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ADistributed Antenna Network (DAN) and ISAC

ADevice-Free Localization (DFL)
AMultipath-RTI using ISAC

ADAN Based DFL Implementation
ADistributed MIMO Prototype For ISAC
AMultilink MIMO Channel Sounder
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ADistributed Antenna Networks (DANS)

ADistributed massive MIMO
ACell-free massive MIMO
AISAC localization and sensing

Central Unit

Centralized Massive MIMO

Workshop WMO03
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Benefits

A Improved coverage

A Higher spatial diversity

A Mitigate large scale fading
A Sensing capability

Distributed Massive MIMO EUMW 2025
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AFrom a communication
perspective, multipaths provide
diversity and reliability

AFrom a sensing perspective, the
same multipath information can
be exploited to localize objects
or people without requiring them
to carry any devices

ADAN-based ISAC allows us to
transform multipath into a useful
signal source for DFL, tracking,
and environmental awareness
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ASmart environment technologies (smart home, smart building, etc.)
A Rapid progress of IoT (internebf-things) technology
A Support safety and security

Alndoor localization and mapping will be playing an important role
A DFL methods should be preferable

A Various radio-based techniques have been developed, but the performance totally
depends on how to control/utilize multi-path propagation.

[1] S. Yasukawa and M. Kim, "Intruder Detection Using Radio Wave Intruder detection

Propagation Characteristics," IEEE/IEIE ICCE-Asia 2018, Jun. 2018. . .
using radio wave [1]
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ALocation monitoring of people within a building during
AHostage situations

AEmergencies like building fires
AISAC

ASmart home monitoring
AFor elderly people or patients
AKey function of assisted livingesidence
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ATomographic Imaging (TI)
A An inverse analysis technique to investigate the distribution of internal physical
properties by deploying scanning lines around the target area

A For example, computed tomography (CT) method in medical application

ARadio Tomographic Imaging (RTI)

A When wireless nodes communicate, the radio signals pass through the physical area of
the network.

A Reconstruct the image by the attenuation in the received signal strength (RSS) among
nodes due to shadowing by the target
A The anchor nodes are placed to enclose the area .
Wireless node

A The area to image is divided into the voxels /9
/

/

/
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[]: weighted voxels
'Q :distance btw the anchors
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Multipaths influence on
the RTI performance

pd

fewer equations than unknowns: underdetermined
t ill-posed inverse problem
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ASimulation setup
ADirect path

AReflection
(up to double-bounce)
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Model ea Yya oa
Person H:1.7 m, Radius: 0.3 m
Voxel size F TP a
No. voxels | 4800 (10 cminterval @ T Y 1)
Margin [ TP @
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O
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A4 Anchors, 1 Person (direct path is only considered)

Ray paths 5 o Blocked ray paths o o RTI image R Ideal image

X6
Y8
Z6

() (2) paths
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A6 Anchors, 1 Person (direct path is only considered)

Ray paths 5 o Blocked ray paths o o RTI image R Ideal image
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p UL ((qp) paths
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A8 Anchors, 1 Person (direct path is only considered)

Ray paths o Blocked ray paths = RTI image Ideal image

C Y (g’) paths
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A14 Anchors, 1 Person (direct path is only considered)

Ray paths Blocked ray paths
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RTI image Ideal image
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-path only
Blocked ray paths

direct

4 Anchors, 1 Persons

image

Ideal
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Blocked ray paths

Multi-

4 Anchors, 1 Persons

Ideal image

RTI image
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6 Anchors, 1 Persons, LoS only

Blocked ray paths RTI image Ideal image

(o]

Ideal image

EuMw 2025
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LoS only

8 Anchors, 1 Persons

Ideal image
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Ray paths
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paths (2nd
Blocked ray paths

Multi-

8 Anchors, 1 Persons

image

Ideal

RTI image
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A8 Anchors, 3 Persons

Ray paths o Blocked ray paths Ideal image
¢ > > C >
O g O o

Small number of
intersecting paths for
each target location r =
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A14 Anchors, 3 Persons
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Ideal image

Small number of

intersecting paths for
each target location
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AMicrowave narrowband radio systems: ZigBee@2.4 GHz

AUtilizing RSS chang¢RSSRTI)due to shadowing by a person in lin®f-sight
(LoS) path [*]

AMultipath propagation, e.g., reflection, diffraction, etc., degrades the
performance

ALarge number of anchor nodes are needed

A Multipath mitigation
A Multiple objects

aieélls OWi ROt YUAW MWWAcqs ¢l RAWBACT RYWNY O Y DgnGiGsgt
Trans. Mobile Computing, Vol. 9, No. 5, pp. 62632, May 2010.
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AUltrawideband radio systems: WiGig@60 GHz

AUtilizing RSS change of the individual multipath components Multipath-
RT¥ due to shadowing by a person [*]

AReflected paths are utilized to enhance the performance
AThe number of anchor nodes can be drastically reduced

Anchor nodes
| (mm-wave radios)

aneWNYNYWf t JNCARAW~RUt DYt WuRGAWde qVY W~R
Millimeter-Wave Radio Based Devicg | JIJWx YA¢ GRA¢c qRY UAwWS E |
42042-42054, 2024

Image output
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AMulti-gigabit WLANSs (IEEE802.11ad/ay)
A High frequency: 60 GHz ISM band
A Wide bandwidth: up to 7 GHz
A High directivity: Beamforming

AMm-wave radios have higher resolution in distance, delay time, and
directional domains T(=1/f)
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Single-bounce reflection

AFeature o Vinual
R H Node
A Reflected paths are treated as b Q- oHH e
Virtual anchors (VAS) N R
A VAs can reduce the no. of actual anchors SRRNRRRERNS L7 mnrad
A Manage multipaths to enhance the O @'l&l' n ; 2
performance 7 //
: 1 Qp A
AVirtual anchors (VAS) A
A In square room, we have up to T Qn TR
12 paths per link (singleand HHEATH FO20
double-bounce) - Link &
A From actual measurements, !
7-14 paths were observed 1 > T i
A enough number for RTI - r T8t p g
[ [T TTTTTI

_ _ EuMW 2025
Q( B 'Qp): total propagation distance
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-1 Person

RTI image Ideal image

Blocked ray paths

Ray paths
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A6 Anchors, 1 Person
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