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Abstract: The integration of cross-regional, fragmented edge computing resources is a key aspect in advancing the high-quality devel-
opment of edge computing infrastructure. Diverse operational environments—encompassing space, air, ground, and sea—jointly form a
large-scale network of computing resources. Given the vast scale and diversity of these resources, significant disparities exist across
computing platforms in terms of hardware performance, resource distribution and environmental adaptability. Traditional management
methods are increasingly inadequate to meet the demands of efficient and dynamic scheduling. Therefore, there is an urgent need to es-
tablish a unified management framework capable of enabling efficient sensing, integration, and orchestration of computing resources.
We proposes an integrated resource management architecture to interconnect edge devices across space, air, ground and sea to break
down regional computing barriers. Based on the current network technologies, we analyzes the resource advantages and environmental
characteristics of edge devices deployed in these varied domains. An integrated architecture comprising multiple logical layers is con-
structed to manage edge computing resources across regions. This paper summarizes key challenges encountered in the development of
such an architecture, including resource sensing and registration, computing topology updates, and resource orchestration and schedul-
ing. It further outlines critical research directions, providing robust theoretical support for the construction of infrastructure and optimi-
zation of computing resources across heterogeneous environments.

Keywords: satellite networking, on-orbit computing, heterogeneous computing resource management

YRS B 2024-12-30; fEEIBHA: 2025-04-30

EETH: HEKERBFIEG RO (No.62432015, No.62172375), WIALHH AWM (No.2023BAB065), HIEMITTAY: (R0 “MWIRF#H" BTk
4 (No.2022179)

Foundation Items: The National Natural Science Foundation of China(No. 62432015, No.62172375), Hubei Provincial Key Research and Development Program
(N0.2023BAB065), Scientific Research Foundation of “CUG Scholar” at China University of Geosciences (Wuhan) (No. 2022179)



‘2 Rty — A5 B4 56 %

0 3l&E

R PR IR IR R R 3T
EER TR A0 R R AR, AT 2 2 A fi
TR R B3 IR 45 HE A AR B R B i D T
Ko W AGAAIETT I, BT M E R L
RSB L4304, RO BARIEAN T s, RR e
b Tl PR 33 DA R B IR 45 T S e 4 M o T
B, MR ANEE R, TSR
VIR R BT . &L . SRR B 3k
TR L o

BRIy S BRI A 53 A 7 A R BB oz B s 7
R IR, T e R S FA R A,
S ERIRNILE | WEMBISSE . A, K=,
BEHAMIERE (FIFR “Zs KIS ) 7R A8 2 bk
HUFRA 43 X, SRR TE S i L R SRR LS
PR A0 5T VA, B A S M T R U TR TS
TP, SHER S5 o R B, A2, HAi
TSR B S 11 B — DR R P B — 41T 55
SR [ X R 9 U T TR . B A AR SR
MEALR TR AR i, AN, BUAIFTT R B T o
Ko =M, ZSUEE A I — b B R S A B
FAE, MR T 2t s KIS A R A R TR
PSSP %

PRI, ACSCHR s Kb — i B YA B
by, B BRI & DO M E S R, B
[ R X3 M ) AR A B B — AN M R B
T A TR AR R AR AT TR, FR IR Y
Ik, VERE. SRS BIAMRIREHE, Sa TS TR
BRI IRIR, TR IR ST A S TSR,
ST I AT R RS S . IR A
BAI IR T SR S 4 i o A 35 8 5 B —
PRI L 20, B DRSS T 8, ket
PRI T A R

28 RHBUG— VAL 5 5T B 2R ot D K X d
ISR AR T . R . B K
S, R RO BRI AR S AL, Mg
T BRI 2R, I AR R TR AR %54y
WIS e IR SR S VC R, TR AL L
SRR S AT 55 2 W BOLAE, SCP2s K Hig s
T E BN RT S5 R00T . R 205 . MUK
B PSR IR G — s, S SERIRI T Iz R

AR, I HARR Rt AR S5 SRR, AUt
DOz . 2R WS R IR E TS, W
AR SEHUPA L8 FE R B E ) T 2

1 EHRBEEBHRAELRFIPEEE
1.1 BInEAERNEREER

BA BRI Bt BRI | BT L AR S
AU P G R E S Bl e S IR R
S5HAM, RE G, R=ZAEEC O K2
A TR R TR AR I TR BT ) . A 2023 4, TR
S L Lk 5 197 EFLOPS,  JLrR EREST 1T & H
AWEBER, ARSI R R Iy 2 —, 4E
[FILE K 45%, Sl b BB B H 15% 12, 5 b
i, FRED A2 DK kB 6 196 /1 F2K, 10 Gbit/s
PON Ui I F50R0A 3 2 000 74, 4[] H I By 428 N iy 11
SBCER 11124, et BTER T s sk
R

03 BT PR AV R AR AT 4 5 5 )
WHES) N AWTIRTE, BT R ERT ) 5
07 SR, AT IS AE —LE AR A HodE— 2 &
B e, HERMIE . REAKERIA DN £ S
W L RSB AR LA I, A5 R A PERR AR TR
We, FRE ) 5EE 2 IR ERAVCES, Y ERE
i T RN A, Rk, 2 V6. Z2HMT. o
PRSI0 2 TRk = A 380 4, S Bl
FIVE AR, Wity 75 ot AR AT 55 55 KI5 24>
o 7EEUEFROOBR K T MEDLE B4 TR 5,
H TS B R AR RN B, USR5 08 I 3l A7 25 TR
RIS,

MET, I R a3 A A A S I 12 R
SEARBY, MG R DG, 20 REL 60 4FAR, Kk
EaVE- S DARIN=WC ST P )N A A (TR i R B2y
Bt RIS, DI SOENIKRIE, T REET P
SRt R RS, TR N BT S5 TR
DAL A T, RS i IR AU ARAR kgt
e, PR T T D A S TR A AR T
e, N TR A o 0t PR B I, 1)

Loy BRI IR Atk — e O
TG R, KRS AR PR R
WD T 5B A SRR RN R
R4 5 X0 5 T 1



%24 HIGES 28 R — IR E 9 RS PR AR AT 98 B 2 <3
S—
: - 2ty
P e 1D 2
HOME  |[201t426044% | |20004 20104% “ 20224F
A 5 o FitE DOOOW® | Rt
- /\ > A /\ o }
201H 22 904E L 20104 20204F 20244
BUEC 7R =JRE HhRAE

WA oe 8o | &k

- e O

o @

globus gl
L

1 BEARREERANZRHELZS KBTS

1.2 Z=XRHGHE N RFEMIE

WAEAS I [ SRR T4 2 Kbty DX 0 5 1 54
PRI RIS s 5507 BEEES RIS 714
, BN BRARENERR S, BRILRIEAE
FIRZE T . RIEEF T8 & P21 BRI
M A RE (Qn i S A L) o ARSEASFN
W, TR A EE (BB IR 36 000 km) |
L (B 4R 2 000~36 000 km) . RHL (B ik
500~2 000 km) TE ., KRILFLTIAS FIRIAGIII A
PIBRA, AT BEEE A48 S I SE P ARh T 2 360
JIHTRHE . R R S AW s A, el
TRt ML | VL 2 RO EE B B, thag
5 PR ERMEEEE R FRER N st st . ¥
IRPARERS . AR Ik SR e e, B IR ST )Vl RO |
23 BERIGIE , 3k IR 2300 % i R L S5 AR U 4
B MBS Rl K N A AR | TE RS SRR AR
R S, B M s B RS, 3
0 JEI B/ N SRR A R 8 IR 55 o

HAr, S5 — @ iR G v 2 TAER
o BEMEL 5T, MaHSIPVER FE 3 A (41 B e A 4b
#, GBD!'Y, MHSPOUMNSR 47 R W5 YRI5 A5 BR85S 1)
25 M P S REAS IR A K151, Loct,
UAV Assisted!!31%: 5 5 5T A48 b S5 Bl
THA AR S5 /5 5% s IS /I T, Satellite-UAV-
Terrestrial Networks!'# . TWSPTUSI 2t 23 WP E I 1o 2801
REFEI (S s s Bl B )51, AdaptiveFog!! S 5¢
25 M — AR T Bh A BRI AR I R 1 75 5

SR, DA BRI B — ANk (R 5 ) & B
WA e, sk AR TEE TR . /BRI AR
B Bbsifl, Bz 0 T a3l 5 s e I B R an i
TSR o B 2 Kb i e 2 O RO RN AR R T

2

Online

DRI 25 75 5K S A B 2 TRz e flly, % T
E 5. LR HMIN— A BRI AU AL 1S
JCNEE, M EX RS IR A I R, AU
B RN R B IR B AN M, 3855 55 S s AT
SRR PRUCIRCE, DA AR TR S50 5 5%
TR R
1.3 ZFRUF—EUNENTREEEIREOPRA

A FE N AN B ERT S BRI BT, A
MHTE IR PP AE R BOR L, SRR T 12,
S ATAE 28 R — RS RS 43 O B U Dhie
55 25 R P R A I R v A7 AE R T Sl DU R A
HEL BHAIRIMETERRIME . BEIRGHEREEAE 3% 0]
L, HERRIUN AN 345 B o

(1) B3R 380 A 5 188 A B R R A 5
AN TE b

2SR — R, B i) 20 B
%E%ﬁm%ﬁ%@ﬁ%%ﬁﬁ%ﬁﬂ@ﬁmmﬁﬁﬁ
Kt HMAEER 2 R T SR A, AE: AR
BB TAMUANIE ) A L s 017
AL B AR LR R B (R BT I ol T
WA AARIEGE . BFIE 75, Bk,
MU 5 DX R P 28 B A58 FPORS o S R B TR ST i 2
PEATHRIRANE, BOMIA YIS BRI R A BT STEE
R P2 A R SR AR 20N, 3R THE T 24 1
AT R ERAR TR SRR, Xy AT N DX g
SRR P2 AN R RS DX SRR PRI ME S5 M7, R 31 A RS |
BN AR AT I, SRS PR RS S A f
Bo PRI, A er T 530 DA iR R kR RE SR SN i
FUEEA R AR BT, HERA A BURTR HE T B 2% b fg—
AT, AR A AR Z R, i
23 R — RS B3 I BRI ) DG B PR R



4. Rty — A5 B4 56 %

(2) EEHAWE N RSN ENFEESRS
AN PR

BRI DRI J B AR ) — e, A2 21
TR BEIR G, BSLRME IR R s RS, X
BEE IR SRS SIRVEBERE ). AT IS
W BN BREE . TR S BOR R B
DAL RS R B AR R AR e 119200,
SRI, BENBE R A PERIDT = B AN RS
fifig . M5 At S AE S R RS aE T o
e, anfer AR P AR A R SRR TR R Bl
B8, VARSI s B mRoi g Stk gk, oAk
Rt — AT B IR R T PO D, — D BB

(3) ZRFAI ST T3 55 IR 55 75 RO B LR S5 1
55y b bk

25 R DO N B8 IO B PR AHIE AN SUHIA], dne R
BT3B B R ] SCHL A AS Hh (EL B M A a S2 PR T A
PR TS TR 5 2= kv 2= KA Tt ARG i £ AR AN S R
AT, WM AHCHR AT BRELAI A 12 s
REWCER | A AN B 15 B R AR i e T8
LR R AR BT K ML Ik AT /K SCSS Bii
ARSI R B . VLRI T
23 R MRS SO PRV TN BN, AR DO AR
U775 55 2 RN BRI 43 B A AR AN AR AL, eik iR
L5 REME S8 ELEEN 520, S B 5 4 SR 32
HHATIRTE S o IEAh, ASFIIRIPO RSN 2L | 7y BEFRA) |
ek HE AR 55 o ik RS T e BT 55 AN B E
P, PR TR 2. BRI, T
SN B IR S AL S IR A TR AL, IR AT S50
o, $Rm IR A, o2 R — A 5 B
BRI o

2 BRMB—-ELEHFRETRRMEEE
2SR AT PR S U 2 X
SR AR S, SE T, TEREERE ) R IR
TR, AL X A LS ) B A T
IS R, R 2 B BRI 55K 2 I
IBETIRA . AT R Gk 23 KMt — R (51 9%
U AT SR I A S B AR, AT A ek
VRS ER RV I T e A BRI R
21 ZXRE—FEUENRREERGIBEEY
AL 53 W7 AN TR S 57738 A 1 f L BR
B S TARRER, AT RARR 23 Rl — Pl 5 58

T P R G B o 2R T DA ot iR A
S R DO 2 R A 88, it gae
JIHOREAH 5 BT FARSE T AR SS R IR AK, BRIk
BRI, FEM i R I 22 DX 2 4R 5T 5%
DA ] P SHERAE 35 1 RN JE | AR L SRS QoS
18R, SIEN D BRAESF RN A",

N T SRBVA B Ihe s, R s Rl — R /g
P HLE A AU A ) ORI, BAh s
HE. ABEIREWEE . LSHREEIE. 5
TIBIR—E S5 VR B BRI IR S R o 1X )2 2K
Z IR A A, AT SR R A A . W RS B
FRORS A A BRI 3R - 3 22 DO P IR i 5
Gi—IC. ARG A WE 2 R

(1) R

FEBAN TSI B, X2 R X )
T2 A 8 s IRAS R B AT R S A 2 4 577 A
FOERIEEIATT o (I, AR5 5T B AU I A 3
JNERIE, BEHREARD . K2 BB ERL S
BRG] EISE — SR MUY i, S s & Pk 2 1
SURCIRAS , I 2 BT I 2 RE R BT e B 2R i Ol 1X
BEBLOSTRNZAEFEE (B E | JHRER
B BEDEE), i PRI S AT R Uk ik
FEo IR, O THTREDCI TSI BB TR, IR
SEHE ST A A AR e A OB AL, HEEER AR
SRR A (QUEHDEE IS TN TR, 2SS
JAE TR RIS B S5 Bl R

(2) MG TR R

23 R — AT Wb 0 B B R A S k5
N T SEEL 2 DR ) 2 IR e 8l R T, A4 Tt —
AR R ISR AN AL . AT TR IR AN
R ST L T B R B A, TR B Tt
TTIRBIRIS 2, DM —E AR . ZEFE— &
T R TR I R g — 84, LUK
MG PR S ARG O S VERE | 1BAE T BE . PXER I |
Hafrttds . BB B A RIS Bl . PhRE
V5 SRR 2 HCE AR ST SN B
MR TR

(3) ESFTRBEE IR

A FME S AEA R BE A2 5 TER S RO AL R
7 S AU A R I DR B S T 25 75 Rk —
SIRTE TS5 VE BRI ST O B AL o 5 A 5 T 9t U
N RN BN E AR N, RS TR G T



552 PGB 5 28 Kl — AL ) SR BRI R 2
Gyl &A= API et b B A S L
= = ;
VRSO || ESW W% W% WE R | HIAE
R ®%&3 ET I N T B&3l
xmkin | |L E5H g . . A
R e ‘T CIRES SRS WK
BREE MR REEE sy e AR
SN | | el Pk
W s
FII A A I I £ A Bl etk
m miTi
Gl 4 - ) [=] ) 3 13
L) YL H= (OO0 & @ werwns
2 -z Hy i RIS

B2

RAFUESS BT TR L BRI RE . {E55 QoS %
SR EE DR AEFEA TN, AN IRBTRIN e
BFORIENR, N FUES IR HPF R RIS

(4) SEBR—ESS ISR =

28 R — A5 B IR B SR 0 S A B B
N SR AL S5 TR B T R RS I AR E 55
R AEAR,  Jlts DO B IR R AT 55 bR i 122
B B IR — AT 55 VT A 8 = R Bl AT 55 S A 55
W, B R SR A R S I R ) B IR 5
MPRAS, BB IR B R b A P AR R 5 P A
Bty DA BERM IR . R, )= OG5S 1
SRIGIZATRUAE , AT DA 1 300 v R P 25 7% 47 0 3 5
e LR ST L IBUREM i i IR 55 SR sh I TR, B2 5377
TSI TINE S RIAGE P

(5) SLIMRSSRHE

B 25 B R B (7] 2 il 55 bk (L4 11/
MR35, B R IRERE Jo (bR N W25, FREA 28R
BRI TSR BT . T PRI IO N R T A R T
A, SRR IR BRI 3 R RO, [T PR R
RS MERT i BT o XM IR 55 REAE A S8 AL T 12 1
R
22 ZRMB—GUENTREEREWIEREN

SGiRORSBVE T WAR SNV (S ET RN 478 pri Epp ]
53, TRURE S Rl — AR 5T 38R B AR e o3 oK
LS. RSy W) L RS X, %
315377 2R AT B T3 PAZN S S B IURE , AT RN

ERMB-EUENFREERFBIERY

NI S AN, H B B 3 .

(1) REHT)

W RS2 RO O MERERE T, DA ER B
(Low Earth Orbit, LEO) 115 47 1) 10 A B JA2 41 o i 1
R R B R B O B e i 0, BCA R T ek
SN ZS [R5 TR AR TR 5T )19 . 4 SpaceX
O 3 /7 & EH Linux I E Kz, PAEERIE T
B MR AP, eS0T DR
THAMERARAL S, AScRs LR FRHATSS . X R
DECAES L ELMEIITATSS, MG InETH R
IR, TR AR AR E . H PRI SR
JERSUEAT S5 o RSP T MRS IR 55 7
DI RIBEL A, 725 K I — Pk 1 B T Dl P 4 Ji o S
it

(2) =HHT)

PROFRE K, @SBk, IR AN AR
TN ’ATAR, Am. . ARSI R AR E RS T
PEAY LE 5 £ e B o %47 %% (% Loon T HP,
HAUV I H7%5) R @i i, A2 miss s g
BRI, AHEE DR L WA, S T ik
SR e TSR AE B T R B ik
E s AT E A S Bk (4 GHAPS 151 281 Gondola ~F
B ) TG B FH B AR R 3 28 S5 i
MRS RSCHE M55 . RS e A LE
LALLM, EAABRXIRPISEHEERE T . ThAEFE R
JIRSS o 3B IFLIA B R | AR M AT 5542

=R

| IS



6 KIb— AL B %

Fot

mﬁI
40~50 km

ﬁﬁI
10~20 km

K
0~5km

A — -=—=--

3 EXRMFE-GUEHIFREERFAN

Phrmi e, RBASE )5

(3) FfEEST)

Iz s A R ) A s T E L &R
S5 A PR, SE BT rh B8 d i R A AL RS
oo GRS IR O, Xl A
R PR AN AR B 0. AEA R . ARk
KB AR S T AR B ER R FE PR 5T
S5, XELTRe RILH T RN B AR

(4) I

TR AR (AR EH R (Conduc-
tivity-Temperature-Depth System, CTD) (301) | PR A%
(anp /R X114 (Array for Real-time Geostrophic Oceanog-
raphy, ARGO) JFHRMZEY) | IR (A1DART
BRI HE) , RS A A . T
IBTPEEMR IR AR 2, AR BRSSO L i BB
JIXEVAZE 75 B PR e FE AR X, BRI, v an
T WD PRI P 45 o D354 25 1 28— TR A ik
52 B AL PRl ey o TSRS il BE B O — Ak A
BRI BRI R T, AR £ 2 i AL BN T 26 By B
RAFE AR, AR RS | B 5
BRI PRI 5 i oA o

AN 0100513 8 %A HAU AR . s Kt

T o 5 B OO S BORIRHIE IR 1. 3k 1T,
TSR NS KUK I B R R RO . Wi — 1k
SIS A B AL, il Ml R s 5K
RS, AT BRI RS IR, e
il R AR TR E LIRS 5, feigis st
PRAIFIHEZRZIH, FEor 425 s TR BRI /] o

3 EXMB—RUENRTEEERZHED
RERK

Oy SBUEETT A RS AR DOSEREE N 15 % B IR R AT
N, LA A BT IRURIIR 55 1 SR A A B JEE 45 v 2
HE, FEEIR S RIS W I I (0 G HEBOR T T 5T
AT G 2 R — A ST T WA e Hh DL R S B
A O DO BT IR AN 5 R MR RS BoR,
T R BORBA R DO 4 358 10 BT IR B 8 — i B
QS IE BEES SR EHILE, T )
W RURE S PSR ME R Gl 28 Kl 2351
2553 MG SR, T A B AR S5 AT I 5
BRI, BROREE) MR s T AN I . X e RORAE Ak
RGN — A S DB SRR |, S5 A BoR 528
Mgt 2 MR s R — PR A5 ) WA B AR
REAGT AT, R SIEERE S, DA 2K,



2

2

PRALSE ) BH A BRI S 42

F1 SRS ENISENERS AT
B RER SEES REE HEES
Ve I i e [ ez
e Pl Bl e B
: HFEEAAL HEEm A SR St
e Bk Bk i o
A T K SRS IR A
- S o o TR
BIRAS — TR SR I
T ARG P TRV S R ARV Al
- Bk BT BRI A
i o o \ e
HZHE I AL AR Il
s s MR W
s AT HEF e e

3.1 BREFEFERSEMEAMEZTERNERAR

5 DX 3 DR AS I AR KU IR AN BOR IIAZ O
H bR B T 23 R — A0 51 B 4 DX A5 N
P e I W S5 & AIRE FT, DA RO R ER . 2B
WA RIS R — P

(1) BT A% Ja 55 M 00 288 Aoy 11 85 DXl % D AR 8
IES % N

PRSI AR SR B2 Kl — AR 5 4 I
PRASER, 5 AN P A & ST S A A DR A T SN
s SEDAEAT, LU E R TR0 SRS . AR
PTG Ty 5 VA S I 8 ) e 4 )
Fo B, FET0 RN W 00 I SR 3 )
B, W OO A A R X e Bk,
B RS I I 25 S I W SR B T AR IRAS L SRS
A AE RS, i k200 vy DX 28 [ AZ O P O ST B 0715
%E,%W@&@ﬂﬁéﬁﬁlo

SN BSOS S Bk o A 2 ek, R
DX S5 2R 2 Sk RIS R 3 1o 5 ﬁ?fﬁﬂﬁfg$ﬂl_1§§ﬁﬁﬁﬁbjxﬂq
IR o3 s . lan, Tz, SR AR E I Ak
L gt} et A= ﬁmﬁ%m,EWTWﬂ“bE$ﬂﬁE
S, B DX N S 0 DA R B A TR B
SIS R 100 vy i £ 0 PR IR AT A TSR A5 Tk
BRI UM A S, AR TR e s B .

(2) TR 23 IR e P A B TR IR AN R

— YN RS KM R R PR R A A

DRz —, HEER AT AR, AR 2R
FITRSNNG— I PIAELL . RIS T “Kuber-
netes + K3S” P BNINANE by, Rz K T1i%
B HEE AW IIA R T, 1) Kubernetes 57T

IR AT A B, HDA K3S A DR N N 1A Sk A
MR, SUBBR R APl R RS R (L,
PR A — BB IR S5

WK DX B 1k 24 G A5 R A5 B P IRl I, AT
KM ARG ERN, s R DI 557771 551
IRAREE SRR Je Bt AT . Bildn, W ilE X
B SRS E (S, fRf . i EE) FURASTE
HHL, %%%ﬁ&ﬁ%Mﬁﬁ&%%%ﬁﬁw Wl
WS AT IR 28 g5 Rl et B R v AT 55 (AN
P 5 35 1) 0 A WLER TR RV I A% TR 1) 7K SR 2R AT 10
AbER)
32 HWENNERESSHINERIE

258 KU IR )15 B G S Eh SRR B AExT
PR SR IR AT G — R, AR 2 AR A
BN ST TS IR I SCA A MRSE, DUERN 2R
B 1K

(1) THA) R 5 B A S

B0 BB T BN AN ARS8 P 1 100 0 8 £ R AIE
— R, DAE NS RIS ) R A R S JRRE o
AT SIS (WIFLOPS) TEffik A5 Iy T 2 AT )
PR, ATl ZERINERER, £
HHEEE T ANZA G (I RE . 8
R BE H%NL AR, JEl— %15
EREbMA R WA EES . MREERE . L
&M@Hgﬁ%ﬁ%hwmﬁﬁ%ﬁ%ﬁ%ﬁﬁ,iﬂ
W SRR I AT AL AR R, R B IR
RCE AR

Nt PR T B S RCR S ) E T,
AR T BhAS H-E 5 FEAT L 52 438 Bl Py 33145 B



8- Rty — A5 B4 56 %

1 35S R AR E L. AT A T A AR T A
JIE EARIMIEL, 514 BEAR I 5 e
[FI, RN ZRELIE5H, S5 XKIRG S RIHIH R
Sl , BPRTEL IS AR PR R bR E A7 5 =
. BE TR S EAMBRE A 555 Bt ok
PRI SCHRE, 3 R ok Bl A B S R TR ) e
7], ATPE T 28 R — A 5 9 s B R AT 55
Wi N 38 P 1B T30

(2) T BRI IS N AL F A ]

238 R — AP0 S5 T 08 5 PR A g 1A 25 ) e S A
MRS EMN, SEENE BRI S RRRE, o
e B IR R TR 5 R Rs TR . S — B,
AR TR T2 2 I A8 SR M) B3 b B AL A BRATL
o ZMLHIRR PR 5B A R A (QLEO T A
BATPLERINAE N . 1758 Eas b ER S = A )
K HAN S FAFI 2T, FEARIEAS R 95 I 2 Bl 25
B ME BARFNEA I A Y] . BhAS b S A BRAL
Tl A 7 S B D A PR A ] -3l R ) S D B R oK
WMERIUA, B I 80R

WEAN, s AT 55 BT B ) U RS Sk Ay Bl )
AT, AT DA s g b O S AR B AR Bt U R
— B B S AR B IR AR AT S5 A Sk, R
S TR A A SRS BRI A T AL, A R A IS
N AZ T DR AS I B BEHT o N TR A I 53 T % U
AT DASR T i e 4 5 W P AL R R, A DRk S8R )
[FIIN I DS OB E T8 o AEESPATE R, 2N
DX K AT AR DX 0 IR S S5 4T 5 R 1R sl A 8 o i
Fsne, USRI R, IIMHR 5 18 IhiAE 2 0k
PIAAE S5 FR P R3S 3 o X — LI AR AE i 2 1 B3 7 %
I A PR AR AT S S S T I 1 P R A R B 3R
HHAR R G BOE T,
3.3 MEZEXMEEEE S5 EAE 18 E R

25 K — AR 58 A PR AR G AT 55 47 Bl AR
TR BE SRS BT H FRAR 0 1k AT 55 G HE AT 550
SKIOEERESTR], RIS AR AR 55 75 SR S B i B DR LA B2 T
T I FEAR BB

(1) BT I EGUE AT 5515 R EGmHE L]

I S BUBAT: 5518 28 Rl — R e 5 ) R L R 4

w2 7E, WE R4 24 (Advanced Driving

Assistance System, ADAS) #H I AAbRAdE . MO S I
W s . TR E PRI SO, X RS 55
T AE TAS I TRIR A PN 52 A, a0 M S B AL B

AEHE AR AR BUR R TR o e I JE SR, AR
W ERAES AT, W SR AR LR 50T
I EFTR . TSR AL, A ST RS
I DA BN BT IIR A B S AT S5 BT, PRI = (et
FAESMS T, IS THE B IR R

FEFSIRIAESS M R, A 55 G 1T 25 38058 i e A
VEFNShASPERO PR o AT DAl 2 3805 PR 5 g HE R
FRYAT S5 USRI BHIRAT R, A a5 sh ik
A, FEGHRZAE S BN IE | S ERERS I s Y
JRIFE IRA LN, AT DA fs S S D S P A3 B 0,
ST RN AEBSURAT S5 A TR R, VAT 55 1 S PO I 3
PERIBE IR AR W, v DRSS TR e 2
WD ESIBOB AR T4, e — PSR T 55 Wi B B AN 4 el 1
JERRS T IS A S e e, PR
Th 28 R g — RS BV B AR e g i 2 2k T BT
55yt MIRAAVERE o

(2) FETHIMESS VLRI SR IR ATy i

FET RS AT A% A R A R 2 R — AL
S, e RN S5 AR 2R S R RS
RN TR BRI RSO . S = 30
JE, AT S S C VA R, il o A AR 5 P
PR BRMBANSIN MEEER, S5 R0 AINE
HE, RIS SEENIEACIER . o, ERMZH
PO AR A T 55 T 2 SRS 2h A5 Ay A B IR A
FESS st P FCCR AT 55 53 IE SR SRS HE 4k dh
ML B M R R R G RE

BEAh, ik BRI R EERCR, AT S5 R
PRI G ZVEEALR, 45 A A3 B 5 R L
JERRAY, G554 AT 35 LA S DI R i 7 A%, SR
RS R PRI . 4380 01 ST Bt IR 2R 1AL
S, BRSSO AR R
LB~ RN PR AP ST TINAR I EET: 2 R Wil (SR
KAESS o 1l TR A B, AR 4 R 9 IR
SREIFIN, A7 3500 2 R e I A S i f R

4 LRiE
41 MRBE

573 R — AL S B IR BE AR e A AN 2
AR, AR AE— SIS RANIR D RIS S OCTE AT 5T
JiTa), HEAEARIS I A p AN 52 & S I

(1) TS R E VER PSR U ot

TUAT BT e B RS ) 98 I AR Gefe e MR RIRr 2R



DB 23 M — PR B IS BRI 7 S e 22 <9 -

SHRE . mTEEARMNEAREAFNE. AR
FURS ISR SRR, PRI AR B 0749 e P AT S P AR 7S
FOCHE, B ERIBOEAT M N S AL B
PRARESRME . A e T T B, SEBLEET ) Ry A
LA 2 R T LAt SRTH R TIRRE .

(2) HeEESIET s S AR Pl g — 1k

AR RSB AR 2 (B Rl A 5 1
WEEEESA, EEWB EARAER), X FHAEE
FREMNSEDRFEERAZD, & MEMETI HZ A7
FERBAHEA AT 5 P G A5 PO Py AR R A
PR 2955 1 o ELIR ELI ) 1 2 REAS . AL, O 1l
SRS RS AE B RN T s i R AE R, BT
PRAEFCIE P, AR AR 75 7 A2 O T R R 28 AR 5
RIS B SR I A5 0 U B, DA BLAN R ) 2%
INFRIEET R, AR TR SRR .

(3) AIake s BB R e 2 A NS A PRIEE

A AR O 57038 4 B i Bl e e R
AJHAIA X G B DO A (& H Iy A v ol G A7 £
PeFa AL bl B, RS TS M4 R
Bl 2 R RA RS i IV S R B P, il UM
AEARR LR RALESR, BRI DR & Im AT o
42 BE

2 R — A ST B IR BB O AR S SR
BRI B TS SO, SRR RAS L BRI
FESLTD, SCBL T 20U A M 10 i 5 (R B A B DL 4 T
BE e HAT, BN A R — A5 B
EH ARG ENG— SRR T UL TIREB B,
AR TT AR T IR N S 2 15 B A A Bt
TR Attt VLM REIR 55 g R 22 o [RII,
ZX RIS I AR 48— G HFE 755 Redts DSl R 9 5
B B 4355 (L, Tl R e 2 TR Rl 5 B 42
SCOUHIE R — RS A, HEBh#h o AP AT A B
EERIE . BREE AR

SE Mk

(1] g . s oG T e R 28 ik o e 58 TP FLAE AL
IO =Tuaram s HFRmAHL [EB . 2024,
LIU C. Proposal of the central committee of the communist party
of China on formulating the 14th five-year plan for national eco-
nomic and social development and the long-range objectives
through the year 2035[EB]. 2024.

[2] FREEEEGETTEE. BHITRE IRURCE A 1 5 EB]. 2024

China Academy of Information and Communications Technology.

(31

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[1e]

[17]

White paper on authoritative assessment of research capability
[EB]. 2024.

SeER AT 2IES WSS ot 2SRRI ) 25 2 [EB .
2022.

WU Z R.What is a computing power network? Why do we need
computing power and computing power networks?[ EB]. 2022.
ZHANG Q, CHENG L, BOUTABA R. Cloud computing: state-of-
the-art and research challenges[J]. Journal of Internet Services and
Applications, 2010, 1(1): 7-18.

SHI W S, CAO J, ZHANG Q, et al. Edge computing: vision and
challenges[J]. IEEE Internet of Things Journal, 2016, 3(5):
637-646.

KRATZKE N, QUINT P C. Understanding cloud-native applica-
tions after 10 years of cloud computing - A systematic mapping
study[J]. Journal of Systems and Software, 2017, 126: 1-16.
WANG J J, FENG Z Q, GEORGE S, et al. Towards scalable edge-
native applications[C]//Proceedings of the 4th ACM/IEEE Sympo-
sium on Edge Computing. New York: ACM, 2019: 152-165.

FRER SR . TR S S5 TR 15T EB . 2024,
China Mobile CMRI. Native white paper on computing power for
intelligent computing[ EB . 2024.

ZHUBT, LIN SY, ZHU Y F, et al. Collaborative hyperspectral im-
age processing using satellite edge computing[J]. IEEE Transac-
tions on Mobile Computing, 2024, 23(3): 2241-2253.
OUYANGQL,YEN,GAOJ,etal.Jointin-orbitcomputationand com-
munication for minimizing download time from LEO satellites[J].
IEEETransactionsonMobile Computing,2024,23(5):3950-3963.
ZHANG XY, LIU J, ZHANG R, et al. Energy-efficient computa-
tion peer offloading in satellite edge computing networks[J]. IEEE
Transactions on Mobile Computing, 2024, 23(4): 3077-3091.

BAI Z Y, LIN Y F, CAO Y, et al. Delay-aware cooperative task
offloading for multi-UAV enabled edge-cloud computing[J]. IEEE
Transactions on Mobile Computing, 2024, 23(2): 1034-1049.

DAI X X, XIAO Z, JIANG H B, et al. UAV-assisted task offload-
ing in vehicular edge computing networks[J]. IEEE Transactions
on Mobile Computing, 2024, 23(4): 2520-2534.

WANG Y M, FENG W, WANG J, et al. Hybrid satellite-UAV-
terrestrial networks for 6G ubiquitous coverage: a maritime com-
munications perspective[J]. IEEE Journal on Selected Areas in
Communications, 2021, 39(11): 3475-3490.

YANG T T, CUI Z Q, ALSHEHRI A H, et al. Distributed maritime
transport communication system with reliability and safety based
on blockchain and edge computing[J]. IEEE Transactions on Intel-
ligent Transportation Systems, 2022: 1-11.

XIAO Y, KRUNZ M. AdaptiveFog: a modelling and optimization
framework for fog computing in intelligent transportation systems[J].
IEEE Transactions on Mobile Computing, 2022,21(12): 4187-4200.
BB AR, R, (R, S TS R — AR AR ) W2
AR HLEFRFE, 2021, 37(10): 76-85

DUAN X D, YAO H J, FU Y X, et al. Computing force network



<10 -

Rty — A5 B4 CAE

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

technologies for computing and network integration evolution[J].
Telecommunications Science, 2021, 37(10): 76-85.

SRR, T ROBe, KU, % BLETIR SOk RILRIBEC[T]). i+
&, 2022, 50(12): 2928-2934.

ZHANG H K,YU C X, QUAN W,et al. Fundamental research on
computing integration networking[J]. Acta Electronica Sinica,
2022, 50(12): 2928-2934.

XNEET, A58, Sk, . Z BRSNS
FURLY ] NI S AR, 2020, 57(9): 1810-1822

LIU Z N, LI K, WU L T, et al. CATS: cost aware task scheduling
in multi-tier computing networks[J]. Journal of Computer Re-
search and Development, 2020, 57(9): 1810-1822.

SR, U, 22TTH, S5 SIS R O T B U R S Tk
1. HHEHUITIE S & TR, 2023, 60(4): 763-771.

CHAI R N, GAO S, LAN ] Y, et al. Efficient computing resource
metric method in computing-first network[J]. Journal of Computer
Research and Development, 2023, 60(4): 763-771.

KAUSHIK P, RAO A M, SINGH D P, et al. Cloud computing and
comparison based on service and performance between Amazon
AWS, microsoft azure, and google cloud[C]//Proceedings of the
2021 International Conference on Technological Advancements
and Innovations (ICTAI). Piscataway: IEEE Press, 2021: 268-273.
WANG C, ZHANG Y R, LI Q, et al. Satellite computing: a case
study of cloud-native satellites[C]//Proceedings of the 2023 IEEE
International Conference on Edge Computing and Communica-
tions (EDGE). Piscataway: IEEE Press, 2023: 262-270.

LIY J, LIH W, LIU W, et al. A case for stateless mobile core net-
work functions in space[C]//Proceedings of the ACM SIGCOMM
2022 Conference. New York: ACM, 2022: 298-313.

CHENG L, FENG G, SUNYY, et al. Dynamic computation offload-
ing in satellite edge computing[C]//Proceedings of the ICC 2022 -
IEEE International Conference on Communications. Piscataway:
IEEE Press, 2022: 4721-4726.

WU C, L1Y, XU M, et al. A comprehensive survey on orbital edge
computing: systems, applications, and algorithms[Z ]. arXiv, 2023.
SERRANO P, GRAMAGLIA M, MANCINI F, et al. Balloons in
the sky: unveiling the characteristics and trade-offs of the google
loon service[J]. IEEE Transactions on Mobile Computing, 2023, 22
(6): 3165-3178.

LU D, XIONG C K, LYU B Z, et al. Multi-mode hybrid aerial un-
derwater vehicle with extended endurance[C]//Proceedings of the
2018 OCEANS - MTS/IEEE Kobe Techno-Oceans (OTO). Piscat-
away: IEEE Press, 2018: 1-7.

ORNABENE R, HOFFMAN M, ASTLER D, et al. Design status
of Gondola for high-altitude planetary science: E-20154[Z]. 2023.
Current status of a NASA high-altitude balloon-based observatory
for planetary science | AIAA AVIATION Forum[Z]. 2015.
DURAIBABU D B, LEEN G, TOAL D, et al. Underwater depth
and temperature sensing based on fiber optic technology for ma-

rine and fresh water applications[J]. Sensors, 2017, 17(6): 1228.

[31]

LU D, XIONG C K, LYU B Z, et al. Multi-mode hybrid aerial un-
derwater vehicle with extended endurance[C]//Proceedings of the
2018 OCEANS - MTS/IEEE Kobe Techno-Oceans (OTO). Piscat-
away: IEEE Press, 2018: 1-7.

[32] Networking in oceans: a survey[J]. ACM Computing Surveys,
2021: 541.

[33] SCHMIDT D, WILCOCK W, LEVEQUE R, et al. Earthquake and
tsunami early warning on the Cascadia subduction zone: a feasibil-
ity study for an offshore geophysical monitoring network[J]. Geol-
ogy, Engineering, Environmental Science, 2019.

[{E&ETE ]

BB (1993-), B, mEMmey R0
PEHLEEG AR, NS AR 5E
TIfE.

AEEF (2000-), 55, WEHTURY: (B0
ARKEARF A, I AR
L7IREMERIERVIES Sa - B8

FEF (1998-), F, MR (B0
ARKBARZGW A, FEHFITA N D ELA
Zatti.

BEFE (1984-), 5, WEMFTRY (K30
HEALEGEIR, FENFDZGIHE ., ZitH
SEATURINTITTT LA

= (1981- ), B, LELHEKAE R SR
PR PR, EEMNE N TRGE. YR
SEATI O IT AR,



