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Abstract

 Surveillance and location-aware applications
« smart home and old people’s home
« modern manufacturing facilities
« even critical infrastructure

* Physical impact on RF-signals
« radio tomographic imaging [1]
« radio propagation characteristics [2]
« Enhanced RF-based device-free localization and tracking (DFL)
« large bandwidth =» consider line of sight (LOS) and multipath components (MPCs)

* Increasing the localization accuracy
« decreasing the high density of wireless nodes
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Device-fr&e localization and
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DFL Approach

 Line-of-sight (LoS) links
» Received signal strength depending on

 path loss
 shadowing from static environment

« multipath fading

 shadowing from dynamic environment /\/\/\/\/l

« Bayesian filtering for localization and tracking

« Unambiguous localization requires dense network
of wireless communication nodes
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DFL Measurements
Measurement hardware decaWave DWMZ1000 chip

@

« |EEE 802.15.4-2011 UltraWideband compliant
« 500 MHz bandwidth

* Low-cost transceiver

* Low-power consumption

1 Transmitter (Tx), multiple receiver (Rx)

« Channel impulse response (CIR) accessible

/((r \
L b
] K:)RX
1
I
1L0S
o |

L N\

| 2
B W (

] =
=0, [, .0

Submission Slide 5

Paul Unterhuber, German Aerospace Center (DLR)



September 2019

doc.: IEEE 802.11-19/1580r0

- B /, ] RX
DFL LOS + MPC simple !
i i . i X MPC
Static multipath components (MPC) from reflection and scattering 5 AN % .
¥e
LoSlink g e
%
L N
Time '®)
: D ot v/ "'\l(" ] ™
MPC link g - _ ] A -
e :
[2] - Time I I D ] r-l_ll ] I{::|
Submission Slide 6 Paul Unterhuber, German Aerospace Center (DLR)



doc.: IEEE 802.11-19/1580r0

September 2019
T f.i%
i ’
DFL LOS + MPC enhanced P RN
. . . . b
Preprocessing for each pair of transmitter and receiver N
N
Calibration - ‘
TX
Environment
iInformation
| i N
CIR“**’ | Static MPC | Scatter point : '
estimation identification
™
N ,‘ C
N
[2] I I Q | r-l_JI | IIC:I
Slide 7 Paul Unterhuber, German Aerospace Center (DLR)

Submission



September 2019 doc.: IEEE 802.11-19/1580r0

L II‘ @
L R |
DFL LOS + MPC enhanced o LA
)P 1
Preprocessing for each pair of transmitter and receiver 5 @ T~
N
8,
i E B RX L R
. Calibration ! =77 )
| | /’ ‘\ e
L e J \“ III
1MPC information KN \ i
\\ ‘\ 1
I . ‘
CIR™™ | Amplitude | Bayesian : ' X \ 10
determination filtering _ oW
N
N Rx@
P ¢ o
SO
[2] [ [ C.) | r-l_ll | I{:I

Submission Slide 8 Paul Unterhuber, German Aerospace Center (DLR)



September 2019

doc.: IEEE 802.11-19/1580r0

DFL LOS + MPC enhanced
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LoS only

DFL Analysis

LoS + MPC enhanced
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LoS only

DFL Analysis

LoS + MPC enhanced
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DFL Analysis

LoS only LoS + MPC enhanced
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DFL Specifications

« Calibration phase:
« map with floor plan, Tx, Rx positions
 CIR

* Tracking phase:
 CIR
« low computation complexity
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Comparison
T
[GHZ] | [MHz] [m] [m]
802.11 ay 8306 0.036 0.009 o 10y
802.11 ad 60 1760 0.14 0.035 =
802.15.4 5 500 0.60 0.15 g 20 |
802.11 be 5 320 0.94 0.235 3 (\A
802.11 ac 5 160 1.88 0.47 g -30 | |
80 3.75 0.94 2 |
20 15.00 3.75 -407
802.11 p 5.9 10 30.00 7.50

5 10 15 20 25 30
Path length / [m]

Submission Slide 14 Paul Unterhuber, German Aerospace Center (DLR)



September 2019

doc.: IEEE 802.11-19/1580r0

Outlook on Wi-FI Sensing for
Multipath Enhanced Device Free Localization

 Increasing accuracy with
* Increasing bandwidth
* Increasing computational power

« MIMO
* Increases number of links
* Introduce angular information
« Enhance calibration phase
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