H13% B2 W mOE RN

2026 £ 4 A

F ok (hED)
Journal of Deep Space Exploration April 2026

Vol. 13 No.2

“HOHF = 27 chikht £ RHE M EAE IR 5 3%

EACES, i B, A, N B
L PEAE T RS (5 B0, 197 710072; 2. HRA R LLHEE AR AR, 1% 710000; 3. KA AFALEFRAF, JE5 100094)

. Fhoxh b kR AR R RN S A M I 0 DA BB AE P SRR A R, 4R AR RO S th R I e
P THIINRT7 vk, I S R AL T, KB AR R R N SE RORE RN, RN R G TN T, BATH
o 10 % 1A B AR S S RS o T VAR RO D T BE 7 i B R ZE O o S ] [P R 2 K e
% ASEPERREIIAE R R . SR SEPUSEBRIGIE, 2 EERIE R, e IR B, RO S A
RGVEREVEAERALALAR BE T SRR, RN O E R R IR SR e i B S S % .

KRR “HMF TS hARER RPN ML

hESHES: TNI2S MHEAFRIRIS: A
DOI:10.3724/j.issn.2096-9287.2026.20250092

XEHS: 2096-9287(2026)02-0117-10

SIRME: ERCT, MRk, KRR, S EEMF S o gk R N S M TSI R T VA )], R AR AR (g

30, 2026, 13 (2): 117-126.

Reference format: WANG QP, XUJ, YU X C, etal. Ground simulation test method for relay time delay of
Quegqiao-2[J]. Journal of Deep Space Exploration, 2026, 13 (2): 117-126.

jilll

5l

HOERTS TR R X A 2435 0P b Bk, PR 38 0 vk B 4%
s " “BSHr 57 R H D LA S 1
kiEfs LA, Hosid g e mhdk@EeErs, A
TR T SR DX R D 282 (it S 1 Hafs b Ak A S ik 55,
PRERI 25 Hh T 84 3 S A (] B

HERTS AR DN 28 75 180 “BE My — 57 55 b i S 58
W45 4 EIMFIEYE, Hh a4k K IR SE B R R R 45 b T
3 1) PO Ko PRI 28 1) I W A A L i S e 1.
AE Y T B 4 b i Ak R A A gk R R B H AR
A5, LLUROH BRI A HE SR 4 i Sk [m] 18 W 22 v 4k
SR R AR M THD (I ) 30, R — 20 RIS B A R N 2
H A0 G SRS g sh G il, “EEHr =5 7 4k B X}
Ak % RIS [R)BEAT 1 TR SR AN ], XA R I AE 1
WS SO P — IR R T s I ER . RS
TG R RN AR A B G R B SIS HIRS E £2
(RS IR T, G SRR S BRINEE T s oA 1) 38
15 90 3 S I S v A SR

gk EAYEITE, ZRTFRMAEGEAT RS
W AR AA R, PR ERSRE L EE
DEESE IR, A A4 PPl 7 A8 e It S 1) A 1 12 A
FEM. M, Ml EArTEE ., areEh),

ks HIH: 2025-08-05 &I HIA: 2026-03-12

FEETH: I TR E e s l#iiE 4 (CX2025077)

W A TOURIAC S, TR RN T 7S 2 B ER T AE 1 I
AL, N A GEVE RE DAl AT D06 R S SCBE MR S . A
b, I F e 4k e SR S F s T 7 VA 7 R A B B
LR X"

IS S 00 58 0 AT IR S AR A 23 A B A B R T
Bro — ARG RGN SERHE I E R GRS R
IR RN, AR E R G ARE o [R) I AR 4 I
ERFIETT TR ARG A S 5 2R BRI, IR
MG TR B T Ak R S VA A
PR EERN R —, MR EXN T R G
PEREDUAL B B A= ™. SR, H AT 4k R I
DT i LA JUAS R

D rBAINESINRZ R HATH H F R E 90 &
AR IR 2% A REAS S M. I 18] 18] B
ACEE o HLAr SR AR A I I S T R T EL R
FER R, B RAE LA E0.01 ns, (HBUEE
18, Had - RANHHEA AR RAXER
T3 BTSRRI B 5 3 T A R R R 45 S AT
SN A, IZANER LT R 2y Y 20 A R
KB, HATHER IS A AR, X
ACE Y A BE AR > ML AR BN A, i B B i
LRI HECRE AR Z, ARETF 2T il 35 73 DBl


https://doi.org/10.3724/j.issn.2096-9287.2026.20250092
https://doi.org/10.3724/j.issn.2096-9287.2026.20250092
https://doi.org/10.3724/j.issn.2096-9287.2026.20250092

118 PRI 2 (R3S 20264F

HUERIN S5 AT TH R A, IR g, Koyl
UG LRI R B A — 8, R &35 A TR
72, TP BUCREABERK S BN N G AERA BN B, D
KL AE CATPAS o DRI, B R P IR S A 25 0 Bl 0
R ER

2) kG BEI IR [R5 BER T . BUA M Ay
TFO B L 8 A R i B 5% 2 8] PRV ][] 22 P SR AL
ORI e s YRR 2D, DA R I 1] Skt —
B, RSB s B L, HIG0E EZ Z i E [
DRGEERMR, X I TR [R5 4 L ) SRR A%

3) HAERKRESMRAENANL: B 5"
ARBERR BT O AR R AR, RIS R IR R 45 5 8t
ITRTE R, 2 N RBRBA P HE S, JEHE
i, A5 B E THEAT A EE, IEANKRB R
AR ICAE G, AT, H. BOKE KM, 4
T, F 2P AR A R A e T T B e AR B T 5
L E B RE, X — B 73 I E 2 BE A AL BR A 5 (1 4
7NN b SR i i VP [ s R S 7w
TRAE RO FEA e R AR I AP e 2 A 2, B ETE A
G 1 o B T AR A AR R I SE T . eV AL
“ROME 5B R BT R, R T R AT R 4k
I SEP K T7 72

4) FHSRIABIIAER R AL ik Tk s e
AR B A Bl A I AL, 3 I 7 VR ) B
W IRHERAS UL SE PR TARRET, A pR VT REAEAE (1 3L

DR g LA I SE TR AE RS, AR ST Y — e B —
T A P R I S M TR AT i, B LR A

e OFENE, &8 %0 BN EEES S8
MR 2, HASZ A3 R ARG B 520 61 I (R
PSR IRAE L, i BRI fa) v Y N A — &1k &
T G v A I TR [ 28 5 NBE 2 (IR 2%, Ak ik
77 S )[R ] d o PR AR R R A I AE s R
FH R TH] & FH G 25 004X 18 % PN 8k s b S e ZE RS ADLYE N B
T BETHB (Satellite Tool Kit, STK) 1/ HH#L
TERAS, WA 5 fe 6 5Ll SE PR AE B ig 3 5t .
%7 R I R R S R A5 B IR AL e, SEIL TR
AR I A RS BN B, AR T AR G B
A MEVAATHE # HMEEL, ARSI S gk E
I ZEFE AR SR RS i T AT SR AR

1 “EEM —SHhUiE(E

“REME 57 ep A R B ) AL R B n PR
SRE R S SO s DRI i NI DR B A ik 3= b
RBERK. b, XA AU IA B RS PRI AR 1 4 d
TR R, BT B 5 7 Ak B 0 R G
oo, 2R 55 RGP ARIEAE 7 RGN H R IEBER &
JYHTRIN S s X H 3R 1 B e s g A 4 5 R A5
SR, /R S Ak R T 4RBE 0 RN A
PN BERE W, I i o R IE LS 2 R GO R IE BE B
A P 4RI (S 2 R G kK B BT
RIEW AR, gk BE NI T akgERk CRIHE AN
BILAEBERD R R84 A28 A5 S A %K
Pkt 4KIE A5 7> R REN G IE A 22 50 &R
gt, ONJE FHEL IR 7> RS B .

MK bl 7540 R G R %

1T

IR k{4 R Bl

ATEHRNE K h k(s 5 R % H R %

i 3l
% i

e O e N N
4t %

-

(=

BT O S e gk R A A ]

Fig. 1 Queqiao-2 relay communication system block diagram
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Fig. 2  Ground test RF link block diagram
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Fig. 3 Functional block diagram of forward link time delay test
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Table 2 Ground simulation test method for Queqiao-2 relay forward link forwarding latency
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Table 3 Ground simulation test method for Queqiao-2 relay return link forwarding latency
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Fig. 6 Stability of forward link latency test results
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Ground Simulation Test Method for Relay Time Delay of Queqiao-2

WANG Qiuping"?, XU Jin?, YU Xiaochuan’, SUN Ji’

(1. School of Electronic Information, Northwestern Polytechnical University, Xi’an 710072, China;

2. Xi’an Institute of Space Radio Technology of Space Technology, Xi’an 710000, China; 3. DFH Satellite Co., Ltd., Beijing 100094, China)

Abstract: Aiming at the problem that the regenerative forwarding delay of relay satellites is difficult to directly simulate the

real on-orbit link on the ground, a ground test method for measuring the relay forwarding delay of Queqiao-2 was proposed. By

constructing an equivalent satellite-ground transmission channel, the method enabled precise measurement of the regenerative

forwarding delay. A closed-loop calibration procedure was incorporated into the test system to eliminate the effects of equipment

delay and transmission path delay. This approach effectively overcomes limitations of existing methods, such as significant errors in

segmented testing, stringent requirements for high-precision time synchronization, the need for extensive test equipment, and

difficulties in simulating true environments.Verified through ground tests and on-orbit validation, the method is operationally

simple and offers high delay measurement accuracy. It provides strong support for evaluating and optimizing the Queqiao-2

communication system and serves as a valuable reference for measuring telecommand transmission delays in other satellites,

demonstrating significant engineering value.

Keywords: Queqiao-2; relay transmission; time delay measurement; ground-based simulation

Highlights:

e A ground-based test method for the relay forwarding delay of Queqiao-2 satellite is proposed, featuring simple operation and
high test accuracy, providing strong support for the performance evaluation and optimization of Queqiao-2 communication system,
and serving as a reference for the measurement of telecommand transmission delays in other satellites.

e The proposed test method effectively addresses the issues of existing segmented testing methods, such as significant
measurement errors, stringent high-precision time synchronization requirements, the need for complex test equipment, and the

difficulties in simulating realistic environments.
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