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Abstract: For a long time, the modular design has been the mainstream implementation method of missile-borne telemetry and
control equipment. However, there is no uniform standard for information interaction between modules. The development unit de-
fines it according to its own technical and signal characteristics. The way of definition directly affects or determines the difficulty of
implementing missile-borne telemetry and control equipment. In order to develop an efficient internal interconnection technology for
missile-borne telemetry and control equipment, so that the connection of modules is simpler and more efficient, and the degree of
generalization is higher when the performance requirements of missile-borne telemetry and control equipment become more com-
plex, this paper divides the missile-borne telemetry and control equipment into three core modules and function expansion modules,
and defines an efficient module-level bus interface form and protocol. The bus includes the input and output of primary power sup-
ply, secondary power supply, and internal cross-linked signals. The signal interaction adopts the form of a half-duplex bus. Each
module can access the bus online and edit the bus online. Through design and experimental verification, the bus design method sim-
plifies the external interface of the missile-borne telemetry and control equipment, and enables convenient and efficient online gener-
ation of telemetry PCM (Pulse Code Modulation) code stream. The function expansion module can be freely added or reduced with-
out increasing the hardware burden of the bus interface, making the missile-borne telemetry and control equipment highly versatile.

Keywords: Telemetry; Modular; General; Bus; Extendibility; M-LVDS

Citation: MA Wenchao, LI Yuliang, YUAN Feima, et al. Research and Application of Bus Interaction Technology in Modular
Missile-borne Telemetry and Control Equipment [J]. Journal of Telemetry, Tracking and Command, 2024, 45(1): 74
-81.

LS EHEA: 2023-10-25; 1&EIHHE. 2023-11-29



2024 4 1 A E M E F 75 -
0 3= PR JEE AR ey, X fR I P e A AR T

e AT T i e AT I, A 4R
B X AT R B R R . TAEMIE S
FIRAT AR N R G TARRS B | Bor it
I PRI S5 A5 BT R A © b . R A ToZ T
e, B85 M ThT I8 3 o T A e e 0 Rl 52 I R
FOAFA#, S B IR  Re B) S 4%, il &
RB TG IERE . SO AT i o 4R I R
SN

e G 30 280 DM 47 8 o AR A0 2% B 5 |y B SR
frEffeeit, srxrkse, JFHWhZ00ks
AN, — BRI AR | (55 R I
fr s HEIA AL IR, 2 0O R L AT
WA k. HAT, FEXMTZE L %
i T BRI RS E 2R, A A U R A 7 5
— R AR T A0, A AR S BT, R
Z R e, KRR,

TEMLZE AR A R | TS AT 55 1hi I
EWEE AR5 A E R ST, o
WA A BT E AR O W e i,
AR S ZLEFE TAF 04 F A S ik DR 59 2300 8 2 A
AR RERE B AY LK 5 3, B — e I A e
1R RO N SRS BRI s A
PEREZEORMOR B A 4T, TEACH A % 12 3R
TRk, AR TR O, DR DR AR ]
A5 B A5 )7 A G — BIbR e R BUIR o ABESE
AT F AR O B AEREER | B SR D A, sl R
IHUCE . A W AE LA AR RS AT 55 19 5
S, DUIL[R] 9 D RERT SR O 2R 2k 41 2L mh D AR
VAT 5% Dy REAR B BT o 25 S MR oK, x4
BeA Pl AR PR AR B A, X
B el DN 2 A B RGP 7 it o AT A A 7 2L
RAAT T A HATE T o d a7 B SRk R ik
EZIRTE & DO E A ESE k= Rl kBN T (AN 8= Y3
gt T IS

1 ERSMEBRIRK

sifl I s A A O RAT AR TS S R 52
WO E, XT ATl ATl 4 R my oF
PN 4 S ST TN 9= A B | B N B e
AR AN AT B A FF A

WEE BT ZS R AT SR m R R, 5 B

T K, SRR S TR LA E AL
REAL . ARiEfl . B DT In K R, DAIE ALK
HitE 4. 2R K.

HAr, XECHMEGERF RGN THX
1 FH A E {228 (SUMA, Space Universal Modular
Architecture), i1 £ 7 bR B S BT R A% H T
FRGETF I A TN R DT RRAR  B Y, JfAE I 3
fith I g 7. 23 (] B4 B R A R 2244 (SPA,  Space Plug-
and-play Architecture), i & A7 1 19 BB 14 422 11 I
7R SR G S5 B AR T AR R EY, [
B, B AT R AR b 0 RO BT,
SERR AR BEAEAR S AN A & R

S AN 4 15 £ I SRS Ak iR T — Uy T AT R R
JE 45 i A R A, e e | RS E Y
FIEMEE, IE TR R AN N B W E R it
fi ik, DMERE S 4r b 2 5 g BHF AR 7 55
Ty — 5 HE SR, AN [ RLS 1) 4E
BEA5 AR B D e 2 & Ak, 45 D) BE B 7R
Z RS e oy N G E , AT A S E il A 15
Bk, R AT 42, Jf H A& Tise By U hg
PEREFE PR W AE AW B AR b 583, I Al S MEiR e
PETt 5 [F]AsF 3 ek T A D B AR R A PR T e, W]
P 1 B A T B IS TSR RN B £ 1 AT AR

5L 0 4 A A B B A 1 T R B ) 3 S s H g
fi R i AN (W) 285 1 1o FH 7 55 4 5 18 2 i i 1 D g
g, A MIREE A | SRR R ) 2L
SEELEN, wIA A shiE Ak . R . Ak
2 TR A5 PR R, SR B A D A 7
Ry BT AR A RIS, SR R Al e e KAk

N BT HAL BT R, 5 2R 48 A A
Tt G0 I A 15 5 AR 25 )5 75 SR Ak i
BT, il DA [] -5 8 A N 4 1 A8 H AR A 22
SR, BTS2 IR, B, il
W 25 ALS5 B AN [R) R SR 24T 3 240 4 A R0 VA 94 5% (]
PLIL[R] () D R A5 oK Oy SE R A @ SL D RE AL . DL
Z ST BET K E LA @Y R ge s, IR
WEAS DIREBI RN AEANAC . AHE S Hk, #f
B EMEEE O G250, RS DIRER R
WA B Pile L B T EREN . 9.
Aedpeit, AR, HeAsrTE A,
i /& Z R AR 773K -



- 76 - DY, HERUEHMNTRENSERXERAMRENA

o545 B 1

2 SEEIEIR R

A o 0 R N 4w A L e B EAT IO L B
Mt ARG R Fooa i RoR . 2= ESCH .

B GRHRIN LY S NS kLGS T I i
MAETRE ., WS SHEEGTHENBFEELE R
WD RE OTHE T AR BT, RS T RERE R
2 Ay TR 2 B R A R AR

AR A A [5] 4 5 3 00 K 2 A Joy 5iR: S 4% 3 1
HIARAYZE S, S BRI IS S 9 B I 5 0t 1
5 B I Bl 2 A R/ S D AR R
B K IS S D SO D RE IR
M7 IIRERLTRL , 2 0 DR s MR AN [R]85 22
PER AT R B 022 5k, o SE B L B 22 5 05
W 5 02k B T8 B 2 T TE AR RAG BCE, A
LSR5 ORI DB I A Zh BEJE i 57 2
RERLER, 9 LNABIH . %82 S il il %
AP ER, PN A — BT B A s A
HRE, PR DO Ee . LNA B > ik 37 A B
TESS Y b — R LB 5, JE B I 2 i % LNA
{85

Oy S5 B SR AN s o FRL IR A AR S A, 3
R R R A e L 3t A R U O Ak B R R R
Y B Sz Dy RERE B, 44 O 3 0 0 2 A3 R Ak B
e

gL, DA I A 5 A 4 D R A
A g R AR B L e O R A AR B | N D K
LNA SR =R DA, s KBy &,
W R o SRR YT AR B A B ok S B . THREY R
PR T2 B AR AL B B | 0 S DR | 15
SRR BB | RRIRIE AR RS PR
ARG B AR RS S PR AR SR BEAT HERC . Oh SE BLIE P R
o 2 SRR | I A S LNA SR 2 0
R v Ak PR B = A~ JE il ) REAR B S B Il & (9 7
DI BB LK L, 4R R T R A R B
PAFBHIREA, LHEBE R T 4T hE
B IAIE5 B ELG0 () I O 2 RE AR B 47 Ji B K
BTARAL A s ). A LU A 1 PR

3 EOEit

S AR 2 TR ) 22 10 35 6 AP 11 B PR 4
H AR o U0 Sy s i A w4 H R DA Bl
FAM R I TR AR 5E A 2 i s S R k)

- FE LA R LT - jremn -

et
=
pod
ER

TEPC AR [
FG Bt <—
PR A

A @
A

5| AR
0~5 VALK EHE S
5 V/15 Vi g

V<[ VY Y

]

! BWRHE < | o
A5 |35 V/18 V/.l(‘)l‘//(i‘\’/_{S V/-18 R R e :
[ES iR !

GEEE o <l >
PR LS S b
B LNARH: i

e - ! !

______

AR R G AR A
Bl BENEARAERMERIER

Fig. 1 Architecture composition diagram of missile-borne

telemetry and control system
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Fig. 2 Interface distribution diagram of modular missile-

borne telemetry and control equipment
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