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Fig. 1 Illustration of regional navigation by cooperation

of ground- and HAB-based pseudolites
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Fig.2 Variations of meridional and latitudinal wind

speeds with altitudes in a specific area of northwest China

at a specific time

w,/ (m-s

94 96,
3090 92 We)

3 FEACFEHER 20 km 5 E & ERIEMLE R
RUEPEKFRIEE L

Fig. 3 Variations of meridional and latitudinal wind

speeds with horizontal positions in a specific area of north-

west China at a specific time at an altitude of 20 km



2026 4%

M2, A5 B I DS o 1 O T2 0 205 LAl g 22 1030 13

1.5

.....

0.8 ,
o1

w;/ (m-s™)

-0.6 r - ""\_'_ ______

—-1.3r
-2.0

2 4 6 8 10 12 14 16 18 20 22 24
t/h
(a) &R Rk

®,/ (m-s™)

2 4 6 8 10 12 14 16 18 20 22 24
t/h
(b) ZhiFRE
4 BELEFRWEBRZEREMLSERERTE
Fig. 4 Diurnal variations of meridional and latitudinal
wind speeds in a specific area of northwest China

on a specific day

22 MREZE

T by O T JLART 43 A ARG T E Il
Bip IR X3 T AL H ) 190 46 4 A A T R PR T UK
Ph TR A B AE AL, PRt O TR 0 2% JL e g 284
R AZ O AR DR AT, M, &
SCORBURER DY TUR T iy AT B, B A
PT35S, it oI [ D TR R 4%
JU A g 0 R0 R[] R 2 Ak Sy DL ASCBR PR T0 L AT o
N EE . LA Govor BX Guvor 52/ R H AR I 2H A LK
[F) 2

Ja e 2B R A o B 8] R R O
R T e O TR I 4% 11 T AR ) B R A )
U, ARSI ER R, Ak — MRS
RO JR A B, R T IE 4% 5% sR B I 3 1k 5
R S BT A SR A R kA, B e B
Eeti IV AN L 4 A S ) N B S AW
X{:(ks)+r1 x sin () x
1B (k) = XE(ks) | 1= 1r>05
X{f(ks)+r1 x cos( ) %
rsB*(ks)— XE(ks) | 0<r,<0.5

13>

e kU HTEARRE: XE Chs) AR is TEER ks IR
AR js i i B Che) MRREEAESS ks IRIEAR
B RS s A5 iy oy ey 3R
S5, Hrb, nfEHAE R ERE P
B, BUETEE R0, 205 r P il 88 M ni e i

Xi(ks +1)=

fiff X >4 A 22 AR B2 R R, U E LR [0, 2]
ro P58 W) B TR T 5% R AN A iX 3K AR 2 R 09 A 4
BUEREE [0, 1] 5 rdERRE IS B s, M)
(E&]
r=as(1—ks/Ts) (14>

Kb e W HE, WEBUER 2; TR REAR
R UHL

AR SO TE AR R Y A A R i R R S —
SERY TR ATEEASG, K& i fh ik
ROGTFRVE AR DR RIT R EM IR, 1
ORI E 2P BRI .

D wiiafes ki, ERZERMTE K
T BRI T %5

2) IR AL E DA S A N R, B
A3 B AR IR O TR 4 B Y T B R AT AT RS Y
Gcl)oPEji Gunor

30 ARE A A £ 18 i 1Y) 30 IO BE R B X T A% A
L E AL 5

4) BHSH . ras a1

5 WIEHHEB riy ray sy
204 6 2 ik 4R v ) B A

6) FIWT BB 5 s ik E m R, A
BEL, OO HL o) 5 3] 5 L IXC 1]

7D ST R R A5 S 5 1 g A B, R
R A3 7 5 Ik £ ) 24 T R DGR 5

8) A it AR Bk AR R REL Ts, WIFE AE 4
AR SR E AN A C &R R R IREL TS,
28 E AT IR M 45 2R
23 MRIAER

AR R, AR AR A R PR R
FIERIR RN ITEE . RITE B & 0N
o D RATREAR, 2w s R EHERE
T T2 G BRI G 2 R4, @2
IR AT B NG TR T, AN RE TCRR AR
ROy TR M 28 A B B v, A Rk
TR ERBIESHGERN, TG
A7 e FEYE I Y A i, 0T LR B 5. 2D
AT AR, Bk TR HRR TR W 2 B
WRAT, R RGN e A b sk B T AR
JE AL T IUE A WG E N, — B TR R
T s B, T4 R CHOR PRk 2 3 4 i il 55 b 2

rESH, B

3 mESH

AR SCDAACER Pl T8RSl B O TR T JRe i b b



14 KE TR

w10 B 1

[F] DX 36 S 0 0 Ol 8 St A T BAr A, iR TR
FH MATLAB 2018b,
3.1 AESHRE

AR ESEO BT .

1) RARIR SR 26 ElAR AR, 9%
RERURE IR T R . Rk . % A S50 B
B AR O, R TR BRE0F o $E 4t 7 H 2
SHMKYE, ) ZMATmEMR. %, KK
S

2) SRS XSS R TR Wi DL
92°E~94°E. 37°N~39° N NSk % X, <
RO TR C AT B AR SS XA R, fE Scrh
A2 A M o ¥R R A ML 4 o

3) UMK 55 i 5 B R ARSI . DL 48 hihy
AR 55 i K, LL0.25 h o8 SR et .

4) REEH P50 T RS KN, &
] R4 1) BB 0.1° B — AR P, 2R3t 441
AR

5) 251 b Pp [) 41 ) 1 b 3 £ T8 7 B S8
ME1FIR,

R1 HEHIDELESH

Table 1 Position parameters of ground-based pseudolites

WA T RS &BE/CC) AE/C) @ /km
1 92.00 37.00 1
2 92.00 38.00 1
3 92.00 39.00 1
4 93.00 37.00 1
5 93.00 38.00 1
6 93.00 39.00 1
7 94.00 37.00 1
8 94.00 38.00 1
9 94.00 39.00 1
10 92.67 37.67 1
11 92.67 38.33 1
12 93.33 37.67 1
13 93.33 38.33 1

6) ZitHE, (AN TEMEN T, St
Ml 55 IX 3% i) GDOP ¥ & & 26.30, HDOP ¥ {H K
0.86, HiBLPh TR MRS WK S5 PR, St
IR %5 X 38 9 GDOP {H 7E 0~30 Z [a], 3% sh e fk
K, HDOPHTE0~10Z[H]

T RIR DR ESHINE2 iR, IR
TR TG A BB, s [R] O TR ) 4% Rt

98 SR 55 X 38 GDOP {8 K 5.14, HDOP #
{60 0.74, MZEEERS DA E 6 Fis .

39.0p A = 130
385 >
: 7NN ==\
. ‘\Z\; : >\v/ { : ; /x ) 10 E
;38.0?}} > ] (< & 15@
¢ N D 10
37.5 —— ~/
5
7950 9 93.0 935 940"
M)
(a) HLF:AN T2 W28 IIGDOPS A
39.0% == 30
25
38.5
20’{:
< 38.0 15§
4
10£
37.5
5
RIS — |,
92.0 925 93.0 935 94.0
A ()

(b) HuEEDH TLE M4 HDOP S AT
B5 #EAIEMEKRS
Fig.5 State of ground-based pseudolite network

F2 SHHIEHESHK
Table 2 Simulation parameters of HAB-based pseudolites

SR 17 FLAUE
WIRZ /() 93.0
WIHRELE /() 37.5

BI96 AT % /km 20.0
BRAL AT M /km 18.0
& KT R /km 22.0
LT/ (mes™ 0.6
TRERHE/(mes™ 0.3

SEES () FE6 (), K5 (b) FIK 6
(b) ATLAFEH], M55 Xk GDOP fiz K AE M 30
MR % 10 247, GDOP ¥{E M 26.30 &1k % 5.14,
] B} AR 45 X 45 ) HDOP 40 i A T el 3%, HDOP
BIE M 0.86 2 0.74, M5 E T < Bk h T2 X
b 3 Bl T P 465 L] ) R EL AT A i P A AR
3.2 LAGDOP AiFMigtR By kI 45 R

B UE AR SCRE A R, AT R R FH LRI
SR RIS SR FH LA 3300k 1 07 L 235 R AT % L 3 #T
SEROY TR CAT R E . ABRh TR K ATHLE
L K T3 R 55 st 1) o9 i b B 1) B8 T2 22 I 26 GDOP
PIE . TR R4 GDOP 43 A A8 Ak il % B 1% 1 23
S E 7~ 10 s, BARGE T EE in gk 3 iR .
RO A R BUE S W, HE S8



2026 4%

M2, A5 B I DS o 1 O T2 0 205 LAl g 22 1030 15

AR PR FI8H “litk 17 FoR TR A
HOETIN/ R VA S

39.09 S~ ——
/ \ .
20 _
38 0> 15 %
10'\5
5
\
37.05 925 93.0 00
A7)
(a) wﬂ?ﬁjlélwﬁﬂﬁbuﬁﬁ’JGDOl’%%ﬁ
39,09 ~ (130
25
38.5
~ 20 =
7380 15 é
\ 10°
75 s
| N |
37085 925 93.0 933 550 °
()

(b) Ry TEALT WAL E F-THDOP S A1
6 lnitethFE D EMEMRRE
Fig. 6 Initial state of ground- and nearspace-based

cooperation pseudolite network

s ~ YR
: + RALRIE R

40 45 5

510 15 20 25 30 35
t/h

7 RUERMINHSIKADLE CTEEX L
Fig.7 Comparison of planned and unplanned HAB-
based pseudolite fight altitudes

39 M3 T TEHES
38.5¢
—~ Op 11 o513
L 38 00t L2 oifl 5 Hi K80
s
37, ﬂﬂ%ll | | | dhE4 | HFT
92.0 92.4 928 932 93.6 94,

S,
S MRIEER - ARRIER
8 MUERMIHSERMADEKFE CITHER LL
Fig. 8 Comparison of planned and unplanned HAB-

based pseudolite horizontal flight trajectories

H1 P 7~ 9 X e A T, AR SORLR) 303k 5
Sy R T 4 1o X3 X B e BE AR AR R A,
SRRy TR B AT R, R HE B

Jrla), BEAER TAERD TR A RS X A K AT
], SMORICT T A O TR MR, angk3
B, R I Hl P 1] O T2 AL I 4% 7 48 h il 55
WINAYE GDOPAY R 5.27, 454 F 10/ LLFE £,
RS 190 TR M % GDOP 5 KA — MR 3 10,
ST E L PERE AR B KA T o RO A R R )
AR EAE R, ME SR, RESERMIAR
25 PEAE XU Y 20 km &5 8 K AT, Bl T4
mn%mmﬁﬁﬁﬁﬁmﬁﬁ,%ﬁﬁ%ﬁmﬁ
KAT, FEMRSS Xk P Y 5 B I AR 20,75 h, 7R
Je B2 K 43 B ] P R e R R IR 55, 7E T iR 55 )
BB th TR MZ GDOP Jy 17.21, S & it fE
KN tesh, WEORTLIAEH, T KR M
RIGE ek TR R I E Gl iR g K, 6
DAk R SRS, S 200 M b R B TR M 4%
PR AL, R4 GDOP XA 35 5 m .

(98]
[«

sy L
25 :i{:ﬁ%ﬁ%% ‘-‘k-*-*-*-*-*-‘k-*—-*-*--*-*—d’-*
20¢
15
~10r !
5%&’%‘(‘*‘%
5 10 15 40 45 50

20 25 30 35
t/h

9 MYUESRMYBADERE TS GDOP 3L
Fig. 9 Comparison of planned and unplanned average
GDOP of pseudolite networks

92,0 925 93.0 935
V)
(a) 24 hjGIGDOPA AR

bt
Gapor, 9

70650 oas 93 0 935 910 °

)
(b) 48 hF (IGDOP &A1
10 MYLEREFFHZEHIEMLSE GDOP 77tk
Fig. 10 Comparison of pseudolite network GDOP

distributions at different times based on planning results



16 KR TRER A E

w10 B 1

F3 RAMUERAKNEEANGERI I
(KA GDOP A i #5)
Table 3 Result comparison of planned and
unplanned algorithms

(with GDOP as the performance indicator)

AR Genor SRR A
I 5% ) R45 I K /h
7 5.27 48.00
5 17.21 20.75

3.3 LAHDOP A iF M5 R B M X 45 R

#r LA HDOP 1P br, T3 199 il 55 B[] Py
{11t M B[] B0 TR R 4% HDOP #4948 . £h T A M 4%
HDOP 43 A A8 A0 &L 4 S an & 11 fngl 12 s, B
RGeS 3R 4 T .

0.86, *iﬂkljﬁ’,% E* R e e e e e e
0.84|* A HKI &5 R

0.82f

07/1 e e — e — A

57015 30 25 300 35 40 45 50
t/h

B11 M¥S5RHMYEHAEEREFIHDOP 3 LE
Fig. 11 Comparison of planned and unplanned average
HDOP of pseudolite networks

39.0p> ~ 130
125
385 -
2z
< g
< 38.0f 15,2
10
375
5
; A
379855 923 93.0 935 530 ©
e

(a) 24 hJ5 FTHDOP4) A1
39.0p>

\‘ 1
25
38.5
20 %
3 38.0 15 2
38 g
10
375
5
0
5 94

1050 95 93.0 93 0
M)
(b) 48 h/7 HDOPZ3 i
12 MYIERETRRZE I E ML HDOP 273t Eb

Fig. 12 Comparison of pseudolite network HDOP

distributions at different times based on planning results

D5 A5 R, AR EALELL HDOP ¥4
FEbR I B0 R [FAE ELA R AR AR . A 11

FIP 1207 LU, BRI 45 SR iR 55 4 30 P e £ 12
B M 4572 HDOP {1575 0.74 B, 8 R AER
WEIR S, ANTA] DX P RS R P RE 22 S .
Sh, MR 4 REUEB AT A, X2 HDOP )
0.81 [ 22 0.74, Mz 55 I 1< ] 20.75 h %E | % 48 h,
PRI H R 0 T AR O TR S I 55 M RE Y 3

R4 RAMNERRINEANERM

(LA HDOP 44545
Table 4 Result comparison of planned and

unplanned algorithms

(with HDOP as the performance indicator)

TR o SRy TR
TRICEE 55/
& 0.74 48.00
i 0.81 20.75

34 FEHEMENIENHXER

b 3 PR T R S R S5 1 R AR AR AR
SR, AT LA GDOP A A 45 A XA 5 K ) S
Hi B T 45 P RE AT B, B —Fh R
B M 5O TR A R IR 3.1, kit 13 Pty T
By SR R T M SO T A 19,
it o i FeOh TR 5 5% 3 b I 45 A A 456 il 55 DX 3
AL A, S EimEN T A, 52
A 0 %) X 28 90 4 RS 43 A 43 Sl an ] 13 ARl 14 i
AN, 3G B 0 LA S L an Bl 15 FER S T .

00m e L - 160
- 50
385
—————————— |-
‘;38.0}) & B
375
10
L‘ > . . .//r'// — N n“\\\ ) ) 2 .‘
1050 925 930 935 9400

PUCH
B13 ImuEAIEMNENGDOP S
Fig. 13 GDOP distribution of 9 ground-based pseudolites

39.0z~ X |70

60

385 S 50
~ yd N =
o / 40 =
<380 \ 308

375 — 20

10

0950 s 930 935 94.0 ©

)
14 SEEHTENEN GDOP &
Fig. 14 GDOP distribution of 5 ground-based pseudolites



2026 4%

M2, A5 B I DS o 1 O T2 0 205 LAl g 22 1030 17

O B3R ML T
sot* 132 R FLRIS,

-+ O HRI5h
40t 95*%”6”
-~ SEHKILE
30H - SEAKE

%
il
P

&
&
A
&

- e = de= e = = e = k= e = k= e = k- e -k ok

Gapop

15 20 25 30 35 40 45 5
t/h
H15 FEANEMNHIERNETHGDOPXLL

Fig. 15 Comparison of network average GDOP with

510

different numbers of pseudolites

x5 FEHEHEMHTEMERIMREITLL
Table S Performance comparison of networks with

different numbers of ground-based pseudolites

WLy RERH Conon SRRy TR
PR#HE RUEE ’ H 46 B K /h
13 2 5.7 48.00

13 7 17.21 20.75

9 2 533 48.00

9 B 26.36 20.75

5 & 5.80 48.00

3 & 36.38 20.75
IS (o), FII3~15 AP HT , 76304 “UBk

B EMEAT, bl M5O TR B 13 56
AF) 9 RN 5, 2571 GDOP 1] A 26.30 3% K
F142.40. 59.70, HEMEAAE, KU FHRFSIERES
FIR R, mmy, IWERSHRTRIAEH, FE RO T
SRR N 13 B0 B S, R SR A Rk A Dy
T3 I 2 E MR 55 SR RS- 35 GDOP M 17.21 34 Jm
%36.38, ey DR ML b sE TR BRy AR H
SRBOR RNk 2Z 5, 3FIE LT i Oh T2 W 45 78 ik
% N GDOP ¥R 2 5.8 LUF, P T8 A 2%
) GDOP ¥ 45 1) B W ol s, H 3 Fpig & R
GDOP 228 W 45/, R WITE b 08 TR [ 2%
BEOMARER D TR IE X H AT S BT RS S, b
FEOh TR B X 45735 GDOP 15 10 52 28078 o

4 i

AR Sy Bl SRR O T A R b Oy T AR T
[) S U0 B8 e 55 PR RE, B Yo et 1 M P[] £
TEM L BTN bR, Hkid T8 LR
W25 JLAT AR BRI B0 0%, A 7RI LA
14 AT IS 11 SR, I e A ) O TR T 2% Y

JUART 4 A0 K] [7) B0 Ak Ry DA ASCBR B 02 AT o
20 A R ) A, 3 R OE 4 9% Sk AT SR
R SAE TR MARE, BB,

1) 45 1fe 3t B ] Py T2 IR 5% %) T AT 449 250 40 5] 3]
RS A DURER ) TR AT o B R i A &
S LTRSS S = 7S i T N T I o7 D
BRI A 0 B4k, A BRI Akt T
B RATHGE A ROE AR T 9 Al 55 1 ]
R A if b 9 ) Py T IR 5% ) R 45 P i

2) TEARSCOTESEMET , RGN0 Dh TR W
25 TE U IR 55 B5F 18] P9 A °F- 44 GDOP 3k 17.21, T #R
KI5 £h TR M 4551 GDOP /] [ 2 5.27, s #E5L
R, P TR M 4 F 24 HDOP B 1 8 5 ¥ %
GDOP 21, A AR L H RIS LT 1Y 0.81 PR 2=
HAL)E 19 0.74

3) FEERARER TR T, b 3L
TRBCRE M, RS R Y 4% 572 GDOP
Zom B0, i AE B TR RS R kS T R ERY T2
FEHEAT R Z 5, H e O TR A B30 X ) 4% T 3
GDOP [ I/ o

Ko, AITESLPRCAT IR o AR SCRA T R
HE—2B RS Pe ke, DL R s S A ek O 1A
B S B T, DT il R 2 A Bk R T A R
N oK

&% ik

(1] B, BRBV. TR RS M R L R K& H R
LT, iSRS 5 A &, 2023, 45(3): 276-
284.
TANG W J, CHEN J P. Key technology devel-
opment and application of pseudolite system[J].
World Sci-Tech R&.D, 2023, 45(3): 276-284.

(2] wgnf, BORE, 2207k, 4. GNSSHEIRIRET TR
TRAGLCEMTTE ] BT, 2022, 50(4):
811-822.
HUANG L, YU B G, LI H S, et al. Pseudolite
fingerprint positioning method under GNSS rejec-

tion environment[J]. Acta Electronica Sinica, 2022,
50(4): 811-822.

[3] JEE W], wokfEEOh TR R CHBARWI T 5 T].
M22#4H, 2024, 53(2): 396.
FAN C M. Research and application of key tech-
nologies for high accuracy pseudolite system[J].
Acta Geodaetica et Cartographica Sinica, 2024, 53
(2): 396.

(4] W3, %, f¢. TR ST
BAG R BT ). L TR, 2009, 39(10): 24-



18 KT RER 240 9540 BE 1
27. Stratospheric balloon — based dropsonde technology:
HU W, YANG J J, HE P. Study on pseudolite development and preliminary assessment over the
configuration scheme based on near space airships Tibetan plateaulJ]. Atmospheric and Oceanic Sci-
[J]. Radio Engineering, 2009, 39(10): 24-27. ence Letters, 2021, 14(3): 100039.

[5] TIWARY K, BEHERA S, SHARADA G, et al. (14] EFEmS, £R, WEET, 5. TG
Modeling and simulation of pseudolite ~based navi- 25 [A] P 55 D A7 R B R WF SR (7], 25 RAEAR, 2023
gation: a GPS-independent radio navigation system (4>: 70-79.

[J]. Defence Science Journal, 2010, 60(5): 541- WANG 7Z H, JIANG Y, HUANG W N, et al.
550. Research on in-situ detection technology of near

(6] #H—, wtE, B, 062 O A U A6 R 77 space environment[J]. Aerospace Technology, 2023
ZRI U] RETRESHE FHA, 2014, 3603): (4): 70-79.

532-538. [16] BH T, RBeHE, XI5, Iibes b fh TR E M RS
YANG Y, GAO S S, YAN H F. Design on A A TSR T (0] R B TR S iR CH SR
geometric configuration schemes of pseudolite in Bl2ERO, 2011, 12(2): 125-128.

near space[J]. Systems Engineering and Electron— GONG C Q, WU X L, LIU Y. Analysis of air-
ics, 2014, 36(3): 532-538. ships nodes configuration in near—space navigation

[7] BELLEMARE M G, CANDIDO S, CASTRO P and positioning system[J]. Journal of PLA Univer-
S, et al. Autonomous navigation of stratospheric sity of Science and Technology (Natural Science
balloons wusing reinforcement learning[J]. Nature, Edition), 2011, 12(2): 125-128.

2020, 588(7836): 77-82. [16] modtd:, BK, BIAgAK. 2 ) fh 102 o 57 20 M

[8] JIANG Y, LYU M Y, LI J. Station-keeping con- JUfI AR JRBF5E [T, S 24, 2013, 1(4): 21-
trol design of double balloon system based on hori— 25.
zontal region constraints[J]. Aerospace Science and GAO S S, ZHAO F, XIE M L. Research on
Technology, 2020, 100: 105792. the geometric configuration scheme of near space

(9] MKEE, S=Ms, MM, %, RFEIIENFERZET pseudolite-only positioning system[J]. Journal of
25 g e BERE I (0] db i zs i KR =24k, 2022, Navigation and Positioning, 2013, 1(4): 21-25.
48(5): 762-770. (17] EH, XSRT. P Tzs rpREul (5 0 5k ik 5 (0]
LIN K, MA Y P, ZHENG Z W, et al. Height FRUMEA, 2010, 30C1D: 15-19.
control of stratospheric aerostat based on secondary WANG W, LIU Z Y. The positioning algorithm
airbag[J]. Journal of Beijing University of Aero- for airborne pseudolites[J]. Journal of Astronautic
nautics and Astronautics, 2022, 48(5): 762-770. Metrology and Measurement, 2010, 30(1): 15-19.

[10] X/ Je, #dte, RIA, 5. BREFHZEF 4 (18] Befstil. JhT 23 Ko ph AL o hs B LB R AT 5E (D]
Loon HHLAR T S5 [T, fizs 44, 2023, 44 Jemt: b E TR AR A AT R A S B
(8): 28-44. 2021: 23-33.

DENG X L, YANG X X, ZHU B J, et al. DUAN C H. Research on high precision position—
Simulation research and key technologies analysis ing technology based on space based pseudolite[D].
of intelligent stratospheric aerostat Loon[J]. Acta Beijing: China Academy of Electronics and Infor-
Aeronautica et Astronautica Sinica, 2023, 44(8) : mation Technology, 2021: 23-33.

28-44. (19] SEHEME, midtA, sk, fh 1R Py [R] 2 BA 4 1 5

[10] RS, e, £ocwr, &, o0 = kol HJ]. R, 2013, 32(11): 76-79, 83.
fH 4 T3 e s (1], ek, 2021, 61(8): DANG I W, GAO S S, ZHANG J. Control and
965-970. simulation of collaborative formation for pseudolites
ZHOU W J, SHANG J Z, WANG W Z, et al. [J]. Measurement &. Control Technology, 2013,
A power allocation algorithm for distributed aero- 32(11): 76-79, 83.
stat networks[J]. Telecommunication Engineering, [20] pdEoC. W Jo AALES 0t TR AR R 5 A1y 1L
2021, 61(8): 965-970. HARD]. BACTAL, 2021, 12(3): 174-178.

[12] ZUIDERVELD K. Contrast limited adaptive histo— LU X Y. Simulation technology on pseudolites
gram equalization[M]//Graphics Gems. Amsterdam: layout and position for UAV approach[J]. Modern
Elsevier, 1994: 474-485. Navigation, 2021, 12(3): 174-178.

[13] ZHANG ] Q, CHEN H B, DU Y F, et al. [21] SONG J C, HOU C P, XUE G X, et al. Study



2026 4%

e, &5

B DX O £ s Oy T2 0 285 LA g 25 1R 19

[22]

[26]

[28]

of constellation design of pseudolites based on im-

proved adaptive genetic algorithm[J]. Journal of
Communications, 2016, 11(9): 879-885.
LI D P, DENG P K, LIU B, et al. Research

on the dynamic configuration of air-based pseudo-
lite network[C]//China Satellite Navigation Confer—
ence (CSNC) 2015 Proceedings: Volume II. Berlin:
Springer, 2015: 357-367.
TANG W J, CHEN I P,
ground-based pseudolite
rithm based on MOPSOL[J].
(16): 5364.
BLACKMORE L,

et al.

YU C, et al.
system deployment algo—
2021, 21

A new

Sensors,

KUWATA Y, WOLF M T,
Global reachability and path planning for
planetary exploration with Montgolfier balloons[C]//

2010 IEEE International Conference on Robotics

and Automation. Piscataway, NJ, USA: IEEE,
2010: 3581-3588.
DROB D P, EMMERT J T, CROWLEY G, et

al. An empirical model of the earth’ s horizontal
HWM 07[J]. Journal of Geophysical
Research: Space Physics, 2008, 113(A12): 2008JA
013668.

TANG Q, ZHOU Y F, DU Z T, et al. A com-
parison of meteor radar observation over China re-
gion with horizontal wind model (HWM 14) [J].
Atmosphere, 2021, 12(1): 98.

BkAb, @xiass, 7AL, AF. &b X T A e
G K EARMEAE A4 [T]. 25 Bk 424, 2022,
42(3): 396-402.

GENG D, ZHAO Z L, WAN L, et al. Analysis
of data

wind fields:

from near space meteorological rocket
sounding in northwest China in winter[J]. Chinese
Journal of Space Science, 2022, 42(3): 396-402.

E 5, FRH, HESRsE. AF. T ML ML & BE

[29]

[30]

EWFR LR 0], K% TR K2R, 2025, 39

(1): 106-121.

XIAN Y, GUO J, REN L L, et al. Review of
intelligent algorithms for unmanned aerial vehicle
trajectory planning[J]. Journal of Rocket Force

University of Engineering, 2025, 39(1): 106-121.
KA, XVEE, EE K, L T U AL
A BP AL G LT FEMR IR AMERT T [T]. 25 T
K2F2R, 2024, 38(4): 54-60, 67.

ZHANG 7 1., LIU J, ZHOU Z F, et al. A fi-
ber optic gyroscope temperature compensation meth—
SCSO-BP  model[J].
Rocket Force University of Engineering, 2024, 38
(4): 54-60, 67.

MIRJALILI S. SCA: a sine cosine algorithm for
solving optimization problems[J]. Knowledge-Based
Systems, 2016, 96: 120-133.

ZH, XI5, k. BG5S Lévy “ITHY
S TFHOEARTZRE R ], TR ==, 2024,
47(3): 233-240.

LT ¢, LIU H, ZHAO Y W. Dynamic balance

sine cosine algorithm combining learning difference

od based on Journal of

with Lévy flight[J]. Journal of University of Sci-
ence and Technology Liaoning, 2024, 47(3): 233-
240.

GRS, FERE. — R T R X AR Rk ]
HEHLSEF T/, 2024, 52(9): 2583-2589.
TANG J J, WANG L G. A spiral update sine
cosine algorithm[J]. Computer &. Digital Engineer-
ing, 2024, 52(9): 2583-2589.

National Oceanic and Atmospheric Administration,
National Aeronautics and Space Administration,
United States Air Force. U.S. Standard Atmo-—
sphere, 1976[M]. Washington D.C.: U.S. Gov-

ernment Printing Office, 1976: 1-20.

Ground- and Nearspace-Based Pseudolites Network Geometry Configuration

Planning in Regional Navigation by Cooperation

QU Yi', WANG Sheng', FENG Hui', LUO Haibo"?,
LIU Qiang', LI Cuichun'

(1. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;

2. Key Laboratory of Earth Observation of Hainan Province, Hainan Aerospace Information Research
Institute, Wenchang 571300, China)

ABSTRACT: A nearspace—based cooperation pseudolite network geometry configuration planning algo-

rithm was proposed to improve the regional navigation service performance provided by the cooperation of
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ground— and high altitude balloon (HAB)-based pseudolites. First, a pseudolite network geometry configu-
ration performance indicator was designed based on geometric and horizontal dilations of precision in appli-
cation scenarios of regional navigation by nearspace—based cooperation. Subsequently, the kinematic charac-
teristics of HAB-based pseudolites and environmental wind field characteristics of nearspace were ana-
lyzed, and a HAB-based pseudolite trajectory adjustment strategy of actively changing flight altitudes and
utilizing environmental wind field was constructed. Finally, a pseudolite network geometry configuration
planning algorithm based on sine—cosine algorithm was proposed, with its constraints discussed and verified
through simulations. The simulation results show that the proposed algorithm can effectively exploit the
variation of environmental wind field with spatio—temporal conditions, and reasonably plan the flight trajec—
tory of HAB-based pseudolites, thereby extending the service duration. It improves the geometric and hori-
zontal accuracy factors of nearspace—based cooperation pseudolite networks, thereby optimizing the naviga-
tion service performance of pseudolite networks and providing technical references for the application of
HAB-based pseudolites in navigation.

KEYWORDS: pseudolite; network configuration planning; sine—cosine algorithm; geometric dilation of

precision
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