, YUY, CAO X D, et al. Expanding coverage of talk-
back com communication in shielding environment[J]. Chinese
Journal of Radio Science, 2017, 32(4): 467-473.

WK ZR . Bk G 235 450MHz o 2 51 18 22 Ge A7 75 1 i) R 2 o
H[J]. FOEBE S, 2013, 49(8): 60-62.

YANG Y D. Problem and improvement of 450MHz wireless
communication system in marshalling yard[J]. Railway Signal-
ling & Communication, 2013, 49(8): 60-62.

LI J H, LIU L H, GUAN K. Narrow-band radio propagation
prediction based on a highly accurate three-dimensional rail-
way environment model[J]. Wireless Communications and Mo-
bile Computing, 2022: 3341316.

T, N, BRI, 55 RS s T B Y B R
SR BT[], KIS BIAE, 2024, 37(11): 172-174.

WANG X, LIJ H, LU X T, et al. Optimization analysis of wire-
less system of EMU depot with superstructures[J]. Changjiang
Information & Communications, 2024, 37(11): 172-174.

KRG, S0, 29, 25 R R 2 Do 4% ) A3 4k S A E
THIEARD]. AL TS RO, 2025, 47(1): 307-315.
LIU L, LIU T, LT Y, et al. Radio frequency self-interference
suppression technology for phased array networking tracking
telemetering and command relay with co-frequency[J]. Sys-
tems Engineering and Electronics, 2025, 47(1): 307-315.

XIE C S, WEI' W B, ZHU Y J, et al. Wear reduction damage
mitigation and operational reliability analysis of rotary tiller
knives based on the self-excited vibration theory[J]. Computers
and Electronics in Agriculture, 2025, 231: 109991.

LIU H, WU W S, ZHANG D Y. Feasibility study of high-
efficiency self-excited vibration cutting for roughing Inconel
718[J]. Journal of Materials Research and Technology, 2025,
35:1429-1451.

LIUY, DENG Y J, ZHANG H D, et al. Study on the evolution
law of the vortical structure inside of oscillation chamber of
self-excited oscillation pulsed supercritical carbon dioxide jet
(SEOP SC-CO, jet) and its influence on pulsed characteristics[J].
Energy, 2025, 314: 134252.

(fEE ]

F4EH (1988-), 2, PR IIEIS T
Bt SE A BR A 7 fm g TR, By
] Ak R A



