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ABSTRACT

Wi-SUN is a future technology that is gaining popularity to meet the demand for wireless networks such as
smart grids and smart cities. It can be supported with minimal hardware and software changes depending on
the application. However, Wi-SUN also has problem as bottleneck, which can be solved by limiting the
number of child nodes of a parent node using the N_max method. This method has additional problems with
orphan nodes. To solve these issues, this paper proposes a method that provides connectivity to prevent orphan
nodes and solves congestion. The proposed method is evaluated for performance using Network Simulator
3(NS-3).
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Profile Specifications for Smart Utility Application
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FIELD AREA NETWORK (FAN) WORKING GROUP m i SHAlliance
« Co Chair. Cigio and Silver Spring Networks

« Feature complete specification is approved

« Supports IEEEG02.15.4g/4e PHYIMAC, 6LowPAN, and IPv6
« Supports multi-hopping operatien and frequency hopping

« Supports encryption (AES) and authentication (302.1x)

« Specification is standardized as ANSI 4857
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FAN: Communication Between Smart Meters and Distribution Automation

HOME AREA NETWORK (HAN) WORKING GROUP

= Chair: NICT, Technical Editor: Toshiba
«» Specification is approved (Wi-SUN profile for ECHONET Lite)
» Support IEEE&02 15 4g/4e PHY/MAC, 8LowPAN, and IPv6

= Support encryption (AES) and authentication(PANA)

= Specification is standardized as TTC JJ300.10
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Fig. 1. Architecture of Application for Wi-SUN.

218

o] Fasprt o]F 3 H-8Ael Erka d#Al
RPL(Routing Protocol for Low—power and Lossy
Networks)"* 2}-9-8] Z2 3-8 Wi-SUN 7]%<] ¥
298 ZrEeIe AAsigpc 23 12 O]E%ﬂ
Wi_SUN UIEf=9] f<dgt $-8o wE FANH
HANS] A28l o7l % wefze)

RPLE IPv6E 7|HboR & e}9E Z2eza
IETF®] ROLL(Routing Over Low-power and Lossy
networks) $17d 2504 T3S %18 Folvk RPLS
A=z xE FEZ 3= DODAG(Destination
Oriented Directed Acyclic Graphs)& 7Ad3sle] =&
3:1/\-13]___ HLM ) /\],Q.z‘;hﬂr 1:1:6‘]— RPL-& Zolst ch].
E gl Wl A TR ARE RAT 5 =S
Ao =2H], vhekgt S8l H-54dS Folddel ol
3 RPLE| ApAIEE 5202 Tl dofnim, Zhaksh
AR vkt Rk

AF3F AR AL 93] A= ==+ DIO(DODAG
Information Object) HWIAIA]E W EH = AA] 714
22 FHdgt DIO wAAlE 418 k== DIO
AR FA =g HR eER ek, A kR
Agslior 3 Hzle] AE 9 i HL = A
ET=(Next-hop) 2 A4 5}] JH7 = gk o] A
oA wlek 515 A7 3Ao] D aslclH DIO WAA
g SR DAO HAAE A3 =R AEste]

s 75;_2 LR

349, DIO wIAIA]oll 298] wl=e] o] o]
58}, & o] =2%¥ DIO PIXAIE FAI%
LT a}_'_F/] uﬂEm 71—o‘| X_O_ Lr:_E_ _171__\;_ reg
o] Edict Fi = AAER] 2 v k=5

A=)

-

& o] B2 e A, R e ] ik
& 73S 71 ke ke =Y ke skl o]
L =

LoE FR ko wWAsle] JRE SA] 578 5
itk o213k RPLeM = &-8-2] S7ARatel we} A=
o2 2HE EYE AR 4 9low, BF BheE
Y EZ o2 ETXE AMERIc)

2L} o]2]3k RPLoAM= AR o] & x|ed A,
2 S| = 5 vkt EAZE AA, A=A 9l
th 2ol = A3 el A 9113 B4 sl
2hee] v EE o] e o] % rugwr) dA3] U
A5 v eEe] FAle A ruE R ke
Ak o] 2 <lE] Sl =) A = o=
ool dloleE Agshe dde] W 4= ol
olelgt WE o gk o) Heo] = 3l dlofe]
Ag A FA, oufA] 2] A4 2 389 QoSE

A Fahe 5 chlk BAZE S S ok



=%/ Wi-SUN FANel|A] F1o} meo] s 298 Fol7| 913+ AZ4A AT 74

o]2]3+ Wi-SUN FANellA Hhlal <= gl= W5 &
A& s)7s7] $15l, R. Hirakawa S17419] 7]% 17

Aol A= i =g AAE ol 35 A’k
718 AltstFel. B =Foll4& R. Hirakawa
TAI2] 7|E AT AFelA] Ak 7S N_max
7o)z}l HAg) 7|E =iellA Aljlg 22 e

r

2

S S AT o] oA W Az
S80) B4 £ vEg)ze] Fxel WslE weishA o

2 A
= FAE s w@skel oleldt AP i EeA
ql AZAE 7Rl R v} EAglll e Bslal o)
T2 F7le At 5 A Feh B =Holxe ol
g To} FTr) AR Fu el dAEe] dzl dg
< AlE] A7x)e] x)edS AR = Allgke 2 qlgt
A Aol Aogick

B =Folx] 7)12] N_max 7|HollA] fgh 55
S RiE 2] e Adunka] 2 dlo|e] o]
PRl =2l J10) X2 g0} = A3k
w3k o)F S8l aot k=g AElaL AAAE AlEs)
= 2 Al Al 2 Ak

B =] A o 2ot DAl o] Ade
Akl AR HEshE 9% B 71 Ao k=
3 7ol el Adrdgicl Mrgelde zot 2= AA
= 918l Al 7l e ApAIE] dwgch VAR
I EL = Al EHoJAAS o]83l] A5 & #1383}
3w VAbollx] ARo g B =79 vhye|dich

—
i
nn:

N

—
Y
)

i)
02
I r
i
ALY
L

0,
i
)

.

|

1

o

II.

[

2 o7

2.1 N_MAX

Wi-SUN FANS- thake g vEY = AAle] A= 3
T3 9E ok 2hed JIES Al qlck
712] At 714 F vEHZWN A x=f] 5
Algste] VB2 5312 Ak R. Hirakawa <37
z1e] A} APl 53, dlg delM+=
Wi-SUN FAN $Hef| 2A-shdl 541 415 5+RSL)
718k 2} wlEZ=}l 34 Wi-SUN] IEEE 802.15.4
o) A3 Fal 39 7158 A Akl Q)

oF g ol 5 STl faplesel v
2~Eo] uje} =4 QlefH(dwell interval)-S I3

w3k 3|} 7" ell4E Wi-SUN FANel| RPL 2F%-
o meeas Aashd 2w BEsp} R o
81 73l vholl RS Ea H4slodck i 14
Aol WAL A ALE S ] 2R e
Apelal %, 7} ehsele] ehpe) wme) glo] A
5] Aolg& Halet 4 9les), o] ala) = 2l
7h ek el ehelol vl e s el 25
7} volge nalel

olelgt wAIE A3 flE i A=
N_max2h= o] Ak AR8ste] ad w1 A
k= A=z AEs 2R 7S Alsksisich 2]
N_max #= A2 Z=elA] $1elz A3l DIO A
215 &3l e = Al E=<d5ct DIO HWAAE
&3 N_max 35 418 2h98= N_max #3} &<
F71e] A k= HelES AA 2 g} wke
A AP rERNE dolelE IR 79 @l
ZE ARl Fm k=g AdEgls-S x|k
N_max 3+ 1 ZF2A7Ick

gl Nomax grol 0 o & 79 3id 2keei= A
B AP k=) Hlol HiZlE Agsitizle o & |
o] A1717] $13k S2E sk ed=ch olul, 2
roe e R eerh EAESIck gabsle] vy
ek vEE e 7Rl o] HE =S FE ke
o] EdtckEd adelxds FE7E 2] olM] Hm
=7} 952 7HEskeh. ol E E8 skl e
7F N_max #k o] 212 =o] dlofe] A4S A
317 efomw AHw AEwko] HEsh

Ak 712 B = AlEHe S E3l wlolE
55 9.4% 343} dlole] AF o] 92%7} &1
== A& s ke S Assksld

™

J

[a

H

2.2 O-LEACH (Orphan-Low-Energy Adaptive
Clustering Hierarchy)

Wi-SUN FANel|= tl9] whto] edzdw]o] 523k
the Aellx] 222 ool tlpe] SvzE] kot
ed7dsle] ksl Fel 2l fAelk Leach 3
2ege Zelow] @ Tk = gl o3
Ak o1 siAsp] S1et Al e R e
A gley

Leach T2 EZ2 Alx UELFY x| 58S
Sl Alokel Fel2E] 7t ehpw ZREZo |k Ajt
3 Leach Z2EZ2 A4 == J22EHE A3
e A B B 1 B =t el s e

219



The Journal of Korean Institute of Communications and Information Sciences "24-02 Vol.49 No.02

o= Wi msofA dlole] AES gk 2AEH S
3lar, W o ZEglE Ao R el stief
dlo]e] BA1E 3fglr]. o]2|3}t Leach ZREZL =
7] Fe2ElE sk Aol ouiR] am, A=
HEs) 5 vhekgt EAE 9ok L FollA = Leach =2
EFoli= 54 o] 5Al We gkol] o} e~
B St7} EAlekA] o ok kevh w5 ol
EAAE 7 gek W Jerbi AR 7|& A
ZA7}9)0-Leacht o|2|3} o} k= FAE 23|
93 Bxlog AA, AskE el

O-LeachellM= 7] FeiE 34 A olx] 54
odo] FulE Frie] A W= Qs Wlshs i
o} s} HhEIE=XA] 7|7} o} e=r) Ayt
735 3l o) ie=o) A ¢ ol slele] FeioE]
S Ao Eglo] 2 A osle] a0} oA QAAA
= AlgRicl vef a0} st S Alo]Ege]7} A
T3l = 5 s S dod A ot k25 F
shs A=2e- FelxE suR At 1 S
2E] Ft= FeaE YR NE HeleE 48l
Aol Eo] 2 3% dlo|elE AFghozH 30} =

= A4S WA 5 Shrk

(¢3

|

mea 2

3.1 X4 = Table 2} N_max H[O|E

E  =rolld  Algksle CP_LON(Connectivity
Provides with Logical Orphan Nodes) 7|"%-> RPL 3
TollA AoJet AAY Az == A2 HAHS 2§
F714<] DIO WAA 5 v|E9] 2ol S2{dgich <tell
A g7 AR, DIO HIAAIE AMEsle] 7t e
2 5 ol o] R el AXsle] ARF A=
913 DADOGE #AIghc} m=3h, 813k A= AdAo] 2
23 7%, DIO W9 SHeR Hu tofA
DAO(Destination Advertisement Object) MA|A|S A
$3tk 3 12 RPL #3004 A2]3 DAO v 2
= % 7% el gk Arolck

& =ellA] Ak 71 <l CP_LON <= RPL
Z2EZo| A% DAO wAX|¢] 32 v|E 34

il

i,

iy

oll MC(Metric Comparison) ZE5- A°] 2 Fr}sic}
DAO #HAAldl MC ZH=F F7jsled wAsE
DAO_recve] ®IAA] Eole 713 29} 7t}
DAO_recv HAIAE AFshe =t 2119 Akl
AE 29-E] o5 E]lsle] ofu] HE e F
S gl mief oln] B k=rt gla sl
Fi eenk EAJEE 79 MCUEES B 008 27|

)
=
13
¢}

o

220

E 1. DAO EF9] 71% A
Table 1. DAO Base Object of Standard.
= =7]
i ey Ez]
= - (bit)
RPL DODAGS} 3=l &% 8
InstancelD 22] 9l ' ID FA

N 44127} DAO-ACK-S )
oAl B2 7S vehd

DODAGID Z=7} 3l

D

< 34
0°o2 Z7|3kehd, Ag-3)
Flags A = flags 218l odleF 6
v
o > S ok
Reserved 022 Z7iskel eflesl 8
B E
o wAA] A
DAO == DAo wl
Sequen % 355 vele €A 8
equence s 7r
2 595 Al
DODAGID | DOPAGE skl 4 128

Wl A48 DR

sjiel, ok o] Fax o=l SApk U oozl
IS_Flag(Immediate Flag)ell= 1,
IS_CNT(Immediate Successors Count) Lol ofH]
s =
RANK 23} o] ¥ e 5 73 b9 viee)
Frol F(A2E r 2 A4 7hsAe] 7k
D k=2 RANK 38| #le]& RANK_Devel 7|=3}
3. DAO_recv HAR| S <=3}

DAO_recv HIAAIE A1 Hi e ei= ofga) 7F
o] F3lod Nimax 2t MC Z=ghe x4 = o]
o] o] Ed) 22 == DAO_recv HAAE
FAIEE & &) 2Ra12] Nomax glo] 1 o|Akel#] ghelgh

"ok N_max Fte] 1 o] 7-%- DAO_recv =4
1] IS_CNT 3Zkal ofn] F-2 -=9] 422} RANK_Dev

E A k= Ho]Eel| ule]Ela N_max 32 1

Successors

£ 9

N

RPLInstasncelD K|D Flags Reserved DAGSequence

DODAGID

RANK_Dev o IS_CNT

16 1 15

a8l 2. MC Z=% 3718 DAO_recv HAA] £
Fig. 2. DAO_recv message format with MC field added.



=%/ Wi-SUN FANel|A] F1o} meo] s 298 Fol7| 913+ AZ4A AT 74

3.2 110} E AN HF Z2AIN

DIO HAAE F &2 $AIgE 7 =52 DIO 4|
A A A ZHE] T_wait AZRIEE] glo]nE A
Agic) T wait lo|W7}F wkgE]7] A7EA] DAO #|A]
2o ALE frellghel. aeh kel 2193t sk A=
AAjo] H e 79 DIO WAAE A1 =5
T_wait Efe]™ WEE o] o= DAO PAIA]E F-2 &
oA A& 4 9Jrk w3k T wait W o]l T2
o] F-w =2 HE] DIO HAAS FAIRpE, 24
=T waitd] Elo|HE XA 71tk "ol 2 &
Eo] t}E ofu] Hr r=2HE] DIO WAXE Als)
A Zslo] T_wait7} wHESchd o] ==& DAO_recv
HAA|E 2RAlelA DIO WIAAE A5 gt -
LoolA FA] AE3c) T_wait Efo|H7} wheE]X]
3 A%+ DAO_recv WAX]oll= IS_Flag ZE=. 3k
£ 0o AR Teh, T wait Blo]w7} wkgxo]
%% DAO_recv WAX]&= IS_Flag 2=5 12 A
Asle] Hi oA HEshh

DAO_recv WAA|E 4418 -5 == IS_Flag
d=o] 7h& eldlt} v} o] glo] 0 o]w 7]& RPL
3} LA AR 1oh W R IS_Flag®] wtel 1
2 AR5 DAO_recv HIAA| S AR 0 E= 3
3 v ARE 3E e e ZEslar glrke
APLS TletslA| Elet o] 2 qlal, wkef ARile] s
2R = dglofe] R Aol FofalA] skerhd &)
Z 2] ke o2 22 A5E AR Fehe
ot ez} g 7hsAde] glrfal ki)

DAO_recy WAIAE $A18F -2 tmea= 2Mile] &
Al N_max Fte] 1 o]4IA]E Elghc) whek, )
N_max #to] 1 o]l A4 -2 ko 2] k& |
o] el 212] te] ID Y RANK_Deve} IS_CNT %t
= BT 02 AAsle] F718kaL, Nomaxghs 1 744

|Z0ek "kl H-R =] N_max Fte] 0 o|alzhd,
]

&2

>

)
Z 719 Fu el AR rug 2] A2

AN =2 7R S gk

N

4

A RE 2 A 7 el R ks 7]E0] AR
A= o

o] Q17 sxjsteiehe frola L et gl
P reme) dlole] ellol ek o)% $1s)
iz AP e Ele]ie] IS_CNT gle] 1 elAdelwiA
RANK Dev o] 7F4 #2:q] 2= Aleigiec), Ale)
£ A 2= A4 e ol ola] Ablekal N_max
=1 A ol ol HejE TRAAE oA

Agste] J1of =S 2R = o] Fr1glr

N

-

N_max=3
21 16 7 18 54

T8 3. 3o} k& Q1A ZEAA AL
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Table 2. Simulation setup parameters.

Parameter Value
Transmission Power 13 dBm
Data link Protocol IEEE 802.15.4g

Packet Size 360 bytes

N_max 8
Transmission Speed 50Kbps
Mobility Model Random Mobility
Movement Speed 4km/h
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Fig. 5. Average End-to-End Delay(ms).
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Fig. 6. Average Queuing Delay(ms).
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Fig. 7. Packet Delivery Ratio(%).
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Fig. 9. STDEV of Transmission Count.
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