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Digital Twin Satellite Internet: Architecture and Key Technologies
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Abstract: A digital twin satellite internet (DTSI) architecture was proposed, which provided support for the whole life cycle of satellite
internet through the three-dimensional closed-loop mechanism of parallel twin, security endogenous and intelligent evolution. Then, the
key problems and technologies of DTSI were discussed. Aiming at the complex and changeable satellite internet system, a standardized
model processing and generation method based on mechanism and data driving was proposed. In the face of the data torrent formed
by massive information and uneven distribution, a pool computing-storage strategy of three-level diversion strategy was proposed. In
order to achieved high fidelity with the characteristics of the actual system, an intelligent orchestration and distributed heterogeneous
processing platform was designed to classified and quickly calculated different models and events. In order to achieved high fidelity with
the characteristics of the actual system, an intelligent orchestration and distributed heterogeneous processing platform was designed to
classified and quickly calculated different models and events, the satellite internet twin cycle evolution system of observation-orientation-
decision-act was formed, so as to realized the stable development of the whole life cycle of satellite internet.

Keywords: satellite internet, digital twin, model standardization, resource pooling, intelligent orchestration

2021-11-15; 2022-01-30

[l T AL T (No. 2020YFB1808004 ) 5 [H5 AR ALETE (No. 61975234) 5 HLAT BT L 4 (No. 2021C01040) 5 JTHA T AHTL
P14l (No.BE2021013-2)
Foundation Items: The National Key Research and Development Program of China (No. 2020YFB1808004), The National Natural Science Foundation of China (No.
61975234), The Zhejiang Key Research and Development Program (No. 2021C01040), The Jiangsu Key Research and Development Program (No.BE2021013-2)



VL AERAM A 5 M S AR &, (RAE AT AAT IS [R]
i, H P DMEE S ATl A R A R e 4 9
(S A R AR5 2020) F5H, 20204F, EREHL
W P E L 45 M2 N, 5 S3Rik59%, TR I I
MR M2 N, ENFRIEK6T%, T A3 R . M
TERBAHI QS RN, HoEk Far—2R 1 AR A fE B2
NEIB o AT DO SZ R M T 4%, FA S 5
Fu ., BRI EEHEERK . WD AR
R0 T 2R e, AR RO . i
W Az XA T i R P AR

PR BER AU R AR DL K p g e R, T
IR EL Bk 25 Itk s £5 s BRI € 20162025
SRR ) B s DS IR LT, Jf4E
HEEOINR A D EFGR, Bk, 20184E3
H, EEGEEA CERDUREE ) |, SRR ER %
SR . BT AR TR 3A U S 7, IR
BESEREEY, SR, HARTFESE
FFEAH (JAXA) 0 DRSO, @B, 5. fikia
By, RS A TAIBAL . IR AS S RN L 0 S AU A
i CEBPUIH A A ) (2018-20254F ) o FREHE
202044 ¥ DR GICWIANN Bk smfE 2 ILntiz
TS

JLAESK, ITU., 3GPP. Sat5GH & 2K[EPrif {544,
S TR BT REARAEIL . T35 MO RS e
AR E RN 2 o TR A . it
TR SRR B4 BRI TR RO o
PEEPMEMBOAT IR TR, 2RO HI0E
il e Vg B A AL R B2 25, ok A AR A AR S |
BRI “BIRIGRT , ShARE R S B
SRS, P SN SS A RBI A AR Y R
R P A AR R IR AR TR DA SIS s Ak
FI AT R A 2R R R H . BEE TR0 H 255
B, SRR N, RIS LIRS R, FItk
R LA ek i R B, AR IS s A TR R %
RACAL AR AR B, IR, i M2 i Al
FEVEEKR, WIS SR . B DA A A A 2%
MIMEARZYE , T BORRECE S5 R e, X ek
RO T2 MR # e UE . BB . e
kit 2k

AR ARG EE R L E R, — TR
MAGIRES . B RS R T EURE R B
— 5 T 5 BT P2 R PG B AT SE IR SR A B,
PRI IR K 3 A S B, B E e I AT o

GRIEVES"2H “fF BB M-S, Fe5 RIS
IS 2 B50R0 3 S R0, R AU (R] 5 SO P B S A g ke
5, XRRE AR RIARETE . EEE RS HURS
(NASA) 1y “Prz 22 oH4” , B SRR &
1185, BAEHER _EROMUR &% F T SO A2 rh LR A% 1 T
PEIRAS, B TR A3 B AL R A S b B % g
T S R 6 7 ) 552 k2 2% ) 4 A iy B T AR . 2012
IF, KENASAKA “HEL, fHE. fFEBHARFCE"
L, BeE AR ARSI AR NI AR A
FARA TR, W PR R TIR G, R BET
FER A B SRS e 1. INEEV R AT
AR LS RE TR IR 28 EA T 4 RS, (o A T HE AP
P TRE A L, T SIS FEAN P 3 5 (R A T 1
i, SEA SR AR I TR, A IR
RAEYE . IR | e PR SR BRI R R R4 ok
ST R IR P

AR E AT E R RS, 4544
ARG DR O AG R E S, B
RSB RE B, BRI ARG
B MR BN SRS AT A G
B GBS R IR . A T H B AR 5
W, SEERCE AR, RIEATEEA . 2eE.
BREMT AR 22 A DR T (Digital Twin Satellite
Internet, DTSI) AR PN, — 5 THI 1 J& A0 5
SBR[ R U B, HEaR
YIRS TR DI R e A S lRE T Sh—J5 s
B 5 A e Pe sl 7 0k 1 AR R R BE 1 2 LR
DXL, NI S T oA 4 A S AP AT S R B, A&
ED TSR SFIBART R, AN S AR |
PR BRI R EE . AR ARG HE SR RE DA S s
AEAARA RS LT T TR 7T e

Ho 20 A4 0 B H I AR e rh 1R B SRR
FHRE . RS TR RN S 0SRIEH M. P72
AL WA BRENTAEROVL = =4 R PR A
HIHMER AR ZURE, BWE R Zm BRI Tk
“HET, ABrr AR A TR IR AR G e R
S B AR AR B AR G A A R o

1

SRR T SEBR M 2% AR 0 S IR G e, Ry
R MRS TR H, AR E SR
R, BAROAERITR S HE . RS R
(= NN/ TIN5 E 72 { NN SR 722 N5 N RS 5 K



eE

| B
FL R
Hithatt

PRIEAMLEAG ) RS, NPT, RO Bt e
Sl I ORI P 5 2%, 3 R BRSO SR AR I 9 4 L

2

PR TR BRI AR A R . B8 Sk Ak
PEpriht . STIEBBIR  HAR A SEET IR DA K e A R
BHRS o BHIRR I SRR AL ) R RIS T
DEe/ENA R TP = MU A€/ NN S 2 S DL S
R A TR L 2L TR vE, ARSI
%, HUEU T AR AR, P g B EEERN AR
AT AR AT e S . AT A A7 55 B U] fi
P T B S RSO B RO hit o & e Bt A
T ORBEEA LR L AP A, RN SR BN R 5 2%
froime.

3

AR SR A AT . R RE g . BT R

LIS EEE D), — T AR BRI AR A
eSO A LR IR A TR A G HEL G, A SR P £
WTCIRAS . MBI, IR B T m R AR, &
HE LN PR RS, NN SR Z 5 Aty
W RGPS R s 55— 5 TR B A 5 JL SRR I # oK
L HNIEEAL, N R G AR SAT AT
B, L RIUENUR , R R.

4

JS7 P55 e o 2t T B T I oA 4 A LYY B Bl AR AR
BEAE I EIAZ O e P ) S DT R T T R A5 R
Guik oy Wi NSRS, 828 A 5 T =3R4 T g HEHE G
SRS A O S, O T HIRC SRR B
SOFEDT: AIMTE B 2R G — A — DS — BT
( Observe—Orient—Decide—Act, OODA ) 1Y HERH, A
BOBERLAE . E s TS . Sish, AR
IR [ A2 S N TR N N T 5% NSRRI [ L P S
P ERRRE . AL, TIUEIE. WIS SEThaE.

DAL R G R, G558 Ar A TR K
Fral, ASONEIRE ., gk, PRl FaEiangis
BATIRA- EPATHM R, 2R,

2.1

PREBERMMARZT RGN, GuBfFEs 2%, W
B ARG BN RG. &0 AGHA T R O
. RARE . WESEREIRERS . FERGR
KA TR TR, mOR L Sk R
Gio PREEMCBRAEN R M) SKBRIRAS . A it
ITHR RN —MIE R GR™, MEANTTRIREIL
B AR S

R 0 A AE B O Rl 3k, 4 L
BRI AR . TR IR 25 ] B OB | i f
EER RIS JE LR, R DL e B e A
BEATREA s PSR IINPIRAS . PRESCINAG 0055 8 T4
B, RFERE ARG, TR BRI 2 (R PG
e Pl amaty, HRGRAMNANE, B
PN UER T B SRR A, *ELA R H 35 B2 R 4
FRIE 18 RS S RS9 E, — )7
HEREATA R, S0 TON E A B AL A T4
L, FERCPREMBAL, G AR | b 253 A A
A, BRI BRI S 2R PRI SS  JL AR HERIL Y
AR RGP LA IREUIE R GRS, B RERT AR
RGAT I TIIHERT o AL S BB B b e R A i
SE RGBT



1 # -65-
PRI RS fm————————— ; M g MM BN RS:
[ meeen | ([ ] l|fﬁimusm|:l|ﬁim|: .
. | Iy | Z[AER| [
A 55 { e e R e :Il‘@%@l: |Iﬁﬂﬁﬁiﬂ—ﬂ|:llﬁfﬁﬁf@:
| —
| ] (oo 1| O] | T | I |
l |
TR I T :l TR | [T fE=msal
: SEr| | | Jll ] J| : | ":l | gt A HRT RS
= || 51 g
B Ry iy |
7
N LN EEEn Bk i)
ol v R N e A e e e | " FE———
A i [\ 1)
SRS R SR 1 %
(Bt | [(Bomar] [Boictk] Eoms] [Boree p——
R \
1;&;@&& fzw;ﬁ}a er———
[DEfEE ] [ Ml (s | [(MREE ] — L)
KRR 25 5% Uatats | [Cegks] [JPGE]  [ks5dE ]
2
PR B RIE pi ol B 2 A S H kAT . BudlEAb 2
BB RS A 6T S B FHE AL FE Y BRI SRS R0 Do 2 F5 e 1 Toidd
1 L2 TN

BT VR SR 1 B O T MR A AN T2
RS S5 AR . WERIAGERZ 4, A HAE T
roEss, AT MK Fiaa T, WHREOE AL
KA RATCAIE | IR T, IS
B SRR TR, AREE AR o)
RGBS . S EUR (RIS | LS50
B AN, N TR S TR B | R MBI A
LS B S OB TR . A BSR AT A
%, PNt s 2 BRI ( Simple Network Management
Protocol, SNMP ) . sFlow. NetFlow. Wé%i%fﬂﬂ%m*zﬂo
FTSNMPRFE 1R A B RS E ARSI IT e
BIFIRLEERSE . sFlowFINetFlow H REEUUARDIL, T4tk
HRAAFNASARIN TR . MRS58, 0SB fu s ANy
BEFREEE . MEEM A TRADERIRRr A, HE
PR MR AR REEE B 2P, AN TR AR
AR A, AR BRI, RS AR A
FIEHEALERVE RS HH B s 2K

PEOWNKMAZE R, HX SN PR E R ZORE
i, AT P 5 I A P A R BRI SN 4 TR A
k72 578 A =Y SN LN TN NIy EE NI PR ST S
e B, has EAf AR PRI AL AR R

Py B IR 5 s A5 R o) 5 Dt e J5 0 B AT ol R
FRROMZAE T = 55 1, RN T IAL BT e B A%
B, AP G i AT ZE ,  [RIIN R IR 5 2 i A7 A 22k A
2R . RICKSH I HH AR i Sa AL B 1 Bl
BBk WA AR fe i R b AR gD
G Am Uy, WA R BIRA LA EE R S L
A, TR P T B ) R AR R s e R el D Ak T
5 BRI Ao AR R B AR,
DR R B R e, BdR AL E SR R AR 5
MBI T o 2 L T YE, DARBREEIRFITUA TR
Pt J g T RS A N F AR s e rh LAGER st
FTUATARAT NN Bk A, BB R ERRT , TR
B, PAAESdR A

3

MU AR AR AL 705 15 52 7] 53 Oy 1 A LB A 2
AHEEEN LRI TR B IR RS KA 2 AR E EA AR
A, I P AR R UL | B AR Y
S, FEIET . 2 UL M PR s I R A i
ARIEEWUER AL A, 3 B s AR A LA Y
TR BRI, 452 B 5 R S SR EE R AT
TEARZEROR o i K5 Iy S0 i AN S e xs I 46l



-66- 3
______ 1
EIES i
& %@ {\LE :\ R T
- I
S T eee
Z7 | |
0006 |,
s EEZE N ﬁi’rﬁ'ﬁﬂ“ﬁi‘ﬁﬁ
e — ! HEildh @ A
> — | TUREUE A ®
ural) |
eS| G L
Y Y
T R P45 [ ) 1| P2 B P
o~ Teee " ~
) s | _/ O\ | Bl R
< | !
! I
SxTlh ) ke w0 | ——— — — — — — 40009
|
2|57 82 il FHP A Brat MR ! | TEIEMEL
1000000
! I
wte il ! : |
<t : 6686 a8 : ,/.
_______ A L
BRI GBS e e RS e
3
TEENIRBR I TRIS DIk, RIS 8. TR LR B EBORM TR R E RS, SRR

MFE SR, S R BT D T e
e PRECHI B D AL B AR A R O

2.2

BiESGIEVR/AR . ZEIRM . Pl RReild . G
LPRST . I SKIIURT ik Ze 3 5l 55 TR
TR EREON K. JRIDCIRETI, F20254E 48RS
163 ZBEWE R .. MBS RARIMNE X, TR
I Y P RS sh L F P 1000.2% ~ 1%, Bt 1052 EIE
WA A B, AT HIL 55 75 R i 2, [AIH
PRI AEAF N A, ST R B R AT T 25,
FRILS S T IH S 1 A 4 A B 8N o Pl R AU 55
e 2R A 57 BRSSOV AR S b i T B s
Mo X454 TLEL HIMR TH SR f T R BRIk o

MFRRAL B BB BRI I AL B, SRR K1t
B Amazonfif & IEWE LR A S R II1065, Bk
AR ES T Bdiah iy, FRBCRAIAG30%, HEE

N c 8 SN R R AR £ I T T ]
FERIER “m P mer A5 07 o Hald R
RIS 4 RTINS AT, ARk
B, o P AL IR

SO TR B AMER SR | AR AR R R Ay
FER B BRI AR IR, AR =St sy
W RIS, AE4ATR.

1

AR SR E i T 55 A7 B R BOR R, R AN
IS — Iy e Al v Sl s R, M
TR M BORSBLE B e B—m, DR
G T BRE 2R HIAR S, i A A7 A IR

RZS, ST AP SR IENLE, B NAR Zefr S aE
J1, BERIMERRIIEE T .

2

bl T M5y e, BAARRAE

BRES . MWEERAGE . AN KIN RIS R, o™



O
(2) el
lees | GETEE] [HREH
'.:. 2°e0 /1 * \\\
pad v S
TR Wz | - [ RN ]
{E
-+
i B IS szs3 |
s i it 838
. ©® |G (GRen | (g
e .i‘ A TR JPL AN TR N
P , S P i y
(Emtal] (Zmrm |- [Eonsin (e ] [(eE ] - [RREN]
Vi HULTFES
4
TR S A ORIl A, PR — AR A ROk TR EAH 457

TR b, (RSB B rh 5 S
P FRR AR BE
3

FrRHL D DR GRS, 53 R
BOR, TR 2 H sl i ok 5/ A7 5 A T BRI
e, VAlRERAGINS T4 ST ERALER,

AR R M AL T AR L O A A7 S
TREAT 2 R RE AL, BBkt s, KA
SURBE AL RIS T

2.3

TR AN A £ SRR . Pl 55 R
%, RESHEGEAANANE, SBURETER AL brE
Ry eI N[y R S N LS = e o I EE S 7N
W PLE IR N T KA ECE o
VRS B NBIRR S B S HCAEH . AR K
SRS ARAR], i, HBICP UK AL T2
TS GPUILKIFATAMIE K EAT %55 DSPHIK AL
TSI AT S, FPGAST & FHImE 55
o A, ASCE B SRR TR RE g HER A
SAIREFE-GT7 5, Kb B s | R R o> e R
AFREET-6 FALEE, DAEE S AR G AR S

SO TR LI S R 2% R B B o A AR AR
FERAT N o FRIPREMRALS , A TR e gt
o RRREGHER S AR R . O AT . dndEvR

AR Eh M R i DB RSN 1, T Re g HE A
ST AR MR | BRI AR S TR
CPU. GPU. DSPHIFPGAZ:HE J Mg assk, B fum gk
o skl RIS 3 )35 R IIFRR . HROh (T
YnHERs R BT, 5T RS SRR R
1T Bt . SRR R T A N g T R AN TR 2 v o
(flansner, JbF2%0) Rl N, HERDLIFEIE
fave 7 il Ny V5 Vi) o B =R b S N R R = S e
REER, BB Rk B Bl 45 CPULLEE, ¥ RSP+
B GPURH Tis B, F AR il DSPIE
W, RIS ECEA PG AN, RIS B 45T A
A D5t FR B ol 2 A B T 2SRk 5
PR, R R TERASRIEIR, MR EA S
AL SR SR SBT3 I AR A= T A

2.4 OODA

B B sh BB M &, M 2 5 8 1
BN, Sl S &, V40N H, SRR
EAL ARG . TR BRI R g0 4 Fi i 20 (i 15
HAz T, 4697, ARSI REILALEE . 3 ARAb R
TR ENOODA 4 PENIEA T HE. OODANIFR
AT — AR R RE L R S O — A B g B2, (A
A R 42 SR e R O PH PR AR, S0 2% > R0 1 0
o ASCENT DR BMIIE T, 4E47 . RIEAE s,
1 BE G EOODAHER QIR 67K



IR S
"on ” Here A
; e ;${¢; B &5
‘ . B c E
It HoF e
)f‘\i 2=
f$ﬁm it $ﬁ: it e S
#m\, ~ X [z
w,/
Al
1 1 1 1 1
LR RN el R
s uEE 'ﬁ@ ! CPU DSP
% KIEE | tkizEh CE =
fj; HAS)
Bk b
%
T T I
éj\
. e, i
TR | RSEA b e
L | g
’g;',j L B it
;;;\ MR HHEIH z
4
EEREEEE EEEEEREE
frb aauﬁi e Bt ek
i i DB WLLEA
fi Eitl / N A fL&ng
P = i .
il “" 4 o ‘;\
' g AR VLR
e
$
= o
= e
It =
il H
% I
A

J&H] (Observe ) :
Py PRIAEE B0 2 B 8 W ok A 4
Wi, PREEEE 3 B 2 P s A TR B

HdR AU e AL B A

> AL H T S
FR.

%Uliﬁﬁ (Orient) :
FRANM 22, WETEIR S DEEERTT. A%
. HpPas, e, EaRARMRSE, Mo

MRy EA TN EBR e S BTk 1=}

gt



poi g | e | [meer]  [osen|  (Eems|  (wEs]
| |
eI
\V V V V \/
2517 ik o s i
s | | {52 s DTS I i
[ IV I A =
u
st
o | o e el :
A 4 W) -~ Gl
wn | o ke e | K
i iR ol il e e
Pk
Lwpnoer | v | | seeruer | ]
[ [ /1
w | \/ \V4 AV |
#@Iﬂ*;‘éﬁi@ I
BT :
4
< &
el s /J/
2
4 7 s,
i
ol

6 OODA

SRR BT, PN TR G AR S S bR FEAR AR S
WK RAIE BT EOR . L2 RN R %
MIREAE . R KB R A S B2 2R, £8P T
DA 2 BT A2 W Do £l A B s

K (Decide) : SR ARMALIRIIZ O T
LA FEARAN DA 2% 2 AR FIWT S AL E RIS HE
B, FHo R 5 AR I 2R S A T s SRR T2
AT, EEIATEGE. AT 5k, EXREE . K
BT EHE BRI S EAA AR AL ER, AR O B
HIPATAr 2 N A B T2 FIBER SRR £

PAT (Act) + TR HIMRALE SIS B PA T o
ST, REEN KL R R, LEEFI RS, HKH
wr e SN ARG F I EPAT

T T SRR AR ). AR SRR
BOREA—E R AN KER, A LA A
WL T R R AR . AN AL A RS
WA T HASSZIES . GLENEN, AP E

P HERE . A AN LREEERRLRE, HRAAES
CAECKEE R, BUAlpha Golf FEIR S %Wnaﬁﬂcq@
M, WA T HE . BFMMEEE Y BEE R

et |

ﬁ

RITE
1{9%
",

EHERENE . XA IR ?fr TINS )\I
BRI R A [P FURE 21 DA R
T D B A 248 S s IEUH BIRIEA B
S HEE S T A R T . R RS A R R AR
FASBAT, TER T 22> F A IO OD A
T AR A A7 5 58 U DA SR R g HE A B e AR Ik T 38

TOODAMIM B

(1]

ZHOU Y Q, LIU L, WANG L, et al. Service-aware 6G:
an intelligent and open network based on the convergence
of communication, computing and caching[J]. Digital

Communications and Networks, 2020, 6(3): 253-260.



[10]

(1] g, B R

SUY T, LIUY Q, ZHOU Y Q, et al. Broadband LEO satellite
communications: architectures and key technologies[J]. IEEE
Wireless Communications, 2019, 26(2): 55-61.

TRIE, 22598010, FELAA, 5. T R A0 T P4 AR hife
ﬁ)’\i&ﬂt[ﬂ RHb—AAA5 B4, 2020, 1(2): 2-10.

XU H, MIAO D S, KANG S L, et al. Network architecture and
key technologies for the integrated satellite and terrestrial mobile
communication system[J]. Space-Integrated-Ground Information
Networks, 2020, 1(2): 2-10.

PR, WA, AR, DESGEIARNERMER]. Kith—
Ab (s B, 2021, 2(1): 1-9.

ZHAI L J, PAN S M, WANG C T. Development and prospect of
satellite 5G technology[J]. Space-Integrated-Ground Information
Networks, 2021, 2(1): 1-9.

LIUY Q,SUY T, ZHOU Y Q, et al. Frequency offset estimation
for high dynamic LEO satellite communication systems[C]/
Proceedings of 2019 11th International Conference on Wireless
Communications and Signal Processing (WCSP). Piscataway:
IEEE Press, 2019: 1-6.

AR, IR, BUAL. W A A B R R AT S e [].
PN TR TS 5441, 2020, 15(12): 1155-1162.

ZOU M, ZHAO Z J, WEI F. Research on the development
prospect of emerging low earth orbit satellite communication
constellations[J]. Journal of China Academy of Electronics and
Information Technology, 2020, 15(12): 1155-1162.

FAIR, ok A B ITIE2016—2025 ML TR AN 2
[7]. FEIBRAES, 2017(5): 14-18.

ZHOU S D, WANG Y S. Basic content of Russia federation space
program 2016-2025[J]. Space International, 2017(5): 14-18.

S —, X, f3%, % LR (ISR ) Bl
U] HIEATR, 2018(5): 21-25.

CAI WY, LIU J, JIA L, et al. Analysis on main points of US new

SO

national space strategy[J]. Aerospace China, 2018(5): 21-25.

X, HA, Y. TR BT R AR S ] B
SRV, 2020(11): 35-40.

LIU C, XIAY, CUI B. Research and suggestion on the construction

Lo
Ry =g

and operation mode of satellite Internet [J]. Satellite Application,
2020(11): 35-40.

SNFEYT, B35, B0, AR TR BN L e SRR
RS 4, 2021(1): 32-40.

LIUY Q, ZHOU Y Q, SU X X. Development and challenges

1. W

of low-orbit satellite Internet[J]. China Telecom Construction,
2021(1):32-40.
1 Tl AR AR R S T ). (58

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

fEHRSBUE, 2018(8): 1-6.
HE Y Z. Analysis and planning of international standard in space-
ground integration satellite communication[J]. Information and
Communications Technology and Policy, 2018(8): 1-6.
SaT5GHH & Al kA T— R4 PR SGIOR[I]. oLkl T,
2019, 49(8): 665.
SaT5G project announces successful series of satellite 5G
demonstrations[J]. Radio Engineering, 2019, 49(8): 665.
e, BEASGIN B ERSNERE A%J]. =R THK, 2020,
17(5): 71-76.
ZHAI H. Integration of 5G and satellite communication systems[J].
Space Electronic Technology, 2020, 17(5): 71-76.
H, R ARER, AR B AR GO MRS B PR

7T<[J]- R AR5 B4, 2020, 1(1): 26-35.
ZHOU D, SHENG M, HAO Q, et al. Network Operation,
Maintenance and Resource Management in Mega Constellation
SystemFull text replacement[J]. Space-Integrated-Ground
Information Networks, 2020, 1(1): 26-35.
CAOH,SUYT, ZHOU Y Q, et al. QoS guaranteed load balancing
in broadband multi-beam satellite networks[C]//Proceedings of ICC
2019-2019 IEEE International Conference on Communications.
Piscataway: IEEE Press, 2019: 1-6.
GRIEVES M W. Product lifecycle management: the new paradigm
for enterprises[J]. International Journal of Product Development,
2005, 2(1): 71.
GLAESSGEN E, STARGEL D. The digital twin paradigm for
future NASA and US air force vehicles[C]//Proceedings of 53rd
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics
and Materials Conference. Reston: AIAA, 2012.

SUGEFAR, Bk, RETTIE, 45 B2 T MRS DCHEBOR Y
FALN. TR R 248, 2020, 26(3): 565-588.
LIU W R, TAO F, CHENG J F, et al. Digital twin satellite: concept,
key technologies and applications[J]. Computer Integrated
Manufacturing Systems, 2020, 26(3): 565-588.
TN, RO, BbesR, o AR PSR (DTN): M, At
BRI FIabfbarl, 2021, 47(3): 569-582.
SUN T, ZHOU C, DUAN X D, et al. Digital twin network(DTN):
concepts, architecture, and key technologies[J]. Acta Automatica
Sinica, 2021, 47(3): 569-582.
GONG T R, SHLEZINGER N, IOUSHUA S S, et al. RF chain
reduction for MIMO systems: a hardware prototype[J]. IEEE
Systems Journal, 2020, 14(4): 5296-5307.
Al ok 5. SGIIES SIINAK/SK/V RN 55 AFRHE AL
FIN IR CLAE B R RS2, [S.Lisn ], 2020: 6.



[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

ZHU T T, ZHANG Y. 5G network realizes standardization of
4K/8K/VR high-definition video services model and application
scenario research[C]/The 17th China Standardization Forum.
[S.l.:s.n.], 2020: 6

W, B, B, SE T SNMPROMIZE I A G d T 5 5
[J]. BRI A, 2021(15): 77-79.

ZENG Y, QIAN H, YANG H T. Design and implementation of
network monitoring system based on SNMP[J]. Scientific and
Technological Innovation, 2021(15): 77-79.

MACK S G, SRIRAM G. NetFlow: a tool for isolating carbon
flows in genome-scale metabolic networks[J]. Metabolic
Engineering Communications, 2021, 12:1-9.

BRI, B, ATE], A RISGEIIBOR K ILAER 2 5 sz
AErP R ). FUR R, 2021, 37(2): 154-163.

MAO D F, JIAM, HE X M, et al. Network telemetry technology and
its application in automatic network operation and maintenance[J].
Telecommunications Science, 2021, 37(2): 154-163.

GUOJ C, LI D C, CHEN Z. Performance analysis of heterogeneous
traffic networks based on sFlow and NetStream[J]. International
Journal of Performability Engineering, 2020, 16(10): 2-10.

FItE. JEFNETCONFRIMZS AR SR A gt 55
[D]. He#: AR, 2020.

BAI Y. Design and implementation of network equipment
configuration and management system based on NETCONF[D].
Chengdu: University of Electronic Science and Technology of
China, 2020.

BRI, TR, e, A ISR IIBOR R ILAER 2 5 sikig
AErP R . FUR R, 2021, 37(2): 154-163.

MAO D F, JIAM, HE X M, et al. Network telemetry technology and
its application in automatic network operation and maintenance[J].
Telecommunications Science, 2021, 37(2): 154-163.

RICKS T M, LACY T E, PINEDA E J, et al. Order-reduced
solution of the nonlinear high-fidelity generalized method of cells
micromechanics relations[C]//Proceedings of American Society for
Composites 2017. [S.1.:s.n.], 2017.

SHT. TR A A 8 B EORRF 7T [D]. P H
PRIBEE A7, 2018.

HU J B. Research of surveillance video background-model
technology for transmission bandwidth saving[D]. Chonggqing:
Chongqing University of Posts and Telecommunications, 2018.
EWEIT, T, RS, A A R [E SN RO R
FE: CfEREER” SRR R sk 5 BB (1] hIE R

Ficru Ol AT, BEFT5, PSSR
SR TN T

BEbe T, 2021, 36(9): 1066-1073.

WANG X H, WANG S, TANG H W, et al. Building substrate for
national strategy of new infrastructure construction—practice and
thought of information superbahn testbed[J]. Bulletin of Chinese
Academy of Sciences, 2021, 36(9): 1066-1073.

[31] SILVER D, HUANG A, MADDISON C J, et al. Mastering the
game of Go with deep neural networks and tree search[J]. Nature,
2016, 529 (7587): 484-489.

[32] VAN D W, NIEUWBURG E, CREMERS A, et al. Evaluating XAlI:
a comparison of rule-based and example-based explanations[J].

Artificial Intelligence, 2021, 291.

0 (1995-) , 5, WEEsRshiE S A
AT e B R — T = AT, FEHT9T
A R — A 2R A0 | St B 28
YA,

(1997-) , %, HERABE SRR
It A, BETROT [F)  R I — A5 B S8 AR
S REE M St 5 BRI 5 .

(1975-) , Z, WEFR2ER R RN

(1972-) , B, HpERABEHSEARDI
PR D AT, WF5E01, EEWTFT AR —
R ERIZ . TSl fER .

(1976-) , 5, Aba0hRhih ERER G A
PR FTE RN SR BRI AR, RIRTSCHT,
BT P EE e S AR

(1986—) , Y, Rz B AR b =
TR, EEWEE 1 TR IR ARGtk M
PGB A



