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j=rssid Market context — Professionals/consumers needs
5o 40

0 Upcoming applications for the wireless and semiconductor markets... [1]

o Health monitoring, ambient assisted living
o Gaming, “wearable computing”, fitness and sport
o New mobile terminal peripherals

Q ... introduced the WBAN terminology in the scientific community...

o “Wireless Body Area Networks”

Wearable only BAN

d ... and led to new standardization activities Vedica /. SR AT
applications Uiz [EnemEIES
management

o ... and led to new standardization activities [2]
Implant BAN

Remote control of
‘& medical devices

o Ultra low power extension of Bluetooth [3]

o Creation of the Continua Health Alliance [4] IEEE 802.15.6

applications

Real time video
streaming

Real time audio
streaming

Non Medical

applications Data file transfer

[1] The Promise of Body Area Networks, A. Astrin, ISMICT 2007, Oulu
[2] http://ieee802.0org/15/ . Stream transfer
[3] http://www.bluetooth.com/bluetooth/ k
[4] http://www.continuaalliance.org/home

‘& Entertainment
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j=nsid WBANSs: what is this ? And what for ?
A

Wearable only BAN

Q From IEEE 802.15 TG 6: “/...] a communication standard optimized s, e
for low power devices and operation on, in or around the human body | :
(but not limited to humans) to serve a variety of applications including R—

medical, consumer electronics/personal entertainment and other”. ‘ —

Non Medical

Q Applications

o Health monitoring, surveillance, ambient assisted living,

> Physiological parameters measurement (heart rate, ECG, EEG
blood pressure...), > WBSN type (wearable) or implantable

> Data logging from implants (pacemaker, defibrillator...)
> Body motion, gait, activity analysis (Parkinson, Alzheimer)
o Telemedicine, “distributed & at-home hospital®,
o Gaming, “Wearable computing”,
o Fitness and sport \ o /
> Motion analysis (goniometry, accelerometry, gyroscope...) 7l gk sensor

> Vital signs, <
» Performance ... % |

#abile phone

*“Game control

.............

[aXTT]

¥

ccccc

Dangur
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==std (Wireless) Body Area (Sensor) Networks
—5ed tii)

0 BAN

o Interconnected nodes
on/within human body

Caragiver
oF
Physician

o Sensing and communication
capabilities

Q Applications

o Healthcare
o Fithess

o Entertainment

Emergency Services
or
Medfical Researchas

M.A. Hanson, H.C. Powell, A.T. Barth, K. Ringgenberg, B.H. Calhoun, J.H. Aylor, et J. Lach, “Body Area
Sensor Networks:Challenges and Opportunities,” Computer, vol. 42, Jan. 2009, pp. 58-65.
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l==5s8 Standardisation a 'IEEE 802

30 - A anadarag O eE ele area
v v v \ v v v
WLAN WPAN WMAN MBWA Regulatory TAG Coexistence TAG WRAN
IEEE 802.11 IEEE 802.15 IEEE 802.16 IEEE 802.20 IEEE 802.18 IEEE 802.19 IEEE 802.22
L] 802.15.1
"Bluetooth”
N 802.15.2 TG3c
Coexistence 60 GHz
A
L 802.15.3
High data rate 2.4GHz
L, 802.15.4
« ZigBee » PHY/MAC
, v ) v v
i TG4a TG4b TG4c
© et N9 Alt PHY (UWB) /|  Alt PHY, MAC China
| G4d TG4e TGA4f
) Japan subGHz Enhanced MAC RFID
Body area networks
TG4g
Smart Utility
—>  Visible light comm. Hegnsensed
Département COMELEC Séminaire COMELEC 7176
Groupe RFM WBAN channel — 20 juin 2013



l=saswd BAN applications in IEEE 802.15.6

Wearable only BAN

Disability assistance

1 II 4 I
Medical Human performance
applications management

g |

Implant BAN “

Remote control of

| medical devices |

y
]
. ‘-\.‘
]
,
.I

IEEE 802.15.6

applications Real time video

' streaming
S P R T —"
v

Real time audio

streaming
. # _
Mon Medical
| applications L Data file transfer
I, -

o Py |
e T

Stream transfer

L ————————

"'-. Entertainment
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j=-2td Medical monitoring

“Total system
healthcare win" is

Independant
living

“hror to care for patients
i in the home
L (W S o,
=4
'
B | o e S -
= | UTE CARE
o ! Skilled nursing !
3 e ) |
| ] ]
| |
0% 4 4 M = £

L
1 s 10 & 100 % 1.000 % 10,000
Cost of Care per Day

/_. e + Ultra small size T
f_..' = / \ + Low cost
, " i \—' = Disposable
: g

» Flexible/programmable
Local processing and memaory

Digital Patch
- e

« Mon intrusive wireless monitoring for chronic disease management
« Ciuality of life for patient, critical data for the physician

Sensor

« Low cost and disposahble - no battery change Antanna Battery
source: IEEE 802.15-08-0158-01-0000, Toumaz
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liz==20%d Medical monitoring
m A
QO Monitoring of parameters

o Ex: Glucose
o Ex: Sleep analysis

O Biofeedback

o Ex: Emotion control

EEG

WiSION HEARINE
POYETIOMNING
. ECC
|'L_.: \ || |
GLUCOSE ﬁ.'
\ —, @ \ |'i @ | 1000 PaEsSURE
) e =) LW
PCITS _‘-‘-\-‘-\-\-\-‘_""‘-_ "\'l
I II _._._'_._‘_
+ -“"-I-..I : DSA . ]
g & PROTEIN
il CELLULAR
® .
_TwWLaN

Source: |IEEE 802.15-15-08-0163-00-0006, IMEC
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jencesd Medical « implants »

AT

Q Implants

o Pacemaker
a Defibrillators

Q Earring aids

O Swallowable cameras

Source: Sorin Group, Guidant, IEEE 802.15-08-0162-00, Zarlink Eibssmesnmns
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==eld Sport, Biocinetics, Biomechanics

—5. 1

O Biocinetics — Biomechanics

0O Physiological analysis
O Rehabilitation after accidents
O Control of rehabilitation efficiency

QO Motion capture

Source: Movea
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le==2d Multimedia Applications

A
0 “ON THE ROAD”

o A application of BAN
is to connect all wireless
portable devices locally to
form a selfcontained network
around human body

o Devices within a BAN can
then share resources such as
processing power, storage
space and Internet connectivity

O “IN THE CAR”, e.g.

o Connect portable E
devices to car stereo I

and control system |
o Monitor your health i

condition for a safe drive, 5
e.g. sleeping, drunk...

e

o Transmit personal profile to : '
the car; such as seat, mirror g
e e source: IEEE 802.15-08-0169-01-0006, Samsung
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le=22d Fashion and Wearable Applications
5o 40
O One of the major trends in the fashion
industry is clearly the convergence of

fashion and wearable electronic device,
the so called "Wearable Technologies”.

Q It was predicted that within the next 10
years we could see 20% of garments with
electronic components in them (prediction
made in 2003).

Q The ISPO 2007 Summer show in Munich,
Germany, was a good demonstration of the
trend. The event is the world's biggest trade

a This trend strongly indicates the advent of
the “wearable era” and BAN can play a big
role connecting these devices wirelessly.

source: IEEE 802.15-08-0169-01-0006, Samsung
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jeassd Intelligent clothes / Professional garments

7~ Voice communication
B Fcamara
@ Breathing rete
B Oxygen tank ststus
¥ Body tempersture
[~ @ Mutside tamparsture
=~ 0 Thresaxis gyro and
Ecceierometer cata
3l Harardious gas
detection

=—— @ Physical location
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larsid Regulation (spectrum access)
5o i
O Medical Implant Communication Systems (MICS)

Frequency Band For MICS
(402-405 MHz)

Power Channel Remarks
< 25pW e.irp =300 kHz Secondary use.
Australia ical i
<100nW eirp |403.56 - 40376 MHz fuzebenl /I T
telemetry systems

25 kHz/channel,

EU < 25uW e.i.rp one transmitter can use | Secondary use.
up to 300 kHz
Japan < 25uW e.i.rp =300 kHz Secondary use.

< 25UW e.irp =300 kHz
<100nW e.i.rp |403.5-403.8 MHz

Korea Secondary use.

USA < 25uWe.irp =300 kHz Secondary use.

source: IEEE 802.15-08-0348-01-0006, NICT
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larsid Regulation (spectrum access)

m Z A
a Ultra Wide Band (> 500 MHz bandwidth)
UWB Low Bands
PSD Frequency Bands Remarks Interfe_rences
Coexistence
Australia N/A N/A N/A
34-48GHz , LDC or DAA are applied I
EU 41.3 dBm/MHz I
42-48 GHz By Dec. 31, 2010 A
3.4—48GHz DAAis appiiea
Japan -41.3 dBm/MHz
42 —4.8 GHz By Dec. 31, 2008
3.1-4.8 GHz LDC or DAA are applied
Korea -41.3 dBm/MHz
42-48 GHz By Dec. 31, 2010
USA -41.3 dBm/MHz 3.1-10.6 GHz
Common | -41.3 dBm/MHz 4.2 -4.8 GHz Time limitation
source: IEEE 802.15-08-0348-01-0006, NICT
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larsid Regulation (spectrum access)
5o i
a Ultra Wide Band (> 500 MHz bandwidth)

UWB High Bands

Frequency Bands PSD Remarks
Australia N/A N/A N/A
EU 6 - 8.5 GHz -41.3 dBm/MHz
Japan 7.25-10.25 GHz -41.3 dBm/MHz
Korea 7.2-10.2 GHz -41.3 dBm/MHz
USA 3.1-10.6 GHz -41.3 dBm/MHz
Common 7.25-8.5 GHz -41.3 dBm/MHz

source: IEEE 802.15-08-0348-01-0006, NICT
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=2l Regulation (spectrum access)
5o i
a Ultra Wide Band (> 500 MHz bandwidth)

UWB Band Highlight

Europe /oan) ﬁ ‘ ' / | \ “
sapan ora\ S0 A A AT\ | A
Korea D:I;Tx m ‘ ‘ / —\ m
1. / [T
4

i : \
United States |/ | ‘Ll/ \/ \\ / |
134G 4.2G 486G 6.0G 7.25G B8.5G 10.2G
'k J L A
Y B il
Low band High band

source: |IEEE 802.15-08-0348-01-0006, NICT
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la2sid Regulation (spectrum access)
= #8 Bands & emission levels

O License-free bands

o Instrumentation, Scientific and Medical (ISM bands)
0 433.05-434.79 MHz
> Power: 10 mW with 10% duty cycle
o Short Range Device (SRD) Band:
> Frequency: 868 to 870 MHz in Europe
> Power: 7 dBm (5mW) to 500 mW
o Industrial Scientific Medical (ISM) Band:
> Frequency: 902 to 928 MHz in US
> Power: -1.25 dBm = 0.75 mW (part 15.249)
0 2.400 — 2.485 GHz
> Power: 10 mW EIRP
0 5.725-5.875 GHz
> Power: 25 mW EIRP

Département COMELEC Séminaire COMELEC
Groupe RFM WBAN channel — 20 juin 2013

20/76



l==2ssd Regulation summary

ust
Japan e
World m
LUSA | Japan _ wide
40

]

J020H05 4200 4290440 449 608 614395 1400 1L 3100 10600
2400 S300
; g ; —_— == -
MICS «—— WMTS > ISM < UWB MHz
Parameter | 400 MHz | 2.4 Ghz
i Antenna Efficienc X v
Path Loss: Friis Law y
_ ) Path Loss & Body Effects v X
P_ = Eaa " ‘ Power Consumption v X
P: 4rd ; 3
.. Rrad o T 2 | 27 II* o5 == y
Antenna Efficiency erd = S e e Ko S0
Rioss + Rrad \: £V :
Radiation Resistance Loss Resistance

source: IEEE 802.15-08-0348-01-0006, NICT; IEEE 802.15-08-0158-00-0000, Toumaz
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jerstid Why UWB? Context — Motivation
m Z A
0 UWB (Ultra wideband) potential and advantages
o Spectrum reuse (the rarefaction of the spectral ressource Is becoming a real problam...): ultra-low PSD and low power
Coexistence with existing nammowband systems

u}
o UWB = potential for high data rates {short range communications —-HDR): 480 Mb/e @ 5—10m, 1 Gb/s @ 1m
o

Ultrawide instantanscus bands = high temporal resolution = high spatlal resolution = potential for ranging, geo-regioning,
localization and tracking {Low data rate & localization — LDR-LT)

o Less sanslitive 10 selective fading (Multlpath Components (MPCs) Interferances)
o Low power consumption (simpler electronic architectures and lower radiated power)

O Applications :
o Indoor communications (shoit to medium range)
o Wireless Sensor Networks {(WSN) — Localization, low/medium data rates

o Ground Penetrating Radars (GPR) — Sub-surface detection or tomography, buried mines detection/identification,
archaeology, geclagy, mining, etc.

o Through wall detectlonfimaging — Non Invasive problng of walls, materlals {(concrete or bridge Inspectlon & dlagnosls...)
o Rescue of buried persons (Earhtquake, etc.)
o Medical imaging & Healthcare: microwave imaging, monitoring, microwave hyperthermia for breast cancer treatment...

o WBANs <> Short range @ low power radic communication systems (lower power
absorbed Into the body = better for health), & LT (Localization & Tracking)?

o Reclprocally, the BAN Is an interesting application for developing UWB {mainly UWB-IR)
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lssssd Why UWB? Context — Motivation
AT

0 UWB (Ultra wideband) potential and advantages
o Spectrum reuse (the rarefaction of the spectral ressource Is becoming a real problam...): ultra-low PSD and low power

o Coexistence with existing namowband systems
o UWB = potential for h 1, 1Gbfs @ 1m
o Ultrawide instantansot Out of Home for ranging, geo-regioning,

o Less sensitive to selec e .
. Connection
o Low power consumptic = 1) to the
K T Medical
O Applications : Service

o Indoor communication '
o Wireless Sensoar Netw

o Ground Penetrating R
archaeology, geclagy,

o Through wall detectior
o Rescue of buried pers

Fixed Access

Network nfidentification,

pectlon & dlagnosls...)
Source: Pulsers I IST-FP6 project

o Medical imaging & Healthcare: microwave imaging, monitoring, microwave hyperthermia for breast cancer treatment...

o WBANs <> Short range @ low power radic communication systems (lower power
absorbed Into the body = better for health), & LT (Localization & Tracking)?

o Reclprocally, the BAN Is an interesting application for developing UWB {mainly UWB-IR)
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=222y WBANSs nodes and radio link types
= X8 « on-on, on-off, in-on »

0 3 types of nodes with distinct propagation features can be defined

o Implant nodes, placed inside the body
o Surface nodes, placed on the skin surface or at most 2 centimetres away
o External nodes: between a few centimetres and up to 5 meters away from the body

O = 3 types of radio links «on» BAN

« in » BAN node node for

\7\
o
/\ | Of\\i
in-on
omon \—‘ «on » BAN
gateway

on/on-body link

(Pacemaker

o In-on — implants or swallowable (+ in-in, in-off, but...) implant)
o On-on — sensor to worn central node (gateway)
o On-off — sensor or gateway to external access point

hearing

«on » BAN node
(Pacemaker
gateway)

Q In-on

o Difficult — 1. Antenna miniaturization & matching «on»BAN node

for activity

o 2. Channel mainly governed by the strong attenuation

a On-on (& partly On-off ) infon-body link
o Antenna/body near field coupling ° @ AN gateway
on-bod
o Difficult channels : PL, Slow fading (shadowing), © = O ’
Numerous sources of variability, Special Doppler @ in-body
Département COMELEC Séminaire COMELEC 24/76
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5o 40
O Expérimentations in vivo (rat) et in vitro (la plupart)

o Gabriel & Gabriel, "Compilation of the Dielectric Properties of
Body Tissues at RF and Microwave Frequencies". Brooks Air

u=E=aslyl Propriétés électriques des tissus des..
Eh oui, nous avons plus de 95 % de génes en commun avec le...

*arisTech

Force Technical Report AL/OE-TR-1996-0037

. mammiferes

130 100 : .
» This study (in-vivo) = This study (in-vivo)
—Eahrif! Tt‘I%B%g[%i !n-ui_go 1 — Gabriel et al 1996, in-vitro
110 - DaoeEla rat In-viro - Bao etal 1997 (rat in-vitro )
;S et A0 humar ) o | o Sotmideta 20 fumen o)
90 - . < Burdett et al 1986 (Canine pia matter in-situ) £ qp. S SchHety MO pacne V)
< + Foster etal 1979, (Canine in-vitro) o Burdett et al 1986 (Canine pia matter in-situ)
= « Burdett et al 1986 {above pia matter in- vwof Fa + Foster etal 1979, (Canine in-vitro)
'E 70 - + Burdett et al 1986 {below pia matter in-vivo > » Burdett et al 1986 (above pia matter in- vwo]
E [ ' atts
E 3
u c
o 50 3 17
30 2
10 . ' 0.1 !
1.E+07 1.E+08 1.E+09 1.E+10 1.E+11 L.E07 1.E408 1.E+08 1.E+10
Frequency (Hz) Frequency (Hz)
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=R=eld Propriétés électriques des tissus

=TT Modeles pour la simulation

0 Modeéle Cole-Cole (inhomogeéne, tissus, organes)
o Polarisation dipolaire (temps de relaxation t, ), conductivité ionique (c;)

s(w)=¢, +Z —+ Oi

1+(]a)z' ) " joe,

[T

m— SKin (&)

£ Fat
E Muscle
i Brain (White matter)
’ a Brain (Grey matter)
| | === Skin (o)
g | === Fat
= = | ™ "™ Muscle
S e s S AR, - F cle
Ly ‘_:.-n'*"“': = %,?E;,- somu st ,95’ | = Bra!n (White matter)
TN N R ke 05 g > - | == === Brain (Grey matter)
10" ._-—d;""" ﬁf.v' |
; : s —— - N i
i ]
DY
10° 3 2 1 0 A
10 10 10 10 10
[(GHz)
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=== UWB characteristics of body tissues: Homogeneous
= %8y and 2"d order models — dispersion

Q Source: MCL-T Broadband tissue equivalent liquid {(measured)
o Compliant to IEC 62209-2, CENELEC-EN 62209:2006 and IEEE Std 1528T-2003
o 2™ order model fit in CST® (extensicn of Debye 18 order model): extrapolation up to 12 GHz

Electric Dispersion: 2nd Order Model (Fit)
45

Eps' (Fitted)
—— Eps” (Fited) g(a)) — (900 +

cos" (Feted) Bo
—— Eps' (Data list) 5
—¥— Eps" (Data list) a() + Jala) — Q@

40

2

35 4

30

Note: 4-Cole-Cole model

1s better but more complex
(important for internal problem
such as dosimetry (SAR).

The point here is to show the
general trend, not to be very
accurate = on-on, on-off WBANs

25 1

20 1

15 7

10

Frequency / GHz
O Dielectric properties of body tissues are highly dispersive
=> Particularly important for UWNB antennas and radio links
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=Rseeld Fantomes numeériques et expérimentaux

=TTl Fantomes inhomogenes — Modeles « Voxel »

réalistes, précis

| (uonepuno4 gj.11) Ajjwed jenjip |
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=Rseeld Fantomes numeériques et expérimentaux

=TT Fantomes homogenes morphologiques & « canoniques »

Q Specific Anthropomorphic Mannequin (SAM) : géométrie numérique/réel id.
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easesld Un peu de physique

=TT Mecanismes de propagation le long du corps

O Aucune propagation a travers le corps (~>2 GHz)

Q Propagation autour, le long du corps
0 Ondes rampantes (diffraction), v, = c!
o Modes de surfaces (~LOS, ex. torse)

Q Propagation en espace libre
o Hanche/poignet, réflexions sur le corps
o Environnement (réflexions du sol, des murs)

\

Q Preuves théoriques & experlmentales —
. — td ;heoreﬁcal mc;delling .........
09 ,_/7 (7/_' | b Measuremems;
, 08 |' 20}
% 0.7 _ff. — Reference
T L — —Test Person = -30
E’ Z: | [!'t—- —Head Phantom :é, -
é 04r ||| E 50k - -
E 0.3 /| .'fdf _
o 0zt /| At= L — ! = 292 ns 60} ?\"— — ! - 2 Waves
_ <5008 Phead ¢ . | interferences
PL .. ~40-70dB 0! 1 L : : : e [M ) | - apthe antipg
tin [s] x 10 ® 805 10 20 30 40 50 60 70
T. Zasowski et al., “UWB Signal Propagation at the Human Head,” IEEE Trans. AP, Apr. 2006 Distance in cm
, PO T. Al et al,, “Analytical Propagation
Département COMELEC Séminaire COMELEC Mod(\a/ﬁr?g of BAN Chg:mels Based on the 30/76
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jeasd WBAN: Review of PL measurements and models

= A

QO Power law model a & b depend on the:
- Frequency band

PL(d[mm])[dB] =a- lOg(d[mm]) + b+ N . Environment

Main drawback of PL(d): completely
different radio links are merged
= very different PL for same d

-> Very high variances

QO Exponential model (anechoic chamber)
PL(d)gg) = Fo +7-(d—dy) + N
QO « Saturation » model (Indoor, 915 MHz, 2.45 GHz)

PL(dempan) = 10 - 1og(1070 /10" Modian) 14395 10ROy | 5,

"._"-._
r

O « Scenario-based » models

o “Hybrid” approach considering scenarios, - U 5 B\ L/ £ _,'
but still modelling PL as PL(d) -~ ¥ 4 & L —_—— :
a A promising approach: application-dependent — ) Rl -
radio link “scenarios”, e.g. belt to chest for ECG, etc. == e - —
2 1 4 .
i leti -
Département COMELEC Séminaire COMELEC 31/76

Groupe RFM WBAN channel — 20 juin 2013




==stid WBAN: Review of PL measurements and models

Comparison of IEEE802.15.6 models and others - Anechoic chamber or equivalent
100 : : . : . . -

| 950956 MHz - NICT
| 2
90 ~= f 2.42.5 GHz- NICT
ol

- a/ A g mmm= T == " | = 31106 Giz- NICT

/’A ¢ / - -= —-———

80 7 0" -——" ==© =" 2-6GHz-802.15.4a
P *

, 1 “ " "
- ~GIA T O 2 I b 3-10 GHz- IMEC "front
(4 g 1 aglhs ="
| | 2-12 GHz- ENSTA

4-5GHz - ENSTA
2005
6-9 GHz - ENSTA

3.15.1 Ghz - Samsung "Standing"

PL (dB)

3.1-5.1 Ghz - Samsung "Sitting"
7.25-8.5 (hz - Samsung "Standing"

7.25-8.5 Ghz - Samsung "Sitting"

Anechoic chamber

""""" 2-8 GHz - Zasowski, JSAC Jan 2009

=== =t==" 2 45GHzLOS -UB & QMUL

= =¥ =1 2.45GHzNLOS - UB & QMUL

30 ' ' ' ' '
100 200 300 400 500 600 700 800 900 1000
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jenasd WBAN: Review of PL measurements and models

= 3.1-10.6 GHz - NICT
- e
* 2.45GHz- IMEC

'
¢
I

R X AN

950-956 MHz - NICT
242.5 GHz - NICT

915MHz- IMEC

820MHz- NICTA

2.36 GHz- NICTA

3.15.1 Ghz - Samsung "Standing"
3.1-5.1 Ghz - Samsung "Sitting"
7.25-8.5 Ghz - Samsung "Standing"

7.25-8.5 Ghz - Samsung "Sitting"

IEEES802.15.6 - Indoor

90

80

70

é o
’
o — 60 ’,’
olz | ¢
© 5 ’/ .—9/7—
Ca 50 /=
— K / ___—
g_—
1/ |
40 1 :
e
s
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.I.
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jeasd WBAN: Review of PL measurements and models
e mmau Mainly IEEE802.15.4a & 802.15.6
=TT R

0O General remark: large dispersion of results >> each o

O Anechoic chamber

o For low distances (< 60 cm) 15.4a exp model compatible with others

o Samsung over [3.1-5.1] Ghz close to « IMEC-front »

o Close PL exponents for NICT & IMEC-front but with different PL, > Antennas...
o UWB Samsung & ENSTA: same trend with regard to frequency behaviour

aIndoor

o Excellent agreement IMEC/NICTA at ~900 MHz & 2.45 GHz
o NICT seems « underestimated » w.r.t. IMEC/NICTA 900 & 2.45
o Samsung [3.1-5.1] coherent with IMEC/NICTA 2.45 GHz

o NICT (hospital room, « layered ») data could be as well (better ?) represented by
a « saturarion » model

> > Particularly true at 400 MHz : PL almost constant (off reflections probably the
dominant mechanism)
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Small scale statistics — IR - PDP

5o 40
O IEEE 802.15.4a IEEE 802.15.6
o Amplitude distribution > Lognormal, bin to ; ;
bin correlated (adjacent mainly) (# ® From NICT
E conventional Rayleigh or Ricean) _
o Number of clusters fixed to 2 (on-body ® Tapped delay line
- diffraction + ground) Sinal |
% o Inter-cluster arrival time fixed (0.5 ns) ® oSingie ¢ uster
c a Inter-path arrival time fixed (7-8 ns) e Path amplitude = exp. decay
o 3 « scenarios » : «front», «side», «back» 2> . .
O different parameters with Ricean factor
— 0 Improvements to account for the e Path arrival time: Poisson
environment :
<L . e Number of paths: Poisson
m o On-body + modified SV L 6i [
o Extracted after time gating the 1st cluster (< > ~5-6 In anechoic
m (on-body paths) chamber and ~38 for Hospital
o Dual-slope inter-cluster PDP decay; intra-
; cluster unchanged room)
o Small-scale fading: Nakagami-m or
D lognormal
a Cluster arrival time: Weibull instead of
Poisson (or mixed Poisson)
o « Large scale » statistics of energy reflected
from env.: lognormal
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rsld Qu’est-ce qu’un « bon » modéle statistique de canal ?

= A

0O Bon compromis entre précision, représentativité et complexité

0 précision : dispersion "raisonnable” compatible avec les besoins applicatif, systemes, etc.

o représentativité : "général" vs "spécifique"”, environnement dépendant ("site-specific") ou
non, etc.

o = Crédibilité (pour les 2)

o complexité : I'un des points les + importants ; un modeéle doit étre suffisamment simple pour
étre utilisable efficacement dans les simulations "systéme" (couche PHY, lien radio, etc.)

QO Les premiers modéles

o Approche « classique » en distance
o Dispersion tres importante : agrégation

de liens radio trés différents ulf;
o 802.15.6 --> multiplication des modéles el
("mosaique”...) "
o Mais, ont contribué a la compréhension
des mécanismes H. Ghannoum and C. Roblin, “Investigation of the UWB Body Area

Propagation Channel,” ICUWB, Waltham, MA, USA, Sept. 2006
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j=nssid Conclusions on IEEE802.15.6 channel models
e

O Large dispersion of path loss results and models

o Lack of standardization of measurement protocols ?
o Too specific measurements ?
o Lack of comparisons of the models with each other

Q Variability sources were not really studied
o Population: morphology (heigth, corpulence, etc.), internal factors (tissues proportion, skin
fat, muscles, etc.)
o Antennas (types, distance to body, polarisation, orientation, sensitivity to proximity effects)
o Influence of movements (breathing, walking, running)
o Influence of the environment (anechoic chamber, indoor premises)

Q A path loss law depending on distance is meaningless

o Distance is NOT the dominant factor
o Shadowing is the essential contributor
> Temporal dependency due to movements

o A scenario based approach is suitable

Roblin C., D'Errico R., Gorce J.M., Laheurte J.M, Ouvry L., « Propagation channel models
for BANs: an overview », COST 2100, 16/02/2009 - 18/02/2009, Braunschweig , Germany
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2= Channel characterisation: A scenario-based approach
A

a A scenario identifies

o The transmitting antenna on-body position
o The receiving antenna on-body position
o The movement condition
> Still (but breathing...)
> Walking
> Running
o The environment

> Anechoic chamber
> Indoor

QO Band of interest
aISM 2.4 GHz @\I
o UWB 3-5 GHz ET
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5o 40
Q TX on Hip (left)

o Chest

o Right Thigh
o Right Wrist
o Right Foot

O TX on Left Ear

o Right Ear
o Hip (left)
o Right Wrist
o Right Foot

leti jed:

uuuuuuuu

/-

leti gulh

_Hip Chest Wrist Right Ear
Département COMELEC Séminaire COMELEC
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leassld On-on channel measurement campaign (CEA-Leti)

AT

B 2 environments g e
¢ Anechoic chamber s
' B
¢ |ndoor § ';B % % ? é
B 3 types of movements e Ll % "
St S £ ™
o Stil (3x4s) § SRR %A&
¢ Walking S S e =
+ Anech. Ch_(4x4 s) ' _gor  Brask had o ]

* |Indoor (3x4 s)
¢ Running on spot (1x16 s)

B 7 human subjects o ¥ | |
B Total of mesures: ~235k CIRs | )73 i %
Still | | N ly [
B Reminder : A scenario identifies A S% 75N
¢ T[he transmitting antenna on-body ‘M?i Y, » '
position P S W, € .
¢ The receiving antenna on-body position L\#) r J n;ﬂ;k.;n:;h}_ 7,;.55‘;
¢ The movement condition “'\ ‘
¢ The environment IlE:__"j.r ',II.

Running on a spot
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=-=2d Mean channel gain
= A
Q A great variability given  (G,|,5 ~ N/{
by discrepancies of diffe-

TN

I“'”{ (TX. RX):m:e {TX,RX ,m,e) )

rent human bodies : radio link movement_ _ environment
s 10 Anechoic chamber Indoor
Q A great variability on
Hip-Chest, Ear-Hip e | 4 S
0 Propagation mainly on g : wang s g ] : e
human body: no “on-air” 4 -

a Higher gain in Indoor

o Propagations by the

Gherst Right Thigh Right Wrist Fugh Foat Cihpesst Feght Thigh gt Wit Riglh Froe

surrounding environment ' | s Y e
! y : d o B, 15 Sl 15M
> Up to +10 dB in Hip-Foot . i o mii | ! e B
: o S, UWE —HT 3 Siil, UWB
> Up to +15 dB in Ear-Foot g5 o uneng uwe| &% < e
0 Generally smaller (or F )
equal) dispersion in
. el
UWB (vs NB) . . . il . .
Rigght Ear 'IE-I J— Ml;ulg:;::l Wirisa Rigih Foot Right Ear I-:'E':;q_ - p:if::. Wl Rigih Foat
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= A

Fading components

O One can distinguish a slow fading component S(z,) and a fast one F(z,) in the
time dependent power transfer function:

P(f-.”_) — Gl‘_} ' S(t-n.) ' I?(ﬁn)

Département COMELEC
Groupe RFM

WBAN channel — 20 juin 2013

|
& 8 J
R | [} &
o~—h
a i ]
D R |
A
] A
| F L
g
T on Hip, 51l TX-on Hip, Walking
-40 . . . - -4 . :
— — — Chest, Pit) — — —Chest Pit)
Chest GD Sl 2 Chest G - S(1)
-a5} ; _agl e A o
: — — —Thigh, P({] § AT P TR = — —Thagh R
R S e et i) — Thigh |:1'E Sty s —— Th-gh'-?‘n S0t
5O — — —Wnist, Pit) —al- - \Wrist P(1)
_ Wrist, G- Si) _ ] \_L Thagh .'E.D S0t
E'E, -E5 - — Fool, Pit) B 5 i 1 — Foat Pif}
-:,. T I = e o o Foot, Gb S 5 -.'.: b ; : 1:_' Foat Ijn St
iy 60y V. i VN BT Ty
:‘f P b iy M, b
I ; A i
i - il
8o 65} .
-70 - : : -70 : :
a (L] | 1.5 2 25 35 4 4.5 ] p 2 2.5 35 4 45
Time [2] Tirme: [3]
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l==222d Time-variant channel modelling
m =a

R . Indoor
Q A great variability given ISM right, UWB left
by discrepancies of o Xentp
. . [} 5till, 15M
different human bodies a5} Walkng, (51
i 0 Running
o Statistics on human bodies . i l S W L
) ] -3 i | ) [ 1] I"-Zl..nrung LhWE
(only 7 subjects here...) 5ol { ] l é ? g
2 -@4 i E
) . ] II,-- E—?'EI
G(}\dB ~ N (H-()g,_- a ()@) st
-&0
H H H 58 ; it Thigh j -I-* st i*.lFmt
O For a specific scenario chest N ma
. . T on Hip, Walking, Indoor
shadowing is modelled AT
by a log-normal distribution ozl M —. o
I — Si1_} fit, Thigh
D = 5"-'».: data, Wrist
S(fn) ‘dB ™ N(O* JSE‘) £ st m— O
Q Fast fading — Rice
R. D’Errico & L. Ouvry, “Time-variant BAN channel h
characterization,” PIMRC 2009, Best Paper Award ﬂit__;'i:i:Jﬁl 4
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j=nssd Shadowing correlation and human movement

5o i
Q Correlation is slightly higher
in anechoic chamber than | b TR Mo : O\ 5

in indoor

0 Shadowing correlation is % M . L e i —
relatively high when the : 1gm ip-Wrist
human body does not move ® @ W N 35 3 35 & = B0

Q The scenarios which g . ‘mwf —_—
present high shadowing E 13—\ S | Hip-Foot
(generally when one § 0 \"_'“/ o \_\/ _g@f”
antenna is on a limb) S N pi;~0.6:
present the highest o
correlation §1E S~ — o

. ip-Wris

a Thigh and Foot experience E_mn/njﬁ : 1_;3\";/2{5 ) p.=-0.48
“synchronous” shadowing, Timies)
but inverted with respect to
Wrist

R. D’Errico & L. Ouvry, “Time-variant BAN channel characterization,” PIMRC 2009, Best Paper Award
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ssld Antennas in (for?) WBANs
arisTech

=TTTT Framework — Perimeter — Objectives

O UWB antennas (for communications mainly)

O On-body antennas: body proximity effects — comparison to NB

Q Parametric analysis

O Numerous sources of variabilities plaid for a statistical approach
O How to get models?

O Which guidelines for antenna design?
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=502 On-body Antennas: problematic of some concepts

= A

O How to found the conceptual definitions of :
o Energy transfer

o Time spreading, etc. E
-
Q ... for (UWB) antennas which are: @ /\ @
o @ Isolated (“free” space) -0
0 @ On-body to off-body
o ® Both on-body

QO For @ the field is measured (probed) on any
circumscribing sphere (enclosing the antenna)
= clear definitions of ATF, AIR, Time spreading, etc.

QO For @ antenna body < new antenna = same concepts

Q For @ it’s more complicated: how to define the sphere ?...

o If you want to probe the field on “the” relevant sphere, the probe
is perturbed by near field effects due to the body proximity =
measurement depends on the probe/body coupling = not intrinsic!...

0 = analyse directly the radio link, i.e. the 2-antenna/body system
QO The controversy about the “intrinsic channel”...
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l==222d UWB Antenna — Body Interaction
—— UWB specificities — Comparison to narrowband
5o 40

o Narrowband - Input matching (strong « detuning ») = sensitivty to the k

O UWB versus Narrowband (or moderate band) - Main issues: ‘Pogc%,

proximity effects should be reduced - desensitization techniques are req e
> Widening of the BW ‘?,/
> EM Screening with: a ground plane, ferrite sheets

o UWB - Energy transfer performance
(although input matching remains important) 40
a Classes of UWB antennas ﬁ,

o Balanced, grounded (low profile NP), small (quasi-)planar (nor balance ‘3/
grounded), chip antennas, magnetic (quasi-)planar (« slot-like »), loop: 7o

o Tangent (« Horizontal » or « Vertical ») or Normal Polarization (NP)

0O Conclusion: Antenna « categorization » (wide sense) is mandatory
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j=2=d Narrowband Antenna — Detuning/Desensitization
m A
lIFA detuning CPWA desensitization technique

20 i ) i ) L]
CWPA without ferrite
— CWPA with ferrite
10F-
R
EE
(2]
>
- 2
— 0 10}
@ 2
Y
©
>
2 -20p-
©
14
30k
-40 .
2 3 4 6 7

Antenna distance from arm in mm

Frequency (GHz)
Courtesy of J. M. Laheurte & T. Alves, UMLV/ESYCOM, France
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easssd UWB Antenna: Effect on the input matching
A

Q Input matching (usual) trend (small (quasi-) planar unbalanced antennas)

DFMM Matching: Isolated & On-body (Torso, Hip, Ear)
versus distances to the body (mm) and human subjects

0 [ [
o~ doun st cus (G GHEE
¥ -

P | — 5=10 Torso S1
------ 8=6 Torso S1
B =eeme= =6 Torso S3
=6 Torso S2
------ =6 Torso S4
6=0 Torso S1
----- 6=10 Ear S1
—— 5=6 Ear S1
------ =6 Ear S2
8=6 Ear S3
------ 5=6 Ear S4
8=0 Ear S1
-6y || T 5=10 Hip S1
-35 ! L T | i N e e e e 1| Ikl §=6 Hip S1
------ 8=6 Hip S2
| 5=6 Hip S3
N e m L m—— 8=6 Hip S4
,,,,, Losses (absorption due to g,") = improve | 8=0 Hip S1

« ” | solated

-10

-15

-20

-25

S,, (dB)

-30

d (mm)

5 6 7 8 9 10 11 12
f (Ghz)
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j==asd WBAN: variability due to antennas (1)

A
0O Scenario-based approach 1S,4l4g: head to hip BAN scenario
-40
DFMM
>
. ENSTA
R
im% DFMS " s
PorisTech I —(tl
2]
L l» B
S
-90 DFMS
DFMM-DL
-100 Monopole
Tayo Yuden
Wisair
-110 ' :
0 2 4 6 8 10 12
f(GHz)
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= A

Q “Classical” approach (PL(d))

WBAN: variability due to antennas (2)

Planar inverted cone antenna (PICA)

' _;Emm__ Horn shaped self- ’ ’L
T_; i complementary antenna (HSCA) e i
100 mmm )
B Dackse GHD Fratage Chabyshdsy ranskormer
; IH 4 mm o
|(—:_-;} o B9 mm .2 - B3 1 &3 mm P
20.8 mm My = 3T 1R i = OL5T T iy = LTIV W SR mm
282 fmn
= v O &S e
L fr=1.524 mm GND ¥ W
= VEXF * } mm
HECA (meas.) 91| % Hsca
B0 HECA (loast Sq) 8 4 . PICA,
PICA (meas.) 20 1= HSCA fittad (5.7) "
85 - | = PICA(lsast8q) | | —— PIcAfittad (1.9)
6 -
00 - ] : E 5 . 4
! - A T
- \ - [T I e u B
? TO | 20 dBl a 3 u :: }Q_L-__._-l_______x__—
g 7 - e - .
- ! i - 24 - s .
= 85 |- A - I L [
2 L - ; H 14 = "
goL & 3 2 *
1 -, t- N 1 (4] T T T T 1
Er e " ) 0 0.2 0.4 0.6 0.8 1.0
I /j" 1 r Tx/Rx separation, m
“r i » . -
= d : _ L . . J A. Alomainy, Y. Hao, C. G. Parini, and P. S. Hall: UWB on-body
01 02 03 04 06 07 08 08 radio propagation and system modelling for wireless body-centric
Gsisios, m networks, |IEE Proc.-Comm., vol. 153, n° 1, Feb. 2006.
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= A

WBAN: variability due to antennas (3)

O Comparison with narrowband (2.45 GHz): (time) varying postures context

Belt-to-chest Belt-to-wrist
'30 T T T L3 T T T T T T T T T T "30 L T T T T T T L4 T T T T L L} T T T
R
35} i :
i ™
I O Y i o]
48 | A -
! o | o - i |
: i i : i ! hans il t
€ ; : 1 # o : .j"-‘ﬂ'—' -
b E AT ER N g " '_.‘_55_ : i N s =
T |38 | PR | S -
i o et L =~
_sof;w; ] 1"‘7 p== 65} v | 1 ]
Voo g_. ..,..m-r--n-___Hi e Mmm : : _I — ey |
s . =ee Mmo..Lng A ~T0¢ i(h‘h‘i; : ...... mme
——  Mono-Patch A A = Mono-Palch
=== Mono-Array -78F === _Mono-Array
805364680 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 0 20 40 60 80 1601501301&0“39250250230260250360350350330
Time. 5 8
P. S. Hall, Y. Hao, Y. |. Nechayeyv, C. Constantinou, C. Parini, M. R. Kamarudin, T. Z. Salim, D. T. M. Hee,
R. Dubrovka, A. S. Owadally, W. Song, A. Serra, P. Nepa, M. Gallo, and M. Bozzetti:
Antennas and Propagation for On-Body Communication Systems, IEEE AP Mag., vol. 49, n° 3, June 2007.
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leaassd Measurement issues — Methodology
5o 40
O Impact of the measurement methodology and protocols

o Importance of the measurement methodology
> Balanced/Unbalanced antennas
> « Cable effects »
> Parasitic environmental effects: residual MPCs
> Reproducibility = clearly defined measurement protocols
o Taking care of the « effective dynamic range »
o A Scenario-based approach: a bridge from measurement protocols,
processing and modelling and eventually relevant applications
o This allows a better...

Q Statistical & parametric Channel analysis

o Antenna «effects» in a controlled environment (Anechoic Chamber)
o Quasi-deterministic parametric behaviour & scenarios
o Indoor environments contribution (not presented today)
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sl Effect of feed cables: common current mode
5o i

a Unbalanced feed line Balanced feed line
Il”“\-__._\ — with f'emite core CONCLUSION ¢ > l l_ with fen-;te care
hed = ) -=~ without fernte core H --- without fertite core
_.ll.l DF““ 2= “10F o e e % b gk 4
= < -]
= 20} ’ - E-zo{ Pkl
L - FL e Femm:
. . | il
1 2 3 4 5 6 1
| |GHz]
H (ﬂ}
I Top  Bowom
/\/ j
3 _ ' F 5 6
f [GHz|
(b)
Th. W. Hertel: Cable-Current Effects of Miniature UWB
Antennas, IEEE AP Symp., vol. 3A, pp. 524-527, July 2005.
Département COMELEC Séminaire COMELEC 54/76
Groupe RFM WBAN channel — 20 juin 2013



j=rsssd Another balanced planar antenna designed for WBANSs

| 16 M. o ~ - :
Y 5t \&H“z
A0 4y o VEWRsZ
. ] '.I e _.-__.H_ . &
3 . Yy mtj% P ; .jj
L -15 | | A A . 1
A 2 Waki r“f Ay 7
£ 4 20t | Y| i 1
E E i i |. . Y :
FNH ? E IE 225 | || | .
L 3B ol o |
I;' = :i:l Free Spacs ;
|3 a5 b e Directy on e chest : .
! 1 mim away Fom the chest b
A4 vy 0 E 10 15
I_%_I Fraquenty, GHz
Atiqur Rahman, Akram Alomainy and Yang Hao: Compact Body-Worn Coplanar
Waveguide Fed Antenna for UWB Body-Centric Wireless Communications, EUCAP 2007.
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=222y Measurement methodology

-100—

-110

-120

DFMM - Phantom ear to ear V polar. - Cable effects

---------- front cables (coupling), no ferrite, cables // and // to co-pol.
------- idem, 1 ferrite/cable
----- idem, 2 ferrites/cable (1 bend)
----- side cables, 2 ferrites/cable (1 bend)

side cables (outside absorbers), 2 ferrites/cable (2 bends)
= Side cables (outside absorbers), 3 ferrites/cable (1 bend)
= Side cables (surrounded by absorbers), 3 ferrites/cable (1 bend)

0 2 4

Average PDP (dB) - Hip-to- Chest DFMM- DL

6 8 10 12
f (GHz)

-60 7

-80)
-90)

-100

-11C |-

-120

-130
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TxH-RxH-TowardsDoorNoAbsorb
TxH-RxH-BackTowardsDoorNoAbsorb ||

QDiffuse scattering of chamber opposite side
. I

T~ ad

Specular reflections
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Absorber sleeve|

-140 i ' W
| Diffuse scattering of the doorI | L
-150
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100
950-956 MHz - NICT
90 2.42.5 GHz - NICT
s 3,1-10.6 GHz - NICT
80 =@ = 2.6GHz-802.15.4a
=s===1 310 GHz- IMBC "front"
= === 2.12 GHz- ENSTA
) 70 === =1 4.5GHz-ENSTA
% 6-9GHz-ENSTA [ 2005
% 60 ‘ 3.15.1 Ghz- S g "Standing"
A 3151 Ghz- Samsung "Sitting”
50 <> 7.25-8.5 Ghz- Samsung "Standing"
A 7.25-8.5 Ghz - Samsung "Sitting"
memmmmne 98 GHz - Zasowski, JSAC Jan 2009
i == ta =1 2 45 GHzLOS - UB & QMUL
=== =1 2 45 GHzNLOS - UB & QMUL
30 - -
100 200 300 400 500 600 700 800 900
d (mm) © ENSTA-ParisTech 2009, Hip-to-Chest, [3.1,4.8] GHz
© CEA-Leti 2009, Hip-to-Chest., [3, 5] GHz @ ENSTA-ParisTech 2009, Hip-to-Chest, [6, 8.5] GHz
16 © CEA-Leti 2009, Hip-to-Writ, [3, 5] GHz @ ENSTA-ParisTech 2009, Hip-to-Chest, [3.1, 10.6] GHz
Puac o ENSTA-ParisTech 2009, Hip-to-Wrist, [6, 8.5] GHz @ ENSTA-ParisTech 2009, Hip-to-Wrist, [3.1, 4.8] GHz

Approx. distance

Measurement methodology - improved reproducibility
g and cohesion

Comparison of IEEE802.15.6 models and others - Anechoic chamber or equivalent

excursion

© ENSTA-ParisTech 2009, Hip-to-Wrist, NLOS (- 30°), [6, 8.5] GHz (O) ENSTA-ParisTech 2009, Hip-to-Wrist, NLOS (- 30°), [3.1, 4.8] GHz
@ ENSTA-ParisTech 2009, Hip-to-Wrist, LOS (+30°), [6, 8.5] GHz @ ENSTA-ParisTech 2009, Hip-to-Wrist, LOS (+ 30°), [3.1, 4.8] GHz
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lemstd Transmission measurement setup (in the FD)
m A

O Simultaneous measurement of 3 channels with post-calibration
- 3 independent receivers used

ZVA 40 -10 MH - 40 GHz

Meas. racener [=-— Iil

Ref. recaneor |-

_.’/.—p-— |_’_’,_L| —‘ ’—{ Bias tae

From
genarator

ROHDE&SCHWARZ

Klaaz. recaier [-=— |__£|

Ref. recaner |-

mf’/t—h—ﬁ—“—‘maﬂeelli I

[ENerator
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ON-ON STATISTICAL APPROACH
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le=s=d A parametric analysis

5o i
Q For various scenarios (H2C & H2W as examples)
O Comparison of various antenna types

QO Varying geometrical parameters:
o Distance o6 to the body

o Walking/running postures - arm angle 9

Q For 1 or 2 Human Subjects S
a First in a well controlled environment: anechoic chamber

O Statistics over:

o Micro-positioning u (10 for H2C and 3 for H2W) a
) SZI(SC,f, S, 5, 19,/,1,5')

0 Repetitive frequency sweeps s (10 here)

. 7l R

Département COMELEC Séminaire COMELEC 60/76
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en=ld Statistical sampling for two scenarios

A
O Hip-to-Chest (H2C) Hip-to-Wrist (H2W)

Département COMELEC Séminaire COMELEC 61/76
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p==stid Comparison of on-body antennas: input matching (1)

AT

DFMS - Input matching (on sternum, isolated & hip - 20 mm) DFMM - Input matching (on sternum, isolated & hip - 20 mm)
0 0
DFMM
5N - BEIR = s N e pp—
N, T > 0
R T
@ RN LY L By I\ = 2N
-10 10 I
P
\
15 1o VA
=z ) ﬂ i
\; 2 -20 ] 1
» 20 = ——— 8 =3 mm H !
o (%) —— 5=5mm " 1
ad D 8 =7 mm i 1y ‘v'\‘j,l i
-25 i [p— 5 =10 mm ||: . / ‘I:
K ENSTA, 30 =*=-=- =12 mm i H
i b ‘"2“'4"'”"\ ———— 8 =20 mm 5 =15 mm : e
-0 1 | Isolated N —— =20 [ ic ¥
i| Lo e ! .35 ) mm 1 A
J rj‘.i‘._ . - -:__' H'f 5= 2? mm Isolated ! 's" v
33—+ttt r t__I ) em——— i = 1
1 2 3 4 5 6 7 8 9 10 11 12 -40 Hip & = 20 mm : i
f (GHz) 1 2 3 4 5 6 7 8 9 10 11 12
Stripline-fed Staircase Monopole - Isolated & on-body f (GHz)
0
Y
-4 ‘ ’{, !
1
° N '
-8 |
)
= -10 1 g
4 = AL = armrn
-12 & e
- 1 ) . s CST, Isolated
= | m—pBD4, Isolated 1
-14 ! W= === Sternum, 20mm C;
;! == = == Sternum, 10mm ENET.
-16 =50 = m == Sternum, 7mm
ﬂ = === Sternum, 5mm L'
-18 Isolated 35 == === Sternum, 3mm E
== =e= = Sternum '
20 R — 0
2 12 13 14 15 0 2 4 6 8 10 12 14 16 18 20
£ (GHZ) f(GHZ)
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PG (dB)

es=esld H2C: averaged PG for 2 human subjects PG(d)

ParisTech

= A

H2C: PG( &) for various antennas and bands (Subject 1)

== DFMM-DL 3.1-4.8 GHz
oo pmmoneacare .| General trend: PG(8) A
= PBD 3.1-4.8 GHz .
~PED 68GH: Except for the Staircase Monopole...
SkyCross 3.1-4.8 GHz
SkyCross 6-8.5 GHz
SkyCross 3.1-10.6 GHz
Taiyo Yuden 3.1-4.8 GHz
Taiyo Yuden 6-8.5 GHz

Taiyo Yuden 3.1-10.6 GHz
=@ DFMM 3.1-4.8 GHz

Zos DR 1106 Gr Population is a strong source of

=—— DFMS 3.14.8 GHz . - .
g omsees e variability (typically a few dB, but up to
PLEDR 635 GHe 15—-20 dB for some cases)...

\ === Staircase Monop 6-8.5 GHz H2C: PG( & ) for various antennas and bands (Subject 2)
B 4 === Staircase Monop 3.1-10.6 GHz|-30
\ —— ALVA 3.1-4.8 GHz —
===s ALVA 6-8.5 GHz
-75‘ — === ALVA 3.1-10.6 GHz === DFMM-DL 3.1-4.8 GHz
! Allbut Strc M. 3.1-4.8 GHz DFMM-DL 6-8.5 GHz
====*'Allbut Strc M. 6-8.5 GHz ==='DFMM-DL 3.1-10.6 GHz
80 ===='Allbut Strc M. 3.1-10.6 GHz _:-_ :Zgg ZL;—;.ZSZHZ
4 6 8 10 5 (mr:]? 14 16 18 20 —om PBD 31.10.6 GHz
SkyCross 3.1-4.8 GHz

SkyCross 6-8.5 GHz
SkyCross 3.1-10.6 GHz
Staircase Monop 3.1-4.8 GHz
== === Staircase Monop 6-8.5 GHz

== === Staircase Monop 3.1-10.6 GHz
Allbut Strc M. 3.1-4.8 GHz

PG (dB)

... Antennas as well, are even

a stronger source of variability: S basvem 51106 0t
up to more than 30 dB !... ol

10 12 14 16 18 20
8 (mm)

The PL depends also significantly on the frequency (generally A)

)
(o2}
o
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ParisTech

=TaTT Tangent polarization

Cumulative probability

Cumulative probability

""Shadowing" statistics: PG averaged over 3.1-4.8 GHz, for DFMS, DFMM,
Skycross and Taiyo Yuden ant

@
©

=
@

o
3

E’ DFMS DFMM

and 8 =[3,5,7,11,16, 20] mm
B

@
)

@
)

@
IS

0.3

3 mm

= Normal fit
5 mm
= Normal fit
7 mm

= Normal fit||

11 mm

Normal fit
16 mm

Normal fit|_|

20 mm

Normal fit| |

= === all delta
= e ® Normal fit
T

-60
PG (dB)

-55

-50

""Shadowing" statistics: PG averaged over 3.1-4.8 GHz,
for PLPDA antenna, § =[3,5,7,9,11,16,20] mm and all &

©
©
I

e
©
I

@
iy
T

e
)
I

@
o
I

@
i
I

@
w

3 mm
= Normal fit
5 mm
= Normal fit
7 mm
= Normal fit
9 mm
= Normal fit
11 mm
= Normal fit
16 mm
Normal fit
20 mm

/i

/ w

/

e
74V
d

4

h

7

Normal fit
=== all delta

| === Normal fit

A!”

©
N

0.1

-70

Cumulative probability

Cumulative probability

H2C: PG empirical statistics and models (3.1 — 4.8 GHz)

"Shadowing" statistics: PG averaged over 3.1-4.8 GHz,
for PBD antenna, § =[3,5,7,9,11,16,20] mm and all 3

1 T T

0.9 Eﬁb«

an
/

!

P
7

3 mm
== Normal fit

5 mm
= Normal fit
7 mm

= Normal fit
9 mm

= Normal fit
11 mm

Normal fit
16 mm
Normal fit

20 mm
Normal fit

=== === all delta
= wm= Normal fit
T

-58 -56

-54 -52

PG (dB)
""Shadowing" statistics: PG averaged over 3.1-4.8 GHz,

-50

-48 -4

for ALVA antenna, 8 =[3,5,7,9,11,16,20] mm and all &

il

% /

3 mm
Normal fit

5 mm [T
Normal fit
7 mm [

Normal fit
9 mm

Normal fit| |
11 mm

Normal fit|7
16 mm
Normal fit| |

20 mm
Normal fit

all delta

Normal fit

PG (dB)

-50
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=TaTT Tangent polarization

""Shadowing" statistics: PG averaged over 6-8.5 GHz, for DFMS, DFMM,
Skycross and Taiyo Yuden antennas, 8 =[3,5,7,9,11,16,20] mm and all §

H2C: PG empirical statistics and models (6 — 8.5 GHz)

"Shadowing" statistics: PG averaged over 6-8.5 GHz,

for PBD antenna, & =[3,5,7,9,11,16,20] mm and all &
—

Groupe RFM

Département COMELEC

WBAN channel — 20 juin 2013

- T
o OFiiS DFMM
0.9 ENSTA
ENSTA
0.8 @
0.7 *
> 3 mm > //JJ / ' 3mm
% o6 ———  Normal fit = / —_— 5Norr’r‘el fit
© B -3 mm © \J v p mm |
g ——  Normal fit 8 / gy, i / —— Normal fit
o o bal
o 0.5 3 mm ® r ',, Vi s 7 mm A
kS —— Normal fit £ / B e gNormaI fit
E 3 mm 5 / mm
g 04 £ / T
3 —— Normal fit 3 I —— Normal fit
3 mm ) rf 11 mm
S = Normal fit Normal fit[7
3 mm ,—/_/ 16 mm .
0.2 Normal fit ] Normal fit
3 mm -20 mm )
0.1 Normal fit R Normal fit| |
== ==r=all delta == =" alldelta
= mw= Normal fit =@ == Normal fit
0 . T
-75 -70 -65 -60 -50 -52 -50 -48 -46 -44 -42 -40
PG (dB) PG (dB)
"Shadowing" statistics: PG averaged over 6-8.5 GHz, ""Shadowing" statistics: PG averaged over 6-8.5 GHz,
" for PLPDA antenna, & =[3,5,7,9,11,16,20] mm and all 8 for ALVA antenna, 3=1[3,5,7,9,11, 16 20] mm and all &
3 mm rr/_/f & P
0.9d —— Normalfit 2 i S
’ -5 mm i 7 b d
= Normal fit / / o 7
0.8H 7 mm iy
—— Normal fit r)r / R |7
0.7 H 9 mm & v 3 mm
z ——  Normal fit V/W 4 / z —meme Normal fit
S 06 11 mm ) i { = 5 mm 1
8 = Normal fit j/ — -§ ===+ Normal fit
a 16 mm HJ? (_)f = 7 mm
2050 Normal fit 7AW 2 mme= Normal fit| |
3 0.4 H 20 mm Il / Y, ) 3 9 mm |
= Normal fit / ) g =+==*  Normal fit
o === all delta / © 11 mm
0.3H ™ "™ Normal fit = V ===+ Normal fitl—
H} M HF 16 mm
0.2 f— Normal fit| |
J_} ﬁj 20 mm
Normal fit
0.1 alldetta | |
= Normal fit
o T
-75 -56 -54 -52
PG (dB) PG (dB)
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jessssd H2C: PG empirical statistics and models
=TaTT Normal polarization

"Shadowing" statistics: PG averaged over 3.1-4.8 GHz, "Shadowing" statistics: PG averaged over 3.1-
for Staircase Monopole antenna, 3 =[3,5,7,9,11,16,20] mm and all § for Staircase Monopole antenna, & = [3,5,7,9,11,1
7= L Bl L

L g Pk Ut Bk r
0.9 i ',” ?;ﬁrﬂ%# ,_fJ X /‘:!577 _i’ /‘F'ﬁ :

} '..l,/;_J/j - 7 \il 7 \.1 T
0.8 okl B A y f’

1

N

o
|
|
~N
T
|
o
@

°
3

3 mm

o
©
e YL |
ke j:q::%
e i'“‘i
N

= oy rﬁl ———— Normal fit = HY 3 mm
= = i I _— )
i Fr / 1 5 mm [ | = J7 i - Normal fit
= 0.6 / N 506 1 5 mm Ll
‘3 g ————— Normal fit g i ; ‘
a / ] S il 1 H ———— Normal fit
205 d 7mm | 5 i i e
= V4 / ,’ = Normal fit 2 0.5 7 4 e
£ i / " g AN e
£ 04 7 ——— Normal fit| ] g 0.4 ” i ; l' 9 mm T
© 1 y -11 mm 3 A H ! ——— Normal fit
H i © d ! ! 11 mm
0.3 71 Normal fit — 0.3 i i e Normet fitH
16 mm H I
0.2 { Normal fit| | // ,f i F 16mm
’ 20 mm 0.2 i / i £ Normal fit |
) 5 20 mm
Normal fit I f !)’f ! )
0.1 alldelta | | 0 l':' / = Normal fit|_|
= Normal fit } oo 7 all delta ]
0 T @ = e’ fmm— Normal fit
* PG (dB: 30 e 34 -46 -45 -44 -43 42 a1 20 39
& PG (dB)

"Shadowing' statistics: PG averaged over 6-8.5 GHz,
for Staircase Monopole antenna, 8§ = (3,5, 7,9,11, 16,20] mm and all §
T T =

08 / | /F
0.7 *7,4 // 3 mm

Py | == o]

;‘; 0.5 | ] / — 7Nrr(1)r:'1m| th,

i | =i
o+ PG(8) N but almost constant and low o
T oo | Screening effect of the ground plane...
| A=t P o - Single model for all 5 satisfying
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ersid H2C: PG empirical statistics and models
m #an

Hip-to-Chest ("Shadowing", Normal fits)

Subject1t Monopole-like* PBD ALVA PLPDA Staircase M. Good PG & Directivity
GHz | 8(mm) | Mean c Mean c Mgan c Mgan c &an’{ although badly matched
3 -6351 | 377 | -f93 | 1.08 |-Bo.k1 | 643 | -4o.05| 3. £6.79 [ 0.47 ]
5 6228 | 342 [-386)| 1.12 | §9. 6.24 | $H9.0f | 464 |[[-37.34]/0.22
- 7 -62.26 | 362 | 57.00| 247 [[J61.7§ | 5.17 56.21/ 479 | -37.36/0.90
< 9 -63.05| 268 | -56.2¢ | 2.09 [[61.44]| 422 [}53.64]| 4.10 |-38.25] 0.77
— 11 | -60.93 | 3.93 | -55.3¢ | 3.48 [[59.49| 4.61 [J52.03| 4.83 |-38.22]} 0.66
o 16 | -59.53 [ 4.37 | -54.20 [ 3.44 |]-59.23) 4.99 [J-51.34]] 5.10 [|\:38.3
20 [ -59.02 | 449 |-51.90 | 2.69 [I-58.42|| 4.43 [|-48.87]| 4.50
alls [-61.21| 4.02 [-55.45| 3.32 [|-59.82)| 5.40 ([-52.91] 5.65
3 -64.10 | 6.81 | -57.47 | 1.76 [-60.65| 2.78 [[-61.36] 4.89
5 62.90 | 7.23 | -55.21 | 2.34 J-61.03) 244 [-63.04§ 542
7 -62.70 | 744 | -5463 | 253 J|-60.90) 1.88 J-6 04
o 9 6246 | 712 -53.31( 225 |-60.60) 1. -58.56 | 5.60
> 11 | 6122 | 639 -51.77 | 3.96 |-59.9201.50 |-56.87] 6.47
16 | -60.26 | 6.05 -50.90 [ 3.98 | -59.38) 1.84 J§-55.19] 6.53
20 [-60.33 | 522 | -4822 | 4.02 |[-58.69)] 2.38 [-52.32]] 5.87
allé |-61.79| 6.92 |-52.14| 3.87 [|-60.09|| 2.25 [|-56.86] 6.79 .
3 -64.45| 361 |-59.57 | 1.42 [1-61.43]] 351 [|-60.32) 4.17 b.4X
5 [-6201[ 405 | 6746 " 174 |l-61.31]| 327 Jlo78]l 511 { ‘ 0.30] Good PG «» balanced
© 7 -62.88 | 4.21 [ -56.69 | 257 ["&216l|l 267 [|-58.17J] 5.36 [[-41.97Mlnao
S 9 -63.05 | 4.04 [-5545] 2.01 [}61.74| 2.37 [}56.46]] 4.72 | -42.93] 0.46 (and well matched)
< 11 | 6153 [ 3.99 | -536¢ | 3.85 |k60.5d [ 2.66 |V54.8| 5.56 .09]} 0.41
™ 16 | -60.40 | 3.97 | 52.8:. | 3.79 |V59.94 | 3.09 |53.64| 5.71 27 [\0.35]
20 [-59.96 | 3.69 [.50.11 | 3.50 o8P | 2.84 | ¥1.08 | 5.17 0.6/ |
alls |-61.91] 4.25 |-14./1| 3.79 |-§0.91| 3.07 |-§5.74| 6.05 1.06|
N

t Male: 2= 1.68 m, m = 65 kg, BMI = 23.03 kg/m=. F "Monopole-like"= {DFMS, DFMM, SMcross, Taiyo Yuden}
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lensesld H2C: PG empirical statistics and models
A
H2C: Linear models of mean PG(35)

D PGO(S) = PGOO + K8 5 for several antenna "categories' and bands (Subject 1)

Monopole-like 3.1-4.8 GHz

- _ /) Lin. Fit (-64.3,0.27)
— —e— PBD 3.1-4.8 GHz
/ T‘ Lin. Fit (-60.7,0.44)
—#— ALVA 3.1-4.8 GHz

—— Lin. Fit (-61.1,0.11)
PLPDA 3.1-4.8 GHz
= Lin. Fit (-60.8,0.64)
=—6— Strc Monopole 3.1-4.8 GHz
Ny
=¥ ——— Lin. Fit (-36.6,-0.13)

Constant fit (-37.85)
* = oy Monopole-like 6-8.5 GHz

—-_————E g

D s O " -

S H

Lin. Fit (-58.2,0.51)
_ —% = ALVA 6-8.5 GHz
P e s Z=% ===='Lin. Fit (-61.6,0.14)
,,,,,, ! = ="W-= PLPDA 6-8.5 GHz
2 ===x' Lin. Fit (-64.5,0.61)
=+-©-=' Strc Monopole 6-8.5 GHz
===x Lin. Fit (-44.6,-0.22)
Monopole-like 3.1-10.6 GHz
Lin. Fit (-64.8,0.26)
PBD 3.1-10.6 GHz
| ==="Lin. Fit (-60.5,0.53)
| === ALVA 3.1-10.6 GHz
(T it (762.3,0.13)
==9='PLPDA 3.1-10.6 GHz
=== |in. Fit (-62.4,0.59)
==0-=" Strc Monopole 3.1-10.6 GHz
=== Lin. Fit (-41.0,-0.16)

ENSTA

ParisTedch

IN
fo ) —
[ —

10 12 14 16 18 20
8 (mm)
Hip-to-Chest: Mean Path Gain linear fits (PG,(8) = PG, + k)
Subjectlt | Monopole-like* PBD ALVA PLPDA Staircase M. |

Band (GHz) | PG, [k (mm™) | PG, [k (mm™)| PG, | k (mm™) [ PG, | k (mm!) | PG, | k (mm')
3.1-4.8 |-64.26] 0.2706 |-60.66] 0.4434 ([-61.08] 0.1110 |-60.79| 0.6385 [-36.56]| -0.1339
6-8.5 -64.31] 0.2288 |-58.23| 0.509 |-61.58] 0.1388 |-64.49| 0.6128 |-44.56| -0.2238
3.1-10.6  |-64.78| 0.2577 |[-60.47| 0.5280 |-62.26 0.1259 [-62.41]| 0.5859 |-41.06| -0.1601
t Male: 2 =1.68 m, m = 65 kg, BMI = 23.03 kg/m?. ¥ "Monopole-like" = {DFMS, DFMM, Skycross, Taiyo Yuden}
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e=stid H2W: averaged PG for human subject 1 PG(5,p)
A

56 H2W: PG(3, p) for 3 bands (DFMM-DL, Subject 1) H2W: PG(3, p) for 3 bands (PBD, Subject 1)
= -55
-58 -
e kY — _2n° — _an°
60 54E==4 A =-30°, 3.1-4.8 GHz 9 =-30°, 3.1-4.8 GHz
SN PN =-30°, 6-8.5 GHz 9 =-30°, 6-8.5 GHz
62k S \'/,’/ \\ 9 =-30°, 3.1-10.6 GHz 9 =-30°, 3.1-10.6 GHZ
it W ,;“'{\\ s J T 9=0,3.1-4.8 GHz =-=--9=0,31-48 GHz
& -64 m‘\ .o \',.'“ ,g,_'__‘ “, \‘\‘\:/..', i 9 =0, 6-8.5GHz & -===9=0,685GHz
z ,.“;_:y}—:;.??;’:,.o:d,‘{{\ e e, T 9=0, 3.1-10.6 GHz <) -===9=0, 3.1-10.6 GHz
£ 665" - REXV =r=='9 =30°, 3.1-4.8 GHz o g 9 = 30°, 3.1-4.8 GHz
Cr 444 - 9= 300’ 6-85GHz | | | 0T 9= 30°, 6-8.5 GHz
68 ——— 9 =30°, 3.1-10.6 GHz 75— — T 9 =30°, 3.1-10.6 GHz
reew0en g = 60, 3.1-4.8 GHz / —_— =@ 3 =60, 3.1-4.8 GHz
70 §\ ,/\\ -@men g = 60, 6-8.5 GHz / 4// we=o= 3 =60, 6-8.5 GHz
\§><é \/// seenen 9 = 60, 3.1-10.6 GHz _80% vt 9 =60, 3.1-10.6 GHz
_72 N I\ >

H2W: 1 i t ﬁ.' t” f I k . .
(“posture effect” of arms <> walking mimic)
R TR —= fremmes
9 =-30°, 3.1-4.8 GHz T o,
9 =-30° 6.8.5 GHz -48 N A R B e e pi §=-30", 3.1:4.8 Gz
9 =-30°, 3.1-10.6 GHz 501N RO s i e =T MO o 9 =-30°, 6-8.5 GHz
----- 9=0,3.1-4.8 GHz Jettass == sy = 9 =-30° 3.1-10.6 GHz
_____ 820 685 GHz -==='9=0,31-48 GHz
S ¥ L 9=0,3.1-10.6 GHz o ~7"79=0,685CH:
o 8 - / — 9 = 30°, 3.1-4.8 GHz o e e e et A =¥ ===='9=0,31-10.6 GHz
* -70 I/ = //‘ — . 9 =30°, 6-8.5 GHz e eals ’,—"— ——— 9= 30:, 3.1-4.8 GHz
r / || —=='9=30°,3.1-106 GHz ST ee—————— 77T §=30°, 6-8.5 GHz
7« e § = 60, 3148 GH el — g — |- 9 =30°,3.1-106 GHz
7 // OIS ubioohadnhook B e oo A A et e s [| -+ 9 = 60, 3.14.8 GHz
N4 EEE N TR
/ e2— S
/
el P
4 6 8 10 12 14 16 18 20 4 6 5 B B % 6 5 i
8 (mm) 8 (mm)
Département COMELEC Seminaire COMELEC 70/76

Groupe RFM WBAN channel — 20 juin 2013



TELECOM
ParisTech

=TaTT Tangent polarization

Cumulative probability
© o© o o o o o o
N w N (4} (o) ~ ® ©

°
iR

o

H2W "Shadowing'" statistics: PG averaged over 3.1-4.8 GHz, for
PBD antenna, 8 = [-30, 0,30, 60] deg and "OLOS" (excluding 8 =-30 deg)

T

-30 deg
|| == Normal fit

i

P

-0 deg
= Normal fit

ya

V4

30 deg
= Normal fit

r/

: /
*J
»

N 60 deg
= Normal fit
|| o oLOS"

15/

w mm= Normal fit

/

s

A

) 7SS

/
7

X4
$
Aﬁ

-80

H2W "Shadowing" statistics: PG averaged over 3.1-4.8 GHz, for
Skycross antenna, 9 = [-30, 0, 30, 60] deg and "OLOS" (excluding 8 =-30 deg )

-75

-70
PG (dB)

-65

-60 -55

Cumulative probability

H2W: PG empirical statistics and models (3.1 — 4.8 GHz)

H2W "Shadowing' statistics: PG averaged over 3.1-4.8 GHz, for

PBD antenna, 8§ = [-30, 0,30, 60] deg and "OLOS" (excluding 9 =-30 deg)
T

0.9+

0.6

-30 deg
= Normal fit

i

e

-0 deg
== Normal fit

/

f &/

30 deg
== Normal fit

ya
4

60 deg
== Normal fit
[ — oLos"

'
I

£/
/

/

= mm= Normal fit

0.5

U

»
]

/

0.4

/|

/

0.3

A/

it/

e
/)
/

/
V4
/

/

'’
3
A“-

-80

-75

PG (dB)

-65

-60 -55

H2W "Shadowing" statistics: PG averaged over 3.1-4.8 GHz, for

1Taiyo Yuden antenna, 9 = [-30, 0,30, 60] deg and "OLOS" (excluding 8 = -30 deg
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0; f ’Zé%‘a 0.9 /ﬁr YV ,?7; W
i &
0.8 / % 0.8 / / / /r /
/! A / [ fa/
o7 7 4 ] / /4
Tg 0.6 /J_r A ',-'/ fé 0.6 / // / .,i‘,’ /
v ([ —m. [ 7
2 04 s rmal fit| | g o. y rmal fit|
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=TT Normal polarization (and comparison with others)

H2W "Shadowing" statistics: PG averaged over 3.1-4.8 GHz, for Staircase
0] deg and "OLOS" (excluding 8 =-30 deg)
3 —

Monopole antenna, 8 = [-30, 0,30, 6

H2W: PG empirical statistics and models (3.1 — 4.8 GHz)

H2W "Shadowing" statistics: PG averaged over 3.1-4.8 GHz, for all but
] Staircase antenna, 3 = [-30, 0,30, 60] deg and "OLOS" (excluding 3 =-30 deg)

1

’I/r L I i”
-30 deg ’
0.9 ——— Normal fit 0.9
-0 deg R
0.8 Normal fit 0.8
30 deg /
0.7 ———  Normal fit 0.7
- 60 deg >
= / ——  Normal fit / =
8 0.6 L ER N OLOS" 8 0.6
g ﬁ === Normal fit / g
o 0.5 o 0.5
i /R A
E 0.4 .i E 0.4 / = Normal fit
=} =] ——-30deg
© /j / _:!'J/W ° // / 4 = Normal fit
0.3 rlf 0.3 / 1/ 30deg | |
] / j ﬁ /J// // % / == Normal fit
o 0 0-2 / / -30 deg
/ / 4 ﬂr V / = Normal fit
0.1 ,f .-‘,“ 7 0.1 S/ / =se=s "0LOS"
5 s mme = Normal fit
e __4':"'»'9 > 4 2 l
0760 88 56 54 52 50 -48  -46  -44 42 %0 -75 -70 -65 -60 -55 -50
PG (dB) PG (dB)
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H2W

PG empirical statistics and models

s the winner!

Hip-to-Wrist ("Shadowing", Normal fits)

Subject 1t DFMM-DL PBD Skycross Taiyo Yuden | Allbut StreM. || Staircase M.

GHz | 9 (deg) | Mean c Mean c Mean o Mean c Mean c Mea; c

-30 |-71.26| 1.79 |[-75.97| 3.25 |-67.53| 3.39 [-79.45| 1.23 [[-71.43| 5.04 -%30

0 -64.31| 2.18 |-67.49| 2.40 |-60.06| 3.05 |-69.17| 1.86 |-63.83| 4.06 5.65 1.&

? 30 |-62.89| 1.59 [-63.59| 2.04 |-61.09| 4.49 [-63.99| 2.81 |[-62.74| 3.03 £5.20 1.2
\—I! 60 |-65.54| 2.10 |-61.17| 3.07 |-59.09| 4.97 |-59.18( 3.09 (|-60.60| 4.10 j§|-47.621.84
® OLOS (-64.17| 2.45 |-63.37| 3.59 (-60.00| 4.32 |-62.39| 4.62 |[-62.18| 4.02]| -46.04 |1.85
all3 | -65.09| 3.68 | -64.55| 6.45 | -61.00 | 5.09 | -63.61 | 7.57 |l -63.26 | 6.19§ || -47.18 | 5.15
-30 |-69.81| 1.8 |[-77.59| 3.37 |-72.45| 4.85 |-87.21| 1.53 [|-73.45] 7.0 -62.60(1.48
0 -60.26| 2.03 |-63.80| 4.87 |-67.52| 3.81 |-78.32| 2.36 ||-64.12| 7.4 -55.19(1.46
£ 30 |-60.62| 2.71 |-61.98| 4.83 |-59.77| 2.69 |-66.75| 3.96 |[-61.60| 4.73 |-53.23 [1.72
ulp 60 |-64.10| 3.56 |-60.15| 2.15 |-62.80| 2.83 |-68.98| 1.79 |[-62.99| 4.13 |-56.97 [2.06
OLOS |-61.35| 3.48 |-61.72| 4.73 |-62.33| 4.65 |-69.30| 5.58 ||-62.78 6.01 -54.87 [2.38
all3 | -62.40 | 453 | -6293 | 7.90 | -63.44| 6.56 | -70.53 | 8.23 | -63.91 8.21‘ -55.88 | 3.87
-30 |-70.60| 1.69 |-77.34| 3.07 |-70.49| 4.18 [-83.46| 0.98 |-73.02| 5.7 -60.89 (1.20
0 -61.42| 2.13 |-65.17| 3.48 |-63.31| 2.42 |-74.27| 1.73 ||-64.18| 5.43}(-50.67]1.18
é 30 |-60.40| 2.73 |-62.62| 2.68 [-59.10| 2.58 |-65.76| 2.85 [|-61.32| 3.73 §-49.791.20

\—I! 60 |-63.93| 2.95 |-60.49| 1.82 (-61.45| 3.44 |-62.94| 2.71 [|-62.00| 3.17 K-52.50(1.7
® OLOS (-61.68| 3.06 |-62.35| 3.59 (-60.95| 3.32 |-65.68| 5.20 |-62.34| 4.59 0.85 1.#
all3 | -62.75| 4.53 | -63.56 | 7.28 | -62.04 | 5.65 | -66.90 | 7.99 | -63.46 | 7.18 -\.95 %0

T Male: = 1.83 m, m = 83 kg, BMI = 24.77 kg/m?. o
"0OLOS" < 9 € {0,30,60}
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arssid H2W: PG empirical statistics and models
m #an

e —— —3%— DFMM-DL 3.1-4.8 GHz
— === Quadratic fit
— §\§ﬂ’ —@—PBD 3.1-4.8 GHz
= Quiadratic fit
/ SkyCross 3.1-4.8 GHz
- e Quiadiratic fit
—©— Strc Monop 3.1-4.8 GHz
= Quiadratic fit
Taiyo Yuden 3.1-4.8 GHz
Quadratic fit
=—@— Allbut Strc M. 3.1-4.8 GHz
m— Quadratic fit
|| =% = DFMM-DL 6-8.5 GHz
== === Quadratic fit
PBD 6-8.5GHz
Quadratic fit
SkyCross 6-8.5 GHz

=== === Quadratic fit
=+©-= Strc Monop 6-8.5 GHz PG (9) = PG + C 8 + C 82
== === Quadratic fit 0 00 1 2
Taiyo Yuden 6-8.5 GHz
Quadratic fit
=== Allbut Strc M. 6-8.5 GHz
== = = Quadratic fit
~=¥ - DFMM-DL 3.1-10.6 GHz
=== Quadratic fit
PBD 3.1-10.6 GHz
== === Quadratic fit
SkyCross 3.1-10.6 GHz
Quadratic fit
=== Strc Monop 3.1-10.6 GHz
Quadratic fit
Taiyo Yuden 3.1-10.6 GHz
Quadratic fit
= ©=" Allbut Strc M. 3.1-10.6 GHz|
== | Quadratic fit

H2W: Quadratic models of mean PG(98) for several antenna types and bands (Subject 1)

PG (dB)

-30 -20 -10 0 10 20 30 40 50 60
9 (deg)

Hip-to-Wrist: Mean Path Gain quadratic fits (PG, (8) = PGy, + ;9 + {,9?)

Subject1 DFMM-DL PBD Skycross Taiyo Yuden |All but Staircase M.| Staircase M.
Band Gi G Gi G Gi G Gi G Gi G i G
(GHz) |79 deg)|(deg)| "] degt|(deg)| "0 degt | deg )| deg )| dez)| PO | (aeg) | (deg?) || (deg ) (dez?)

3.1-4.8 |-64.53| 0.1420 |-0.0027 |-67.95| 0.2115 |-0.0017|-61.79| 0.1266 |-0.0015 |-69.88| 0.2657 |-0.0015]|-64.96| 0.1574 | -0.0015 |-46.90| 0.2156 |-0.0039
6-8.5 |-61.28| 0.1644 |-0.0036|-65.60| 0.2801 | -0.003 |-65.48| 0.1886 | -0.002 |-75.85| 0.3134 | -0.003 |-64.55| 0.2023 | -0.003 |-55.16| 0.1557 | -0.003

3.1-10.6 |-61.96| 0.1759 |-0.0035|-66.55| 0.2607 |-0.0028|-62.77] 0.1839 |-0.0026 |-73.52| 0.2866 |-0.0018|-64.54| 0.1992 | -0.0026 |-51.53| 0.1945 |-0.0036

t Male: & = 1.83 m, m = 83 kg, BMI = 24.77 kg/m>.
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janssdd Conclusions: Antenna design objectives

5o 40
0 Economic and/or acceptability constraints

o Small size, integrated/integrable, chip = (quasi-)planar or low profile
o Maybe flexible (fabric antennas...)

QO Electromagnetic and/or system constraints

o Polarization “matched” to propagation modes
(e.g. Creeping waves - TE) 40,

o On-on: “end-fire” pattern (along the body)
a On-off: boresight pattern (off the body) 0T
o Low sensitivity to body proximity _
(detuning — mainly narrowband —, efficiency) Ng
Gl =
.

-100 " ; ; ; ; '

2 25 3 35 4 4.5 5

fiHz] x 10°
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=22 Conclusion et perspectives
m Z A

0 Les caractéristiques du canal WBAN on-on sont essentiellement liées :

o Au type de lien radio (Hip to Chest, etc.)
o Aux effets de masquage

o Au mouvement (et a la posture)

o Aux nombreuses sources de variabilité

> Morphologiques (Taille, corpulence, age, proportions des tissus de surface)
> Des antennes (types, distance ua corps, polarisation, orientation, résilience/sensibilité aux effet de
proximité
> De I'environnement (extérieur, intérieur — types de piéces, volume, réverbération, etc.)
o A un spectre Doppler centré en 0 (Av ~ 15 Hz)

O Les modéles doivent rendre compte de la statistique...

o De l'atténuation moyenne
o Des évanouissement lents
o Des évanouissements rapides

O ... Mais aussi des nombreuses sources de variabilité
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=22 Conclusion et perspectives
m Z A

Q Les (« bons ») modéles disponibles doivent étre généralisés, étendus:
o Pour mieux rendre compte de la dispersion de population
o En intégrant des modéles caractérisant la variabilité d’antenne
o En modélisant réellement les effet de 'environnement, intérieur notamment
> — « Room electromagnetics »...

o Globalement, ils devraient étre moins « environnement dépendants » c’est-a-dire plus
aspécifiques, donc plus « paramétriques »

> Statistique de population insuffisante : nombre de sujets faible et non nécessairement représentatifs
> Modeles fondés sur des mesures avec en général un seul type d’antenne
» Dans un environnement donné

O Les modeéles doivent rendre compte des corrélations spatiales
o Pour les systemes multi-antennes (« colocalisées »)
o Pour les techniques d’acces et réseau alternatives et innovantes
> Techniques de relayage, multi-sauts, etc.

o Travaux menés en ce sens (corrélations), mais le développement des modeles reste
inachevé...

a Antennes résilientes — techniques de désensibilisation
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Ultra wide...
... thanks for your attention!
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