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Abstract

With the explosive spread of IoT mobile devices, a plethora of research efforts to improve the performance of
wireless connectivity such as WLANSs, Buletooth, and WPANs has been widely studied. In this paper, we introduce a
method of enhancing the energy-efficient data transmissions in WSNs by employing an advanced preamble detection
scheme named Message-In-Message (MIM) in wireless sensor nodes. Sensor devices equipped the MIM feature in the
preamble of the frame may have more concurrent transmission opportunities than the legacy IEEE 802.15.4 based
devices, resulting in minimizing the energy consumption by eliminating the unnecessary power drains due to the
transmission delay. We perform the simulation applying the commercial sensor chipset setting values and the results
shows that the energy efficiency of the MIM-aware sensor nodes is up to 30% higher than that of the legacy
802.15.4 devices.

Keywords
wireless sensor network, message-in-message, capture effect, 802.15.4, energy efficient

* AR Y EY AR AdATY - Received: Oct. 11, 2020, Revised: Nov. 14, 2020, Accepted: Nov. 17, 2020
- ORCID: http://orcid.org/0000-0001-8226-6440 » Corresponding Author: Young-Myoung Kang

Staff Researcher, Network Business, Samsung Electronics, Korea,
Tel.: +82-70-7652-7855, Email: kang.youngmyoung@gmail.com


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2020.18.11.67&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

68 IEEE 802.15.4 AlA

.M 2
loT(Internet of Things)®] FFOE FA 7]7]E0]
E‘%ﬂoi syl Q= 7hed FARe 45S
PIA7IE A7 AEHOR o]oA L Yot 4 &
o}, IEEE 802.11 FAl@lojAx:= E}"kﬂ o R

Auto]l AAMI A AEAYLS F&H0Z A}
staAt s A7t sl JAYHT Q)
Shbe] AP(Access Point)E 402 o 7

o rx

: ol:o —{EI il o°1' J

|_|

9] %E} | E7} associationst] F2Fsh= FA %ﬂ_ﬂr
9] FAolA Rt o2& tiFY AA =

2 FA5HE T4 AA HESIANA 22t ’Ei]
A =EES dEsta A HeolHE Afdie
AL A3s oy dolth. E3k vl g E 7o
2 FAshe A AMEY duA 283 Ase
Ao FHE FINE F de F83 Z]EIJ}
Hoh. B Aol A= 24GHz HHoNA F2ehe

A A HENFY A% B&S A YA
ke = ks

2

A'd ZFA|(CCA, Clear Channel Assessment)S A28}
of O =27t A% FUAE g0 o5 Al
02 dso] stk A4S w Aale] Ass A&
3t} o|9} H|s3k 92, [EEE 802.118 AM&at:s
el tiEAA MAC ZEEZS DCF
(Distributed Coordination Function) A &Y% o]+
2 AL r Zl'}ij“’]' ZE2 A3 AL AE vkA

FA W7EE Aol BEAHAQl A5 (Signal of
interest)7} %3t SINR(Signal to Interference plus
Noise Ratio)& 7FA]1L 7HdAl S (Interference signal)
Yy WA EFsiAY S MASY ZHdE
(Preamble) A1ZF Woll =2kshd EAIZ] #AA &

wCof A3 WAAAHAA 7IYe T ouA E&F Elolg HE

oH :C‘)'— O] 7(4

IH(Physical layer capture effect)S
Fol 7hEsith318]. e, HAAIH AR (MIM,
Message In Message)9] 71s°] TF@Hol Qe
Qualcomm AtherosAte] HA[7]& AHgsl= 741 &
7t A% HRHE ZIdE ©RA]7]&(Preamble
detection)®] EFZ <l <=3 AE7} FEF
SINRZ: (dl, 10dB)S 7M=& A5 1t Az
A AL o]Fel EFSE AA7F 2 Sln
(°]E MIM Capture Effectz}i S}, 18 25 A
A gfﬂﬁl—«l HA et MIM 7439 zpo]E H
3l MIM A 7hsd AAgk

(& ru

2 =RdAe dE ZEdE 24X 71HE
¥ IEEE
802.11 FXeMelA 9] 7]EAF6][8]E IEEE 802.15.4
EIREZS Aok FA AN vEY I 56
o ozl &S vlolE AFo] THeHEE S

CC2531 USB Dongle

, -

Backoff

. ‘ Data ‘ Ack
Device A

Device B ]] j]

CCA

T8 1. IEEE 802.154 #M'E &X| 7|5
Fig. 1. IEEE 802.154 CCA

Interference |

Signal of Interest ‘

(a) PHY Capture : Success at higher SINR (>=10dB). An signal of interest
should arrive within the preamble time of an interference signal.

Interference

(b) MIM : Success at higher SINR (>=10dB). An signal of interest can be
decoded even if it arrives after the preamble time of an Interference signal.

Signal of Interest

8 2. 22(AE WA 2 MM A
Fig. 2. PHY capture vs. MIM capture



Journal of KIIT. Vol. 18, No. 11, pp. 67-72, Nov. 30, 2020,. pISSN 1598-8619, elSSN 2093-7571 69

ghol R 7] U‘EE}[IO][II] oebA, 2

< IEEE 802.15.4°] %44‘12% Zan °é—% # e
1=

A &R FH o]5& BQsly] S Az 2d
= 5% %H% Pstal Agdolde Tl Hs

Z 5

2 ] o7} e & 4 Qi
B2ojdd A3 MiM-aware
ZIES T “*d AA =ES0] CCA 71t &
QF FAHEO] 7Hsste 7] IEEE 802.15.49 A%
Walo] wls] oF 30% =Y AuA 7 &9
Hoj&g gelstqirt. ?&J‘iﬁi H]°]E1 g AAA

=% ﬂt} 270l A= 802.11
71He A MM HES
Sttt 3o A= oA &
A AL, 47l A= AlE

A e i

111

SR

=4

:
it
e e o rkr m

o

SN2
rr
.41

MIM 7%5< ©l3i8l7] 93X IEEE 802.11 =
#d FA Aol gt olsizt Bastth Od 3
FeA 802.11 MAC ZEd 4l s AHdt.
"‘/\]Z]. 01}%]—0]]&-]1:— E{;’ﬂotl S 7(6]}\]-}(4
A3l e
of gt} “ﬂ""b‘% ZY e Az
2t B3 AsiA ARE 1jr =8 =eh
% (Physical layer) 3IT] ARE ¢lojA BIEHIE
(bit rate) E ZEH Yo 4 C’](Frame length) &
HARE A3, HYEHE (Parity bit)ol] A7} gt
A oHolE S FAlE] HelA g el AEE
Al EE=(Receiving state)Z UAHAIZITE o] “FE|7}
HH 7)EY] WEE o oY ZYFES ©A
A gk=th o] ZYPE Lock On dejetr ¢
gt

i}

. Detects and measure signal energy

. Timing Sync.
P bl PHY MAC MAC
FEAMBIE header Frame CRC

. Read bitrate, frame length info.
. Parity hit check
. Go into Receiving state (Lock on)

T8 3 |EEE 80211 FM# =gl =
Fig. 3. IEEE 802.11 WLAN frame structure

A shtel ZEde Alstr] AlZRehd A=

& A% ZAe] 2HAE AEE 2ede A
.

A g9t wE MM 715S 83 dvles
g ezt 41 e EMC ALEHOZ A2
- ZYPES FAE Utk JYHEE Ao &
A7} ohd ZY YL FAlsHE =T AMZE
g 2P S SXT A AU ZE Y-S HE
1 AEL ZP Yol Asrisetd F4s ARE
T Ut

22 |[EEE 802.154 =g|&! = 2 MM M &

ﬁo}oq CCAE &
ato] FAH O] 7} A & &
SAAE 715 8T + Yok jﬂ
HE 2EZ9] ¢A|(Bit stream sequence)Z T-4 5]
574 o] A A AAdA ATi(Correlation
coefficient)®] <=7HQl W3S S3 &AT F Qe
o @ ZEEs gAst® ALH o7 F7}
ZQRE EAE & F J=EE zYgE 75
(Engagement)S EF+ ©

Aolth. FAAE gk A7)

g3 vgsE 14_5]_ Z

o] th3t Elo] & 4!

< WA "ot MIMS T3] fEiME HA
A% Aetal ddshes ¢arElse] s

] < FEN] A% BE Fdo] a3t
o] < stEdlol WA §lol MAC AF Hel
TR ® AHed F U

5.:
rr
n:‘:“:

2d %
E
UO

E} |
e



70 IEEE 802.15.4 A4 ol 283 mAARINAA 7HE &

PHY protocol data unit(PPDU)

Start-of-
SO Packet PHY PSDU
- header
delimiter
6 bytes

J8 4. |EEE 802.154 #M'E &X| 7[5
Fig. 4. |EEE 802.154 CCA

MIM-aware Packet PHY
Node A -
delimiter | header MPDU
MIM-aware Packet PHY
delimiter | header MPDU

CCA Concurrent TX

—

Node B

18 5 |EEE 802154 M &X| JIs
Fig. 5. IEEE 802.154 CCA

B =R A PythonoZ MIME 33l Odi—
Al QL BAE JFestA skt (1112

15k 24GHzOIA 0-QPSKE 7|52 2 2-3dB A
ool A FAeEE WA YAFS HAsAT FA
Ao Ao vRIAE FA AMRAE A
A A A 04%%% 134 5t %ET”O] e
t}

rot
re
[
oy
o
> ©
2 o
=
o{l
=
S,‘i
=)
o
2
_>.1_¢
o,
als

b &
°1+N
O
Z
foi
j_
=)
2o lO

fo et oy

Ny
oz >
>
2
=l
Au)
o
to > o W o |
o
g

o
|t
tlo
>,
[

T,
s
i)

B ZAe [12[& 7R Uz 2ds A
Aghal EAGTE NS wE2 FA"E A AN
HESAE 7M. 4249 =te A9 QEE
A5 fzle 43T gu e dee 7=
OJ3}al {transmit, receive, listen, poll, sleep!, "|Z‘|1_¢]
FEHAA B9 AR ARG JdUAE 44 P,
Py Pigens Poois Puicey™ 27130 & AlA7
sleep FeellMe dUAE STt o 7‘474] &

= A4 Aegt 7 g el

\I

ol
- —|—‘u

i

52
=i
T

AR UA7E ARHBEE HE AdE)(Transmit),
FEl(Receive), 18]11 8 Ao mizs

FA A

NLE A T, 7, T, = 510 o) §E
2 25 1z9 i3k A7eZ A 8HNormalized) 3
o B4 ARES QAgELS Al kT

CC2420[13]1¢] 1% 69 Data sheetS a3},

symbol | Meaning CC2420
Py Power in transmitting 52.2mW
Py Power in receiving 56.4mW
Piteep Power in sleeping 3 uW
Pyoir Power in channel polling 123mW
T, Channel polling period Varying
Tdata The time of sending one data packet varying
Topt Avg. time to poll channel 2.5ms
75 Time to send/receive a byte 32 us
Tiseg The time ot‘ send.m'g a short preamble | yapying
Titisten The time of receiving a ACK packet | varying
Ldata Data packet length 30byte
Lyseg Short preamble length 20byte

%l 6. CC2420 data sheet
Fig. 6. CC2420 data sheet

shte] AA ==t AREE HEE duAE
olgjo] Aoz FHAT

E= P T +RI:Z—;I+PPOZZTPOH (1)

3

AA EE7b FA Al e AR Zds
A5 HolE A% Ae GolmE ofelsh
2ol Fajzith,

th.’I: = )\( ]}) + Ldata) (3)

Zb xel EY FUI7F 99 &3E(Uniform
distribution) & ™EThaL d} =
T/2 ANZF st EE] WES WA Hoh mebA
receive AE|O] HF2E ARRE T 2.

sl
4>
>
Y



Journal of KIIT. Vol. 18, No. 11, pp. 67-72, Nov. 30, 2020,. pISSN 1598-8619, eISSN 2093-7571 71

T,, = AN(T,+ Ty 4)
A Q-@F 4 (Dol st duA] AR FF
o] T3tk

Iv. 845 &7}

o] AlEHo]HoHe= N = 100002 1AHSFAL
HYZ Ato]zo] ME F5 WIE BI] 98 50 =
= 150 bytes 7198 A& AFH=F AHSHA
o} =3 AAF7E HIAZAA 802.154 W)}
M 7I5s "A 71719 A AR v
ST TR HlwE s AA e WA A
o] &2Eg duAE vt dukskd F
(Quewe)oll &4 Ao Atkarl 7143HE MIM 7%
o= Q3 FAXES BT o B A HF]
dojupa oyA] ARV} Eold Ao 4T 4
A7 wzolth o] AEE Hall Pythons o] &5l
MM ZBE BA7EE T8ty AR g
CC2420 [13]= AH&-3t5th

AN Ade I8 78 T8 8 ok 9
A A F717} #olAE HolHE T %ol Hujy]
A3l A AR I7kst. 28y g2 s
o] & AF e AF A dEe
802.15.4 WAo] Hlsl MIM Ag A =EEL 4

=ro| ZEPE AR ZgEa viE
at7] wzo AF 7|2 AT A ARE

% it

=

te ofy ri
N

—e~ 802.15.4(D=50)
—— MIM{D=50) -
—a— 802.15.4(D=150)

8

= MIM{D=150)

=1

Energy (m))

ey
o

Packet Generation Rate (A)
O 7. | X &2 H|w
Fig. 7. Energy consumption comparison

£
0
krt
N
of
T
n
o 0

tlo > hu o R

Ags= dolH  =v|7 50904
150bytes® =9 7Z-Fol thellA Amgch wolH
ARO]Z7} 150bytesZ AFOZ Q) HE 95 ¢
o] ALgsjof 37] W&ol S0bytesE AL ¢
Hop AAHS ouA] ARFS o Boles ¢
4 Ak I8u 150bytes AO]RE R o=
S0bytess HA wfol] wE] A Adf wgo] 2F
ol AXA 802.154 23 MIM Ato]e] Apo]7t of
10% A% FF07 Zojt: AL AFT F gk
AA A A HEYIAM Agshs dolg A
O|ZE 50 bytes FEOE o= AS AestH
MIMS 283 A AAHOE o 30% £
]

=2 T
YA 228 29 F d& AR 7|E + Stk

V.

LN

2 3 &= A
B =RoxE [EEE 802.154 Z# Yo AR

B 24 7% MIME A &35= U o)
A =3tk MIMS A&t FAIRE 713]7F
H Uil H3 CCAE 53 Back-off 3= 59
o] uA £EE e F Jdus AHo] Utk
PythonO. 2 AJ§37-& FE3IIL AFE CC2420 A

o AAge WFste] Algdelde 3 23 MIM
s AL AA =EEY oA aRF] 7]

A vlejA 30% FEOE FHadhe

References

[1] H Lee, J. Kim, C. Joo, and S. Bahk,
"BeaconRider: Opportunistic Sharing of Beacon
Air-Time in Densely Deployed WLANs", IEEE
27th  International Network
Protocols (ICNP), Chicago, IL, USA, pp, 1-11.
Oct. 2019.

Conference  on



72 IEEE 802.15.4 414

[2] J. Choi, "Detection of Misconfigured Wi-Fi
Tethering in Managed Networks", Applied
Sciences, Vol 10, No. 2, pp. 7203, Feb. 2020.
https://doi.org/10.3390/ app10207203,

[3] A. Kochut, A. Vasan, A.U. Shankar, and A.
Agrawala, "Sniffing out the correct physical layer
capture model in 802.11b", in Proceedings of the
12th IEEE International Conference on Network
Protocols, Berlin, Germany, pp. 252-261, Oct
2004.

[4] J. Lee, W. Kim, S. J. Lee, and D. Jo.,, "An
experimental study on the capture effect in
802.11a networks", ACM WinTECH2007, NY,
USA, pp. 19-26, Sept. 2007.

[5] N. Santhapuri, R. R. Choudhury, J. Manweiler, S.
Nelakuduti, S Sen, and K. Munagala, "Message in
message (mim): A case for reordering

transmissions in wireless networks”, in HotNets
VIIL. Jan 2008.

[6] J. Manweiler, N. Santhapuri, S. Sen, R. R
Choudhury, S. Nelakuditi,
"Order Matters:
Wireless Networks", IEEE/ACM Transactions on
Networking, Vol. 20, pp. 353-366, Sep. 2011.

[7] Qualcomm  Atheros https:/
www.qualcomm.com/ [accessed: Oct. 10, 2020]

[8] Y. Kang, J. Yoo, J. Lee, and C. Kim, "A
distributed message in message aware concurrent
transmission protocol in IEEE 802.11 WLANs",
EURASIP Journal on Wireless Communications
and Networking, Vol. 2, Article number: 325, Oct.
2012.

[9] Jan Boer et, al, "Wireless LAN with Enhanced
Capture Provision", US Patent 5987033, Nov. 16,
1999.

[10] X. Ma, P. Zhang, O. Theel, and J. Wei,
"Gathering data with packet-in-packet in wireless

and K. Munagala.

Transmission ~ Reordering in

communication.

sensor networks", Journal of Computer Networks,
Vol. 170, 107124, Apr. 2020. https://doi.org/10.
1016/j.comnet.2020.107124

wCof A3 WAAAHAA 7IYe T ouA E&F Elolg HE

[11] M. Zimmerling, L. Mottola, and S. Santini,

"Synchronous  Transmissions in  Low-Power

Wireless: A Survey of Communication Protocols

and Network Services", arXiv:2001.08557, Jan.
2010,

[12] Y. Kang, S. Lim, J. Yoo, and C. Kim, "Design,
Analysis and Implementation of Energy-efficient
Broadcast MAC Protocols for Wireless Sensor
Networks", KSII Transactions on Internet and
Information Systems, Vol. 5, No. 6, pp. 1113-
1132, Jun. 2011.

[13] CC2420 Spec. https://www.ti.com/product/CC2420

[accessed: Oct. 10, 2020]

SN

4 9 9 (Young-Myoung Kang)

20004 8€ : AAHstw
AFE Fet3) (o]‘d/\]-)

20039 2€ : A&diga
A71AFE S (F8HAA

%\ 2003 1€ : LGAA (97-¢)
2013 2¢ : Aerjstw
A7) 75 53k (3

2012'd 99 ~ FA : AR (A7)
ARk AR, HolH 24, #Add, FAFA

v




	IEEE 802.15.4 센서 노드에 적용한 메시지인메시지 기법을 통한 에너지 효율적 데이터 전송
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. MIM 프리앰블 탐지 기법
	Ⅲ. 브로드캐스트 시스템 모델링
	 Ⅳ. 성능 평가
	Ⅴ. 결론 및 향후 과제
	References


