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Transmission Delay Reduction in Intermittent Wireless Ad-Hoc
Networks with Overhearing of Control Messages

SuIN Horie!® Hiroakl Higaki!-P)

Abstract: For highly performing wireless ad-hoc networks, the authors have been proposed IRDT-GEDIR
which is a combination of IRDT, an intermittent data message transmission protocol for low-power consump-
tion in wireless nodes, and GEDIR, a mobility-tolerant location-based message-by-message ad-hoc routing.
The combination is vealized by help of probabilistic solution of the secretary problem. Here, the active
mode interval in each wireless node is autonomously determined by individual wireless node. However, if
each wireless node detects a neighbor intermediate wireless node holding data messages in transmission,
their transmission delay can be reduced by modification of its activation schedule. This paper proposes an
extension of IRDT-GEDIR for reduction of message transmission delay. Here, the neighbor wireless nodes of
an intermediate wireless node with data messages in transmission keep their active mode since they overhear
an Rack message transmitted by the intermediate wireless node. After reception of the data messages in the
intermediate wireless node, the neighbor wireless nodes broadcasts polling messages without an interval. So
shorter delay transmissions of data messages are achieved. In addition, delegation of the next-hop wireless
nodes by forwarding of the received Rack messages and introduction of dynamically determined interval
for collision avoidance among multiple polling messages are also discussed. Simulation experiment results
show that end-to-end wireless multihop transmission delay is 5.2-12.0% reduced by the proposed extension
of IRDT-GEDIR.

Keywords: Wireless Ad-hoc Networks, Routing Protocol, Intermittent Communication, Low Power Con-
sumption, Probabilistic Approach.

(© 2016 Information Processing Society of Japan 1



goooboooogoo
IPSJ SIG Technical Report

1. 0Ogoo

gboooooooodooooo,oooboooobooon
oboobooobooobooboboboobOoobobOon
oooooobooobo.oocobocoooboooooooon,
oobooboooooboooodobooobooooo,boaoo
oobooboooooboooobobooboooo.ocooooon
oooo,00o00oo0b0oooo0oooo0oooooa
oobooooboboooboooboooobooboOooobooooo
oobooooboboooboooboooobooboOooobooooo
oo00.000,00000000000 IRDTOOO
oobooooboocoooboooboooobooboooobooooo
O GEDIROOODO,000000000O0DODODDOO
0000 IRDT-GEDIROOOOO. O000O,00000
oobooobooooooboooooboooobooooo,ooo
oobooooboocoooboooboooobooboooobooooo
o,db0boobobooobooboobooboobOoooo
obooboooo.ooooo,00o000co0coooao
oboooobocoooboooboooobooboooobooooo
oboooobocoooboooboooobooboooobooooo
IRDT-GEDIROOOODO.

2. 0000

gooooooooooboooboooboooogooo
ooboooboooooboooodobooobooooboo,boaoo
obobobooooooooooobo,0obobo,oboo0boaon
ooboooobobooooboooboooobooboOooooooo
ooboooobobooooboooboooobooboOooooooo
oobooboooooboo.ocoooooooooooo
oobooobobooooboooooooobooboooobooooo
ooobo,b0ob0boocobooboobooboobOoooo
oobooooboocoooboooboooobooboooobooOooo
oboobooooooooo.oboo,00b000000
oobooboooooboooooo,obooooboooaoa
obooboooooooo.0ooboooboOo,0o0o0booa
oooooooo.

gooooooooooboooboooboooogooo
ooooooooooooooooooboooooo, LPL
(Low Power Listening) O O [2]0 IRDTOOOOO. IRDT
oooo,bo00o0o00o0000b0 N.O,000000
ooboobooooobooooobooo,ooo0oboooao
o,0oooooooooo N,OO0O0o0o00O0ooooo
oooUooOooUooOo (o). 0o0ooooooo, o
ocoooOoooooooooooOooOoOoOo,boobOIbboo
oboodoobbooooboooboooobooboOooooooo

1 000000 00000 D0O000O0O0O0O0ooooon
2)  horie@higlab.net
) hig@higlab.net

(© 2016 Information Processing Society of Japan

Vol.2016-DPS-167 No.4
Vol.2016-MBL-79 No.4
Vol.2016-1TS-65 No.4
2016/5/26

=
}

-

-
=~
&)
- = =

A

- — = — — =

05 ]

REEEREE

01 IRDTOO

0000ooooooon SreqD0D0OOOODOO. 00O
oooooog Sreq00D0OO0O0O0OO0OOOODOOOO,DO
uboooooobooooooooo.ocobooocoobooo
oooooooooo N.OOOoObOoooooooooo
onN,O0IDOO0O0O0OOCO0O0OOOOO0O0O0O0O0
0,000 Sreq 00000 O N, 0000O0. Sreq 00O
oooooooooo N, 0000000000 Rack O
goooo,N.OOO0oobooobooooooo N, 000
gooooooocooooobooboooooooooo. oo
o,N.00 N, O000000000000000.0800
00 IRDTOOO00,00000000000000000
gboooodooooodoo,oboooooboooooon
gooooooooboodooboooooooooooon
gooooooooboodooboooooooooooon
goooooooooooon.

OO0 [B00,IRDTO0O0O0OOOOOOOOOOOO
goooooooobooooboooooooooooon
ubooo.0oboo,0co0o0cboboooooooobooon
goooodooo,0o0b0oooo0oooo0oooooo
gbooooooooo.oboo,boboooobooo
goooobodoooooboooooobooobooonog
gbo,000b000oc0ob0ooboobooboobOoooo
gbooooooooooooooo,ooooboooao
goooooooooooooooobooobooonog
gbooooooobooobooboooooooooon,
gbooooobooooooo.oo0oooooooooo
gboooooooooooooodoo,ooooboooao
gboooodoooooooboooboo.ooooooo
gbooooobooooobooboooooooooon,
goboooodooooboboooooobooonooonog
goooodooooo,0ocoo0oocoo0oooooo
goboooooooboodooboooooooooooon
oooooooo.ooo,IRbTooooooooon
gbooooooooodooooooooo,o0b000a
gooooooooboodooboooooooooooon
gooo,0b0o0oocoboobooboobooboooo
gooooooooooooocoooooooooooon.
oooo,0booooboobooboobooboooboo



goooboooogoo
IPSJ SIG Technical Report

ooboobooooobooooobooooo,booobooon
oooooboobooooobooobo.ob,00o0oooon
uoboobooooobooooo,cob0ooooboooaoa
oobooobooooobooooobooobooooboooa,o
oobooboooooboooodooboooboooobooog,o
ucbobooobooooooobooboooooboboooboan,
ooooobooooooooboooooooooboooOoon.
oooo,00o00oo0o0oocoo0oooo0oooooa
oobooooboboooboooboooobooboOooobooooo
ooooo,0ooooboocbooooooobo,ooooo
ooobo,b0ob0boocobooboobooboobOoooo
ooo.
gooooooooooboooboooboooogooo
oboobooobooobooboboboobOoobobOon
oobooooobooooooboo,o0ooboooooao
obooboobooobooboboboobOoobobOon
00000000 GEDIRO IRDTOOOOOOOOO
IRDT-GEDIRO O O0OOOOOO [4]. IRDT-GEDIR OO,
oboooobbooobooooooobooboOooooooo
oobooboooooboooodobooooboooo,obooon
ooboobooooobooo.ocoooooooooooo
oobooobobooooboooooooobooboooobooooo
o,0o0bobooobooboboboboooobo,booo
ooboobooooooboooooboooobooooboo,booo
oobooooboocoooboooboooobooboooobooooo
uo,go0oooocoocoooocoobooboooooo. o
ooooo,0o0oo0boooo0boooo0oooooa
oboooooo.ooo,cooboobobooooboao
oobooboooooobo,ob00booo0oboooooon
oboooobobooobooobooooooboooobooooo
o,0oobobooooocoboooon.

3. 0000

3.1 0000OO0O0OO0OoobooOooboooooo
IRDT-GEDIRO DO ,00000000000000C0OO
oooOoOoOo0ooooooooOoOoOOO0O0 IRDTOOOO
ooboooobbooobooooooobooboooobooooo
000000000000 GEDIROOOOOOOOOO
oobooboooo,00b0oo0oo0boooo0oooooa
oboooboooobooobooboobobooobobobo. oo
0,0000000NO00000O0000 N;00000
oooooOooooo,0o00000000 N;O0000
oobooooooOoOoOoO0. 00 N;OoOOooooooao
ooooo,0oo00o0o00o0000,0000, Nv,000
obooooboocoooboooboooobooboooooooo
oooooboooooboooodooboo. oogo,o0 200
oooo,00o00oo0o0oocoo0oooooooooa
oobooboooo,00b0oo0oo0boooo0obooooo

(© 2016 Information Processing Society of Japan

Vol.2016-DPS-167 No.4
Vol.2016-MBL-79 No.4
Vol.2016-1TS-65 No.4
2016/5/26
gooooooooooo,ocodo,0oco0ooooao
gobooooooobooooboooooooooooon
gboooodoobocooooocooboooooboo,ooo
goboooooooboodooboooooooooooon
gbo,0o00b00ocoboooobooboobOoooo
gobobooooooooo.oo,03b0b00000,00
gooooooooboodooboooooooooooo
gbo,000b0000c0ob0ooooboobooboooo
gobooooooobooooboooooooooOooon
go,00000b0o0oboocooo,oo0o0,o0000
goboooooooboodooboooooooooooon
g,0ooobocoooboooooooooon.

DATA

- ——————————

Ns T NS

A

02 0OOOooOooooooooOooooooo

EIEEREAE

03 ODO00oO0OO0oO0OOO0OO0OO0OOOOOO0OO0OO0OO0

3.2 J0O0O0OO0OO0OOO0OO0O
3.2.1 OO0O0OO0OO0O0OO0O0O0OO0
IRDT-GEDIRO O, IRDTOOO0O00O0OO0OOODOOO
gooo.ooooboo,oboobooobooboooboaoon
goboooooooboodooboooooooooooon
u.oo,0oooo0ooooobooooooooooon
goooo,b0ooocobooboobooboobOoooo
000000ooooooooD SeqOO0ODODOODOOO
u,0b000oooboboocoboooocobooocooaon
ReckOOOOOO0O0O0OCO.O0000000000O0OC
000,0000000000C00000000 DackO
gooooooooo.oooO,0000000 NyODBO
ooooooooooooobooooooooo N, O, N,
goboooodooooboboooooobooonooonog
obo,000b0oooobooooboobooboooboo



goooboooogoo
IPSJ SIG Technical Report

0000000000000000000000000
0.0000,N,00000000000000N,00
000D0000D00000D0000. 000, N,O00 N,
00000000000000000000000000
000000 ReckDO0DOOOD N, 00 N, 000000
000000000,N,000000000000000
0.000,N,0 RackO N,0ODDOOOODOOOO
00000000 N,000000000,N,00000
00000000000000000000000000
0ooo (3 4)

AN
N; -
| |
b
| |
L Rack
N, ¥ q | I,
|
i I * Dack A
| |
: i DATA !
|
Ns #,
Sreq T

EEERREE
04 ReckODOOODODOOODODOOODODOO

322 0000000000
Reck00000D000D000,0000000 N,O0
000000 N,0,N,000000000000000
00000000000000000000000000
00000000000000.000,N000000
00000000000000000000000000
00000000000000000000000000
00000 (05). 000,N;0N, 0000000000
0000,00000000000000000 N,O00
00 |N.Ng < |N;N 00O0OD0O0,000000000
N;00000000.000,GEDIRODOOOOODDO
00000000000000000000000000
00000000000D0000,0000000000,
IRDT-GEDIRO O, 0000000000000000
0000000D000000000000000,000
00000000000000000000000000
0000D0D0000000D0000.00000,000
00000000000000000000000000
00000000000000000000000000
000D00000,00000000000000000
00000000000000000000000000
ooo.
IRDT-GEDIR OO, 000000000000000
00000000000000000000000000
00D0,0000000000000000000000
000D0000D00000000000000000. O
00000000000000000000000000

(© 2016 Information Processing Society of Japan

Vol.2016-DPS-167 No.4
Vol.2016-MBL-79 No.4
Vol.2016-1TS-65 No.4
2016/5/26

ER
N . -
.
| |
L Rack
N, _t q || I,
i | Dclzck A
i i DATA |
|
Ns #,
Sreq T
EEERFE

05 ReckODODOODODOOODODOOODODOO

00000000000000000000000000
0000000,000000000000000000
000000000.000,06000000,0000
000 Sreq 000000 Reck 00000D0D0000DO
000. Reck 0000000000 O00O00ODOOOO
000000000000000,00 ReckOODOODO
000000000000000000000,0000
00000000000000000000000000
ooo.
e [N.Ny4>|N;NyjOOD,N, 00000000000
ooo.
e [N.Ng <|N;NyjjOOD,N, 00000000000
oooo.
00,Reck00000000000000000000
0000000, Reck0000000D0000O0O0O0O
000000D0000000000.0000, Sreq00
00000000000000000000000000.

=
v

!

1

|

| |

i Rack+Nd,NrD L&

} E ! Rack
i L DATA |
i ¥
Ns T
A Sreq+Nd DELE
BEEREE

06 O0O0D0O0OO0OO0OO0OOOOOOOOOOOOO

oobooboooobooooobooooooo,oboo
000000000 DeckOOOOOOOOOOO,00
goboooooooboodooboooooooobooooon
gboooo.0ooboooooboobobooboooooon
gobooooo,00ocob0ooocobooooooboooaon
coboooocoboobo.ocoooooooobooobooo
cboobooooooboboooboooooobooooan
cboobooooooboboooboooooobooooan
cooobooo,coobobcooooooooooooon,
IRDT-GEDIROOOOODOODOOOOOOO0O0O0O0OO
oOo,00o0000ooooooboooooboooooon



goooboooogoo
IPSJ SIG Technical Report

0000D0D000000000.000,0000000

00000000000000000000000000

oooooooog.

[DO0D0D0O0O0D00O00]

() 000000000000 N;0,00000000
000 N, 00000000000 ReckO0O0DODDO
000D00000,000000000000000
oooooooo.

|NiNd|<|NTNd|
(NOOOODODOooooooooooo)

(2) Nv;O, N, 0D0ODO0OOOOODOO DackDODOO
ooboobooo,00ob0ooooboooocooaoo
ooboooooo. o

3.23 RaeckOO0000O0O

gboooooooodoo,0oo00b00000000a0

oboooobboooobooooooobooooobooooo
oobooboooooboooooboooobooo,ooobooon
ooboobooooobooooobooo,ooooboooao
oboboobooooooooboo.ooo,0b00000
ooboobooooobooooobooo,ooo00obo0ooao
0000000000 ReckOOOO0O0O0O0OOODODODO
oboobooooooooooooo. boobooo
oooooOoooOooooOboOooOoO0oD0OO0O0,D00 Rack
ooboobooooooboooodoboooobo,obooobooon
ooboobooooobooo,0boooooboooooon
obooooboboooboooboooobooboooooooo
tboboooooooobobooobo.oooo,bo0on
ooboooboooobooooboooooooooon.

Oooo0O,0000 ReckOOODODOOOOODOOODOO

o,dbobooboooobooboobooboobOoooo

DeckODODOO0O0O0O0OOOCOOOOOOOOOCDOOOO

oboooobobooobooooooobooboooobooooo

ooooobooooo.ovobooooo,ooooooon

O ReckDO0OOODDOOOOCODOOOOOOOOOOO

000000000000 ReckODOODODOOOOODO. O

OO0, Reck00000O0O0O0O0OOCDOODOOOCODO,OO

000000000 ReckOOOO0O0O0O0O0OOODODODO

U.0boobooocoboooooobooboobooboooobooon

oobooooboboooboooooooboboooooooo

oobooobooooobooo,0boooooboooooon
ooobooooboocooboooooo.oooooooa,
oboooobbooobooooooobooboOooooooo

000, Reck0O0O0O0O00O0O0O00O0. ReckOOOODODO

ooboobooooobooo,0boooooboooooon

OO0O000Oo0O0000.00000 ReckOOOODOODO

00000000000, ReckODOD0OODOOOOO,0O

00000000000000o00o000 ReckODODODO

(© 2016 Information Processing Society of Japan

Vol.2016-DPS-167 No.4

Vol.2016-MBL-79 No.4

Vol.2016-1TS-65 No.4

2016/5/26
goooo,bo0ooocoboobooboobooboooo
00000 DeckDOOOOOOOOODODOO,00O0O0
gboooooooooocobooboooobo.oo,o000
00,000000000000C0000000 RackOO
gbooooooooooooooooobo,oo00bo00ao
gboooooooooco.boooo, 00000000
goboooooooboodooboooooooooooon

gooo.

N; | ;
Rack+N4,Nr0)1f{.|E !
I
I |
N | 4 to
i Rack+]\{d,Nr0)ﬁ'LE ! |
Ny L *,
I 1 X
: | Dack
I | DATA |
Al Ad Ad
Ns T
Sreq+Nd DELE
EEERHEE

07 ReckOOODDOOODOO

3.24 0O000O0O0OO0OOCOOOOCOOOOOOOO

oobooboooboo,bocguooouoboooooboooan
000000 Reck OO0OO0O0O00O000O0O0O0O0O0O0O
0000000000 ReckOODODOODODOOCOODODODO
gobooooooooooooobooooooooo.oa,
oooo0O000 ReckODDOODOOOOOOOODOODOODO,
gooooooooboodooboooooooooooon
goooodooo,0o0b0oo0oo0oocoo0oooooo
goooo,bo0oboooboobooboobooboooo
O0.0000000000 Deck OOOOOOODDODO
gbooooooocooooocooboooooobooo,ocoon
gbooooooooodobooooooooooooood
goboooooooboodooboooooooooooon
ugbo. 00booo,00o0cboboooooooooboaon
goooo,boboocoboobooboobooboooo
goooooood.

ii

[}
Rack+NId, NrDLE

|
|
|
|
I
Ad

=
—
;I

| —————

Ns T
A Sreq+Nd DELE
REIEERFE

08 ODOOOOOODOOOODO

ooO,pj0oo00ooo0ooooo,o00oo
000000000o00o0oo0o000000 DeckODOODO
gobooooooobooooboooooooobooooon



goooboooogoo
IPSJ SIG Technical Report

ooboobooo.obobooooobooboobooboooobooo
Oooo NgOOOODOOOOooooooooooooo
ooooo,0o0 NgOOOoOoooOooooooooo
ooboooobooobooooooon.

N,OOD0OO = (IN;Ng| — |N.Ng| + R)T
(TOOO)

4. 0OU

cobooboocobooooco,00o0coo0o0o0ocooaoo
ooboobooooobooooobooooboo,booobooon
ooboooobbooooboooboooobooboOooobooooo
coboobooooooboooobooooooooboOoooo. o
ooooo,0o0oo0boooo0boooo0oooooa
ooboooobobooobooooooobooboooobooooo
oooooooo.ooo,oco0oooooooooooo
OO0O000OO0O000000000,000 ReckOODOO
obooooboocooooobooooobooooooooo
obooooboocooooobooooobooooooooo
oooodo.oooo,101oomboboocooooon
obooboobo 1ombOOO00O0O00 s00-3000000000
obooboooobooboooo.oocobooocoobooo
oobooobooooobooooobooo,ooo00oboo0o0oao
ooooooooo. ooo,bcooooooocoboogo
O,0000000oooooooo,10)oooooo
gobooboobo,booooooboooboobooobo. b9
gboobdobobooootbbbobooboobooooo
oobooooboooboooooobooboooobooooo
oooooobooo.oooboooooo,ooooobooon
000, Reck0000O0O0O0ODOODDODDOOODOO, O
ooooobooooooboooobooooooobooo.ooo
OO0 IRDT-GEDIROOOOOOO, 00000000
0000000000000 52%, 000 ReckO0DOOO
O0000o0o0o000oooooo 1220%00000000
obooobooooboooboobob. oo,01w000
ooboooobooobooooooobooboooobooooo
O0. 000000 IRDT-GEDIROOOOOOO, OO
oooooOoOoOoOoOoOOOOOOOODOOS5.0% 000
Reck 0D0O0O0O00DDOOOOODOOOOD 14.1%0
oooooobooooooobooooboo.ooooooo,o
ooboooobooobooooooobooooobooooo
oooooooboooo.

5. oogoooou

00000, IRDT-GEDIRODOO0OO0OO0OOOOO
ooboobooooobooooo,cob0oboooboooao
tboboobooooooooboooooboboobaan,
ooooooobooooboooobbooooooo.ooo,

(© 2016 Information Processing Society of Japan

Vol.2016-DPS-167 No.4
Vol.2016-MBL-79 No.4
Vol.2016-1TS-65 No.4
2016/5/26

3t —— IRDT-GEDIRF & |
o —— BER Y V2 —)LEFEIC & HHLIRIRDT-GEDIRFi%
. —«— RACK#5i% % i % 7= #E3RIRDT-GEDIR F 3%
=)
2
)
3
&
1
1000 2000 3000
|8/ — R
09 0o0ooOoooogo
50
%40
£,
X
b
=
YR30
("}'/ ’ . IRDT-GEDIRFi%
- —x— BEIR T D1 — )VEEIT & HHERIRDT-GEDIRF ik
20 ¢ —— RACKEZ:% % M % 7= #E3RIRDT-GEDIRF:i% ]
1000 2000 3000
|8/ — K

010 O0O0OO0OO0Oooooooooo

cobooboocoooboooooooooooo,oooon
00000000000 ReckOOO0O0O0O0O0O0O0OOO
gobooocobOoooooboo.0oooo0oooooo
cbooboodooooboboooboooooobooooaoon
coooooooboooooooo.ooooo,o0o0o
cobooocoboooobooooobo,ooocooao
ooooooooooooo,0o0oo0 IRDT-GEDIR
cooooobooboobooooooboo.ooo,0o0b000
goooodooooo,0ocoo0o0oocoo0oooooo
oooooo.

oooo

[1]  Hatauchi, T., Fukuyama, Y., Ishii, M. and Shikura, T.,
“A Power Efficient Access Method by Polling for Wire-
less Mesh Network,” Transactions of IEEJ, Vol. C-128,
No. 12, pp. 1761-1766 (2008).

[2]  Jurdak, R., Baldi, P. and Lopes, C.V., “Adaptive
Low Power Listening for Wireless Sensor Networks,”
IEEE Transaction on Mobile Computing, Vol. 6, No. 8,
pp- 988-1004 (2007).

[3] Kominami, D., Sugano, M., Murata, M., Hatauchi, T.
and Fukuyama, Y., “Performance Evaluation of Inter-
mittent Receiver-Driven Data Transmission on Wire-
less Sensor Networks,” Proceedings of the 6th Interna-
tional Symposium on Wireless Communication Systems,



Vol.2016-DPS-167 No.4

Oo0o00oo0ooon Vol.2016-MBL-79 No.4
) Vol.2016-1TS-65 No.4
IPSJ SIG Technical Report 2016/5/26

pp. 141-145 (2009).

[4] Kumagai, S. and Higaki, H., “Low-Power and Shorter-
Delay Sensor Data Transmission Protocol in Mobile
Wireless Sensor Networks,” Proceedings of the 6th In-
ternational Conference on Advances in Future Internet,
pp. 26-34 (2014).

[5]) Watanabe, M. and Higaki, H., “No-Beacon GEDIR:
Location-Based Ad-Hoc Routing with Less Communi-
cation Overhead,” Proceedings of the 6th International
Conference on Parallel and Distributed Computing and
Networks, pp. 14-20 (2007).

(© 2016 Information Processing Society of Japan 7



