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Single Outlier Removal Technology for TWR
based High Precision Localization

Chang-Eun Lee', Tae-Kyung Sung’

UWB (Ultra Wide Band) refers to a system with a bandwidth of over 500 MHz or a
bandwidth of 20% of the center frequency. It is robust against channel fading and has a wide signal
bandwidth. Using the IR-UWB based ranging system, it is possible to obtain decimeter-level ranging
accuracy. Furthermore, IR-UWB system enables acquisition over glass or cement with high resolution.
In recent years, IR-UWB-based ranging chipsets have become cheap and popular, and it has become
possible to implement positioning systems of several tens of centimeters. The system can be configured
as one-way ranging (OWR) positioning system for fast ranging and TWR (two-way ranging) positioning
system for cheap and robust ranging. On the other hand, the ranging based positioning system has a
limitation on the number of terminals for localization because it takes time to perform a communication
procedure to perform ranging. To overcome this problem, code multiplexing and channel multiplexing
are performed. However, errors occur in measurement due to interference between channels and code,
multipath, and so on. The measurement filtering is used to reduce the measurement error, but more
fundamentally, techniques for removing these measurements should be studied. First, the TWR based
positioning was analyzed from a stochastic point of view and the effects of outlier measurements were
summarized. The positioning algorithm for analytically identifying and removing single outlier is
summarized and extended to three dimensions. Through the simulation, we have verified the algorithm
to detect and remove single outliers.

IR-UWB (Impulse Ratio UWB), TWR (Two-way ranging), Outliers Detection/removal,
Localization, Positioning Modelling
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Fig. 1. The operational change on probability distribution
according to increasing the number of TWR-based
measurements
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Fig. 2. The operational change on a normalization constant
according to increasing the magnitude of outlier
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Table 1. Ranging configuration for measurements

Number of
measurements /
Number of possible 3 4 5 6
combination
3 1/0 41 10/4 20/10
4 - 1/0 5/1 15/5
5 - - 1/0 6/1
6 - - - 1/0
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Fig. 3. The comparison about outlier (RED) and normal (BLUE)
distribution according to the number of possible
combination (number of measurements = 6)
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Table 2. Detection probability of outlier according to the number
of measurements and the magnitude of outlier error

Number of measurements/ 5 6
Magnitude of outlier error
20 51.0 91.8
30 84.9 99.1
50 93.9 100.0

o ZHA U BHE(00%)0] 22 Bl 3 5 9k
webA] oS A% % AASHE GaelE A,
HE7PsTE 2342 SUSE o 4SRA] Zel2H
o frelst Ea 2N 57 waeH) oS
o 2|7k 242 ol 24X A% BBo] Bk A

AR 23 A% 59 acloz stel A
zA AR} 2 FYEE 2AE

#)2)(Outlier)ek31 Siek. olelgt o424 |0] 45, TWR
718 2:9] 4] f1elo] e, vk eI Pl Al
el 71 EOM 237t ﬁuEle cromz, olelst
QAT 024

A= TWR 7]8F 149 gt o] EA A Al
71%S AAISHGITE TWR 718 §Y 2912 2829l
oA E4skaL of2fRt S ol8ste] o dSHA
£ 42z AAs] A M2 W e
oIS e Al darelge] diste] Aljteie
o] mpR|ero. 2 Ak ol HF 591 2ol dHigt 4
T T ATEE AlEdlolde Sl Fskrk %
0 oS AATE A S Aol digt siAA ol

A AA B 74 71, 283 MIMO 7|RF 1

References

[1] Z. Sahinoglu, S. Gezici, and 1. Guvenc, Ultra-wideband
positioning systems, Cambridge, 2008.

[2] A. Bensky, Wireless positioning technologies and
applications, Altech house, 2008.

[3] T. Ye, M. Walsh, P. Haigh, J. Barton, A. Mathewson,
and B. O’Flynn, “Experimental impulse radio IEEE
802.15.4a UWB based wireless sensor localization
technology: characterization, reliability and ranging”,
ISSC 2011, Trinity College Dublin, June 23-24.

[4] J. Wang, A. Khalid Raja, and Z. Pang, “Prototyping
and experimental comparison of IR-UWB based high
precision localization technologies”, UIC-ATC-ScalCom-
CBDCom-IoP. 2015.

[5] J. Park, J. Lim, K. Lee, and T. Sung, “A two-way
ranging WPAN location system with clock offset
estimation”, Journal of Institute of Control, Robotics
and Systems (2013) vol. 19 no. 2. pp. 125-130 (in
Korean).

[6] R. Kurazume, S. Hirose, S. Nagata, and N. Sashida,
“Study on cooperative positioning system (basic principle
and measurement experiment),” Proc. of IEEE Inter-
national Conference on Robotics and Automation, vol.
2, pp. 1421-1426, 1996.

[7] C. McElroy, D. Neirynck, and M. McLaughlin, “Com-
parison of wireless clock synchronization algorithms
for indoor location systems”, Decawave.

[8] C.-E. Lee, H.-J. Im, J.-M. Lim, Y.-J. Cho, and T.-K.
Sung “Seamless routing and cooperative localization

of multiple mobile robots for search and rescue
application”, ETRI Journal, vol. 37, no. 2. pp. 262-272,
2015.

ol & e
199 3l ARlgel) =4
1998 & thehel AR HAES
2014~AA Skl FHEFAE 3 HhAt
7+
. 2001 3~3A)] SHEAAE-Al AT Felodry]

BAEOF AEAE, E L A =

B A|o], WPAN 74t 25 9]%



dEZ
1984 AheTjsta AolAEEsle} 24
1986 5 thetel AlollEg et AxEs]
1992 35 vfehel AlolAZE sl S0hap

"\

Aok GPS/ GNSS, A5} 2], UWB WPAN 29, 9X|¢14] 2
4%

1997~87) ZojstaL YREA TS} 3

TWR 7]



