Ba2E B2 W 128 = HL = 1 Vol. 42 No. 2
20194 2 H CHINESE JOURNAL OF COMPUTERS Feb. 2019

HEZENANSEERINEMREG R

l%%\ E]])XE“ \}In.z) [3/% —]ﬂﬁ —H—ﬁn.b ?ﬁ%ﬁ— ﬂi” jﬁ lﬁi 7%7 1.2) i%iﬁ} ﬁél)
E //?%—(1).2) E&_\—"XMZ) %%E# ﬁl).z)

DAL R F BB A S HOR R R T10127)
P (B PE 48 LRI M [ BRI A AT b Y 710127)

W OB ETRAMESHUS BRI A M T HA&TLH B B4 T 900 6 P12 A0 G I LA 2R A
SR R e NG SR B Bk LA T T AR S0 g 0 S 7 T U B A B R R 0 A% g i Wk 3l 3 L v
PRAEE (LR B8 A7 BER MBI ZRor o] L S BB A0 O 22 HUBH X T 5% 26 T8 4 sURF o 0 T » 5 380 3
P8 ORI L SCH B S — A T 1] 22 T A R s X i B B MaLoc: JE s KM I 2k o7 . I EL VT 78 B vy A
B S Bl. MalLooe 1) 2R RUAE T2 (1D il i AR O WOt AR ] R G4 MU A 5 I ARUE AL 22 25 B 2 5 1 01 R 2
14 37 5 o S BLRE T 2 A BE B H AR E L BRAIE T R AR T B AR 5 (2) O T S B R A B AR BUM AR 7 #
AT MaLoc 5 S5 A T L Y0 U5 A% £ 32 12 22 Mok G 0l A7 5 B 3 A0 2 I et 180 77 A 4 i A2 5 HEuCRI A TR
il 2R A 5 22 18] AR T 5 AR AH T4 X BR 58 b 8% 3 T 90 U A0 1L T B0 RS2 SR A5 5 B 20 38 A L EAT T BR . A e
— PR TE T R 0 G R T RO BE . B J5 T SE BRI T Y 2 R S I IR UE T Maloc B R0HE A6 e .

KW BRSO R B RS T B A R IR AME S T
HEESES TP311 DOI S 10.11897/SP.J. 1016. 2019. 00403

Research on High Robust Device-Free Localization Model for

Multiple Applications

CHEN Xiao-Jiang”'® CHEN Li-Li”"? LI Bo-Hang” TANG Zhan-Yong"?
XIE Bin-Bin”  WANG Wei”? WANG An-Wen"'” FANG Ding-Yi"?
Y (School of Information Science and Technology . Northwest University, Xi’an 710127)

? (Shaanxi International Joint Research Center for Battery-Free Internet of Things, Xi’an 710127)

Abstract  Device-free localization is the core technology that enables a wide variety of applica-
tions such as elderly care, smart home, and wildlife monitoring. Recently, wireless signal based
technologies attract more interest. Their key advantages over the camera and sensor-based
approaches are that they do not need users to carry any devices as they rely on the wireless signals
reflected off users while providing better coverage as they can operate through walls. To our best
knowledge, however, existing wireless based device-free localization methods either require large
scale training effort or require dedicated devices which have poor universality, otherwise, a poor

localization performance will be achieved. In this paper, we present Mal.oc, a robust device-free

W H 1 :2016-10-28 s FEZ S bt F 91 = 2017-05-04. A% PR BT 3] [ K 1 4R B 2% B 43 (61572402, 61672428, 61772422) Fl Bk 74 45 61 i 1 BA
(2018TD-026) ¥¢ . BRBEST . 55, 1973 45 A i 1o, 04 . R ZEWF 58 G340 45 TC 2 B A Bk . E-mail: xjchen@nwu. edu. cn. BRI N %
1992 A A WA EBF T A HE TR AE T AR F AR B, S AT, 5. 1989 4R BB A EEAF ST 0 Oh AR 5
7. BB T3 1979 4R A PRI . ETRTSE I 1) A4 28 FIR B84 VIR R RUR . B . 2, 1992 4R A B AT S AR, E AT
FET7 ) T RAG B 45 2 v AT 3. 8 &, 1977 4 W Bl FEM R T M C R R M K MR, TR .5,
1979 4R A4 TR BT A PRI, 32 B0 5T 05 0 A 38 C R AE M 45 i AR A% RS GEEIEE) 1959 454 Wi+, Hoi , =l
WALIE R i A RS % 515 B E 4  LE AR M4 . E-mail: dyf@nwu. edu. cn.



404

L2 I S 1 = SR

localization model for multiple applications, which does not require extensive prior learning and can
work effectively with any devices regardless of whether they are cheap commercial or dedicated. The
intuition underlying our design is that as long as the object blocks the wireless signal coming from
a certain direction, the corresponding direction of arrival will experience a sharp drop in signal
strength. By leveraging the direction of arrival information at the receiver, we are able to
estimate the target’s location. The main innovation of this paper involves two aspects. (1) In
order to remove phase error of the commodity WiFi device caused by multipath and hardware
noise, a linear transformation is employed to the raw phase values, then the stable phase differences
are derived for the antennas. By leveraging the stable phase differences among the antenna array
as well as the reference antennas, we are able to localize the target. (2) To solve the arrival angle
offset problem caused by background noises fluctuations, we design an angle error compensation
strategy to calibrate the arrival angle from the target, further improving the robustness and
localization accuracy. Finally, we have conducted comprehensive experiments to verify the
effectiveness and robustness of Mal.oc. The experimental results show that Mal.oc achieves the
median error of around 0. 75 m and 1. 5 m in the poor multipath environment and in the rich
multipath environment. We believe that Mal.oc will be a promising candidate in a wider range of

wireless sensing applications, and the proposed model can be extended to other topics such as
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human gesture recognition and target trajectory tracking.
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Background

We have witnessed an ever-increasing roll-out of location-
based applications, such as indoor localization, shop navigation,
and elder care. In recent years, diverse technologies have
developed for localization including using infrared, camera,
visible light, acoustic, WiFi, and RFID. However, most
previous localization systems require the target to carry
additional devices, making them very limited in real-life
applications.

For example, during intrusion detection, it is not realistic
to require an uncooperative target to wear a device. In elderly
care, the aged are reluctant to wear a wearable device or
bring a mobile all the time. Given the above limitations.
device-free localization technology has attracted a lot of
research efforts, since it neither require users to carry any
devices nor require special light or angle condition. However,
the existing wireless based device-free localization methods
consume extra effort to achieve high localization accuracy.
Specifically, the fingerprinting based approaches require
large-scale training that results in huge human effort. Moreover,
the model-based approaches require dedicated devices which
lead to poor universality.

In this paper, we present a robust device-{ree localization
model called Mal.oc, which does not require extensive prior
learning, and can operate well under both cheap commercial
devices and dedicate devices, thus it can be applied to wide

applications. The intuition underlying our design is that as

long as the object blocks the wireless signal coming from a

certain direction, the corresponding direction of arrival will
experience a sharp drop in signal strength. By leveraging the
direction of arrival information at the receiver, we are able to
estimate the target’s location. The main innovation of this
paper involves two aspects. (1) In order to remove the phase
shift of the commodity WiFi device caused by multipath and
hardware noise, a linear transformation is employed to the raw
phase values, then the stable phase differences are derived for
the antennas. By leveraging the stable phase differences among
the antenna array as well as the reference antennas, we are
able to localize the target. (2) To solve the arrival angle offset
problem caused by background noises fluctuations, we design
an angle shift compensation strategy to calibrate the arrival
angle from the target, further improving the robustness and
localization accuracy. Finally, we have conducted compre-
hensive experiments to verify the effectiveness and robust-
ness of Mal.oc. The experimental results show that Mal.oc
achieves the median error of around 0. 75m and 1. 5m in the
poor multipath environment and in the rich multipath
environment, We believe that Mal.oc will be a promising
candidate in a wider range of wireless sensing applications,
and the proposed model can be extended to other topics such as
human gesture recognition and target trajectory tracking.
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