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ÅDistributed Antenna Network (DAN) and ISAC
ÅDevice-Free Localization (DFL)
ÅMultipath-RTI using ISAC

ÅDAN Based DFL Implementation
ÅDistributed MIMO Prototype For ISAC
ÅMultilink MIMO Channel Sounder
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ÅDistributed Antenna Networks (DANs)
ÅDistributed massive MIMO
ÅCell-free massive MIMO
ÅISAC localization and sensing

$CMNLC<ON?> !HN?HH; .?NQILEM c$!.Md
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Central Unit
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Centralized Massive MIMO Distributed Massive MIMO

Å Improved coverage
Å Higher spatial diversity
Å Mitigate large scale fading
Å Sensing capability

Benefits
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ÅFrom a communication 
perspective, multipaths provide 
diversity and reliability 
ÅFrom a sensing perspective, the 

same multipath information can 
be exploited to localize objects 
or people without requiring them 
to carry any devices
ÅDAN-based ISAC allows us to 

transform multipath into a useful 
signal source for DFL, tracking, 
and environmental awareness
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ÅSmart environment technologies (smart home, smart building, etc.)
ÅRapid progress of IoT (internet-of-things) technology
ÅSupport safety and security

ÅIndoor localization and mapping will be playing an important role
ÅDFL methods should be preferable
ÅVarious radio-based techniques have been developed, but the performance totally 

depends on how to control/utilize multi-path propagation.

$?PC=?|&L?? ,I=;FCT;NCIH c$&,d

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

Propagation Characteristics," IEEE/IEIE ICCE-Asia 2018, Jun. 2018.
Intruder detection 

using radio wave [1]
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ÅLocation monitoring of people within a building during
ÅHostage situations
ÅEmergencies like building fires
ÅISAC

ÅSmart home monitoring
ÅFor elderly people or patients 
ÅKey function of assisted livingresidence

7BS $&, x

https://www.xandem.com/
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8 anchor nodes

Ideal imageRTI
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ÅTomographic Imaging (TI)
ÅAn inverse analysis technique to investigate the distribution of internal physical 

properties by deploying scanning lines around the target area 
ÅFor example, computed tomography (CT) method in medical application

ÅRadio Tomographic Imaging (RTI)
ÅWhen wireless nodes communicate, the radio signals pass through the physical area of 

the network. 
ÅReconstruct the image by the attenuation in the received signal strength (RSS) among 

nodes due to shadowing by the target
ÅThe anchor nodes are placed to enclose the area
ÅThe area to image is divided into the voxels

7B;N CM 24) x

RSSʿReceived Signal Strength

Wireless node

Wireless node



Workshop WM03 10

ÅRSS model

ÅWeighting matrix̓ ╦

ÅVisualize ɝ●

3SMN?G -I>?F : weighted voxels

Ὠ  : distance btw the anchors
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ÅRSS model

ÅWeighting matrix̓ ╦

ÅVisualize ɝ●
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Multipaths influence on 

the RTI performance

fewer equations than unknowns: underdetermined

 ᵼ ill-posed inverse problem
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ÅSimulation setup
ÅDirect path
ÅReflection

(up to double-bounce)

2;S 4L;=CHA 3CGOF;NCIH -I>?F
Model φ ά ψ ά σ ά

Person H:1.7 m, Radius: 0.3 m

Voxel size ɝ πȢρ ά

No. voxels 4800 (10 cm interval φπψπ )

Margin ‎ πȢπρφ ά

Person

Anchor

Node



Workshop WM03 13

Å4 Anchors, 1 Person (direct path is only considered)
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Å6 Anchors, 1 Person (direct path is only considered)
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Å8 Anchors, 1 Person (direct path is only considered)
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Å14 Anchors, 1 Person (direct path is only considered)
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4 Anchors, 1 Persons, direct-path only

4 Anchors, 1 Persons, Multi-paths (2nd order)
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6 Anchors, 1 Persons, LoS only

6 Anchors, 1 Persons, Multi-paths (2nd order)
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8 Anchors, 1 Persons, LoS only

8 Anchors, 1 Persons, Multi-paths (2nd order)
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Å8 Anchors, 3 Persons

Small number of 

intersecting paths for 

each target location
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Å14 Anchors, 3 Persons

Small number of 

intersecting paths for 

each target location
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ÅMicrowave narrowband radio systems: ZigBee@2.4 GHz
ÅUtilizing RSS change (RSS-RTI)due to shadowing by a person in line-of-sight 

(LoS) path [*]
ÅMultipath propagation, e.g., reflection, diffraction, etc., degrades the 

performance
ÅLarge number of anchor nodes are needed
ÅMultipath mitigation
ÅMultiple objects

%RCMNCHA -?NBI>Ms 233|24)

яйѐШsЮШìŔũƚŸŰЯШ ЮШÂċƣƽċƖŔЯШљÅċĬŔŸШÑŸůŸŊƖċƓőŔĦШfůċŊŔŰŊШƽŔƣőШìŔƖĲũĲƚƚШ ĲƣƽŸƖťƚЯњШfEEEШ
Trans. Mobile Computing, Vol. 9, No. 5, pp. 621-632, May 2010.
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ÅUltrawideband radio systems: WiGig@60 GHz
ÅUtilizing RSS change of the individual multipath components sMultipath-

RTIx due to shadowing by a person [*]
ÅReflected paths are utilized to enhance the performance
ÅThe number of anchor nodes can be drastically reduced

0LIJIM?> -?NBI>s -OFNCJ;NB|24) 

яйѐШÑŸŊŸШfťĲŊċůŔЯШ~ŔŰƚĲŸťШuŔůЯШòƨƣŸШ~ŔǃċťĲЯШcŔĤŔťŔШÑƚƨťċĬċЯШљ~ƨũƣŔƓċƣőШÅÑfаШ
Millimeter-Wave Radio Based Device-[ƖĲĲШxŸĦċũŔǍċƣŔŸŰЯњШfEEEШ ĦĦĲƚƚЯШéŸũЮШΝΞЯШƓƓЮШ
42042-42054, 2024

Anchor nodes
(mm-wave radios)

Image output
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ÅMulti-gigabit WLANs (IEEE802.11ad/ay)
ÅHigh frequency: 60 GHz ISM band
ÅWide bandwidth: up to 7 GHz
ÅHigh directivity: Beamforming

ÅMm-wave radios have higher resolution in distance, delay time, and 
directional domains 

7BS -CFFCG?N?L|7;P? 2;>CI x

delay

)

time

)

angle

Massive 

Antenna Arrays

~5 mm

~1 ns

~10 deg

Ultra wide 

bandwidth

) 

freq.

Better performance in sensing/localization/tracking !!
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: ϙξΪήϦθvoxel
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Link ὰ
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Ὠȟ 
ÅFeature
ÅReflected paths are treated as 

Virtual anchors (VAs)
ÅVAs can reduce the no. of actual anchors
ÅManage multipaths to enhance the

performance

ÅVirtual anchors (VAs)
ÅIn square room, we have up to 

12 paths per link (single- and 
double-bounce)
ÅFrom actual measurements, 

7-14 paths were observed
Ą enough number for RTI

-OFNCJ;NB|24)

Ὠ( В Ὠȟ): total propagation distance

Virtual
Node

Single-bounce reflection

яйѐШ~ЮШuŔůЯШÉЮШuŔƚőŔůŸƣŸЯШÉЮШòċůċťċƽċЯШuЮШ]ƨċŰЯШљ~ŔũũŔůĲƣĲƖ-Wave Intra-Cluster Channel 
Model for In-ÅŸŸůШ ĦĦĲƚƚШÉĦĲŰċƖŔŸƚЯњШIEEE Access, Vol.8, pp. 82042-82053, May 2020

ɝ πȢρ
‎ πȢπρφ

ύ  

ρȾὨȟ Ὠȟ Ὠȟ Ὠȟ ‎

ρȾὨȟ Ὠȟ Ὠȟ Ὠȟ ‎



Workshop WM03 26

Å4 Anchors, 1 Person

-OFNCJ;NB|24) s %R;GJF? cVd

78 paths from 6 links
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Å6 Anchors, 1 Person
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