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About Body Area Network

s Definition :

= Short range wireless communication in the
vicinity of, or inside, a human body

= Smaller area than PAN (Personal Area
Network)

= Applications
= Medical / Healthcare

= Consumer Electrics (Entertainment,
Fashion)



BAN Application 4

< |EEE 802.15-07-0564 >

s Medical / Healthcare

= Implantable medical devices

= Cancer tracking, cardiac pacemakers / defibrillators, neurostimulators,
drug pumps, glucose sensor, etc.

= Swallowable devices: Pills for drug delivery and imaging

= Wearable sensors: EEG, ECG, blood pressure, body
temperature, ...

= Hearing aids, Wellness / Fitness sensors, Baby care
= Consumer Electrics (CE)

= Wearable audio & Video stream
= Remote control & 1/O devices: Imaging



Medical Apphcatlons

< IEEE 802.15-05-0694r0 >

= Medical application 8 Gs

= Vital patient data ’lj“' "

= Wireless sensors e Ej

= Link with bedsite monitor J .1 31

= Count on 10 - 20 sensors WY /

= Total traffic / patient < 10 kbps 'fJ l.' '|'

v < IEEE 802.15-08-154 >

= Capsule endoscope >

= Monitoring the digestive organs -

such as the small intestine by video

or successive image data ' .7

= Video data < 10 Mbps

* Storage
* Real-time monitoring



Healthcare Applications

< |EEE 802.15-06-012 >

= Health monitoring / alarm

& in-vivo
I_' @ver (Hospj

Agent

LAN! PAN

=

mergenc

Auto-drug delivery
service or treatment by
nano-robots

BAN
O : sensing node




Consumer Electrics

< IEEE 802.15-169r01 >
= Non medical applications

= Wearable computer : Network for peripherals
= Fashion with wearable electronic devices
= Wearable Technology

= 20% of garments have electronic devices inside within
next 10 years : Wearable Era is coming

= BAN will play a big role connecting them wirelessly

WHERE
FASHION

2" \Wearable
Technologies Conference

www.wearable-technologies-conference.com



Target Positioning

Average power consumption, sustained data rate
< |EEE 802.15-05-0694r0 >

1 Gbit/s

IEEE 802.15.3a
100 Mbit/s

10 Mbit/s IEEE 802.11 a/b/g

1 Mbit/s

100 kbit/s
10 kbit/s

1 kbit/s

2mw 5mw 100mw 20mw 50mw 100mwW 200 mW 500 mW 1000 mW



Candidate Frequency Bands
(0034-06-0006)

MICS : Medical Implant Communication Systems
WMTS : Wireless Medical Telemetric Services

Japan

UK
USA

[
cld e Im
ANlo |2 |C

World

wide

40200405 420 429 440 449 608 614 1395 1400 14%1295 3100 10600

MICS <« WMTS ——> ISM < UwB MH
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IEEE 802.15.6 (1)

Standardization for short range, wireless communication in the
vicinity of, or inside, a human body

Started at Nov. 2007 as IEEE802.15.6 TG BAN
Finish : End of 2009
Steering members

= Chair : Authur Astrin (US)

= Vice chair : Huanbang Li (Japan, NICT)

= Secretary : Bin Zhen (Japan, NICT)

Responders : NICT, Philips, ETRI, Samsung, NICTA, IMEC
NL, KORPA, Hitachi, Fujitsu, LG, etc

Frequency : existing ISM, approved bands for medical uses
(MICS, WMTS), and UWB



IEEE 802.15.6 (2) '

= Overall Requirements
= Self recoverable from link & node failure
= Support for Quality of Services (QoS)
= Very low power consumption
= Data rates
= Some tens of kbps (in most cases)
= Up to 10 Mbps
= Coexistence between BANSs and other technologies

= SAR (specific absorption rate) should satisfy
relevant regulatory requirement



Channel Model

= Useful for link budget calculation

= Propagation path loss

= Usage scenarios
= Transmission simulation at PHY, MAC layer

= Monte Carlo simulation of dynamic channel
Impulse responses

Applications
(Usage Models)

=

< Standardization Process >

Channel

model

=

Selection of
PHY

=

Selection of
MAC

TG6 Channel Model Document has been reviewed and approved
(Nov. 13, 2008)

12



Consideration in BAN Channel

= Mutual interactions between body and antenna
= Distortion of directivity (Null appearance)

= Loss due to body (Absorption, impedance
mismatch, distance dependent)

= Polarization rotation due to installation
= Antenna miniaturization
= SAR (Specific Absorption Rate) limitation

= Difficult to separate antenna effect from measured
channel response

13
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BANFYRILDSDHE

» 12752k BAN
» AMEARERS NERAER (CM1)
« NMEAREE AMKAER (CM2)

« D757 JLBAN
- A171<Z~z*<:>)&17k2~z* (CM3)

tﬁ‘cwm """"

O Non-Implant device
e Implant device




A E D

N ¥

BE(1)

EIZHITH3

%)71—*//7
HEVEEE), INRTAD T

. BAN(Z%(T%ﬂﬁE’FﬁH/&’;&.
MICS (402~405MH?z), active RFID (950MHz)
ISM(2.4GHz), UWB-LB(3~5GHz)

_\,Au

Fy )L AMEDEIEFIZEK

(X4, SGHz'Fﬁ'( HITAHEITE

N EJJE’Jf&/E“IEh\_I
FI A (f=4.5GHz, BW 120MHz)

s AMKRY T ILEFIFE

HFvRrILY O3 —%




AEDHE(2) ”

n [EEBATES AMKBEYDNEEEL YD EE LT
s FICAKRDEEICLAHIGIREEFHEZENSEALDE
BAERMIZETILE
o PR IEIRRER  FIRGE B HHEIE (A)
s SEENER: (A) +SEE{E(B)
s SIHEYEER: (A)+IHEYEIE(C)
o AIERE
X ERETE (BB, RIER104F
s EiME BRI, RS, IHEYDFEYIRL @
s 91 ARFTTavbE1070 9




AW"J‘/?")L&?/TT 19

s AMERGUTIL(E

Height| 171.5cm
Bust 39.5cm
Waist 76.5 cm

s VUTT
= UWB SkyCross
= 3.1~10 GHz
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Motions

Walking Stand up/ Seat down













EESHETIL

= IFEFR(Normal)73fa
= %} 1E #7 (Log-normal) 7> i

f(X|u,o)= 10/1n10 e_(lologlgﬁ_ﬂ) u : location
XoN2m o :scale

s 47—l (Weibull)% %
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FEESNT/NT5A2 (1)

u o [dB] LLog-normal fitting
(-LogL) Still walking updn
riaht wri -0.0652 7 0.9531 -3.9008 / 11.7727 8.4456 3.4836
Ight wrist (-1114.1) (14948) (31047)
. -0.0491/0.6544 444917 2.4972 6.3009 7 5.6692
Right upper arm (-4800.9) (18735) (31093)
ead -0.0100/0.2969 -3.5392/3.2052 -3.6932/5.3385
(-12476) (2983.8) (7601)
. -0.040070.5921 ~4.1465 [ 2.4654 -3.3130/5.2458
Right ear (-5815.6) (-1005.5) (8384.1)
-0.002470.1453 ~1.8011/ 2.0549 0.2165/ 4.1023
Shoulder (~19806) (2507.8) (14537)
alb Weibull fitting
(-LogL) Still walking updn
. _ 1.04787 7.7411
Right wrist (-5770.3)
. 1.06557 7.3618
Right upper arm (-4529.3)
1.0297/17.9473 0.6360/ 1.5519 0.8015/0.8228
(12029 oo
. 1.05947 7.7870 0.507171.9516
Right ear (-5394.6) (-840.12)
1.0165/29.8877
Shoulder (-18940)

The value of each position is computed with the normalized |h(rl)|2by mean value of still data




FEESNT/INTASL (2) .

u/ o [dB] Log-normal fitting
(-LogL) Still walking updn
Chest -0.2359/1.4019 3.6360/ 2.4688 5.0788/6.4077
(2315) (16779) (29907)
Right rib -0.0470/0.6043 ~0.8883/1.3994 57033/ 3.2101
(-5657.3) (818.79) (24051)
L eft waist -0.0035/0.1742 -1.4965/0.9770 -3.55887/3.3466
(-17942) (-4109.5) (3337.8)
Right thigh -0.019170.4017 -2.69242.6453 205995 /3.7712
(-9717) (2970.7) (11098)
Right ankle -0.0131/0.3352 0.942473.7030 11303/ 4.7167
(-11251) (14861) (12357)
alb Weibull fitting
(-LogL) Still walking updn
Chest 1.12037 2.9913 3.041971.9575
(3487.2) (16909)
Right rib 1.07427 4.9107 0.9539/73.2009
(-1979.2) (1357.2)
L eft waist 1.01907 28.9055 0.7915/4.9572
(-17946) (-3903.2)
Right thigh 1.04647 9.6410 0.7325/1.6297
(-7951.2) (3867.9)
Right ankle 1032738/ 1%1.-3572

The value of each position is computed with the normalized |h(rl)|2by mean value of still data
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& (-LoglL) D LLEX [ K5 |

Still walking updn
A Right wrist Normal Weibull Weibull
g | Rightupper Log-normal Weibull Weibull
arm
D Head Weibull Log-normal Log-normal
E Right ear Normal Log-normal Weibull
F Shoulder Log-normal Weibull Weibull
G Chest Log-normal Log-normal Weibull
H Right rib Log-normal Log-normal Weibull
| Left waist Normal Log-normal Weibull
J Right thigh Log-normal Log-normal Weibull
K Right ankle Log-normal Weibull Weibull
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