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(A Study on the Minimum Route Cost Routing
Protocol for 6LoWPAN )

a2 d s 9
(Won Geun Kim, Jung Gyu Kim)
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Hulgy A& & &= 7]301 Z olgp7t Ha ok A IPV6 7lke]l A g B A4 HE
=3 7149  6LoWPAN (IPv6 over Low-power Wireless Personal Area Network) 7]< 9]
IETFol A E53 H 2 Qt}h. B =Fox+= 6LoWPAN 3H74 o A /\}—301-7] A3 B8 TEE
=4, LOADE 7]¥to 2 3&}o] Link Qualities #oll WE 7 AMAEES H=E v o=z &8}

o ARE ZAAToZA Ha dF AdFo] o]FoAXE HABFEHE #eE Z2EF(MCL;
Minimum route Cost routing protocol for 6Lowpan)< #|¢tslth. A|<¢ksk 712 LOADS}
AODV H8) 7H7F AF A 0w oF 13%, oF 16% A% oUx] Au7t A& Aow A@S =8 o
AatFar, AA HEHZY AUAE I2A AMEste] diA] E&Ado] FF3ta, WEHZA o
ig}Olo] ZY]:/\]—ETO 01— /\ o]q.

AFA S : 6LoOWPAN, 7l AdFE, HLH 20, h¢E Z2ES

Abstract It is recently issued scalability, mobility and external internet connection on
Wire-less sensor network. The low power wireless sensor networks based on IPv6
technology 6LoWPAN technology is being standardized in the IETF. This paper for the
6LoWPAN environment based on the routing protocol LOAD, route cost applied the packet
re-transmission rate which follows in Link Qualities price which uses at course expense and
packet transmission Minimum route Cost routing protocol where does on the course where
the smallest packet re-transmission becomes accomplished proposed. The technique which
proposes compared and LOAD and AODV that about 13%, about 16% energy consumption is
few respectively averagely, Energy of the entire network equally, used and energy
effectiveness and improvement of network life time experiment led and confirmed.

Key Words : 6LoWPAN, Packet re-transmission, Minimum route cost, Routing protocol
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S Fjofvt Bt} o] g WAL ZigBee ACE
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2. BLOWPAN 7 2

6LoWPAN 917 LoWPAN  “ol| A
IEEE 802.15.4 PHY/MAC #$l AZo& IPv6
P HAE Wers ZEE st gty = IEEE
802.15.4 PHY/MAC?®] 749 AlFe=z P %
TCP/UDP 59 374% ?%6}% dlell oA
23 29", A2 eHI=
< Tdsta X} dn} 6LoWPAN
T+ 7lE2 IP X#"ﬂ] R AR

=
52

A A,
o Vs FFY % olsA ¥ IEEE
802.154 PHY/MACS AH&38t7] wiizel 21 A
ol ol A Aleks zEA A
Transport Layer I
(TCP/UDP)
Network Layer LETF
(IPv6)
[ Adaptation Layer B6LOWPANWG
IEEE 802.15.4
[ MAC/PHY TEEE

<219 1> 6LoWPAN #¢] 18 W9

6LoWPAN 542 t}23 Zroh

ezt T7 AV B A HA A7V H
3 127vpo] Eolal, wheba A9 AlF el A
AME 7hs ek 29 A7]E 102 vlel E4Y

e MAC 7oA 168 E F24 9F 640]E F24
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e ~E} EZEX9 W EXEANZ XY
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X]/" ]T;‘I_
e LoWPAN W9 71715< t}ekst o] = 2l
998 wesl e,

6LoWPAN®] o2 g 5749 Aleks e 243}
91814 IEEE 802.154 MAC/PHY®} HES =
AS Aol A& ASE F7hrtl4]

2.1 6LOWPAN H&H &

&A= IPv6e MTUE  IEEE
802.15.4°] E&AI=2 PDU(Protocol Data
Unit) & AF&3ste] AE5S 517 Y& shzle o
Hsetel 4% 7lss "HEetH olg e w2 9
) AL AZoME 371A9 =z FAS
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1) @4 3} (Fragmentation)

2 WA =y d F2]& B payloade =7
7} IEEE 802.154¢] =& A7|Hh 22 25
of AbgEH, o] ¢ B dolErt A7 wiiE
of dHstE 3 Hart gith. Ax @St
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<a¥ 2> sy dojuA @Feks A A WA
oY g4

LF(Link Fragment) =+ 2HEZ A 5o
N, ZF HEC mE ul= <FE 1> Zrh
I thSo] 2+ Prot_type ZEE SUERZ A

o] Hlof glom o] == o] Xyl o]Fd &
= doly 3o 548 5dttl Prot_type ¥
=7} 16714 19 3% IPv6E 93 Prot_typesd
S 9nEty 167 F 29 AgdE Y 4EFS
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84S 93 Mesh Delivery TE=Z AME3H A
Aol gk AF-E vERAT "M HIEZF 1Y
9o+ Mesh Delivery Z=9] Al&& ou]3}
i 0Y A Folle= AESHA Fes o r| g,
<3 1> Link Fragment Bit Pattern
LFH E 9 u)
00 GHsE A ¥E= A (Unfragmented)
01 2 AA GH Z Y (First Fragment)
10 npx]at gH Z g Y (Last Fragment)
11 =7t @31 Z ¢ (Interior Fragment)

T oA ZeE el 4 IPve dlo]E 1ol
the] IEEE 802.154 =71 <tell o1z 4 ¢l
Aol ARgET o]9f 2 Agdde= dHE)
dlof stz <ag 3> e =z F4
ZHA Al H ok

A sty Ay, s 7l2 Datagram_tag 2
=9} Datagram_size ZZ=o] I3 HHZE 7}A
Al "} Datagram_Tag =+ %7] ghol A9
Hol A= FAN W= 07127 Afole]  Fe
7FA A QF’— A&Aow dHste ooy 19
of tiaiM = Fhol 1% S71skA "tk

mo M rir ok

0 2 10 11 22 31

LF | Prot_typed M

Payload(or Mesh Delivery Hdr)

Datagram_size | Datagram_tag

Datagram_size =& 1IHER FAo] o
glom w#HsE payloade] A7]E ERATH
LR o] A2 TP st 7] 40upe] ERERE ofE}
HEA ol Pv6e] MTU =7]9) 1280v}o]lE Rt} =
15008te] E9] A7|% 7He) 4= ok 54 A9
A E o] Buvt §le % o mesh W
oA oA Bl dHe] WA =AdTHE B
ol §l7] wie] o] F=vt uid Hrh g
Aoz AAFE FIE 7 AA Hrt

gAstE dolg e A WA dHA=
g 1 o] FHE wixu oA 7tA e
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2) 23 (Reassembly)

IPv6 71L& o8] 79 @ om ol A
HArh olu EA A w== FAHE e A
Y= F4 =9} Datagram_tag ZE=9] AH

Ast ¥ IPve 7S A2 &
Z} @ 9] payloadE Datagram_offset

devt 7hg 7l oAl el Jds A W
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3) 39 = (Header compression)
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(Internet Control Message protocol) So] 3%
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(Transmission Control Protocol),
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<719 4> LoWPAN_HC1

A
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Prefix7} ¢4=4# &<
(1799 He &)
Prefix7} ¢4
Interface Identifier”}
YHHA S
Interface Identifier”}

PI(Prefix carried
in-line)
PC(Prefix Compressed)
I(Interface identifie
Carried in-line)

IC(Interface identifie
Compressed)

&/ EA A
a
= o] Y 8
00 PL I Prefix ¢} Inte_rface Identifier =+
hEEA Fe
01 PI, IC Interface Identifier?t %%
10 PC, 11 Prefix%t 9% %
Prefix} Interface Identifier =7
11 PC, IC i B
=4

A A MEE F40
0¥ 192 IPv6 &2 =
Wi 283 30 REE B3x Fio 4 A
e dyFA Hu, <& 3>3 22 4714 4
T2 2gEe AHgE F o9l

HCI 9139 "eeo] 0 wESE 39 w7}
.Zr_

AU HE= EYY S0 25 o5
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7H HEE HC2 encoding =9 &4 5%
g ¢drh go]l 0old Y o]de Jd3d d=
7F (lEs omstH, gho] 1ol HC2 d=d
=7t EA8S ousty. 59, 6W HIES F
S g o R HC2 929 HE9 F/HE L&
T Ao

(2) UDP 3y = <134

o] I=+= HC2 Encoding % 3= HCI
Encoding 2=29] 6, 79 HE| X UDPE Al
BHeS A9 AMEE = "Eo|th HC2 Encoding
°f vt ZREEZF =, TCP, ICMP ol tigh
Aagd oz Aelsta A vk HC2_UDP
Encoding dt& A2~ EA % ZE(Port), 2
olel whaiA =] Zhestal UDP &t o] A
A/ (checksum) Z =0 disiAst ¢S & F
Sttt 9% HC_UDP Encoding 3t <19
5>¢F 2t

>

HC2 UDP Enconding Fields camied in fine follow

<29 5> HC2_UDP Encoding

HC_UDP Encoding 2 =% HC1_Encoding 2
T8} o] SHIER t& o] S Eo] gt

197 HEE UDP 422~ TEZ 0 A= ¢

_5_



LI g o
= ol
E -
o2

:?1:,‘

)

sl

oo
Do
g
2
=
m
i

KU ox [0 rlo oo fo | Hd O AN
& ot

H e 7FA A Alskgith U] b
ol¢f HE=Z IFAA Utk wpAE B
HC2_UDP Encoding ZEZolA =5 X
deeo BEF 45" d=d gsiA UDP
of & MR So|7HA )
6LOWPAN®| E54<l A€ A=y ta
2 A Fo] 2FHE oAAFgAlHE F
AZRA S AFs7] A olAH Pve A
1549 =2 AS HAZ A7 %
st wetel HastA HATk Skell Aw S
weto] ol gt HA S o] F7] 9%k 27| e
2, A= o4 eHI=e] FAA A
% 6LoWPAN WGelA A&Ao= wt
o

fru
[N o
)
Mo
S
<
(@)
2
) ’
N
o
§ 2 m o . T 4

Sorlo e e (1 oo el ox R

2

A

f
o o T ojo O N o 2

»-«
eS|
eS|
o
0
)
)

-

o T

ol

7 8l ge w=ort Ha gle
71 9% o £ Wetel e Rola

CHGI61I8].

2.2 LOAD(6LOWPAN Ad hoc On-Demand
Distance Vector) 2I2E Z2&EZ

LOAD+ AODV(Ad hoc On-demand Distance
Vector)& 7|¥to & 3™, IEEE 802.154 tju}o]
2E0°] 6LoWPANOA ¥ F dHely o
7V 7 A e ARE e v 2=
EFo|t}

LOADE &2 wEdA EXz2 w=x71x] 9]
A2E 27l 98 RREQ(Route Request),
RREP(Route Reply), RERR(Route Error) #|¢]
A A S ol getn HEHES FAE LTES B
gett) oW vl BAA7A ] FREE 2
AslE 4 RREQ HIAAE HZE 1E
djof stil, RREQ "WAIA & F4lst ==58 2

S WHog WAANE UEYA AA HAua

71tk RREQ WAIA7F HA4 A =xo Z=d3A
W, 2% === RREQ WAIAE AE3 =
=o A RREP WAIAE HestH, oluf RREP
A A= FUANAER Addt. RREQ, RREP
A2 o] w3 RAde T, EYIAd = I
el AR27F AAEY, deoly dFo] 7HssHA
A 9ok T w=E ko] Falo]l FAE o
EAAZ] AR AFAA H= A, delH
AES AT =27 9 doleE d5s =
ZoAl RERR "IAIAE AEsle] HA27F ALE
& & oSS &t RERR WAIAE 440
3 =E2E O AR AAS AES
LOADE Ao} ®wAA 9] A7]E ZFo|7] $3)
<9 6>0llA K= upe} ol HAHXA AlA
UHE AMEshA @a, A= 14 34gs ke
st stttk g wAA] FEHES 9] YEiA 2
2 £ %] w==vk RREQO tigh RREP &% Hl
AAE BUYEE Aolstdr) Egh A= v]g9
% 7F obd IEEE 802.154°14 A3l
LQI(Link Quality Indicator)s T+E metrics

AT F o HeAe dolTa glvk

\@\ RREP nmzp O

. |8/
/
/

A

@ Qriginator
O Destination Node
Q Sensor Node

@
< J
@
D
Y

o/

/

\
RREQ HAR|\ '/ O
sy ()

<1¥ 6> LOAD AEE AR AY Fx

(1) LOAD A1 #] & 4]

AR AL deiHe <2y >3 2e FE
9] RREQ HAIA|7} o]&H}. Type ZE=ol+
RREQ ®AIXE <n3t= 7k 1o A&t
“R” H]E+ Local Repair I3 A 12 AAH
H, “D” H|E¢} ‘0" HEx Z4H7) 542 FA49)
RREQ originator® addressing modeZ ¢jw] 3k
. “D’HIEY “O” BEV} 12 A=A, 2 F

271 16V E F42E AHEES 9, 002
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AAE Ao EUI-64 4271 AH89S 9
3ltt. RREQ ID+= RREQ originator’} RREQ
HAIA S AT wuitt ks S7HAA 71 &3
o, o] & &3] RREQ WAIA HREAN1Eo] 9
3 TH A BAE At CT
Route cost Typel ZA Weak linkS 3 s}+

i<
it
s

"

o:o

¢ko] Hop count & 7153l H=ola gk

o] AbE i ywA] & AFo ALEIEE
obA Aol mHol A FUtk WL 2=+ HA
AZ5RYH FLA7A 2" A REo|A Weak
linke] & 7N4+E depdrh o] e oy 2%

Y O AZ 3 A ARE A9 o Weak link
¢ Hop count® Hlul &to] HZE HAEE A9
g o Alg¥d. A= Hg& F=E RREQ
originator2 %€ #A =719 A=o »:

£ ougn. PAAE BAH F2 A

A2E 278 d3le 542 FLa7F 507,
23 A% Originator Addresso]l+ RREQ W A]
A& AAgete] AFe w=9o] FA47F S0t

012345678 9 012345678901 2 345678901
Type R Do Resened | | w | wep

Route cost

Link Layer Destination Address

Link Layer Originator Address

<29 7> RREQ "IAIA 34

<29 8>+% RREP "IA]x] x9S el
Type 2 =o|= RREPUAIAE ou]sl= g 27}
AFE-EH, “R” “D” “O” H]E+= RREQ HIAIA 9
Aot wde onE ztEth RREQ D=
A1E RREQ WA]A|e] 7]5%® RREQ ID9} #2
e AF&3th Route costE ZAHARRE 3
A ==712] 9] (reverse route) AR wETE
9w gtct. Link Layer Destination Address%}
Link Layer Originator Address™ RREQ WA
Ao 715" A s FES AL
Unreachable Link Layer Destination Address
dreol=  Error Codedl 715% olf= <3l
oy izl ddo] Er7legh HAA] FAavt

71 =€t

+>

012345678 8 012345678901 2 345678901
Type R[] Resened | [ w | wep

Route cost

Link Layer Destination Address

Link Layer Originator Address

<71¥ 8> RREP WA A &4

<29 9>+ RERR <= e
RERR "IA#]&= dHloly #7 AF F, o
=ote] Azt dHEAY oy 7F F-=3)
G- 5 Al o © o]4e Hely 3
Fo] 3E FHg-o RREQ WA A9 originatorel
A dd WEs &7 s AF&dEY. Type
FE== RERR "IAAIE 9vete @ 3& AME
stol, D e
Destination Address¥ =9] addressing modeE
ojujsttl. Error Code o] AFEE = A=
o2+ 0x00(No available route), 0x0l(Low
battery), 0x02(routing cost not supported)”}
glon 0x03%-E Oxff7tA= 3 Al&S 23
reserved® ©] Ut} Unreachable Link Layer
Destination Address E Z=9li= Error Code®l| 7|
49 o= QI8 doly shzl ddo] E7ls g
EAq 2] FAa7F 7] 5T

R E A

n{o

3o},
=
%!

2

Unreachable Link Layer

012345678 9 012345678901 2345678901
Type |D‘ Reserved ‘ Eror Code ‘

Urreachable Link Layer Destination Address

<71¥ 9> RERR "lA|#] & 2]

(2) LOAD HlolE F+x

LOADE A% A43% A& 93l
7 dolE #HEE gt olHg Y
71 9l A=ZES Route request table
23t} Routing tablee A A ©lo]g A
gx7] e 293 AEE AFsta
Route request table2 A= ©2 Al A}

#¥¢ Route request tables TA%tE 2=

9} O 7)%e e <F 4>, <F 5>9 2

o, o
e

OFO facs
| o
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<X 4> Routing table 74 Z= % 7%

g = Al Dg

= — © =

Destination address
B4 1w

Next hop address

A% Fa
Status A=z Ay
Life time

<3 5> Routing request table 74 Z= 2 7%

g = v 4 1
Route AR 24 ZHds 3% £AHZo|g g&
request ID RREQ9} 7HxE™ ANz A2 93 W
g do] AGE o wich 18 F7t
Originator A2 9HS F 2k T (GHE T
address EUL-64 92 A% F2
Reverse B B
Ahr RER FiE AR T k29
route N
16HE Fi= EUL-64 H3 AT T2
address
Forward AR 24 F hx mERREH @A
route cost wER e FHE AR HE
Reverse A S ERRE BA2] wThx o] FAH
route cost 74 2 H]&(accumulated link cost)
valid time AR 97 Azre] kR E u7}x] 9]
Al ms) & 7t 71E FHEETE Eloln

(3) LOAD #-% ®AA A At

A=e7l & w==ol A4 RREQ HAIAE
Wi =W 94 RREQ ID$ Link Layer
Address H=°9] & o] &3]
Route request tables 7213t} Route request
tableo] s AEZ7} EAst= A5, oW &
d3gk RREQ WAIAIE A & A5 olBn= <+
218k RREQ ®A A= FAl gt} whef gl o] &9
AT AE7E EAGA Fv= AFde M2
RREQ ™"IAA& F+3til, RREQ ID, Link
Layer Originator Address, Route cost ¥ 5%
Route request tableol F7}3kt}.

Originator

MZE RREQ HAIAE
RREQ "WAIA & A3t o] A
Link Layer Originator Address=
8 HolEol 9 A=, 5 RREQ #A
LE=2 ok FE2E A
+ RREQ "A|A o] HAATFT HAA
7] AAl e FA91A] FRlsal RREQ
HAHE B8 Weak Link7F 4 flex
stk Wk Weak Link7}F thd
RREQ®¢] WL Z=of ZF7}gict 28 tpgo =}
Ao F4a7) O}Hﬁ}tﬂ RREQ W AI#|2] Route
costZ F7HAZ ¥ BRE= AAE 3t zale

FaekH, RREQ WAIAS AT ==oA
Y ~ERZ RREP WAIAE 23

RREP HWAIAE FA&d A4 =
RREQ WAAE +4& 459 FAg 29

8 gt RREP WAIAE FAg w=s §
@98 " o] &) originatord] W3 AE7} A=
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