B11E 1 T E AL Vol. 11 No. 1
2024 4E 1 H Navigation Positioning and Timing January 2024

doi:10. 19306/j. enki. 2095-8110. 2024. 01. 005

FZHINE T E GNSS/UWB MRiESHEEEAMBE A
iéil’z M gﬁ%ﬂél’z’a 9.}@;@2‘_4’% DL’]\ 1’2 ’%4%1’2 M gﬁﬁ:él’z b % éﬁFﬁLZ

(L. e 7B 45 A1 0 | 58 1 DUk 52 BT 41 %2 050081 ;
2. DESMAGZ SR A AREZESLEE ., AKX 050081 ;
3. R RFINZRI2S TR, B 5t 210096)

 E A EARP TR T ES AR E I ik SR AL L B T — A AR IR S
FlARITEFAMEL/REF(GNSS/UWB) G ERI1e sk, BAh kG XBRAANTE AT
W IR iR IE S 5 R EH IR T AN FEHAE, BT R AMEF GNSS/UWB £ R AL B4, A #
HE L EREI S A E, B b Bk UWBARLS A MR IE, 7R BT UWB A5 245, st &b %
FEREFTHAR, ABHRFRFETZHWE GNSS/UWB Mreik S4E 25 H K w AR EEH X3 F
FolR 35,5 LA A WA T E NN EH -+ A2 E bRy kst irhie, 2R %%,
PRk 75 ik T A A R ILBEARRIE T ey b ik 45 B 245 0 Bk ) 5 ok R, 0 B i 4t ik A SE A& W
B AR ZETARXRZRAIME A BRI T ik S A 7 R -4 T b 3%,

KW H L AL SR BARIR I M A A

FESES . P228 XEktRERD A XEHE:2095-8110(2024)01-0053-12

Air-ground collaborative GNSS/UWB fast high-precision
positioning technology in dense forest environments

WANG Xingxing'? , ZHANG Ziteng"**, SHENG Chuanzhen'?, YU Baoguo'*, ZHANG Jingkui'*, YI Qingwu'"*

(1. The 54th Research Institute of CETC, Shijiazhuang 050081, China;
2. State Key Laboratory of Satellite Navigation System and Equipment Technology. Shijiazhuang 050081, Chinaj;

3. School of Instrument Science and Engineer, Southeast University, Nanjing 210096, China)

Abstract; An air-ground collaborative GNSS/UWB high-precision positioning method for dense
forest environments is proposed, aiming to address the challenges of satellite signal obstruction,
and achieve fast and accurate positioning. The method takes into consideration the characteristics
of unmanned aerial vehicle (UAV) platforms in open environments with rapid movements and the
strong penetration capabilities of ultra-wideband (UWB) measurements. It utilizes a UAV e-
quipped with an integrated GNSS/UWDB payload to simulate multiple base stations, combined with
UWB tag network ranging in the dense forest to achieve UWB tag positioning. Research on the
base station deployment scheme is conducted, providing guidance and basis for the application of
GNSS/UWB cooperative positioning technology in dense forest environments. It verifies the pro-
posed method through field ranging experiments and simulation positioning experiments in dense
forest environments. The simulation results demonstrate that the proposed method can effectively

achieve fast and high-precision positioning in dense forest environments, with an accuracy of deci-
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meter level. By optimizing the network type, coverage range, and height of the base station de-

ployment, the positioning accuracy can be effectively improved, thus providing theoretical support

for fast and high-precision positioning methods in dense forest environments.

Key words: High-precision positioning; Air-ground collaboration; Dense forest environment;

Ultra-wideband; Base station configuration
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Fig. 1 Schematic of UAV base station deployment area

and air-ground collaborative positioning principle
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Fig. 3 PDOP values corresponding to base station

configurations with different side lengths
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of base station point encryption

(3 T

AT AT ERE A 14 m X 14 m,28 mX 28 m
I AR AR 100, B A2 FRTE 0~200 {5l N, PDOP,
K 43 1 K B N F Chorizontal dilution of preci-
sion, HDOP) 3 B 43 & 4 J& F F (vertical dilution
of precision, VDOP) K €17 /& B A0 A8 4k, 45 5 a0 &
5F7R. A LLE B CAT = B A 3 . HDOP 3%
T, VDOP yik/)s o, B 37 F 3 JL AT A4 59 52 0 () S 18 5
NN I v R 0T U /0N o R R R B R R b
TR R . W AE =4k 5 1) b, PDOP H Bl % 5 3
TS B0 RN I R R B, B = A R B B
JE 1 o 2 B S 1 R S /0N i B, LS T ) R
B B A
2.2 UWB MUEEIRZE 517

MEEZ5F T, UWB M BE R 22298 0. 1 m, i 7E
FMR TR RO T R R AR B R 2, A
R 25 E Link Track P-B 25 P9 4 i K B ) B 5

200 ——
1801 . oS o \)//‘76 1
K&
160} 5 .
140} G 2]
132279
Enop &
[ < 5
100} : o
80+ © B ‘ *’1. ) g.
6ot 5 L
%% % & Ce
40p %, 2B
20 40 60 80 100 120 140 160 180 200
x/m

(a) 14 mX 14 m E 55 PDOP

200

180}
160}
140}

z/m
s
)
S

100}
80}
60}
40}

200

180+
160}
140t
E120}
¥
100+
80+

60

401}

(b) 14 mX 14 m E 58 HDOP

2 3 - £ £. 3.
; § € k3 N
B o i
2 ",~. N { i
g 5 2 ; < 2
E & > g g g
; { { 2 ~, "

{ <, 1

- i i H
% !

ERN ' i |

T N { §

P i 3

o, o o /

20 40 60 80 100 120 140 160 180 200

x/m

(¢) 14 mX 14 m E 152 VDOP

T
q'\’\\q
5504
8 o
4{&0{[ %o
S = %32
= 6.1075
2y 2 F
% s
= N
2 g 2443
ERN NN S N
20 40 60 80 100 120 140 160 180 200
x/m

(d) 28 mX28 m Ei4#E PDOP

200 .
92729 /0"?”»?3
sor 9
160+ 82425 22 |
140l R 72122 85 0y
g X 6.
£120} . 1819 )\)4’9
K
100} S e i, .
80t 121 “
60 M e >.\$ ' 3.09;
40 i X ’ L X 20606, O X 1
20 40 60 80 100 120 140 160 180 200
x/m

(e) 28 mX28 m Eif#JE HDOP



FEARERIE 23 M 1 7] GNSS/UWB P 508 B E R 59

200 —
180f
160F
140}
£120¢
100}
80f
60F %
a0t

£686°€
st
T

22568
33853

334
et
T
s

33853
4513,

22568

1284

=]
=

80 100 120 140 160 180 200
x/m

(f) 28 mX28 m HEiF#HE VDOP

5 EHHmiEEERN 14 mX 14 m,28 mX28 m & DOP &
Fig. 5 DOP values for base station deployment areas of

14 mX 14 m, 28 mX28 m

ZH LTI PRS2 L 0 A HC AR B A S S B B T % U R
PERE . W S an &l 6 fron, UWB Bl i i T
B AU T AL AR 2 TE AR T T 5 8 g, ik il A
PR Z B UG A 2 )2 5% R P, 728D %
FOOL ¥ HE AT T4 PR SE R, — 4 OH B R W
LinkTrack P-B % N &b & kg B2 D BE A58 20 3 47 000 B
oy — L TE [ REA B RS GNSS KLl i SC i gl &
BRI AL 224 F AR (real-time kinematic, RTK) fif &
e G BE L SRR RO OR R IR . DA RTK ff 57 8
EAVE NS HAL. 4T UWB 78 B A £ 38 58 F 1Y
DR 22, TR 290 3 B b AR 28 T8 T T 1 81
A TT Mo L T LA B 2 % TR 3EFT RTK ffR 5,
PRAE T I 8 2 2% (i Y 0 12

B 6 UWBMEIRENRIG=

Fig. 6 UWB ranging error testing scenario

#£1W/ART RTK B2 %, UWB i
{H F5 UE 2 (standard deviation, STD) }&i% 2 RMS,

AR B B EAE P E 100~200 m Y5 L R
R LA . R R &4 . UWB 55 STD
ST 0.04~0.07 m Z ], {EH A 0.05 m, iR
RMS 4343 F 0. 05~0. 29 m Z &), ¥J{H K4 0. 17 m,

F1 UWBREEREZLRSEIT

Tab. 1 Statistics of UWB ranging error results m

2% ¥l STD RMS

1 110. 02 110. 31 0. 06 0. 29
2 117. 48 117. 72 0.07 0. 24
3 130. 21 130. 31 0. 05 0.12
4 149. 16 149.18 0. 04 0.05
5 168. 43 168. 55 0. 04 0.13
6 177. 16 177. 25 0. 04 0.10
7 182. 84 183. 00 0. 04 0.17
8 278. 23 278.51 0.05 0. 29
¥ifE — — 0. 05 0.17

2.3 (FEZWHH

38 35 TG N AL A 1 S 5 5 i o N BIL R A
R 5 0 235 8 0 52 AL, N UWB il BE i3 22 43 #r
SEER AT TEA AR P PR T UWDB R B 5% 22 %
LM T 3 BT 245 5 o0 L b, T R 3 A
SR, SEEG 1B UEAE WS AR T M E AR B L
2 B UEAE Sl 2 1 N WY 0K B2, 5256 3 50 iF 7F I
P 5 22 AR A AR R I ARG B

(DI 1

AR AT 5 BB AKAE AR BT UWB B 58 24 4%
BB 2% 0.2 m. 72K 0.05 m, HIE 7
Jr7R o ST R AT BIE FLA 14 m X 14 m, 28 m X
28 m I, FRAE YA BR Ry 100, K8 AR AR TE 0~ 200 i [H
PR A 0 15 25 i e BB T AR Ak 25 R AN TR 8 TR

0.40
0.35} —,
0.30} —
£025 Wi
#0.20 I ‘
=o.1s

.10

0.05}

20 40 60 80 100 120 140 160 180 200
J¥ 31

(a) UWB N BEE A EHIREF 5



60

ST AE 7 5 B2 2024 4E 1 A

0.05 0.10 0.15 0.20 0.25 0.30 0.35
1R/ m

(b) UWB M BEFEiRE ST

7 UWBEHEIRE

Fig. 7 UWB ranging simulation error
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