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UWB ranging error estimation and compensation method for relative navigation

Li Rongbing, Wang Nianzeng, Liu Jianye, Wang Zhiqi

( Nanvigation Research Center, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract ; Intelligent swarm based on unmanned aerial vehicles or robots has become a research hotspot. To achieve collaborative control
of dense cluster, the key information is to achieve the precise relative distance among adjacent agent clusters. Ultra-wideband (UWB)
wireless transmission technology can transmit information and realize centimeter-level theoretical ranging accuracy. It has broad
application prospect in coordinated navigation and control of clusters. In this paper, the UWB ranging scheme for centimeter-level ranging
requirement of relative navigation is first described. Then, the reason and characteristics of the ranging error caused by the clock offset of
UWB antenna in the actual environment, the relative speed between the nodes and the non-line-of-sight environment is analyzed. The
state detection, error compensation and estimation methods of UWB distance measurement are studied. Finally, based on the DW1000
ultra-wideband module, the experimental environment is constructed and the method studied in the paper is evaluated. Experimental
results show that the error estimation and elimination method can significantly improve the accuracy of UWB in practical application.
Compared with the traditional ranging algorithm, the ranging accuracy of the proposed method is improved under the relatively static
scenario and a scene with relative speed between nodes. To be specific, the error is reduced by 70% in the line-of-sight environment state
and by 50% in the non-line-of-sight environment state.
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Fig.1 Two-way ranging with four messages
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Fig.2 Two-way ranging with three messages
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Fig.3 Linear processing of antenna delay
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Fig.4 Comparison of ranging error before and after fitting
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Fig.5 Dynamic compensation algorithm process
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Fig.6  Error processing of ranging data

1) NLOS kil 77 8 5 i # ik it

T B A5 =2 [ R ) AR s

d=d +d +d, (12)
e d o UWB i 975 S Z [ FE S 5 d, S5 A2 )
Y SEBRIE S 5 d, S UWB 00 0 i) 5 A= i 15 2wl
HEESFG B S 2R o,5d, HH
NLOS 5[ A B 2%, JE NLOS R b3k 0,

TEWFSE NLOS [RJ IS A 2 RXE R 1) i T4 HE
LOS 4 BRI 2K (9 B (8] SR, BT DL 2 AN W ARG A2 1 a5
JITA R ZI ) LOS/NLOS MR7;2) 78 LOS I, Rk 2
JE Tz 25 BB I P 5 SR A SRR A s IV TR BE B A T



32 5 # A

#= ¥ M $A40 K

AT LAZ A B AERf B BE 245 5. SROAT, 78 NLOS AR
T, 25 R IR B il A B S B 25 SR A — N R
PR R 250 AR SCIETT T — B 3 DU BE A AR bR 0 22 19
NLOS RN I % .

& o, N kB ZIEIEEES d(k) 1820 K A2 4R
HEZE o, Ry k B2 285 R AR 2 I8 S8 1F J5 IR 2 1)
HPE 1 ME:

G0 = 3, ) - (13)

LOS KA fbrifE 25 2 i WS o, SIS, FITLA
AT DATSE A — 1 BE, Eb 4 b o 22 R 3 AE K/, BT AU
LOS/NLOS fRA , bRz anF

B 1, o, < yo,, LOSIRE;

i 2, o, = yo, , NLOS IRZ

g G AR AN 7 B, BSE 238430, C 1 3%
RIS R B BE AR ] TR A, C B I8 E LOS/
NLOS WA, LB T — M EFRE I Z] N+C Z Fiik
AL, C N ) BEBUKE T = A8k, 1t
HbFEERF T B — RS AR AT 1T BE 2 2K sl gl R b
KU E] NLOS 1 LOS 22 [H] (4 5 4 , DT - S50 BB Aok
HAk TR 2%

K7 R
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Fig.9 Experimental scenario of static environment ranging
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