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{HHAVERES) 2 B bR T WA, e S FRm s, o
55 1 JE B TR R A A B AT S 1 i s s L = B S
f R PR AL T B % SRS AR T, (B TSRS AT 251 A1 5
SN ASE IE , 2158 P A A R AT I A T 1 EL AT
I3, A B A NG AR B DOFE . Prim A sh A5
2y, [, Z R A T T B DL A AL AR i
[ TR AE | R 2 A Sk A . ORI i 201 L b A Ay
TEE 1) S P 7 224548 DA R S 4% S e B e Wi o
[r] @t

T[] AR R 25 AR AT 55, B 32 AT A 17
Sy BB Z2UR Rl AN ST W T ) R R, I
DSN., 1S, 2= U XNAV F R4 AT
TR Z . DSN ZRZE4R (I s B 4 X U 56E, e S
R 55 R H bR . fF ORI Rl AT S, 8]
P AR R R 2P, XNAV FII DSAC 5458 55 4 i
THEFM T A RS REFRE ). SRS EH AR R
Z VR R A . 55U 25 B ST A5 TEA L b
AT ST, A FEE Bk, DA AT 45 28 4T AL )
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1555 FLK) 5 PL SR X P-D-E-A (R R 3K )2,
A TTAEAESS HAn . BORZIR . RS Fg BRIk 2 50
DA EMT, R bRkt ki, i
G5 R GEDRIBE | S e L FIAT 55 A, JF AT
=k S EA L U R o | CIBIES S B ] R iy e

155 R B AR 2 B R 20 T Je SR R U] 24 3
DA SR il A0 2 ) B s AR 25 6 B IR AR R, Qi 5
TN G355 M4 (hierarchical task network, HTN) | ¥
Xk 2 X% 7 (planning domain definition language,
PDDL) ., RZRZS (A48 2 FIAR I B A5 20 8y ik A AT
fRetEag . fE TIIEM LS, S A S 2R 5L 40
SRS 5 R A R AL AL R A A B A
B4 B AP AU AR 05 ] (model predic-
tive control, MPC) G- # {It Ak, AT 4b 38 B 45 2 ORIAT PR
P[] 7 [ra] RO R B2 98 462 > | Transformer #i%] Al
agent [ F AN WIFE S Jsh A8 FREE b 7 H B0
PE, (H T AR A SZ /TR . TSR . A sz Ak
FES2H J1FR A1, NASA ) DS1 155 s 2 86Uk
THETRERIA B N TR BRI RS TR )
TP, “B 157 KB F A K R R EE RS T HA
TR e B FEARBE L AR 55, i — DR T AL
HARTE A FAEFS AR SR b i) TARESCERE 17,

I TR b . R )RS AR B T AR S R S
K] AR . EDL o #2 1 S A R0 A b D[R] 4T
S AN, N AE SR A2 ST LR . 2R R AR B
[] RN P i AR B o R A AT 45 HE T T T R AUE S, [
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HEHERXE RREEE TREE  BRARRRE

HTN/PDDLZ: #1141 Hh AR = 8~9 B ARG B WA B ERAE T 8
Ja &I R/Ax Cx h = 9 AR A0 SRR AT S5 4 R
MPC/ AL LK = [ = 8 BBl YRR AR
REE T2 > =4 R I 4~6 SR ARSI EOS il -2 R

Transformer %] Gicy=1 R — 3~5 K P FME S5 FLR A £ o Brife B
Agent [ T 15 R R — i 2~4 ke B FER2EAT 55 L Be iR ]

T [ IR 25 () 0] B R S5 B TS R RB RO Rk Ny T A S PT A A 55 b L ABE . 2 of R 4
FARFEA AL TR BB - R ERE | BT g A W A AT R AT AL

KB IE S 1 A EAF 55 SUSRA AT SFEOR, #E3h A 3248552000 i Bk 7 50 0 71 4544 B
fEREE . ATIRUEME | WIRA R TS5 A e tESEL2m £ a5 AEEP kR,
HORIME . H—, HTN, PDDL AR RISE ik 3.4 SR NFIRETHEEERRA
A ] A, (AR OSSR | AL R I R 2 B REE I AR X P-D-E-A 1K R 1 HAT)2, H
Fe S A B et AT 5 ALY AN sh A FE ALK B 55 IR ISR 25 0 0 B . Pl A B R 10
AR H =, AR HLRIFD MPC BERSAL TR | YRR A4l B, kit WU R gk A
BB AR5, (HAE £ H s, Z2WIRMKEPTS B2 R EE, IR AT 22 AR IR &S R Bt 2
FRMF R AR A, WS RS BE R I S IERZ SR
U H =, 984k 2% > | Transformer ¥ % F1 Agent [ BRerE AR O LI R 2 s S
FMIRNFER 22 5 R ARG AR OFE S [ S s il RN 2 > 3 s A i B AR IR &, I 1E )
1 2A W ARV SRFEAR RO MR . sz H BRI e, 3k 6 fin, BB~
AR | RIS T R R 5 A R R XESE 8T, [R] 4345 (proportional integral derivative, PID) Fl1£& 4 —
Aef, VR 23 (AT 55 10 5 L (R i 25l Bl 20 25 L VR T VAT %% (linear quadratic regulator, LQR) 4§ J7 V2 7E 45
FE. RS EAEE O B M @ ER ARUE A ] b s AT SR T N A R
A, Qnfarfg ik B A 20 R G — B AT R UE A AR 55 FNTREE TR AR A2 b B S H5U A R A 2 AR T
RUFRRIAESS 52 20 B E DR R 3R T oG S 5 2 2 SR R T B B 4R, i b2 >
J¥) A il AT ) 54 ) B 2 = B ik ik LA S T ) AR i L

T 1) AR TR 8 25 AR IIAT 55, AR 55 A SO sils SRR IR R, RIS T AR LAk . Bl Bsgh
BT M 2o AR i | 2223 Sia AT g A A FA03h 4 4 1ok B B% %, OSIRIS-REX.
MG HIRAGIRFIRR . (BRI T N AMBEA KT Hayabusa2 ZT 530 T /N KRG I ERAE Rl &
5 AN R AR MBS AR aR A ) R R TR RN Y B kR | 2 B S R R A
3 I Z 8 e Rl AR B RE R RAR R R P, T RE RS I ERAE T N A

F 6 BENRMIFEFFIELR

EHIA & ERGS eBE BHEESN BABRRE FEFR
PID/LQR BARE . B Hh ik 9 TR P R, R R T A A T
SRrImEL ] SRR S = h 8~9 WS i R R A AR R
TR SR B PG R ol 8 Al BEAFAEBHIR, TRESC LT U8 I A2 o b 2
BRI AR T & =] 7~8 TSR, BB &=
ik RAAET . A EVLSIAE RS = 4~6 A R AR E PR UE AR
ABRRemH KIS MAENEE  RE R 2~4 IR g 0 T AR B IE M 5

www.kjdb.org 63


http://www.kjdb.org

FHE SR 2026,44(14)

WFsE

o E TR R R Y55 5 “ KA —5"EDL, fifd
T 5SS B FEAS SRR TR R [ R LR
T AR S S #54] (guidance, navigation and
control, GNC) T F2 £ 551>, [ o [l 28 A 1 v 35 1
B AR R Ak 2 2 P g e e T K
6}:[:%[57*59]0

2 7R3N 12 IREE T 1R Re 4 AT T I A A AN
FE M A T B IE M R R B R 2 R A A, H—,
555107, AEGAE AR ABE. WIS BlE SRR il
N1 ZAR G| 1 sh 2 il G A AR R xE DL A

B0, (BHAZE VIR | R AR W Tz
TN I A A2 W AT i AL e T AU K PAD B ol 22
Ry o=, B =S RRINAE 55 B 4% 2580 . TFE . FE0
AT AR IR A BIR A 1 52 23 R 7 2 A T R A S
W82 TR, T 2T A2 ) s 5 AN SE 1 |
PATHLR AL, HEFERI R i APEOIR ST 55 % 4
TG BIE, Al e B M REXE DL B AL ) TR
nfERETT

T [ A A TR 25 B R AT 55, 8 e A K b v
B BRI E T B0 A PR BRI, 200 1) L B R e A
W77 0] A e o BB B AR A R AR A A BRI |
A 55 Do SR 5 12 Tl AT A LS B B PP A AT PR A £
PRI A8 REASARIE PR AL | HURPRZS T 55 S 545
SRR RIAT R o L5 GNC Iy kAT A Ay e o] 4 5k
2k, o o BURECR | AR TN 4 o) FE A RE A R T ]
TSR AT | R B R SR AR
S N RPRETIE N E T o i i H A SR A — R
WG AR, BRI S T A | B 24 PR SR =
UL BB B IGERE SFHOR, i AL BARTEAHI 55
LA TR T %2 TR L 2 MR AT 55 (19 A
EIATRE
3.5 HREFTEEREMITHIERERA

TR 2 6] REAILA 7 4 B P e Ei A mT ] 73 by s
I s B R FEAT BE AR 2T KM IR S i ) £
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TR I 25 B 7T, b T[] 32 ) R0 s AT 2
e R R, TR I B U R SR AR E e T
IR BE R 3 5 1 2 I ) DR O SO B ) S, Ol
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i AR FREAR S A e 20 A 55 ML | W DR JRE 422 il
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T e R AEAL REAE
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Prospects for intelligent navigation technologies in deep—space
exploration
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Abstract Uncrewed deep-space exploration missions operate under extreme constraints, including vast distances, long communication
delays, weak signals, and complex dynamical environments, making conventional ground—control architectures increasingly inadequate
for long—duration, complex operations. This review systematically examines advances in intelligent navigation for deep—space
exploration. It proposes a perception—decision—execution—auxiliary architecture and synthesizes progress and key bottlenecks in critical
technologies, including extreme—environment perception and autonomous cognition, multi—source fusion autonomous navigation, mission
planning and decision—making under long—delay conditions, intelligent control in complex dynamical environments, and intelligent
navigation auxiliary support technologies for deep space, with particular attention to the integration of artificial intelligence and its future
development. Building on this analysis, the review outlines priorities for advancing intelligent navigation in deep space, providing a
technical reference for the planning and implementation of China's Phase II planetary exploration program, solar—system boundary
exploration, and other future deep—space missions.
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