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IEEE 802.15.4= TDMA(time division multiple access) W42 F2s}= LWPAN(low—rate wireless personal
area networks)¢] EZ&o|th. 2]} IEEE 802.15.4+ QoS(quality of service), 34, 284 S A ko] it} 7]
Z [EEE 802.15.4914% QoS A1¢-E& 9J3ke] GTS(guaranteed time slot) S AHE-3I}:, Z2)u} GTSE HE] & 8740
A B ZA59] QoSE BHEEAIZ)71 EAR] o] ofuH, Y] Faka Add tig % gloh o]yt
Ak xRS Hebs)7] 9)ske] IEEE 802.15.49) MAC(medium access control) HA1Z=< 73)s T30 24 [EEE
802.15.4e7} 7 Foltk, B =Fol X EEE 802.15.4e014 HE) g, BE] & 8739 0 A7 A A9S
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Abstract

IEEE 802.15.4 is a standard for LWPAN based on TDMA. IEEE 802.15.4 has not been used widely because
of restrictions on the QoS, scalability, and reliability. IEEE 802.15.4 utilizes GTS for one-hop QoS transmission.
However GTS is not an effective method to satisfy QoS in multi-hop environments. Currently IEEE 802.15.4e,
an extended version of IEEE 802.15.4 MAC sub-layer, is being developed to satisfy more diverse performance
requirements than IEEE 802.15.4. IEEE 802.15.4e provides muti-hop QoS transmission functionality and uses
multiple frequency channels. In this paper, a multi-channel TDMA scheduling scheme is proposed to satisfy
end-to-end transmission delay in IEEE 802.15.4e. The performance of the proposed scheme is evaluated using
simulation.
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Fig. 4. The proposed method for allocation of slots and channels
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Table 2. Simulation Parameters.

shebv ] a
Number of channels 5
Channel frequency 24 GHz
Pathloss model Two Ray
Shadowing model Constant
Shadowing mean 4.0 dB
Fading model None
Transmission Power 3.0 dBm
Modulation scheme 0-QPSK
CCA mode Carrier sense
Antenna gain 0.0 dB
Temperature 290.0 K
Noise factor 10.0 dB
Beacon order 7
Multisuperframe order 6
Superframe order 3
CFP slot 7
DSME slot 56
CBR transmission node 60
CBR required slot 144
CBR transmission interval 1 sec
CBR packet size 126 Bytes
CBR Throughput 1008 bps

V. AlZg|ofd Zit
4-1. Al=gfo]d &4

A& O)EE Qualnet 5.025 AME3lIYoH FQ
|EdgolAd gelnHEL ¥ 29 2tk Eg A
S $J5ke] 3-8 A=l CBR(constant bit rate) ©]=2]
Aol e AMSIGT AF A2 UDPE AHE-SIS)
th WEYA AZL 1P 76k Ef g9ES
ate] ARS-SF3ITE MAC #7152 IEEE 8021545 7]
HkO 2 EEE 802.15.4¢9] DSME-GTS$} HE|4rH T
#9) 25 F7} st ARSI EEAS
& IEEE 802.1545 7Ivto g HE| g F25 918}
of e AdeA FABIES 25 WA A
Sakarh 12lal HESLA A5, MAC #AI5, =3
ASY ARE 2AZY7 BT & F UEE th

>~



O9 5e AlEdold EEEA o, Oyd} Zo]
2& W AHv|olEo A GTS €% —?

%‘—Zoi A3 HE A4S A8 flsteltt ¥
o] WA QoS AAET 0] E7Fs s %E‘r.
A ZodolHe YEYA Wl 14w 245 &
EZA9 FA AAAZ. 283 A ZH|olH
A 15 Agelle 4719 Ztjdlo|87F d2=H 2
Zrol sitjlolEl = 2709 ApA Atjd|olEl o} A2
o] Z- 870 ApA IHU|o|E7} EA3te}. ZH2te) 2}
2 FUdlolHe 7 38 g7h9] ¢ Ax) ¢} AZAH
o T AX = F 607elH, HolH AE XA
A48 vt ol e T & T A E FHX
2 AR st Adshe T AX ok 4l e
s 7“%]7} vt Qo YXsitiee Eg g9 4
i\ﬂLﬂ o|HE AA 2502 AFdth £ F
Al T ZX7 A= g2 Zdo]H
%Xlﬁ}ﬂl 2 B¢ Auulolg 4919 & b 3y
FAHUlolHE AX HA 4502 A
43l CBRS £4181= X % 60700]™, CBR
required slot< EE CBR H|o|E HFoA 7+ H=Z 9]

ga5d) g slot4 % golth

1-

AN

ofX

a9 62> Ad i ' 3iF ol 2}S(PER, packet
error rate) A¥olt}, Ad F7} aﬂaoﬂ oz} 57
21 S0] TAde AS 2 2 ot A 27} 1]
M 22 Z7VE 7%, w7 g go] 34381 st
t} ol Ad7t E71e)| uel Y3 AfES A}
&3h= 949 T7} 7yAa3ko 2 olg) 7Hdo] Zos

7] woltk A 7k 3014 4, 52 F7hske A

¢ & ; IEEE 802.15.4e BE] Ad QoS 2AEY ¢udF 771

o A 57139 ~%ow1aaz7bﬂﬂﬂq
g A8H|A 2 FE 4, 5E STPAARE 12
wﬂﬂ-aLﬁ@4t1a ﬂfﬂm%ﬂﬂg
of & JFS FA etk

O

5o
rlr

0.07 o
0.06
0.05
0.04
0.03 4
0.02

0.01 4

packet error rate

L —

0.00 T T T T T
1 2 3 4 5

number of channel
J8 6. AE 2o OE I ol2E
Fig. 6. Packet error rate with respect to the number
of channel

26
25
24
23
22
21

204

maximum slot number of used slot

number of channel
J8 7. 4E 20 OHE MEE 2 £ Hs
. 7. Maximum number of used slots with respect
to the number of channel

i

o)

84 -|

82+

80

78

76 -

74

min-max delay

724

70 .

68 4

T 2 [
number of channel
8 8. MY 40| E min—max delay
Fig. 8. Min—max delay with respect to the number of
channel



772

28 78 AY Sl e sl Pelgs A g
F71M AFEE A £ W E YEE Hd &
2 W37} 82 A 4E R RO ols SFo] Be
S Yepddh g 7 194 22 5718 B¢, 59
A7kl A2 T2 IS ALeshs At 271
et AR o) &3 e gt a8y A
g 7k 301 A, FAE 1 FA BAR Q
g Ao E ¢ éﬁ F4 Aol BEwr} S50l A
&8 H &% Wl 2 gyt |ic

a8 Al —’F°ﬂ W-E min-max delayS UERH
otk A 71 S7FE4E min-max delay= A4S
Bzt Mg F7b 194 22 F4e A9
min-max delay= FA| 7431, A'd 47} 30)73<]
A= HIE 7+ A JAZ ol Aeko Z ol
3 HEl A E8=7} £015°] min-max delayol
2 Wz} gl

ml>

V.ZE &

=80 A€ IEEE 802.154¢9] 28 549 9
g ¥, ”—éEl Ad oA TG AR AE A A
okzAT A dgE 2AE WE3H= TDMA QoS
2AEY FAE & AAZ7F min-max delay 343}
2 Ao)t9t) IEEE 802.15.4¢014] E& A7t
QoSEHH.ol thak W2 o} A7) 7]&H HV}
Atk o] FAE s}y Y5t B =EdME
4 A7} GTS S st & 49, 41 A :“’4
dloJefoll Al 24 3lal, A Irjv|olE= RE FX|
E9] o33t GTS 84S Hof} ~AEH s HES
ot MES A B XA Agste] GTS &
o] o]YA= WS AFEIG o2 RE T
FA 7] QoSE FHE 4 UA FHAoH, HAEAA
S FHAa=sle doly Ao 7hEsiAl =3

ol FPE
Hn

P

&aa)sts] =2 415 A A5 5 20119 10Y

23 519S [10035380, 2EA AMUESY A 8417
=70

[1] IEEE Standard 802.15.4-2006, Wireless Medium
Access Control (MAC) and Physical Layer (PHY)
Specifications for Low-Rate Wireless Personal Area
Networks (WPANs), 2006.

[2] http://www.zigbee.org/

[3] IEEE Draft 802.15.4e, Wireless Medium Access
Control (MAC) and Physical Layer (PHY) Specifi-
cations for Low-Rate Wireless Personal Area
Networks (WPANs), Amendment 5: Amendment to
the MAC sub-layer, 2010.

[4] X. Lin, N. B. Shroff, and R. Srikant, “A tutorial on
cross-layer optimization in wireless networks”,
IEEE Journal on Selected Areas in Communica-
tions, vol. 24, no. 8, pp. 1452-1463, Aug. 2006.

[5] S. Ramanathan, “A unified framework and algo-
rithm for channel assignment in wireless networks”,
Wireless Networks, vol. 5, no. 2, pp. 81-94, 1999.

[6] S. Ramanathan, E. L. Lloyd , “Scheduling algo-
rithms for multihop radio networks”, IEEE/ACM Tr.
on Networking, vol. 1, no. 2, pp. 166-177, Apr.
1993.

[7] B. Hajek, and G. Sasaki, “Link Scheduling in Poly-
nomial Time”, IEEE Tr. on Infomation Theory, vol.
34. no. 5, pp. 910-917. Sep. 1988.

[8] S. Gandham, M. Dawande, and R. Prakash, “Link
scheduling in wireless sensor networks - Distributed
edge-coloring revisited”, in Proc. IEEE INFOCOM,
vol. 4, pp. 2492-2501, 2005.

[9] M. Sanchez, J. Zander, and T. Giles, “Combined
routing & scheduling for spatial tdma in multihop
ad hoc networks” in Proc. WPMC, vol. 2, pp. 781-
785. 2003.

[10] P. Djukic, and S. Valaee, “Delay Aware Link Sche-
duling for Multi-Hop TDMA Wireless Networks”,



o8 Nt o]%5F, 4T 8 ; IEEE 802.15.4e BE Ald QoS ~AEY ¢ug= 773

IEEE/ACM Tr. on Networking, vol.17, no3, pp. 2 & (BfF)

870-883, Jun. 2009. ] S 2007 29 @)
[11]]. Zhang, H. Wu, Q. Zhang, and B. Li, “Joint rout- g Sl et etAh

ing and scheduling in multi-radio multi-channel | 2000 89 : ShakEiska AR
FAT I
o e, 20099 99~8A  FETTUA

_Lor{';

o AH

=
-

multi-hop wireless networks”, in Proc. BroadNets,
vol. 1, pp. 631-640, 2005.

”~ N
| QH E A8} vIALaEA
[12]Y. K. Huang, A. C. Pang, and H. N. Hung, “An ) LG R
. . 20114 9¥~&A] - (DU RE AdE FF
Adaptive GTS Allocation Scheme for IEEE o . .
ZHAF0F ¢ P2P, Sensor network, Cognitive Radio

802.15.4”, IEEE Tr. on Parallel Distributed Sys-
tems, vol. 19, no. 5, pp. 641-651, 2008.

[13]C. Na, Y. Yang, and A. Mishra, “An optimal GTS
scheduling algorithm for time-sensitive transactions
in IEEE 802.15. 4 networks”, Computer Networks,

vol. 52, pp. 2543-2557, 2008. ARENZST} HA}T}A

[14] A. Koubaa, M. Alves, and E. Tovar, “GTS alloca- \ A0} Sensor network, Cognitive
tion analysis in IEEE 802.15. 4 for real-time wire- ' Radio
less sensor networks”, in Proc. IEEE IPDPS, pp.
25-29, 2006.

[15]J. Misic, S. Shafi, and V. B. Misic, “Cross-layer ac- o] 3 = (ZFRR)
tivity management in an 802-15.4 sensor network”, 19941 29« S HdlEd H71E
IEEE Communications Magazine, vol. 44, no. 1, pp. AR ST S

199614 29 : =S| 74
A48 K 38
20009 8¢ : S=Ely)e Y ALY

131-136, 2006.
[16] IEEE Standard 802.15.5, IEEE Recommended

Practice for Information technology-Telecommunications

ce for In 'w sha) E sl

and information exchange between systems-Local 2000 98 ~20051 29 : A RA A T7g
and metropolitan area networks-Specific require- 20059 3L~ 3R - STy s B

ments Part 15.5: Mesh Topology Capability in ZHAZOF : P2P, XA e, FAQIABAIA A

Wireless Personal Area Networks (WPANs), 2009.
4 = 2 (Ehie)
. 1989 FAkoH et AAlEs)
2003 FESt JRFAE S
AL
1988 129 ~1993d 12€ th9-FAl
HEE A A4
| 1994 1€9~20001d 5€ oA
" ASICAH
2000~ A =T AdATA
A EO0}F : USN MAC/PHY, VLSIAA, 373214
MAC/PHY




