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A Study on the Sensor Network Mobility Supporting Technology

for Ubiquitous Sensor Network Services

Hyeon-Su Cheon

Department of Telecommunication Engineering, The Graduate School,

Pukyong National University

Abstract

USN(Ubiquitous Sensor Network) services over the Internet ‘are gaining
increased acceptance due to the generation of the application services in a wide
range of civilian and military fields, including ensuring safety and security,
environment and habitat monitoring and real-time healthcare. These services are
based on IP(Internet-Protocol) ‘and the intelligent sensor-nodes that could be

deployed "anywhere, anytime, by-anyone.and-anything".

One of the critical issues in USN services is the mobility supporting function
that is embossed as very important and plays a key role in deploying IP-based USN

application services.

In this thesis, we propose two mobility supporting technologies. First, the node-
based mobility supporting technology is envisaged. This is based on LR-WPAN

and IPv4, and it is simulated on NS-2 simulator. Second, the network-based



mobility supporting technology is suggested conceptually. The proposed concept is

based on 6LowPAN and IPv6.

These research efforts are expected to improve the mobility supporting
technology in achieving convergence among USN services and IP-based
networking, and research results will help expedite the deployment of USN

services.
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Dispatch == &S A}83le]  6LOWPAN  ¥ZldS  ®dsta,

IPV6/TCP/UDP 9] &tjol that &= =S A A §HH[39][40].

[ 3-3] DISPATCH HEADER &l

00 XXXXXx NALP Not A LOWPAN frame

01 000001 IPv6 Uncompressed IPv6 Addresses

00 000010 LOWPAN_HC 1 LOWPAN_HC. 1 compressed IPv6
""""" Reserved Reserved for future use

00 010000 LOWPAN_BC 0 LOWPAN_BC 0 Broadcast
""""" Reserved Reserved for future use

00 111111 ESC Additional Dispatch byte follows

6LOWPAN Z# ¢l A2 ofgf [19 3-18]7 #omn, =% Next
Header 2= o9& A 83}17] 2J3l4 = Dispatch Header #|¥1S [ 3-3]9]

T WA Zo| 9= 01000010 =5, LOWPAN-HC1 & A}g-&fjof 3ich.
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LOWPAN encapsulated IPv6 Datagram
’ IP6 Dispatch (01000001] | IPV6 Header | Payload ‘

LOWPAN encapsulated LOWPAN_HC 1 compressed IPVG Datagram
’ IPV6 Dispatch (01000010) | HC1 Header | Payload ‘

’ HC1 encoding (1octet] | Non-compressed fields follow... ‘

[ 3-18] 6LOWPAN Z @ 2]

1241 LOWPAN HC1 & A}&3 749 Aubx o= Next Header ol

o]l Next Header = 27| 9JsiA= A= Wijo] d@ sttt = HCL

encoding 2 =9°] 5 M3} 6 ¥ H]EZ} TCP/UDP/ICMP & -

e
P‘L
|1
t
<
i
<

(o))

A= WS ALE Aol Non-compressed field F-3-¢] o) 3byte 7HS
ALE-3Fe] MIPve 7] &oll AFE 5= RE HAX S 238 4 Qth
0 7 15 23 31

Payload Proto ‘ Header Length MH Type Reserved
Checksum

Message Data

[Z2¥ 3-19] MOBILITY HEADER

#19 [1¥ 3-19]= 7] MIPv6 ol A AF-8-%= Mobility Header =A]

=

% 6byte 7} 2*o]al It} o]= 6LOWPAN 7|WF ==

=

48317 93

% g el A=z

H

o]

ik
Ql

K3ty = Payload Proto 2=+ the
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2 AFE-8lH, Header Length ZE=i= 1 H|EZ FE3fe] ko] “0” o
Bgol= AA Aozt 2 AFlA xAHATE S vERdH, 17 o
Aolls wAAM ameld SA] A 2lEth. MH(Mobility Header) Type

== 4 U ERE =3y, Reserved =3 AHA|slt}, 18] 31 Checksum

== 1 HER 4E3o] ol ‘07 A S 347 checksum ol
¥ HASS e, 1" d Afdde &AM et SA
A9t 72 Z=9] oF=S E3) Mobility Header &= 16 H|ER =%},

obzff [2¥ 3-20]S <¢F=55 Mobility Header(MHC)S e Z o] T},

MHC Non-compressed fields follow..

Payioad Proto ‘ H ‘ MH Tvpe | ¢

[Z1¥ 3:20] MOBILITY HEADER COMPRESSED

719 MIPV6 = MH Type o wet zF wAA] "oy 7} E3o] o
ATt ol [E 3-4]= MIPv6 MH Type o] & WA XS e ZolH,

ol2) g WAA 5 HA] 6LOWPAN ol H-8317] AsiM= 5ol F st

- 67 -



[ 3-4] MIPV6 MH TYPE

HIAIX]I S+
Binding Refresh Request Message
Home Test Init Message
Case—of Test Init Message
Home Test Message
Case—of Test Message
Binding Update Message
Binding Acknowledgement Message
Binding Error Message

S

\lmmhmmacgg

“MH Type = 07 91 7%-2o} wA}x]2l  “Binding Refresh Request”
Message = Atf =7} ol oA 2219 “Mobility Binding <
Update 3 21 833 w 2ol wAAofel obefl [ 3-21]

7] 2] “Binding Refresh Request” Message = }E}W #l o]t}

Reserved

Mobility Options

[-1¥ 3-21] BINDING REFRESH REQUEST MESSAGE

o] WAIX 2] ¢FS 913 Reserved ZEi= 2HAI7F HUh 1822 MH
Type #YFS = “Binding Refresh Request” WA|AZ 2Qtt= AL
g}kl3t Mobility Header ©] Message Data -l = HF= Mobility Options

Je7t oA

- 68 -



“MH Type = 1, 2" ¢ Z$9 A%<l “HoTl(Home Test Init)”
HA]Z] e} “CoTI(Care-of Test Init)” ™ A] %] = Return Routability procedure &
7§ A1 8FaL CN(Correspondent Node) ©. = 5-E| home keygen token X:i= Care-of
keygen token & -3}7] 9Isto] AREH = HIA A o|th ofe] [1¥ 3-22]%F
[¥ 3-23]2 “HoTl(Home Test Init)” WA x]¢} “CoTI(Care-of Test Init)”
H A XS UERA Aol

Reserved

Home Init Cookie

Mobility Options

[ 3-22] HOTI(HOME TEST INIT) MESSAGE

Reserved

Care-of Init Cookie

Mobility-Options

[2¥ 3-23] COTI(CARE-OF TEST INIT) MESSAGE

o] WAIXd il ¢FHS ¢35 Reserved L= 21A|S &1 64 H|E Q]
Home Init Cookie B=+= Care-of Init Cookie Z =+ AlA Y EL T2 HREe
AeS mEste] 16 HER HFet) oy [13 3-24]% ¢FH HoTl

| A1 ] (HoTIC) ¢} CoTl H A% (CoTIC)E tHER Aolt}.
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HoTIC or CoTIC Non-compressed fields follow..

Home Init Cookie or Care-of Init Cookie

[2%] 3-24] HOTIC ¥ COTIC MESSAGE

“MH Type = 3, 47°¢1 79 wWA %<l “HoT(Home Test)” w|A] =] 2}
“CoT(Care-of Test)” WA A= Home Test Init ®WA]Z] = Care-of Test Init
WA X o] that Swholn, Abr] :EoA] o]% =37 Home Keygen Token
2 Home Init Cookie & X 3&alo] Bt HA|XJolt} ol [ 3-25]9
[Z¥ 3-26]>  “HoT(Home Test)! ®WAJX2} “CoT(Care-of Test)”
H A A & LRERAL Aol

Reserved

Home Init Cookie

Home Kevgen Token

Mobility Options

[1¥ 3-25] HOT(HOME TEST) MESSAGE
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Reserved

Care-of Init Cookie

Care-of Keygen Token

Mobility Options

[1¥ 3-26] COT(CARE-OF TEST) MESSAGE

o] WA 3+ &EHS ¢l 16 HIE2]-Home Nonce Index Z= HEi=
Care-of Nonce Index 2=+ 8 H|E=Z <=3} Home Init Cookie ®=+ Care-
of Init Cookie’ 2=t ThA] A d45E vl gloma A4S i), 3
64 1] E 2] Home Keygen Token 5=+ Care-of Keygen Token Z=% 16 H|EZ

ek, ol [ 3-27]2 4 E5%E HoT WA A|(HoTC)9} CoT
| A 2] (CoTC)Z LtEFH A o]t}

HoTC or-CoTC | Non-compressed fields follow.. \

e mmm——e—e— O

Home Nonce Index or Care-of Nonce Index ‘ Home Keygen Token or Care—of Keygen Token ‘

[1% 3-27]HOTC Z COTC MESSAGE

“MH Type = 57 ¢1 299 wAx¢]  “Binding Update” A A+

s

N =& Care-of Address o tsle] ~x2 thE =TS A EX3517] 93
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B wA Aol oy [Z2¥ 3-28]S  “Binding Update” HA A=

o
~

15 23 31
Sequence #

A ‘ H ‘ L ‘ K ‘ Reserved Lifetime

Mobility Options

[1%-3-28] BINDING UPDATE MESSAGE

o] wAIR| thst =S 95 16 H|EQ] Sequence# T+ 5 HEZ
#F3tH A H, L B=x 71€% 484l FA gt K =+ IPsec(IP
Security Protocol)©] 6LOWPAN of A8= 4= ¢low g 2hx|3lal Reserved

3
=

[

w5t AbAE T Lifetime REi= 8 HIER st&sitl ofg) [ 3-

29]%= <+=4¥" Binding Update(BUC)Z el o]},

el

BUC Non-compressed fields follow..

e m————— ©

|
i

Sequence ‘ A ‘ H ‘ L ‘ Lifetime

[Z1¥ 3-29] BUC MESSAGE

“MH Type = 67 1 7459 wAX0 “Binding Acknowledgement”
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HA]A] = Binding Update © ™igt IS & o A3t A x| o]t

ol#f [2¥ 3-30] “Binding Acknowledgement” WA A S e Aol

0 7 15 23 31
Status (K] Reserved

Sequence # Lifetime

Mobility Options

[Z1¥ 3-30] BINDING ACKNOWLEDGEMENT MESSAGE

E3 Status kol wEbiSHEell B ol EEkXivh o [® 3-5]=
W

Status Ztoll W& &
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[3£ 3-5] STATUS #ell & 9 #3

Status &t dH
0 Binding Update= OISO &
1 OIS 0 X X112t prefix discoveryJt R
128 EEYSH IR HE
129 A HP
130 ESECH Y
131 Home registrationS X|20Xl &3
132 Home Subnet0l Otd
133 OHS MNOI CHSH HAJL oL
134 DAD(Diplicate Address Detection-S=5 54 EHX]) &M
135 Sequence NumberJ} SI2%IX| &S
136 Home nonce index 2t&
137 Care-of nonce index 2t&
138 Nonce=0| St=E
139 SE |39l 8o} ASEHX| &S

o] wAIXol ek UFHS Sl '8 HIES] Saws T 3 HER
=35l K Z =+ IPsec ©] 6LoWPAN off AL 4 glom g 2HA|sta
Reserved Z= W3+ 24 At} Sequence L= 5HER FE311, Lifetime
dee= g8 HE=R =3l oyl [1¥  3-31]= ¢=%¥ Binding

Acknowledgement(BAC)E UFERW A o]},
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1!

BAC

Non-compressed fields follow..

—r==————a 0o

f
|

Status ‘ Sequence ‘ Lifetime

[2¥] 3-31] BAC MESSAGE

Ea Staus gkl webA ol b f8e gHg el s oA

A gkE 57 2] 6LoOWPAN 2 98] Status Al <k

=

!

AFR-ET) ol [3E 3-6]2 BAC Status o] #Haf LEFW Aol

[3£ 3-6] BAC STATUS

Status Value
Binding Update= E2t0I=S0{ & (BRR) 0
2HOF= 0 B XI 2F prefix discovery 22 q
home nonce index 2t= 2
care-of nonce index 2t= 3
Nonce Bt& 4
E2YE 0IRE HE 5
Not define 6
Not defined 7
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“MH Type = 77 ¢l Z$-9] w®Al#¢l  “Binding Error” =A% &
ojFo FAHE o ASE Hule wAAolth ofy [1¥ 3-32]
“Binding Error” WA A& YERH H o]t}

0 7 15 23 31
Status Reserved

Home Address

Mobility Options

[C1¥ 3-32] BINDING ERROR MESSAGE

1

o] wWAlAe the UFS 98] 8 H|ESL Status =i 2bA|SaL

Reserved Z = 3 AxEch 722t Home Address == U=

ol#g WAOow WBAN- I o] HEQA (IR o]Fsh= AlA

WBAN W59 Al =528 WBAN WolA 6LoWPAN 7|52 x3%H3H

A4 =5 dqEgs she =RV UF AA R=ESY ARS Y R
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st o] w, o] A =% MIPVE 9] 7]5S Egsta lojof s
olegfl [2¥ 3-33]> UEHA 2o AA UELYAV ols Al A

2434 e w48ke Aol

- 4. Packet [__Binding Cache |

5. Return
Routabllity
(BU/BA)

I
ait)
w
w
]
=
[
1o
H
Oy
Ho
r__>‘._2
>
=

m
e
4
s
oft
Yy
_—>|l_'44
offl
L
o
o

1) MEAA S9e] AMUENAZL oF = ge
A ==+ "Route Advertisement" MWAIAE E3|
ZElgl s ARE Ao]Efo|ZRE ol Aol o] &F QA FAE
TH=1}. "Route Advertisement” WA A& WA] B3k 79 “Route solicitation”

WA A Z ® "Route Advertisement” WA XS % o}
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»AO
K

1

o

i

3) o
Ego] 7

AT

3

A2 9

R

o o
T =

3

CF. W] M, T BT ol F

&

el

3

N

—_—
o

;OL
4

3

X

—_
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i

"Return

el

=3

Eﬂ O]E”

g

-5l

=
=

Routability" 2 %}[32]

g

n o
sy

T}, "Return Routability

Gl

o)
=
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TAEE

bo] Apale] ol
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]

S

% A
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mK

AapzA, o] Aaprh FatEofok

s
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oE ey e AFstn, o FrREE

1
F ool HES ANA ¥n 43 =9 47 FA

olef [1¥ 3-34]&= ASHsE= WBAN I e AlA UESYT w9
o]z AW 71&Ed MIPve o &8 F2 g digk HA MSC =

Jehd Rold.,

Sensor Sink
Node Node HA CN

o ® 9 O &

Information Transmission
» Route Solicitation

Gateway

P

Route Advertisement
CoA
Acquisition Binding Update a |_l|'_llt9rcagt &
Binding Acknowledgement
First User Packet (If CN don’t have binding infprmation of Sink Node)
= 4
HoTl Message r %
TI M
i e’ = Return
B, . HoT Message Routabllity

CoT Message

~

Packet

-~

A\ 4

[1% 3-34] M EHA @9 AMUHENA o544 dA 52 34 MSC
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53} %7}

B oAM= & 3 FoA ZlEdd At Yo gk w2 HUME
Adsitl Ipvd 7|HEe] i == T olFAd XY TesS

28 TEREEYS et NS-2 A AlEdelAS & whH,

gk o222 AdoemE WESA @9 AA UEYIY o]sidol
7bedre ARsgiaL, s Zlwel diE AlEdeld v - A
oFA 74| IPv6 71HFe] MIPvE % 6LOWPAN 7l=S T F

Al 5 R 44 FZE=o tigk o] F-Fokol IPve 7|RES
HEAA &9 A4 MEHA ofed A 7]sd ud =" 7=

AyeFstol o).
1. 1Pv4 715k 7 == w o) o] A A V& 54 HUt

11 Aol 94

ISMP AJE#olEl= NS-2 & ke Fdse], dwt HxAF

PC dlAE 71 Halel VMware YA ~dHold Zzasls 83}
g2 Ade 0S ¢ Ubuntu WA 804 2 E3] i FHA

dA ek, 2lEs o] FEREAL Wi ISMP AlEECE TS 9l
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A,
ISMP A EdHo|EH+= OTcl ~AHE

[>

Edo]

N

ey

stel)e] B4 S
o154

3}

“ISMP.tcl”
I7oe EEeA 74 % &4 A
“out.nam”

T?jl’
algahis

NS-2 =219 #71%] WA 229 & A&
o HAa3E PC oA R
A& AVEA7E GHEsEe] F2Fe

e

519l
T WeES o

g, “throughput.out”

A% A Aol WA FAgTh I AL AN wmEe

3 - EET

A9 753
SSCS

i}
=

g ( “outtr”

9 7

AdE f8 “AAM 2= ol§A
IEEE 802.15.4 o PHY A= 42 31=(P802 15 4phy.h, P802 15 _4phy.cc),

MAC A% A2 FZ=(P802 15 4mac.h, P802 15 4mac.cc),

2~ F1E(P802_15 4sscs.h, P802_15 4sscs.cc)2be] As3t  AlA

ofje

A
ol 54 A MH|E AT A& FHE(smip.h, smipce)2te] AFoz

Wb S NEAE TE
54)

==}
2]
“throughput.out”

1T
a
[}

NEEE ISMP A -2 o] B 7} -5 )
ISMP A E-#o] ] Sho] dje
; el

d)s &3l 7Hsstt

Nam oy =] o]E] 2] A}-83}

A EE= NS Ed o]z kel “outtr”
S &8s

= 483

OE]
Xgraph o] ARG ARE-ARl A

Nam E# o]z 3d( “out.nam”
“outnam” Eg o]~ 3}
Ede]s add

& HAEEe A#

T3

“throughput.out”

g Al EH ol 5 ZAzto] thdk GUI(Graphic User Interface)S A &3k}
7E A

ISMP Al E-d#o]E] ¢

i

AEATE FES
WA= B (19 40 2o
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S e

BT

LI 2] Alof| A o]E
Aol Eglo] 1(smgatewayl) ==9F 2B == 7Fe] w T Abof A ]:
T} .= = 3} 7 T e
< dlE CBR #HAE 3ol Yeide #4 o=, g o
1l S e
2~ 0o
2.318715 xol 215 Qa1, Hol= 70byte Y= & 5 Utk



i

BT

glo] 1(smgatewayl)
wEol =t ME 4 e AolEg o] 2(smgateway?) =9 PAN o]
= o 23HA k= 9026607 20 MIEYA FES A Zol

N

[27 43]9] #Y S == W3 3 W A]Ee] I(smgatewayl)
oA F4l% beacon ZHUS ZYS oY, Y S T AT
beacon Zef9Jo] 9.020992 Fol FAIEHAIL, dol= 12 byte A= &

ATt
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[19 4-4] A= 0] 25 O =2 OB AN wE sk F1b 25
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Al [2¥ 44)= olEete A wxvl AlelEd]  2(smgateway?)
=9 PAN <o = o]5sle] ‘beacon ~TH YIS FAlT F
12.411675 o Alo]E o] 2(smgateway?) =8 F3 HH ==

g WA T Aolch

_|_4

CBR 7 AES sk %
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VI. 48

USN AH] 2 FxoA AA YMEYIE 34 F 7H4 e =, /14
AA w22 FAE A YEYT 9@ WBAN I o] YEYT U=

olFat= AM HEYaR FEIT £ drh

w ATelM = WA, E AN == o] Al HESAY o]sA

DS A8 IPve W Z&o AT PMIPv6 2 6LoWPAN 59 7)< #

oo

A RAE = AARE Al dHlolE e e dFeolu AlMe AR F7]9
s ZAAS FEEtd A9 IET A6l A]

st A A8 sk o] 5 A EElol (LR-WPAN(Low Rate-WPAN, IEEE

ue
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