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Abstract

Power saving is always a crucial issue in wireless body area network (BAN)
research. In the architecture of a body area network, there often exits a type of devices
called the personal router. Comparing with the sensors in the BAN, a personal router
usually has less battery life. Therefore, it is essential to improve the battery life of
personal routers in related research. Since mobile devices have become popular in
recent years, there are more and more users equipped with both smart phone and tablet.
Moreover, the use of the mobile power bank for preventing smart phone from out of
energy also becomes common. Therefore, we assume that mobile power bank will
evolve to a new device able to interconnect the internet and BAN in the future, and a
user could have two or more networking devices. Therefore, we propose a novel BAN
architecture which includes two wireless personal routers: one is the main router, and

the other is used for battery backup.

In order to extend the battery life of BAN, we design two instrumental
mechanisms. The first is the backup mechanism which is started when one of two
routers is in low energy. The second design is an offload mechanism which will offload
large volume transmissions from certain sensor devices, such as Video Recorder(s).
Moreover, through the offload mechanism a backup router can upload a large number of
data packets via the Wi-Fi interface, which consumes much less energy than that when

is upload through the 3G interface.

We employ a network simulator called Castalia to verify the correctness of all
designed algorithms in our mechanism. We also use power monitor to measure the

power consumption of different wireless interfaces and background usage in there
ii
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personal routers. Through those measurement results, we develop an energy
consumption model which can predict the life time of our dual-router BAN. Finally, we
employ several usage scenarios to calculate the expected life time of BAN, and then the
effectiveness of our dual-router BAN architecture in extending network life time is
validated.

Key words: body area network, power saving, dual-routers, multi-interfaces
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(BR2wR) § 2927 ALXENRR P IRgrh-BaHnl  pF

[ %, 4z - 1
o g BaFAL o
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Pldo#-E 48 b ohg FfeR AR E BT T
¥t =

FUER P oo v T g it MessageAPl
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A AMRE TR o Bt o U BENE R TR TR A KBEH
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55 AL
=
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2.2.3 Android ¥ A SLfeRs i * ¥ LA i

wl21]® chdb i C R A ZH DT ER > 3 - B AT fo i Bl ReE g R
H i (Determining and Monitoring the Connectivity Status) /i & 4ef@ f# — &5 *

e i E R EDET o T LS BEE i

ConnectivityManager Object : ] * iz i 4 ¥ 1 dosg e e P w e R 0 4 7
M AT PR (S e iR oL e

NetworkInfo Object : iz i 4 2 ¥ 12 d5 i B %0 e @ % s > 4o (7§ e pe ™ & 5
Wi-Fi 3§ o

f1* ConnectivityManager £ NetworkInfo i& = fa4» 2 > AP e msr g * p o
(TS T N TR F £ T ALEIR GRS e e S PR I

2.2.4 Android 27 £R|1 &

B AE P R O Ao A6 2o Android B 5 - a1 2
FoLATE A T A TS RAP O R AL AT B S o A[21]¢ # 5
Batterystats {< & # % 7% i T 0 @ BatteryHistorian B #_#-ig b 72 3% &
HTML B2 > 324w 02 = i enf] % {7 BH T - - # it ehig 2 £ Android 5.0 &
[ % R A o

BRI ES B 25 PEBAE I TABTR  pH T T E 093
R4 93%; pan i d At AR xR AN AtpF R AR DT A
mREF TP WG EWIFFI 2R BT FFLTERE RS TRORER
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HEE
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>
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Vertically aligned elements are
happening at the same time.

| Battery level recorded & logged ™ battery_level

Screen on. Rectangles here i
could be correlated with TOP. scroen
| Application running at top ™~ o
syne

wake_lock *

CPU running running

status

wifi_full_lock

wifi_scan

.

wifi_suppl

wifi_signal_strength

phone_scanning

wifl

phone_state

health

B 2-4 Battery Historian ﬁi%l 1Bl

Battery H.istorian\/ﬂr batterystats txt

. B buttery_level=100(0s-0s)

battery_level: 14s - 155 Hover for details

Duration: 1 second
 E———

+top=ulaB3: com. example android. s

+wake_lock=-1"screen"(Ds-+3m04s]

’ 2 -

E N | Color visually distinguishes lines |

| status=discnarging(0s-0s)

B v ri_eckios-+12)

+wdfi_running{Ds-+3m24s)

B +ifi_suppi=compietes(

e

Os-0s)

l phone_state=out(0s-0s)

B neatth=goodios-0s)
B riug=none(os-oe)

15 20

25

Bar present = service on and drawing
current from battery.

Bar absent = service off and no ]
current drawn from battery.

I Time elapsed l
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B 3-1 gFamend ByrEsd 55 B
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iTr BRPIELS WS Gopro FFE R > R B B RIRBIER A BR
BRE L P o AR —“Fff'fj PEACERPIE VbR - B ER - BE

FRREL E LR L o RELEEY MR A A 3L

2 31 yrEf P B AR e

[/ KE L
Hi Gopro Camera
C1 Crash sensor

RU: | Wireless routerl (smartphone)

RU; Wireless router2 (Tablet)

Co Heart rate sensor

Cs Cadence and speed sensor

B E TN T O R R BT RRFEERACRI 32 A5 - %7
WAL dp T e NS BEH R A R IR P o FIL R 32 F I
PHR RULERELd BR-gRET AT > F A f BT FERY B ™
T EET EFRULIT EHLZRULTT U GE - amppd BEF S el
B oo RUp B2 R PI B2 B ensd 20 i@ # *”@ﬁﬂarﬁ%‘lt‘ dOmA ;T T L TR T
Bl A SR ARSI B T T U A WI-Fi Bl anpE il oy
Wi-Fi + @ d4eicd m R o

B13-3 53 A TR BT RRERE > F RULTELGF
§ A RUz » %27 ¥ fop R B el 8 o % Je P 40t RUz » - g2 Wi-Fi 4 & e
FhRRAG o THFREYRRPIE AR ARUI NS » @ FEBRERRET VT
AEE e B U RU S ¢ s B ESRULE - BET 6 B H
el A P E AR
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& 3-4 mﬁiﬁﬁ?‘ﬁ—i\—‘m*‘rﬁf PR 0 Fls % 3G P BRIE A

i€ Fpt AP ERRETIRU RUF g d Wi-Fi 45 ¢ [
BT E P4 TP ho R RULS T O] FE R b 4 e o
Ci ¢
C2 d C2 o
p—— I » = r—— »

r—— 4

R Y [ Wi-Fi AP BTt MR-
RU2 . / RU2 a _
B N . N g

H @ RUI o @ RUI 3G/4G Base station
Cs3 Cs3
(a)BARUIiE 4 & Wi-Fi (DYLARUIZ 2 E3GMAGE M &

l 3-2 M athed Bifd it RoEE (405 2 4 )

Ci i
& C: &N 2 -
RUI « ¥ 5 3 RU: . o
- Gl R :
. WAy - «
BT -, BT~ MBT
E" o _,/ Wi-Fi AP E" _ - o
H @ -+ e 3G/4G Base station
RU> moe RU:
Cs C3
(2) LRUZ:E 4L 2 Wi-Fi (b)EARUL: 47 £.3G/MAG A3 &

B 3-3 Rtk Bird wBL 2T RIS %R

Wi-Fi AP
=
Sl
ﬁ-ﬁ ¢ o g
Wi-Fi =

‘ \BT\ / ,,,,,,, .
M . _____

‘ RU 3G/4G Base station

Bl 3-4 Faspd B b er g S i AR L BB
mE RULEAE 3GMAG £+ 5> ¥ & 3 B int B2 mg RU2 % 3 Wi-Fi
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R %fb‘frjg’_%j-}'@ﬁ?@ﬁ%] fimdrdk 3-2 -

% 3-2 @?ﬂi%lﬁﬁ [l

N BE ] ﬂie?] fim &HE
BT Bluetooth
Wi-Fi Wi-Fi

MB | 3G/4G Mobile Broadband

B 3-5 5 (FITEIE T BB 0 AR AR D E T B EARY G aF S

Ll
i F O WI-Fi gl dp i BEET A B0 B ST o LT JRd SR e 3

//‘-‘v

BT A BT RU £ 475 & RUgBed B 0 338~ Wi-Fi #18:p%d RUp L i#
et R FHLYBIRIRE > GG WIFI @R FhReRd R - &

3R - 7 5 d 3G/AG @i K B -

3G/4G Base station

~ x -
e \\\ G ™.
p / FREE FREE o . \\

,-f' \
: = @ = % :
'\\_H__ ‘: //l < ‘: - |

\ o o a /

N Bus stop Bus stop /
S yd

B 35 TR T B EP 3GMGC AR S5 2ok E > Wi-Fi #8420 8 =

I
HWF \J_r_f_
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32 FEd BREBBHABERL TR

AiE o~ B EBP IR o AP LSS BamEed B2 FATT R
W R R ep st 2 B iiﬁ@ﬁﬁaioﬁiaﬁﬁﬁﬁﬁﬁﬁ@&@
B APRALIPFLEFE Taped By Ry 4% d B o 4 u4cH 3-2 9RU;
BRUze A B BEALBLEYT 16 X F LT Bl B2 i » jad Bl
M odeB 36 R HE o AT LRI AR Boodcshe B it gL g R T
i

Main wireless router Backup wireless router
Start application and turn Turn on Bluetooth to discoverable
on Bluetooth interface mode

l

Connect to main router

Scan and connect to backup
router and sensors

P T ]

Handle handover event Detect low battery event Detect entering wifi area event (wakeup wifi message), Listen to main router’s message
i >
Execute the main router handover
(Sensors handover message) procedure or turn on wifi interface

and upload data

(Sensors handover message)

Backup router low battery event

B 36 asEd B2 M G

KET G- h#d GRS BE PN BT A LN B 4B 3T a o A
WARNBRERLDLL Br BREREL LK B e BREKTE
Bd % e
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A3 L BEd BT X2 et RR RS EEPBER
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AES HrRd B R X2 Ry ERREER
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AET FrRd BRI SR ERLATER

A8 FrEd B T P2 HsRBER
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FWepBHIvitpd Brikile g0 Dk RE3 0T A E7
e R e - LERBD BLAFRORIGRE L A F > FHHE - F
Fpd BRAALRERD Fehdd o RABHBIRET KRB 4EREIMET R
P FH o F P RRBARET AT G - BT RE LR GRS AT E A

RN AR R EREDS B AR E F AR

B o % > FrPFARRY BRFRRZERHL  RETHESINRE L
Lgd B T P ERERE R o TR GRS TR

6; %= FATRI BALTEILEAREHBIRET - 5P v ERE
6’W?ﬁﬁ?ﬁ€ﬁﬁo¥—ﬁ?#@5ﬁ - AR S $ YRS

8o F B kiE s k8 RIG AT &L

RPH o F - AR TR BALT R MRATESIRE 6 F S 0§
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A grped Bz BB W LR Rd T 2Ry T aph i T 4 3
3o MEF AR PBEAL > AW S FEGFR S AP Wi-Fi s g
E7 i o) gl Tt N

%033 fEd B2 BB L kL

BEa L L ik BT gt
A F R ,E, T E M B% 3,4,8
B AT, Yo 3] i R L 5,6
ﬂﬁwéz- Aelh LIER g% 1
ﬂﬁﬁ?amz Yo AL 5
Wi-Fi = 22 4 7B Wi-Fi 31 %{ 2
Wi-Fi =% ﬁ%;&; Y2 3] Wi-Fi =t pE2 2 6
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Main router initial procedure
start

Backup has energy

Backup has energy

Main has
2 energy and

offload camera :
Main no en
K Main recharge =t (; energy and take
Main run loading
out of
Mai
in recharge energy Backup run
Main run out of _ Main no energy out of energy
energy 5 and all sensors
connected
Backup no
& energy and
Backu take loading
Backup no energy ackup no energy Main no energ g

Main no energy
4 and offload

camera

Main has
energy and all
1 sensors

Backup no energy

Main no energy

Backup router initial procedure
start

'

energy and no

connected

Backup no energy £ 4—""

Main has energy

Backup has

fain have energy

Backup recharge

Main has energy

Backup run out of
Backup recharge energy

-
L

Backum'
~  energy and no

Backup has energy

Backup has energy

SENSOrs
connected

Main has or no

Bl 3-7 ERd Eh LS ER
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33 @id BRASFBHR

hk

7
wp

22
Wloo A G2 B4 $- > Wi-Fi s 48415 $ - > 23 §488841 5 %2
BRI B RS o 7 A AR B S FIT w0 4R AR 0 do Rl 3-8 = RIFT
T ARRd BERXFHITORAFTAT RS F o FRIA YRS FL

R RN DR LR M ¢ (SR A i AT S LG e ST R R @ R Tuos ) 15
LiEfA- ke

3‘3’
‘E\

AL B2 O ERE TR A 2 18 0 AP IR g el AR

Main router initial procedure Backup router initial procedure

L I

Turn on all wireless interfaces Turn off all wireless interfaces
including WiFi, BT, 3G/4G. except BT
Scan sensors Turn on BT & turn to
discoverable mode

If received If connected to Disconnect
ACK other sensors. SENnsors
connection

packets from Delay Tnbs s

all sensors &
backup route

_| received

packets from
main routg

Send ACK connection
packet to main router

Bl 3-8 fied Bi-4o 2R
B 3-8+ il 5 & % kad BALN A hoaynAr > £ T R BB 2 i AP
d

Mt T > w Gl e o —*E:;a'ﬁ JeF| Rl - B adE A AR .

BB AR o A B % - B WiR a4 o F1 5 % WI-F
TR S N = TR P R R ET I R T
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FadM o LS G Ed BRA O pALRI BFLERGTT A

2H TR WI-Fi 284 30— 238 B > B8 & T crips

g e Wi-Fi 15 B2k >

B 2 H 7@ % coWI-Fi 3505 & 2R {35 ’ik»r@,w‘ﬁ:}'ﬁinFlmm,u.puE%
d B S EFEY R BB RL TR AR OEAR B TE Tw PR

ARES IR RS U o) R R I A B €t d Wi-Fi 8L 8 F & B4 24

Jef B - Sk pRend e BH Y R

EoEr B

BPER S5 E 3T - e WIi-Fi L8R g o

Jait Tor for
offload
response

‘

| Sense Wifi

Send wifi
Di : wakeup
isconnec message
camera

% 3-4 7)1 @ 3-9 e 2

B 39 1L &

signal

If signal
strength > § db

Saved those SSID in
table with the order of
signal strength

Delay Tss
Set Num =K

fthere is af
least one

SSID’s signal
still = .5 db

;E‘i

K= @i K=is g F -

Wait T for
wakeup
response

fﬁl‘)“%{\,ﬁ,a Toré?/;fﬁx‘:‘; EF\;"}'

Bed s

F& p,\s’iﬂv i\‘ mﬂé‘:

B iS5 Wi-Fi Eenf i » Mot B4 7GRN TR Y K o s

gl T PR A EF-

BRPER B M 3 BB B AR S
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Wi-Fi B3 p o K & F#ict K385 € B en=tdic ) Tows B & T — =X g Bl WI-Fi 20555
BRepFrfl o T A A £2EFg*id Be B fEWI-Fi 4 5 chpFE P o

4034 3 BEY BRArPAER SR &

parameter meaning
Tor Time for offload response
S Signal strength
Tss Timer indicating “Still Strong”
K Integer
Thws Time for next wifi sense
Twr Time for wakeup response

INHE R BenAedc® 3-100 FRAERASB PG R o F LT @ﬁ;ﬁ
€ FFAg R %néw—ﬁi\’%& cp IR R LR FEAPRTE L R E

N Ry r B’—Flﬁﬁrpi xp | ’ kq”g’ﬁ ;QEJZ gxﬂlf‘rﬁvl't‘ ° -Fé;‘g‘ﬁ ’B&b “T‘,I;EE] L

S0 PR D R B B0 WISFL s RIS 0 R L @ i PR
B TawPER > ) AP deg J 3] P ek fl3t e B - 2w BAiek fldte B2

2
g

g
T B o G Tae BRGS0 G F Tl L R B0 B WIdFi o I L e g

Wi-Fi i R B GFRE § B0 B2l & Lppaag |- BPIE

,ﬁﬂlmﬁ—,psbﬂ,\]é’}l’j FHEBEAIES o PIREWI-FI e BB o

R

@&
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Listen wifi
wakeup
message

F Y
(f start ait Tdw for

duplicate
wakeup
message

Send ACK message

Check camera
connectivity
procedure

Listen offload v
message Upload
video data
If battery 1
percentage <
end B% If network
usage < U kbs N

or lose
Send ACK connection

Y

‘Wait Tdo for
duplicate
offload
message

B 3-10 & * ped Bamsaroedl

#35HHH3107 HEATRE - Tos $FL LRI BELRBE

WELAPEFER S BEERTE UG R

e

; Tow &2 Tao 58 00 » TR G

WA AR ped Bl e RlFEg et > A £ R BierpEa d oo

3

% 35 H*Rd BRAPER AL &
parameter meaning
Tdo Time for waiting duplicate offload message
B Battery life
U Network usage
Tow Time for waiting duplicate wakeup message
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34 FEd BRI AEBIIRG

NTEARIIT FEB S pE LI oY FTEHER
B Ed BAARR] o 4ol 311977 L Bk d B e TH K

(\L;.
28
(i

Jluxs
&3
o
&3
ek
=i
&3
ek

&

- T[#F“%i:fﬁ_ﬁﬂfﬁ%éfjﬁé’ljfi{%i MEEFE > TP BB Lay B2
ITALBEEF T FHY BRI By ik %,E,)I}gﬁ&—“ﬁ'@ﬁm},g),?]w
YT P e A h e WIi-Fi 4o BB o e p g pER N 25 3 g Y B
SRR AR R B - IR L rEKEER- cF KEEWER, §5F
FTARATEPFLEL T TS PAE FIL Tt g Y B RZE

start
(O—| Check battery life

Fy

If battery :
percentage < Delay Tncs [ Disconnect |,
sensors
B% F'y
Y
Turn off
Detect low battery event 3G/4G
Y
Turn off
backup router Wit
procedure
end
Set Num =K
+
Send wifi
handover |«

message

Wait Thr for
handover

IEsponse

Bl 3-11 4 &Zged B3 F £B400ER
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% 36 i B 311 AL RE A ALK -BL RS m’é‘i?ﬂi’p’é\“ ; Tne .36

h
ﬂ_,
i By R

\F‘

%036 L BRd BT BB NELR L

parameter meaning
B Battery life
The Time for next check of battery life
K Integer
Thr Time for handover response

P E D BAEBITARRR 312 F R BE- EHRALT
FHIOMLRD IR B FRIINLEAKRE PPTE

MRTRORERNT GRELE- Hob i F A LTS o g BEmRALE
AgRREd B RFLERNLT AL > FILFREF- BER T f) S8
BEESEEt L eilitpd Bh koL g > P2 2i B d Be o3
ML X P BAET NG RAEYTT PR RE e WIi-Fi 22 AR R 4G o F
FATonPEREN DRI ERD BE kade S 4 > RIS v Barin,

2037 B rEd BT REIABRNEL AL

parameter meaning
B Battery life
Tan Time for waiting duplicate handover message
Thbs Time for next BT scans
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Send ACK

start

duplicate
handover

message

Listening
handover

message

Turn on BT & scan

Fy

If battery
life <B %

Check
connectivity
with sensors

Delay Tubs

Turn on Wifi

Turn on 3G/4G

»

Bl 3-12 & * gad B 3§ EBF]IA2E]

%&7%&@&&#@%%@%%’ﬁ%&31kﬁjMwé&ﬁ@{%
THELE YR BRE I lEd o FRALRI BLRHBEH IR
LT s ET HFR BRI FRPIERRT > RZRERE FRR -

35 BRI B2 F @ 2 B4R

Bl 5 SR B2 B p S 0 oW 3-13 2 RIS B BRFE IR
2o BRAEF NBEE - BEg) - BRHENFEREERNG M FRE
AECoRY BEAMARS HE - BER LEFTa ) FEAFTRLG E
fr— BRI By GRS o RIE B - E A Berg S B FRTRE
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LN RRUE L NI RIS P S = S TS

Ed e o Bl

R kw2 g RATe RIHETEVS- B B v Bl Rt

g °

Routers

? start
Set flag, flagz.... flagh=0 ‘

}

Send connection packet to /V sensors ‘

¥

N Wait Ter for

J H.p,u_é'l:‘]LE ; B },i, B %m 2 4@ 3-13 & IF'J

Sensors

start

connection packet
from router address

connection
response

Source
address is

sensor 1

Sct flagi=1

Source
address is
sensor N

Set flagv=1

® 3-13 g

7. 3-8/ 3B 3-13 AL E NAT
- i % #ci_flags 3| flagn - 7§ B d

¥R aflag B3R 2~ -

ERIS

°o B fs Tcr{;—vﬁ %-‘f-

If router address =
main router

| v R e BE g

FHE e plEsd
BT ELd

Ifthere is ‘

Send packet to nth

sensors if flagn=0

LR P EE 2 R AZ R

KR I

Il AR )

% 3-8 Kd BHERPIEENE AL X

Send ACK connection to Send ACK connection to
backup router ‘main router
0
end end

g«g;,s N B & 3R R =4
B’-Fl\ééﬁifq ,‘%%gj:u
FRREw RapEF oo

parameter

meaning

N

Number of sensors

flagy, flagy, ......flagn

Integer for each sensor

TCI’

Time for connection response
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3.6.1 MW 5

A7y fé % Castalia B Be pe o088 [23] ot #0887 K B0 AU Pl B > 1Y
2T e fo- Aeniat JE g o8 3K & e o Castalia 2% OMNeT+++ 2 [24]
SAAHATE B ORERG  F KPR AT B ALY M E EAT AT e 5
FHE Lo v R EF AR DA X I AL TR
B4 iTEF R R S B¢ B H cniF R R B Rk R ehiER - Castalia B #
g do o FARER AR EARE R 12 (F- 4t MAC K £ 2 frEsd o

Castalia &_d ;£ B 7.3 @ 3§37 7 ¢ o [25] & 2006 B 477 % > j&_2007 &
XS B AL R OB R o P B EATHRE A S 330

3.6.2 H#ER ¥

bR TR Y 0 R B K T gl B A MAC A
d A A A PR ok o ARG AR T - B kR
(pathLossMapFile) § (e » -#c > #h% 1§ L if & B @ fortf £ 7] el F 4f
#[26] o i E PR TRl 0 d F b - B R
(temporalModelParametersFile) ¢ ze45p FF foft e 5 % B Sndic > R T P4
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#cdy i & BANRadio.txt 4 % > #4345 IEEE 802.15.6 1

SR

Tk

% MAC & %> 24P ¢ * Castalia 3¢ % 50 MAC # %_» %[26]% 4.3.1 % &

? 5 Tunable MAC » v 3% 7% %

L’ ”LFI/(J. 7\1,\[,(

bypassRouting » » ”j‘;“{f;’ﬁ

Fiviziegp et

BT R
1 7% #p (duty-cycling) & A # s 7> b PR 1 T b @@]

R v RBESR s A
¢ * CSMA/CA &3
SRFAMAC - aied 273 5 % B Aeh

Pt d 4B o

ﬁ%‘*“ff TAER S HU R R TS et 3-8 WERET 7A@
ﬁﬁ@ﬁ@ﬁﬁ} %%;ﬁ\@%%@% ST R A THRE . A
LT L ReRREY > REF S BEB FEFo- Au LA BRd BfoR ¥ R
R T TR B
AEREARY Ao » WI-FI L 2 1 g 0 B4Rk & WI-Fi 5 BgL
DS B
# 39 HE FEK A
Number .
of node
Simulation
) 1500 second
time
Physical layer 1024
data rate
Node 0 Node 1 Node2 | Node3 | Node4 | Node5 | Node 6
B -10db -10db 15db | -15db | -15db | -15db | -15db
power
Application main backup SeNnsor | Sensor | Sensor | sensor | sensor
name router router testapp | testapp | testapp | testapp | testapp
Application 1/sec 1/sec 0.5/sec | 0.5/sec | 0.5/sec | 0.5/sec 5/sec
packet rate
Application | 20 5 10 3 1 500
data payload
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Time 23528 s
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Consumed Energy — 64333 uAh
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Measured Power Data
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Mobile total sent 0B
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Time — 902 s
| T ——— 45012
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i | ‘|| .}| I il \ AverageCument . 22651 mA
| ] |
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4000 méAh Battery
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® ASUS MeMO Pad 8

TG ST 0 TSR o R S 1473 ) 0 Tiai)
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BT T 3G A G deT A 0 KA T 0 B WiFi 4 g £
ETRA RS
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3G i o B ETAL A
time(s) |power(mwW)
ZenFone 2 Laser | 16.81 329
ASUS MeMO Pad 8| 14.73 331

4244G £ & £ 7

ZenFone 2 Laser
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